Mohair:

A review of its
properties,
processing and
applications

by L Hunter



MOHAIR: A REVIEW OF ITS
PROPERTIES, PROCESSING
AND APPLICATIONS

by
L Hunter PhD CText FTI

CSIR DIVISION OF TEXTILE TECHNOLOGY



Copyright © 1993 Division of Textile Technology.

All rights reserved. No part of this book may be reproduced or utilized in any form or
by any means, electronic or mechanical, including photocopying, recording, or by any
information storage and retrieval syster, without permission in writing from the
publisher,

Additional copies of this book are available from the publisher and the International
Mohair Association. Address all inquiries to:

Division of Textile Technology
PO Box 1124

Port Elizabeth

South Africa

6000
or
{nternational Mohair Association
Mohair House or
ﬁﬁ,g‘ e Grove The Textile Institute
West Yorkshire International Headquarters
L529 9PA 10 Blackfriars Strest
England Manchester M3 SDR
UK

ISBN 079883717 9

Jointly published by:
CSIR Division of Textile Technology
Intemational Mohair Associaion
The Textile Institute

Printed ;nd bound in South Africa by
NMB Printers (Pty) Ltd, Port Elizabeth



CONTENTS

Page
T ANTRODUCTION .. i it i it treeaciaranaaneanes 1
1.1 Preamble ... e e e e 1
1.2 General Background Characteristics

and Properties . .. ... u o i et e it e 1
1.3 Historical Background. . ... ... i i 6
2. MOHAIR FIBRE GROWTH AND PRODUCTION ............civn ...t 8
A B € - T 8
22 Effectof Angora Goat Age. ... it ittt e 10
2.3 Effect of Nutritionand Season ... .. ... cociiviaiiinnnonnn. 12
2.4 Secondary and Primary Follicles. .....ovvin i vn con.. 13
25 Weathering. ... ..ot iiii it te i ra ettt e e s 15
3. MOHAIR PRODUCTION IN VARIOQUS COUNTRIES .. ................ 17
31 South Africa. .. ..o i i v s 17
311 Introduction. . .. ... il e et e 17
3.1.2 Propertiesof Cape Mahair ............... . ... oo ... 18
3.2 United Statesof America. .. ... ittt i i 25
B 3¢ T VT4 - 25
34 Australia.................... e aaraaaeeearaaae e 26
35 New Zealand ... ...ciiit ittt it et it s taannn cann 27
3.6 United Kingdom ..... et e e e, e 28
37 Argentinga ... ...cueer ittt et e 28
A CASHGORA (.. i it i i e e et e e 29
5. MOHAIR GREASE AND OTHER FLEECE CONSTITUENTS . ........... 32
6. OBJECTIVE MEASUREMENT . ... .ot e et ca et e e 38
BT General. ... ... i i et e e e e e 38
6.2 Sampling for Objective Measurement ... .................... 40
7. FINENESS AND CROSS-SECTION RELATED PROPERTIES ........... 41
70 General. .. ...t i i i e e ettt e 41
7.2 Vibroscope Measurements of Mohair Fineness ............... 45
7.3 Fibre Cross-Sectional Shape ........ ... ..o i, 45

7.4 Fineness Relationship of Grease Mohair, Card
Slver and ToP. ..o c s ottt ittt e e e s 45
8. STAPLE LENGTHAND STRENGTH. ... . ... e i e s 46
9. QUALITY AND RELATED CHARACTERISTICS . ... oo 43
91 General. ...t i i i ettt e 43
9.2 Classing and Quality. . ...ttt e 49
93 Styleand Character. . ... ...ttt ittt e cvae aains 50
L - S 1 v T T 52
9.5 Spinning Limits and Quality . ... ... ittt i 54
10. FIBRE PHYSICAL AND RELATED PROPERTIES ...........ccvu ..., 57
10.1 Single Fibre Tensile Properties .. ....... ... . oo ool 57
10.2 Fibre Bundle Tenacity Properties ................ ... ... 70
10.3 Fibre Bending Stiffness ... ..... ..o o i 71
104 Fibre Friction .. ... o oit ittt e it et i e et ea e e 71
10.5 Moisture Related Properties. .. .. ..ottt in et iie i e e o e e 72

106 Scale Pallern .. .ot i ittt i ie sttt ten s nenananr e s 78



B S . € -
108 General ... .. it aia e
1. MEDULLATION ANDKEMP . ... ... i et i eie e et
11.1 Introduction ........... i e e et teie e aaa e
11.2 Occurrence and Growth of Kemp and
Medullated Fibres . ... ... ottt it it ec it ie e c e a
11.2 Physical and Mechanical Properties . .......... ... ... ...
114 Geometrical Properties. .. .o i i i i i iir i e et i cincanannenns
11.5 Chemical and Physical Nature of the Medulla. .. ..............
11.6 Dyeing Behaviour ... .. ... .. i
11.7 Measurement of Kemp and Medullation . ....................
1170 General ..o i et e e et
1172 Medullameter Test. . ... ..o ii it e it ene e nnn
MT73CoarseEdge ... ... o i e e
11.740therTests .. . ... .covvveonn-n. I eeecarienaat e,
11.8 International Kemp Round Trials. ... .......c oo iiinnrennnn..
11.9 Ways of Reducing Kemp Levels and Appearance. .............
1101 General oo vttt ittt e te e raa et
11.9.2 Mechanical Removal of Kemp .......... ...t
12. FIBRE CHEMICAL, MORPHOLOGICAL AND RELATED
STRUCTURE AND PROPERTIES ... .. it e it e ns
12,1 General. ... .. it ittt ri e e it
12.2 Natureof Mohair Cortex ... ... i it iaieiian e
123 Crystallinity «. oottt it i i i it it e e ra e a e
12.4 Small {Low) Angle X-Ray and Related
Studiesof Mphair......... ... . i
12.5 Thermal and Thermo-Analytical T T
12.6 Amino-Acid Composition. . ..., .cie it iiieiiaeannns
12.7 Sulphur Content . ... cir it ittt te e eararnansnsas
12.8 Certain Chemical Related Properties and
Treatment Effects . ... o i i i i e
12.8.1 Sensitivity to Acids and Bases and Urea-Bisulphite
and AlkalineSolubilities. . ......... ... .. ... o ..
12.8.2 SUPErcoNtraction ... .....i.veirurenrenncenarrneansns
12.8.3 Resistance to Micro-Organisms .. ....... ... tts
12.84 Birefringence. . ... ..o i e e
128 General L ..t ittt aaraer i

13. SCOURING AND CARBONISING . .. ... ... ..o e e
L = T TH T 14 T«
13.2 Carbonising ............. e et raaee e earriiaaa s

14. MECHANICAL PROCESSING INTOYARN ... e s
15. ARTIFICIAL CRIMPING .. ... ot i e
16. CORONA TREATMENT . ... ..o e e iica e as
17. FANCY (NOVELTY} YARNS .. ... e
18. REPCO-WRAPPED CORE-SPUN YARNS .. ... ... ..oiiieniino e,
19, DREF FRICTION SPINNING . ... ..ot e it inan oo e e

20.YARN PROPERTIES. ... .. iiiev i i iivinaens e rr e arvaane e e
20.1 General.......... e e e et enma s e m et e e



2002 FrCtiON . . ittt et ittt
20.3 Bending Stiffness ......... ... . .... I e s
204 Diameter and Hairiness .. ....ccvirivnnnoiirmieneenrnen..s
21. WEAVING AND WOVEN FABRIC PROPERTIES . .. .......ccvnnrva...
211 General. ... e it era e
21.2 Woven Fabric Objective Measurement. .. ....................
21.3 Wrinkle Recovery . ... ... criiiiinn i iin i e
22, KNITTING AND KNITTED FABRIC PROPERTIES ........covvrvr.....
R T 1) - |
22,2 CoWe NIt ... i i i e st i et e
23. DYEING AND FINISHING .. ... e m e taeeaeneeasae o e
231 General . ... ... i, e e e r e eaaeaata ey
232 LightDegradation . .......coiuriiiiii it e e
23.3 Felting and Shrink-Resistance ... ... rinnrcnuon ..
234 Flammability and Flame Retardant Treatments .. .............
24. FIBRE IDENTIFICATION AND BLEND ANALYSIS. .. ... ...l ool
.7 W B 1 15 Vo ¥ Lo /o T 1 2
242 MicroscopicMethods .. ... .ot i nas

b B €= 1= - | T
24228cale lengthn. . . ... i e

24.2.3 Scale Height (Thickness). . ....... ... oo ot

2424 Multivariate Analysis . . ... oiiiri it i e

243 Image Analysis ... ... i e i
244 FibreFriction Method . ... ...ciiir it it re s caaes
245 Tensile “Modulus ... ettt it it caans
246 Amino-Acid Analysis of Formic AcidExtracts.................
24.7 Electrophoretical Techniques (Page)............ ... .. L.
248 internal and External Lipids. . ....... o oo o il
249 DNAHybridisation ........covieiiiiniinniniennnnannnanns
B T - T - G
25. THE INTERNATIONAL MOHAIR ASSOCIATION (IMA} . ..............
28 MOHAIR MARK . .ot i it b tir i s n e ceee o aeas
2. MOHAIRLABS ... i ie it ree ettt

28. MOHAIR APPLICATIONS AND END-USES. ... ... i iiie e e e
281 General.. . ...vuein i it ity e
28.2 Mohair Product List. . .. .. it iir i i i ie e e

29. REVIEWS, BIBLIOGRAPHIES AND BOOKS. .. ... .. i i ceeen it
201 REVIBWS vt ittt vt ree s s eans ot iatatnnnreanovaoanassnnyens
29.2 Bibliographies . .......iiiiiii it i it i
29,3 BOOKS v vv i i inrvinnncanraaaatentanaa et e

ACKNOWLEDGEMENT S ... .. i i it ittt e ciiaienransnasanmennans

THEUSE OF PROPRIETARY NAMES . .. ... i ir i ieeereannn

REFERENCE S . ..ottt ittt et st v asecneasnsnacnncacaasnasenans



CHAPTER 1

INTRODUCTION

1.1 Preamble

Mohair remains one of the most important speciality animal fibres, finding
application in a wide range of textile end-uses, notably apparel and household
textiles. Although a great deal of published information exists on mohair, much
of the specialised know-how required to convert the fibre into the superb qua-
lity and highly desirable products so characteristic of mohair, remains unpu-
blished and a closely guarded secret.

This review covers work published over roughly the past half a century
and mainly aims at providing a comprehensive source of textile related infor-
mation, data and references.

1.2 General Background Characteristics and Properties*

For centuries mohair, the lustrous fleece of the Angora goat, has been
regarded as one of the most luxurious and best quality fibres available to man.
It is generally a straight {uncrimped but often wavy), smooth and naturally
lustrous fibre which can be dyed to deep, brilliant and fast colours, but can also
produce high fashion muted tones with equa! distinction®53), The predominant
natural colour of mohair is white although there are also occasionally brown,
black and pink {red) varieties®™?, the coloured fibres containing pigment (main-
ly melanin) in the cortex”2®_ The Angora goat has developed a single coat of
long lustrous fibres, having lost the tendency to moult®), with good quality
mohair virtuatly free of medullation®8 and kemp. The average mahair fibre
diameter ranges from below 24urm for Superfine Kids to over 40um for Coarse
Adults(1os8),

Mohair is considered the main speciality lcr rare) animal fibret429 (see Fig,
11292} and has the highest production {see Table 1){849 of speciality animal

fibres, although it represents less than 0.05% of the total world fibre produc-
tion(1046.1077)

Speciatty Hair Fibers
l

! |
Goat family Camel family

]
i ] I | 1
Angora Cashmere Common Camel Hlama
goat goat goat I
k L
Mohair Cashmere Goat Irome- Bactrian Guanaco llama Alpaca Vicuna
wool hair dary l
Camel hair 1lama Alpaca Vicuna

hair hair wool

Fig. 1 Speciality Kair Fibres!20?,

*Sge other sections for more detailed Information
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TABLE 1(840858578)
THE WORLD PRODUCTION OF RARE FIBRES (1987)

Apgroximate
world

Source Diameter FibreLangth Priceronge Produdng production produchon
Fibre animal {um} " imm) {El/kg) = Regions {rans} trend
Angorg Angora rabbit 11-15 25-50 20-30 China €500 Growis
South America "o
France
Vicuna guannce South America 10-20 30-50 150-200  Penw/Chile 50 May be partially
Auchenides processed ot
omily source
Casheners Cashmere goat 15-19 25-90 35-70  Ching 5000 Some processed
Mangolia atsource
iran
Afghanistan
Russia Unknown  Processed ot
source
Australia 200 Growing
New Zeoland
Supergeslong Sheep 17-22 5060 &—10 Australia 106000  Static
and fine wool New Zeglond
[for comptarison) South Africa
Yak hair Bovine lamity 19-21 =50 15 Tibet Small Stang
Ching/Mongolia
Cashgora Angora goat/ 19-22 50-50 8-20 NewZealend 200 Growing?
feral crossbred Australia
Came! hair Comel 18~26 -1 10-12 China 2000 Static
Camelides Mangolia
Famity
Alpaca and South America 22-25 75 12-15 Peru/Chite 4000 Growing
family
Mohair Angore goot 24-40 75-100 4-18  South Adrics 0N Growing
exas
Turkey
Australia
Argenting

* Projection micrascope ™ These prices vary due lointemational currency movements
With acknerwledgement 10 the Textie Outiook Intemationat for some information given in this table

Today mohair is largely produced in South Africa, United States of Amer-
ica {Texas) and Turkey, but also in Argentina, Lesotho, Australia and New Zea-
land{480) with Table 2 showing the annual production of mohair worldwide.

Mohair has low flammability, felting and pilling and good durability, elas-
ticity, resilience (almost non-crushable), lustre, resistance to soiling, soil shed-
ding {it brushes clean easily), setting, strength, abrasion resistance, draping,
shaping, moisture {and perspiration) absorption {and release), insulation and
comfort. Its good insulation, makes mohair fabrics lightweight and warm in
winter, comfortably cool in summer(338 (this also being a function of the fabric
and garment construction). It blends well with other fibres 53, More than 50
years ago‘!¥ it was reported that because of the relatively smoath character of
mohair fibre, mohair soiled less easily and could be cleaned more easily than
other fibres.

Mohair's good lustre, smocthness, low friction, low soiling. good seil
shedding and low felting are al! related to its surface scale structure {faint pat-
tern of scales}, the scales generally being thin (unpronounced or flat} and refa-
tively {ong.
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Because of its coarseness relative to other types of apparel fibres, mohair
has some limitations in certain apparel applications, but has proved extremely
popular in many appare! applications and has proved to be virtually unsur-
passed in many non-apparel applications, such as furnishings, blankets and
upholstery. Mohair's excellent properties, such as resilience and durability,
make it particularly suitable for house-hold textiles, such as upholstery fabrics,
curtains and carpets(1946)

Phan et a/%%9 compared the diameters {in xm) they obtained over a num-
ber of years at DWI with those given by ASTM (see Fig. 2.

5 40 L5 20 25 30 40 50 60 TQ
F 1 T R D L A T A A A AN A LRSS W N DAL |
MOHAIR — a3 3633 39 23 26 2218 ﬁIh ,Ei’;s..
= e ot SPECIALTY
L ——— HAIR FIBERS
T leiT(E rw fyrworraie| resdie wie AND SILK
llama
alpaca
yak nair
RN T SEB METHOD
cashgara
tranian cashmere
“Ticuna Cashmers mohaly
“ingora rasbit
wool
o ! L T T T T T
9 1 15 2 25 kY 40 50 €0

Kim—HB FHAN
ec al. Camparatlive scale far fineness of keratin f[ibres for textile use [(um)

SFs '87

Fig. 2 Comparative Scale for Fineness of Keratin Fibres for Textile Use(.m)®78,

Kettle and Wright71® gave the following comparative figure (Fig. 3) for the
diameter ranges of various goat fibres:

Cashmers  Cashgora Mohair
B 5 b
kict - bk
| T | 1 ! {
15 20 25 3a 35 44

Diametar {Lm)

From Bigham (1985}

Fig. 3 Diameter Ranges of Goat Fibres”18,

&



Woodward(190€! [jsted the following as the main distinguishing characteris-
tics of mohair, which is among the most versatile of natural fibres(2008).
Non-Flammability:

Mohair is almost non-flammable. When expased to a naked flame, itburns at a
low temperature and tends to shrink. The flame produces a bead-like ash, but
the fibre will stop burning almost as soon as it is taken away from the flame.

Durability:

Because mohair's structure is pliable rather than solid, it can be bent and twist-
ed without damage to the fibre. Helped by its pliability, mohair is claimed to be
the world’s most durable animal fibre.

Elasticity:

Mohair is extremely elastic. An average mohair fibre can be stretched to 30% of
its normal length and will still spring back in shape. Because of the fibre's
resilience, mohair garments resist wrinkling, stretching, and sagging during
wear.

Moisture Retention:

All animal fibres can absorb moisture from the atmosphere readily. Because
mohair dries slowly, the danger of getting a chill is reduced.

Setting:

Mohair may be set to retain extension or deformation more readily than other
animal fibres. The fibre's setting ability is capitalised on in the manufacture of
curled-pile rugs and imitation Astrakhan rugs.

Lustre:

Mohair's famous tustre is caused by its closed scale formation. Lustre is im-
proved by careful processing and dyeing.

Dyeing:

Mohair, more than any other animal textile fibre, has the ability to be dyed
brilliant colours that resist time, the elements, and hard wear. Fram its dyeabi-
lity has come the name The Diamond Fibre.

Soiling Resistance:

Because dust does not rest on mohazir's slippery fibres, their use in furnishing
fabrics and hangings is advocated. Dust which adheres at the intersections of
woven fabrics can be easily removed by shaking or brushing.

Non-Felting:

Scarcely any feiting shrinkage shows up in mohair woven fabrics while knitted
mohair fabrics shrink much less than those of untreated wool.
Light-Weight

Although mohair is a fairly heavy fibre on its own, it blends well with wool. The
resulting smooth yarns make up into fabrics which are noted for coclness, such
as lightweight summer fabrics. The material is unsurpassed in tropical suitings.
Because in combined coolness with durability, the material is also effective
when made into linings.

tength:

Prized as a textile fibre because of its length, mohair fibre averages about
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300mm for a full year's growth {ie 25mm per month}, and 150mm when the
animais are shorn bi-annually. Mohair up to 900mm long can be produced over
three years from animals as they do not shed the fibre easily, provided special
attention is paid to tying up the fleece. Such exceptionally long fibres are used
to make women’s switches, doll’s hair and theatrical wigs.

In 1967 the following mohair emblem was adopted internationally#52),

CT™m
International Mohair Emblem

Various articles(®1.99.179.304.309.430.452.546,567,767.797,806.807,805.853,871,872.883.937.
951.953,977,1002 hravide general background information on mohair, its production,
properties, marketing and related applications.

1.3 Historica! Background

Mabhair, one of the most ancient fibres known to man®33 and referred to in
biblical times!25546.553580883} ig the fibre (ie the coat) from the Angora goat. The
. word mohair is derived from the Arabic word “Mukhayar” {(also spelt Mak-
hayar®®¥, and Mukhaya!®®3) stated to mean, “best of selected fleece”1927,
select choice®53), “silky goat-skin cloth”®%, cloth of bright goat hair®®83 ar hair
cloth(233),

The Angora goat (Capra hircus aegagrus)'932 is of the same species, Ca-
pra hircus, as the European milch breeds and all other breeds of domesticated
{common} goat, and also a near relative of the Cashmere Goat of Asiat®78 and
certain types of Himalayan goats®®, (Richterich®5l), quoting Cronwright
Schreiner, stated that the Angora goat descended from the genus Capra falcon-
eri, which is thought to have had its origins in Tibet and Kashmir and is be-
fieved to be closely related to the Cashmere goat, whereas the domestic goat
Capra hircus is descended from the genus Capra aegalgrus). The Angora goat
tends to thrive in areas of low rainfall and humidity!38.

The exact origins of the Angora Goat are unknown®3. The animals are
believed to have originated in the Asian Himalayas {Asia Minor}®@® (Highlands
of Tibet553833Y) byt |ater migrated to Ankara (known in Ancient times®sD ag
Ancyra, the province of Phrygia in Asia Minor'®sB, in Turkey from whence the
name Angora was derived®7®, the angora goat emerging in Turkey after the
Middie Ages!®¥ (at least the 13th or 14th century}®78), Records of the Angora
gaat dating back to the 11th, 12th and even 14th centuries BC have been unco-
vered®83), In the Bible, 1500 years BC, the book of Exodus relates that the sons
of israel left Egypt “carrying with them goats whose fleece {pure white goats
wool)@% was used to make fabric to dress the altar”#33), their fleeces being
woven into altar cloths and curtains for the Tabernacle(23346580)

The Angora goat is regarded as being unique amongst goats, in growing
fibres not widely different in diameter from the primary and secondary folii-
cles(1®4%), with some primaries producing coarser medullated fibres. The Ango-
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ra goat, uniike other goats, can therefore for all practical purposes be regarded
as a single-coated animall@23.1045) and ynlike cashmere goats, the Angora's
fibres grow continuously throughout the yeari!®S), and the fibres are not shed
annually.

In Ankara the birth of the mohair industry took place {Turkey being the first
country to supply mohair as a raw material@®) after the animals had trekked
thousands of kilometres on a journey from Turkestan, the journey beginning
during the 13th century®8_|n 1550 a Dutchman found the Angora goat in
Angora (Turkey) and recognised the exceptional qualities of the fleece®®8, 3
pair of goats being sent to the Holy Roman Emperor Charles V in 1554(546.580),
Ryderli992 stated that the first European record of the Angora was made by
Belon and Tournefort {1654) in his Levant Voyage wrote that the finest goats in
the world were bred in Angoral1®3. Tournefort, a French botanist, reported in
1653, that “the Angora goats dazzled with their whiteness and had hair as fine
as silk”. The spinning of mohair in Ankara (or Ancyra, as it was known} was
done by women for their families but later a closely guarded mohair industry
developed in Turkey®*8), with the export of unprocessed mohair being forbid-
den by the Sultan®*6367} |n 1838, under pressure from England, the ban was
lifted and to meet the demand, the Angora goat was crossed with the Kurdish
goat with a decline in quality®™® and a few bales were shipped to Europe.
Holland used a fair amount of “Turex Gaaren” {Turkish Yarn), combining a
mohair weft with a silk warp{549), In 1820 there occurs the first authentic record
of the export of a few bales of mohair fibre from Asia Minor to Europeld25), |n
1853 mohair spinning was started in England.

When mohair first reached Europe, wigmakers appreciated its quali-
tieg768962.1002) The first raw mohair reached Europe in 1820. Mohair goods
were first manufactured in England in the 19th century®33), a cloth containing a
mohair weft across a cottan warp being much in demand in 1883@33),

The first Angora goats to leave Turkey went to South Africa in 1838425.546),
(during the journey, involving a cargo of 12 buck and one doe, the latter gave
hirth to a male kid) ®%8), Only in 1865 did mohair exparts from the Cape to the
United Kingdom reach any magnitude®™. Angora goats (7 does and two
buck)®53) arrived in the USA around 1849(25376.546553567.864), Angoras were in-
troduced inta Australia during the 1850's and 1860°s%5% (1832 has also been
mentioned376)), but received little interest, a new “mahair industry” being es-
tablished in about 1970930, Angora goats were introduced to Britain in
18810550,



CHAPTER 2

MOHAIR FIBRE GROWTH AND PRODUCTION

2.1 General

Mohair grows about 25 mrm per month$83470958 and Angora goats are
generally shorn twice per year in South Africa and the USA and once in Turkey
and Lesotho, although high levels of nutrition could necessitate more frequent
shearing??2% 1927) {annuat shearing can lead to cotting in the middle of the sta-
ple®34}, Young and Adult goats produce about 2 to 2.5kg of greasy mohair per
6§ months, while rams generally produce considerably more®333479) Angora
rams normally produce more and coarser hair than ewes729, the average mass
of the fleece of an adult Angora ewe being about 2 to 2.5kg at each shear-
ing!1%3). In the case of Kids, the fleece barely weighs 1 kg at the first shearing
and is generally less than 2 kg at the age of one year®>®, In one study it was
found'@5? that, on average, Kids produced about 1.1kg of greasy mohair per 6
month growth while Young Goats and Adults produced about 2.1kg per six
months. The overall averages for all the goats in the study was found to be
about 3.7kg per 12 month growth®s7,

It appears that the Angora goat is very efficient in converting feed into
fibrel?79 and more affective than woolled sheep®35728), whereas sheep are
more effective in converting feed into body mass. Shelton and Basset®® dis-
cussed the biology and efficiency of animal fibre production for Angora goats
and sheep, and reported that the Angora goat produced more fibre in relation
to its size than Rambouillet sheep, also producing it more efficiently(32¢ 886),
Owing to the metabolic priority for mohair production, mohair does not devel-
op a break in the fibre during severe under-nutrition to the same extent as
wool28, Nevertheless, under-nutrition does reduce body growth, mohair pro-
duction rate and fibre diameter so that a finer lighter fleece is produced23,
Although there appears to be a seasonal effect on mohair production this is
overshadowed by the more significant effects of age, nutrition and reproduc-
tion, mohair production being mainly dependent upcn the nutritive value of
feed?28),

Fleece mass in Angora goats increase with age, up to about 4 years (see
later), mainly due to the fibres becoming coarser 1992, Greasy fleece mass has
a hereditability of 0.4 (ie 40% is controlled geneticaily, the rest being due to
factors such as feed), with staple length having a hereditability factor of
0.8(531.1002), Fibre diameter has a hereditability of 0.21531, It being very sensitive
to changes in nutrition and to the age of the animal.

Miiftiiogli® found that fibre length and fineness were positively influ-
enced by feeding and age, particularly before the goat reached aduithood. Fibre
diameter can increase with age from about 24um for the first shearing {ie Kids)
to about 46um for strong Adults(684728.1027) Giaple fength shows very little
change with age, being about 20 to 25 mm per month7281927, Mohair produc-
tion reaches an economic peak at approximately 18 to 24 months of age728),

Tucker et al¥31) gave the following comparative table for the factors which
affect fibre growth (Table 3).

Delport?76777) and Erasmus{799 reported a negative correlation between
lustre and fibre diameter and between wave frequency and fibre diameter. Folli-
cle density was also negatively correlated with fibre diameter, with the latter
being positively correlated with fleece mass.
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TABLE 3 (691
THE MAJOR PARAMETERS AFFECTING FIBRE GROWTH

Goats Sheep

Parameter Cashmere Angora Fine Merino Scottish
Blackface

5/P ratic 7-9 7 -9 15 - 25 3
Follicles/mm? 20 20 5G - 85 7-9

Fibre diameter

(um)

— primary 50 - 150 30 - 40 15 ~ 23 70 - 95
- secondary 10 ~ 20 30 - 40 15 - 20 22 - 35

Medullation

- primary + +,- +
- gecondary - -
Fibre length

(mm) .

- primary 50 - 150 25 mm/mth.
- secondary 20 - 80 25 mm/mth.

-3

Mohair is not considered to have crimp in the true sense of the word but is
rather considered to exhibit a “waviness”, The following values for the crimpi-
ness (curvature or waviness} has been given for mohair and other animal fibres
(93447 it heing reported that the para-cortex shrinks more upon drying than the
ortho-cortex, this leading to crimp or curvature in the case of a bilateral {para/
ortho-cortex) structure such as found in merino wool.

TABLE 463
CURVATURE AND DIAMETER VALUES OF SEVERAL DIFFERENT WOOL FIBRES
(BROWN AND ONIONS)

Fiber Mean Curvature (cm-l) Mcan Diameter
Wet Dry {Micronn)
White Alpaca 2.0 8.4 3.2
Fawn Alpaca 1.2 6.0 40.0
Lincoln 2.4 5.0 36.0
Mohair 1.2 1.4 43.6
Cashmere 6.8 12.7 13.8
Southdown 18.8 32.0 Z23.8
Corricdale 10.0 16.4 29.7

Lupton et a/888) found that heavy, short-term lice infestation had 2 negligi-
ble effect on objectively measurable mohair characteristics.

Details of Angora goat farming, husbandry etc can be found in various
sources (34,533,728,977) .



2.2 Effect of Angora Goat Age

According to Van Der Westhuysen et a/t?92532728) the age of the goat is
probably the maost important factor determining the quantity and quality of
mohair produced. Kids have a birth coat of fibres mainly grown from the prima-
ry follicles, those being the follicles which produce kemp and rmedullated fi-
bres(®84), From about three to six months the goats shed their birth coat, as the
fibres increasingly grow from the secondary follicles®8%, Fibre production in-
creases from birth and Angora goats appear to reach their maximum fibre
production (fleece mass) at an age of between approximately 3 and 4
years(669.683728.1027) while they attain their maximum fibre diameter at an age
of some 5 years or older{669683.728)  Jgnes et a/1% found that the maximum
diameter of mohair was reached at 8 years of age while Davis and Bassett{11®
mentioned that an increase in fibre diameter was found at each shearing163,
Good mohair can be obtained from goats up to eight years old@791027), pyer-
den and Spencer® and Venter?2 found the mohair fibres were finer towards
the tips, due to the fact that mohair fibres become coarser as the goat ages {up
to the age of about eight yearg}13.669.728), -

Kids normally produce mohair with a diameter of 28um or finer (7 or 8
Bradford count} at their first shearing, approximately 29 to 30um {&'s count) at
the age of one year {second shearing), and 31 to 34um (5's count) for Young
Goats at 18 months of age (third shearing}, while Adult Goats produce mohair
varying in fibre diameter from 36 to aover 46um (4’s, 3's and 2's counts) with
increasing age2®.

Goats are classed as Young Goats up to the age of 3 years in Turkey but
only up to 18 months in South Africalle5),

According to Van Wyk and associates'¥ (quoted by Von Bergen202) mo-
hair diameter varies as follows with the age of the goat.

TABLE 5%
CHANGES IN FIBRE DIAMETER WITH AGE OF GDAT

Age of animal® Jansenville Somerset East Cradock
(years) Grades fiber (u) fiber (u) fiber (g}

Y SK 26.2 27.9 26.9

1 WK 30.8 32.2 31.2

11/2 YG 32.8 35.0 1.8

2 SF 35.3 38.9 41.1

2/ WH 35.8 39.1 39.5

® At shearing time.
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Van der Westhuysen ef a/t533.728) gave the following figure (Fig. 4) lllustrat-
ing the effect of goat age.
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Fiz. 4 The Effect of Age on Fleece and Fibre Characteristics in the Angora Goatl728),

Barnard(669 gave the following graphs (Figs 5 and 6} showing the effect of
Angora goat age on fibre production and fibre diameter.

. Fibre Production (kg)
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Fig. 5 The Influence of Angora Goat Age on Fibre Production(®9),
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Fig. 6 The Influence of Angora Goat (Doe) Age on Fibre Diameter(569),

2.3 Effect of Nutrition and Season

Mohair growth shows a seasonal effect, probably as a result of changes in
the day length, even when the goats are kept on a constant diet?89, More fibre
is grown in summer than in winter, this being a seasonal cycle controiled by
day-length, nutrition affecting the seasonal growth ¢ycle but it cannot eliminate
it entirely. Angora goats can grow up to 1.7 times more mohair in Summer than
in Winter(222.984.1002) fibre production tending to increase with increasing tem-
perature and length of day®2®9, with lactation and low nutrition having the
opposite effect. In South Africa as well as Texas, the winter mohair tends to be
shorter, finer and less kempy®9, Reproduction generally suppresses the rate
of mohair growth, with the demands of lactation mare proncunced than those
of pregnancy’28, body mass, mohair production and fibre diameter generally
decreasing during lactation. Adult body mass is correlated with mohair produc-
tion and fibre diameter{728-

Some spontaneous loss of hair {(shedding) can occur, mainly towards the
end of winter, possibly aggravated by shearing during the wrang time of the
year but this is a rarity in well-bred Angora goats2¥, In late winter, it can
sometimes occur that up ta 25% of the hair follicles become inactive, while in
old animals more of the hair follicles can become inactive#9, hairs in inactive
follicles being shed as the growth of the replacement hair commences in
spring. This can cause fleece cotting {felting)789, the shedding of fibres, which
intermingle with others which do not shed, results in a matted zone which is
known as cotting'®. Hair loss gwing to nutritional conditions may also occur
possibly as a result of certain mineral deficiencies or imbalances (high calcium
and low zinc may be a cause).

Grobbelaar and Landman®’® studied the effect of supplementary nutri-
tional energy levels on mohair fibre diameter and length, showing that higher
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leveis increase fibre diameter and length. The high nutrition group sometimes
had a fibre diameter as high as 5.8um coarser than the control group at the
third shearing. Differences of as much as 4um or even mare, between the fibre
root and tip were observed*¥? for the third shearing. Stocking rate can have a
large effect on fibre diameter?39, differences of up to 4um being observed for 4
year old goats ?razed at 7.5 compared to 12,5 goats/ha. An investigation by
Hurton et a/ ®87) indicated that “fine" and “coarse” goats responded similarly
to changes in range-land environment. It has also been reported that improved
pasture can increase fibre diameter from 26 to 38um {McGregor quoted by
Ryder83). Calhoun et a/888 showed fibre diameter to be positively correlated
with body mass and actual digestible ener%y intake. Bassett et 2/54% and Shel-
ton et 3}(158) {quoted by Calhoun et 2/1888) reported that mohair growth re-
sponds dramaticatly to additional dietary protein or supplementation with a
rumen-protected form of the amino-acid menthionine. Stewart et a/278 report-
ed that fibre diameter increased with an increase in protein content in the feed
but without any apparent effect on staple length.

Badenhorst and Diedericks®%% investigated the effects of nutrition on
certain mohair quality traits, finding a difference of 9um or 30% (30.7 vs
39.7pm} between the low nutritional and the high nutritional leve! groups. The
mass of the mohair producecd by the high leve! nutritional group was almost
80% greater than that produced by the low level nutritional groups with the
former also producing more kemp and a higher fibre density. There appeared
to be no significant effect of nutrition on mohair style and character, although it
was stated that style and character were affected differently by nutrition. it was
concluded that style and character cannot be regarded as one combined quality
but must rather be judged as two separate qualities.

Recently, Badenhorst &t 2/198 found that nutrition affected all mohair
quality characteristics, with the exception of style and evenness of fleece, im-
proved nutrition increasing kemp, fibre diameter (31 to 40um), fleece mass {2.1
te 3.7kq), “fleece density’ and character, style and character being influenced
difterently by nutrition.

2.4 Secondary and Primary Follicles

The amount and type of hair produced by an Angora goat depends upon
the number of follicles present in the skin, namely primary {P} and secondary©®™
(S), and their ratio (S/P ratio), the Angora having a skin follicle structure almost
indenticat to sheep {with an S/P ratio of between 7 and 12)828),

It is generally thought that all primary follicles are producing fibre when
the kid is born; the fibres that make up the birth coat are extremely coarse,
although the primaries do subsequently produce less coarse fibres®7, (“Moth-
er” hair is the name given to the hairy birth coat grown from the primary
follicles, this coat normally falling out before the Kid is four months old and
then the primary follicles produce normal mohair}®”?). The secondary follicles
show little sign of development in the first week of the kid's life, but during the
next two weeks follicle maturity is very rapid. By the time a well fed kid is six to
eight weeks old, 75 to 80% of its ultimate number of follicles may be producing
fibres. Research results have emphasised the important relationship between
nutrition and follicle numbers and hence the effect of nutrition on fibre produc-
tion. Since there are many times mare of the finer secondary follicles than
primaries, it follows that the plane of nutrition of the doe late in pregnancy (ie
when the secondary follicles are developing in the foetus) and of the kid during
its first ten months of life (ie when the secondary follicles are maturing and

13



coming into production) are critical. If insufficient food is provided at these
stages, the lifetime fibre production will be affected®””.

Tiffany-Castiglioni”> reviewed the follicle and fibre development for
kemp and mohair. The primary follicles are those that appear first and begin
producing fibres early in foeta! development, the secondary follicles occurring
at a later sta%e of foetal development and may not begin producing fibres until
after birth?85, The two types of follicles occur in bundles called follicle groups,
each group typically containing a variable number of secondary follicles and a
triad of primary follicles {a central and two laterals) 531532984 although occa-
sionally two, four or five primary follicles are present. In well bred Angora
goats, the limited numbers of kemp and heterotype fibres present are produced
by the primary follicles and the mohair by the secondary follicles®®37, In less
well-bred flocks, gare (a heterotype medullated fibre) can also be produced by
the secondary follicles®®®). According to Margolena(*¥, Angora goats usually
produce no medullated fibres from lateral primary follicles and sometimes pro-
duce incomplete medullated fibres from central primary follicles. The kemp
content of the coat tends to reflect the S/P ratio. A high S/P ratio has been bred
into Angora goats for increased growth of the “undercoat”, it having a moder-
ately high hereditary coefficient of 0.52 (Yalcin and co-workers quoted by Tiffa-
ny-Castiglioni?89), it has been stated that in the Angora goat the secondary
fibre population has been developed to such an extent that it virtually masks
the primary fibres. The Angora goat has about 10 to 15 follicles per mm? and an
S/P follicle ratio ranging between about 6 and 10. The Angora goat is a “one
coat” animal®3®, with the diamster of fibres from primary and secondary folli-
cles not so very different®83), although Yalcin et a/ (quoted in Ref. 763) reported
a high negative correlation between S/P ratia and mean fibre diameter, the
latter decreasing as the former increased. At birth, the ratio of secondary to
primary (S/P) fibre producing follicles is reported to be about 2.3:1 for South
African Angora goats®¥ and about 2.6:1 for Texas Angora goats®®89, This ratio
increases for about three to four months until the final S/P ratio of 6.5:1 t0 8.3:1
is reached for Texas animals(*) and 9.1:1 (8.6:1 after three months) for South
African goats16d, Some follicles become non-fynctional with age®3%,

The S/P follicle ratio of Turkish Angora goats is around 8 to 10191, while
Shelton®321) (quoted by Ryder®84) and others®%, reported that for South Afri-
can Angora goats, the S/P follicle ratio is 7 at birth and increases to about 9 at
13 weeks, indicating that not all the follicles have fibres at birth, since, as stated
above, the S/P fibre ratio increases from about 2 at birth to about 10 at 4
months®3 at this stage the primary follicles producing the coarse “guard
type” hairs and the secondary follicles praducing the fine and shorter “under-
coat or down” type fibres'331, According to Harmsworth and Day®7?), the S/P
ratio far Angora goats is about 8.5. Yalcin®®! (quoted by Ryder®79) found that
the S/P ratio for Angora goats ranged from 7.91 To 10.30 with a mean of 9.16.

Clake and Smith®7® gave the foliowing table (Table 6} of comparative data
for mohair from different countries:
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TABLE 6079
MEAN FIBRE CHARACTERISTICS {=SE) DERIVED FROM SKIN SAMPLINGS OF
ADULT ANGORAS IN AUSTRALIA, USA AND SOUTH AFRICA

Group No. and sex  S/P ratio d Meduilation
of animals (1am) (%)
Australion 324 8803 36.0=10 79=1.5
72 7.5=0.6 320=10 3.0=06
Texans 72 7.7+03 304=1.6 1.5 to 3.5
South African® 6Q 7.5=03 32.7=29 1.5 10 3.5
South African' 5¢ £6=03 37918 3408
Scuth African® 5¢ 9.5=0.6 38.3=09 3.0=1.8

Koratkar4%® investigated the follicle density and secondary to primary
(S/P} follicle ratios from 10 bucks and 10 does at 21 months of age and from 4
male and 8 female kids at the age of 9 to 10 months.

Shelton and Bassett™33 gave the following table:

TABLE 7/539)
SECONDARY TO PRIMARY FOLLICLE (S/P) RATIOS QF VARIOUS BREEDS
OR SPECIES

Scottish Blackface Sheep 3
Cheviot Sheep 4
Suffolk Sheep 5
Hampshire Sheep 5
Shropshire Sheep 5-
9
5
2
7

Corriedale Sheep 1
Romney Sheep 6
Polwarth Sheep 12-15
Angora Goat g
Merino Sheep 20-25

From Ryder {1957}, Schinckel and Short {1961)
and Margolena (1966)

2.5 Weathering :

Similar to wool, the tips of the mohair fibres covering the back of the
animal are damaged by suniight or weathering, especially during the summer
months92), This damage (ie sunlight®¥ and other) has an influence on the
dyeing property of the affected fibre part?%2. Mchair, by virtue of its open
fleece structure, is more generally exposed to weathering than wool and its
grease js therefore more oxidised than that of wooel15,

Louw and Van Wyk®? studied the reaction of the root, middle and tip
portions of various types of mohair towards dyeing with acid miiling dyestuff
and towards a buffered solution of ninhydrin. A linear relationship between
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fibre diameter and dye absorption as well as the colour developed with ninhy-
drin was found, the extent of deviations from this straight line being a measure
of the extent of weathering. Changes in the cystine and cysteine content of the
fibre from root to tip run parallel to the changes in behaviour of the fibre to-
wards dye absorption and ninhydrin. Most Adult mohair samples showed more
weathering in the middle and especially the tip portions of the staple than Kid
mahair, although the latter weathered further down the staple. A single linear
relationship between fibre diarmeter and optical density of the “ninhydrin col-
our” for undarnaged wool and mohair was found®? for the diameter range of
18 to 40um. Higher degrees of weathering were generally associated with low-
er cystine {ie loss of disulphide} and higher cysteine (ie increase in sulphydryl
content) levels5?). The weathered tips adsorbed more dye and at a higher rate
than the roats, as had been found for wool. In the case of the ninhydrin test,
however, the weathered mohair tips developed more colour than the roots, the
reverse having been the case for wool®?. Weathering damage tended to ex-
tend deep down the fibre, especially in the case of Kid mohair.

Veldsman®? studied the influence of weathering on the tryptophane con-
tent of wool and mohair. He used the ninhydrin test for weathering. He found
that coarse wool or mohair tended to have a lower tryptophane content than
fine wool or mohair, with natural weathering decreasing the tryptophane con-
tents of wool and mohair. Swanepoel® investigated the supercontraction of
sound and weathered mohair in lithium bromide, the weathered tips were
found to exhibit lower levels of supercontraction than the unweathered roots,
the two-stage contraction being much more pronounced for the latter.
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CHAPTER 3

MOHAIR PRQDUCTION IN VARIOUS COUNTRIES
3.1 South Africa

3.1.1 Introduction

The mohair grown in South Africa is generally known as Cape Mohair and
is widely regarded as one of the best, finest and highest yielding®*5655% in the
world. The excellent quality of Cape Mohair makes it ideally suited to high
quality application®®3®, eg high quality menswear and ladieswear!?5®, fineness
and length being important in both cases. Cape Mohair is the only clip that is
prepared in the true sense of the word®%, In South Africa, mohair with more
than 1% kemp is cansidered3 to he crossbred fibre. Van der Westhuysen et
al®33) pyblished a book on the Angora goats and mohair in Sauth Africa, cover-
ing the production of mohair and its classing, while Uys®72 described the histo-
ry of mohair in South Africa from 1838 to 1988. He mentioned that the first
mohair tops were produced in 1963 at Gubb & Inggs®73,

The South African Mahair Growers Association was formed on 16 August
1941 and the Mohair Advisory Board in 1951. Cape Mohair is sold through a
one channel marketing scheme, which was introduced by proclamation on 24
December 1971 1209, with 1972 the first year of its operation{®#7-1%09), Some
97% of the South African mohair is exported®3?, the marketing being the re-
sponsibility of the Mohair Board, brought into being on October 1865 by moh. ir
producers®®3)_ it being entrusted with the administration of the one-chanr.el
marketing scheme, lts responsibility extends from when the mohair is
“weighed in” up to and including the completion of the marketing action, which
includes shipping and promotion %€, It used to employ BKB to carry out mo-
hair preparation, but now carries it out itself in the Board's own warehouses
and uses the South African Wool Board's {(now Wolex} computer department to
process its data and the IMA to carry out promotion. The Board has no involve-
ment with field services, production sales, crop pre-payment ete, but initiates
and co-ordinates research and promotion®34 In South Africa, no person or
firm is entitled to trade with mohair (buy or sell, except through the Board),
unfess such a person or firm is registered with the Board as a trader. A price
stabilisation levy on mohair farmers was introduced on 18 October, 1974 (1008},

There are presently (1992) some 4 000 mohair farmers in South Africa,
farming with some 2 million goats producing some 6.7m kg of mohair {average
annual greasy mohair production per goat is 3.8 kg at an average clean yield of
about 85% )33, Mahair is mainly produced in the Cape Province, more specifi-
cally the Eastern Cape area. The annual value of the South African maohair clip
was less than 100 million rand (30 million US dollars} in 1992, with that of the
end-praduct about 2 000 million rand977)

A large propartion of the SA mohair clip is delivered in containers contain-
ing a mass of less than 100 kg and this must be binned. The minimum bale
weights are 120 kg for Adult hair and 100 kg for Young Gaoat and Kid hair.
Before each sale, the contents of many thousands of containers must be in-
spected and correctly evaluated before being blended and packed into bales to
form homogeneous lots.

One result of improved breeding in South Africa has been that in 1980 the
mohair production per goat was 4.35 kg compared 10 3.70kg in Texas or 2.25 kg
in Turkey, 1.00 kg in Argentina and 0.75 kg in Lesotho'88_ South African goats
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have a relatively high S/P ratio(163), relatively low variation in the number of
secondary follicles per follicle group®37, relatively low percentages of follicles
which become inactive with age®®” and a relatively greater depth of penetra-
tion of the follicles into the dermist4+337,

The mohair from Lesotho is also marketed by the Mcohair Board but is
called Basutho Mchair and not Cape Mohair. Black!®52 has described the mo-
hair industry in Lesotho, the Angora goat in Lesotho producing about 1 kg of
hair per animal per annum{®52,

3.1.2 Properties of Cape Mohair

The lambing season is during June/July and the kids are first shorn during
JanuaryfFebruary, this hair being known as Summer Kid hair. The second
shearing of the same animals takes place in July/August and this is known as
Winter Kid hair, The third shearing (two teeth}, again six months later, is known
as (Summer) Young Goat hair. From the fourth shearing (four teeth), the hair is
rated as Adult hair 69, The first shearing includes qualities such as Super Sum-
mer Kids (SSK) and Summer Kids {SK). The second inciudes Super Winter Kids
{SWK) and Winter Kids (WK), the third Super Young goats (SYG), etc. Although
Cape Mohair is usually shorn twice a year, namely in December to February
{Summer hair) and in June to August (Winter hair}(833288, the frequency of
shearing, may vary from once every four months to once every eight manths,
depending on various economic, climatic and other factors®®3. Since the two
annual clips represent two sharply differing sets of climatic conditions in the
traditional mohair producing areas of the Cape Province, it was conceivable
that concomitant external or internal physico-chemical effects during fibre
growth for these two periods could be reflected in differences in physical and
chemical properties between the Summer and Winter clips. In the trade, differ-
ences between similar types for the two seasons are reflected in differences of
opinion about handle (Winter hair being considered as slightly more greasy
and therefore hetter handling), while Summer hair is considered to be more
dusty and perhaps slightly finer.

Van Wyk et 3/ found that the Super Winter Kid hair was almost Spm
coarser than the Super Summer Kid, and also had a clean yield of anly 80%
compared to that of 88% of the Super Summer Kid hair. The latter also ap-
peared to exhibit less weathering but Winter Kid hair was more uniform in
length as well as diameter (ie lower CV’s) than the Summer Kid hair. The Winter
Aduit hair was about 2um finer and Tcm shorter than the Summer Aduit hair
and was more uniform in fineness and length. The Winter Aduit hair was less
weathered than the Summer Adult hair. There was no difference in clean yield
for the Winter Adult and Summer Adult hair. Winter Adult as well as Winter Kid
hair were more uniform in diameter in general than the Summer hair &9,
Venter?? also found that Summer hair, over variaus parts of single fleecss, was
more variable in both length and fineness than Winter hair.

Kritzinger'®® stated that, according to the work done at the South African
Wool Textile Research Institute (SAWTRI), the Winter mohair was not markedly
different from (inferior to) the Summer clip as had been widely believed, Winter
Adult hair appeared to be mote even in diameter along the staple than Summer
Adult hairl®, Winter hair was also generally whiter than the Summer hair when
scoured®¥, possibly as a result of a lower degree of weathering. He concluded
that there did not appear 1o be sufficient justification for the wide differentiation
of the past or for the retention of the designations “Winter” and “Summer” in
the future®,
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Uysi1%9 extended the work of Van Wyk et a/'¥ by using a larger sample
population (1937 sampiles collected over three Summer and three Winter sea-
sons). In the case of Kids, he found Summer hair to be 33% less kempy and on
average about &um finer than Winter hair, while Winter hair tended to be, on
average, some 18mm longer than Summer hair. The grease content of Winter
hair (6.0%) was also higher than that of Summer hair {4.4%) and the clean yield
some 2.2% (absolute)} lower. Similar trends, but of smaller magnitude in terms
of absolute differences, were observed for Young goats and Aduits. Uys(2®)
plotted rmohair price against Bradford Count (fineness) as shown in the follow-
ing graph (Fig. 7) and gave a table {Table 8){'?% of average values for the sam-
ples tested.
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Fig. 7 The Influence of Fineness on Mohair Price, for Different Lengths and in Total2%
(Same 30 Years Ago).
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The high price paid for the mahair at the time had stimulated mohair
production and led to cross-breeding with ordinary goats resulting in a deterio-
ration in hair quality as illustrated by the relatively high kemp levels. According
to his analysis, the Kid hair was finer than 33um, Young Goat hair was 33 to
37um129 and Adult hair over 37um129, Mixed hair (MH) and Coarse hair {R)
were on average over 43um, with the Mixed hair slightly finer than the Coarse
hair. He gave Table 9129 ag representative of the Scuth African Mohair Clip at
the time {ie some 30 years ago). Good breeding practices have greatly im-
proved the quality of South African mohair over the years.

Uys18? reported that, except for yield, mohair market price was deter-
mined by fineness, length and style and character, with soundness and kemp
content also of importance. He analysed the composition of the Sauth African

TABLEg12%
AVERAGE VALUES FOR SAMPLES TESTED SOME 30 YEARS AGO
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mohair clip at that tirne and showed the relationship between fineness, fength
and processing group on the one hand and price on the other hand. Uys(104129)
showed the effects of mohair length and style/character on price {(Figs 8 and 9).
in the fleece lines, clean yield varied from 60 to 92%. Fineness influenced price
moare for the long than for the short hair and more for fine than for coarse
hairlt®¥, good length also being more important for fine than for coarse hair.
The slight drop in price for the very long hair was ascribed to the more open
and weathered appearance of such fleeces (“ripening of the fleece”). Good
style and character had a greater effect on the price of the Kid hair than on that
of the Adult hair. Winter Kid mohair was coarser (6.xm) than Summer Kid mo-
hair, this being ascribed to age and the fact that the winter goats were older and
also had better grazing (nutritional} conditions"%¥. The greater length {18mm)
of the Winter Kids was ascribed to the better feeding conditions, the age of the
goats and also the fact that Summer Kids were generally shorn at 5 months and
Winter Kids at 6 monthst®¥. Differences in grease content, between Summer
and Winter Kids, were ascribed to the better feeding conditions{19%,
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Fig. 8 The Influence of Length on Mohair Price’*2¥ (Some 30 Years Ago).
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Fig. 9 The Influence of Style and Character on Mohair Price for Different Fineness
Grades!?9 (Some 30 Years Ago).

Uys!19% found that the average fibre length was only 60% that of the sta-
ple, with a CV of between 40 and 70%. He compared the single fibre length
distributions of mohair and woal (Fig. 1011°%). The short fibres (below 25mm}
were ascribed to the presence of second-cuts during shearing and to short
kemp!19® He stated that very strong hair, without style or character, should be
avoided at all costs.

Rabie et 3/ carried out an objective evaluation {mohair base and fibre
diameter} of the South African produced summer clip {using core-sampling),
his results indicating that the producers subjective evaluation of fineness was

-very good. The within (my) and the betwee*-bale {ag) standard deviations for
mohair base were as faliows (Table 10):
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TABLE 108@°7
STANDARD DEVIATION FOR MOHAIR BASE (%)

Mchair Class oy oR
Kid Mchair 1.22 3.27
Young Goat 1.09 2.34
Adult Mohair 2.03 4.13

in a follow-up study, Gee and Robie®®¥ studied the Winter clip. They re-
ported that:
1) The yield from Winter Kids was tower than far Summer Kids.
2) Forthe Summer clip, Kids and Young goats had the same yield.
3) The mature goats gave the same yietd for winter and summer, the summer
yield being lower than that for Kids and Young goats.
4) The Winter Kids were slightly coarser than the Summer Kids, the reverse
being true for the Mature goats.
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They presented the following table (Table 11811}, The “within bale” vari-
ation for yield {expressed as mohair base) { ow } was 1.5% for all the Winter clip
and for the Summer clip of Kids and Young goats. The Summer clip Mature
goats had a ow value of 2.3%. The variation between bales within types was
higher {3.7%) for the Winter clip than for the Summer clip (2.2%). The variation
of diameter within a bate { 7w } for Kids (Winter and Summer) was 0.6pxm and
for Adults (Winter and Summer) it was 1.0 to 1.2um, for Young goats it was
0.6um in Winter and 1.0um in Summer. The overa!l variation between bales
was 1.9um for the Winter ¢lip and 1.4um for the Summer clip. The above
results agreed fairly well with the earlier observations of Van Wyk ef af®9,

TABLE 116310
SUMMARY OF OBJECTIVE MEASUREMENT RESULTS FOR MOHAIR
MOHAIR BASE — % DIAMETER — 1t
SEASON CLASSING
GROUP Mean | o, Ofpp | Meaw { 8, | Ofhy
Kids 70 | 15 28 | o6
Wi . .
é’l’i“"' YoungGoats | 70 | 15 [37 | 31 {06 | 19
P Mature Goats 70 1,5 36 1,0
S Kids 73 | 1s 27 | 06
g;‘i‘m"" Young Coats 73 {15 |22 35 10 |14
P Mature Goats 70 1 23 31 112

Erasmus'7?® reported on the various fleece, fibre and breeding properties
which are recorded in 2 South African mohair breeding scheme.
Turpie® gave Table 12 for the properties of mohair processed at SAW-

TRIduring the 1980’s.

TABLE 120799
AVERAGE VALUES AND RANGES OF THE VARIOUS MOHAIR PROPERTIES
RANGE AVERAGE YALUE
[ Diameter ( 2m) 2345 13
CY (%) 2033 5
Staple length {mm) 84-137 109
Mcdullation (%) 6,328 1.0
Curls per 10 ¢em 2366 45
VM (%) 0,1-1,7 03
Grease (%) 2980 45
Suint (%) 1842 T
pH of Suing 1362 53
Scoured Yield (%) 1793 B
Compressibility {mm) 013 |
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3.2 United States of America

In the United States of America as in South Africa, there are two mohair
clips per year, the one termed Spring (shearing in February/March) and the
other Fall (shearing in August/September)#2165.732.1056 gt of the mohair
being produced in the South Western United States.

In the USA, Angoras are largely concentrated in Texas, with smaller num-
bers in New Mexico, Oklahoma, Michigan and other States851), Texas produces
about 96% of the total US mohair production, with the primary range being the
Edwards Plateau in South Western Texas55%851 [about & million Angoras on
19.7 Million hectares)1%D where the mild dry climate and hilly, bushy terrain
are particularly well suited to their welf being. Mohair in Texas is mainly grown
in the area circumscribed by Uvalde, San Antonio, Austin, Fort Worth and San
Angelo®D. In Texas, mohair is sold through various warehouses in a free mar-
ket system in which the producer has the final say over the sale of his product.
Nevertheless the United States Department of Agriculture (USDA) administers
an incentive payment scheme system, whereby an average price for all mohair
sold in that year is guaranteed for direct payment to producers, hence the price
of Texas mohair is supported (subsidised) if the market price drops below the
support price. The Mohair Council of America was established in 1966 as the
promotional organisation for United States produced mohair and is involved in
Marketing, Development and Research, the executive offices being located in
San Angelo. Paschal”*® reported on mehair production and promotion in the
USA, production has also been discussed in another articlet783),

The USA market has established various grades of product, based on sta-
ple or “lock” characteristics, from the ‘ringlets” of the finest flesce to “flat”
locks in which the curl is less pronounced and takes on the form of a2 wave(8%9),
Classing is mainly associated with grading for fineness, with length also a crite-
rion‘8%8, with only 9 basic grades for mohair1®?9, it being ciaimed that sorting
on length is becoming too expensive. The hair is generally not skirted but is
normally separated into Kid, Young Goat and Adults.

Basset and Stobart'48D, in 1978 reported on the properties of Texas mo-
hair, and gave three tables of results. Clean yield ranged from 73 to 82%, diam-
eter from 25 to 37um, kemp from 0.1 to 2% {defined and measured according to
ASTM D2968-75 Part 33:608, kemp being fibres with medulla diameter exceed-
ing 65% of the fibre diameter/#81). Med fibres ranged from 0.1 to 1.1% (same
method as for kemp fibres, but Med fibres having their medulia diameter less
than 65% of the fibre diameter) and vegetable matter ranging from 0.1 to 1.5%
for the samples tested“8,

Performance testing of Angorgggoats is undertaken at the Texas A& M
Centre{1%)), Recently Lupton et aft®9%, discussed the performance testing of
Anggra goats in Texas and reported that during the 8 year period under consid-
eration average clean maohair production of yearling buck increased from 4.6 to
5.5 kg {180 day basis), while clean yield, fibre diameter and staple length re-
mained constant, at abouyt 69%, 40um and 150mm respectively, with kemp
{0.4%} also remaining approximately constant, but medullation increasing from
about 1.3 to about 3.3% {average about 2%). Kemp content was not carrelated
with any of the measured characteristics except medullation, where the correla-
tion was 0.33.

25



3.3 Turkey

in Turkey there is narmally only one clip per year®¥, ie the goats {which
are generally quite tame) are sharn once a year during May‘1%% {ie Spring). An
official grading standard exists, with the hair normally sorted by exporters into
First Kid, Best Average (Young Goat), Gaod Average (Fine Adult), Fair Average
{Low Adult) and Mountain Konia {(Mountain Hair about 31/32um). The clean
scoured yield is about 7010 75%.

Mohair growing in Turkey is concentrated in the central provinces of the
Anatolian peninsula [within a radius of approximately 160 km from Ankara)
where the summers are hot and dry and the winters cold with frequent snow-
falls. The mohair clip is sold in its unclassed state, although exporters do grad-
ing before exparting hair. Mohair for export is divided into two categories viz
“Principal Mohair” and “Secondary Mohair”, with the former divided into nine
classes and the latter into eight.

Some 20 years ago it was estimated that, at that time, approximately 8%
of the Turkish clip contained coloured fibres. Miiftiloglu and Orkiz57Y studied
the production and quality of mohair in Turkey and'gave average values for the
various mohair characteristics at that time. For example, clean mohair content
ranged from 69 to 88%, the average yearly fibre growth was 13.5 ¢m and aver-
age crimp was 3.2 per 10 cm. The average fibre diameter was 32um, with
average kemp and medullated fibres being 3.7 and 1.4%, respectiveiy®71,

In Turkey a reddish brown mohair, containing a colour pigment, and
known as Gingerline, is produced. The grease content is usually less than 4%.
The best grades are clear white.

3.4 Australia

Angora goats were first imported into Australia in 1856®%), with the Aus-
tralian mohair industry starting to expand in about 1970789, in Australia, the
Angora goats are mostly shorn twice a year195® (in the past, sometimes at 9
months} and graded into standard qualities {various grades of Kids, Young
Goats and Adults), depending upon quality and kemp camtent. Classers grade
mohair into super, good and average style and character categories. Cotting is
classed into soft and hard cott®28), Pigmentation is severely penalised. Stains
must be skirted from the fleece, it increasing with increasing coverage and
fleece wei? t'828)_ The scoured yields are of the order 88 to 0% and the colour
good{19%6) Ayustralian mohair is considered to be relatively fine and
kempy!933948.1086) iy hoing reported(®48) that it needed to be 4um finer than South
African (Cape) mohair to be accepted in the same category. Kemp is Present to
varying degrees, from FNF (free/nearly free) to very kempy ¢ross-bredi1938),

Harmsworth®92 gave some details of Australian mohair as seen through
the eyes of some Bradford merchants, while aspects of rohair production in
Australia have been discussed by Stapleton®28, and others!®231%49_ According
to Stapleton(#51688! gand Gifford et 2/681), a5 quoted by Stapieton®8), Australian
mohair has a yield of about 90%, a mean fibre diameter ranging from 24um at
the first shearing, 26um at the second, 30um at the third and fourth shearing
and about 33um at {ater shearings, with the kemp {evels about 2%. Fieece mass
increases rapidly to the third shearing, reaches a peak at the fifth or sixth shear-
ing and then gradually declines showing some seasonal effect®®, In Australia
the maximum greasy fleece weights range from about 1.4 to 1.9 kg, at six
manths.
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Developing a mohair-producing flock from feral or milch females is stated
to take at least five generations®28), Development of the Australian mohair
industry 1s also discussed elsewhere708),

The follawing grading iines {Table 13} have been suggested ©77 for Aus-
tralian Mohair:

TABLE 13679
AUSTRALIAN MOHAIR: SUGGESTED GRADING LINES

For small to medium-sized herds, suitable lines for grading are as follows:
Kids AAASFR Superfine kids 23u over 150 mm
AASFK Superfine kids 23g 100 mm to 130 mm
AAAFK Fine kids 23-274 over 130 mm

AAFK Fine kids 23-27x 100 mm w0 130 mm
Young goats  AAAYG Young goats 27-30x over 150 mm

AAYG Young goats 27-30x 100 mm to 130 mm
Adults AAAH Adults 30-33u over 130 mm

AAH Adults 30-334 100 mm te 150 mm

AAASH Adults 33x and coarser over 150 mm

AASH Adults 33x and coarser 100 mm to 150 mm

In all cases, all very short fibre should go to one line and be branded ‘A mohair’.
One line should be made of stain, which would carry the brand ‘Mohair Stain’.

There is now a singte classing standard for Australian1%4 mohair.

Recent infusions of new bloodlines from (South Africa and Texas) are
stated198) g be one of the most potentially beneficial events in the history of
Australian Angoras. Reference has been madetl%4 to the MOPLAN perform-
ance recording system in Australia.

3.5 New Zealand

in about 1860, Angora goats were brought to New Zealand from Austra-
lial788), some 20 000 Angora goats being imported into New Zealand from Aus-
tralia during the early 1980’s. New Zealand also produces Cashgora. Wood-
ward®62 discussed the increasing production of mohair and Cashgora in New
Zealand, explaining the breeding strategies of goat farmers. In 1992 the New
Zealand Clip was marketed through two separate companies(1979, At the turn of
this decade, New Zealand produced about 2% of the world mohairl1%?, Shear-
ing takes place every six to nine months. The scoured yield is mostly around 88
to 90%, with the colour good. Kemp is present to varying degrees, from nearly
free to very kempy crossbred1%58). Bingham et a/%%9 state that the levels of
kemp and medullation in New Zealand mohair are high relative to those in
Texas and Cape mohair.

Mohair production in New Zealand {(and Australia) has been discussed in
variaus articles?768.92393395) the mohair tending to be relatively fine, high yield-
ing768 and kempy {with only about 4% having less than 2% kemp}®3® but steps
to rectify this, such as the use of imported low-kemp breeding stock and a
dekemping process, were in progress (1908,
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3.6 United Kingdom

Ryder(823341.1035) rangrted on the production of mohair inthe United King-
dom and on the development of the Angora goat industry.

3.7 Argentina

In Argentina there are generally two clips per year, viz March (short) and
November (long)2958). Sorting is mostly done by the exporters, the scoured
yields are approximately 75 to 80% with the colour good but the hair is relative-
ly kempy(058)_|n 1985 guidelines far the classing and types of mohair were
approved by the Department of Agriculture for application in the entire coun-
try'628), Other papers(627.628629) gjsq deal with mohair production in Argentina,
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CHAPTER 4

CASHGORA

Cashgoral®, shorn from the Cashgora goat1923), is considered the first
new natural textile fibre of the last 100 years. The name “Cashgora” has been
accepted as a generic term by the IWTO, it being the progeny (Cashgora goat}
of § cross between a male Angora goat {ram} and a female down-bearing (cash-
mere bearing) feral goat (the first crossing producing the finest fibres©e7),
which is predominantly reared in New Zealand{7981003.1027) The Cashgora fibre
{or hair} is the “down” component of the fleece of the Cashgora and is defined
as being under 22um, (18 to 23um in Australia}® with a length of 30 to
90mm {or 40 to 60mm)%3}, being shorn twice a year. It has to be dehaired {ie
the down fibre has to be mechanically separated from the coarse hair)$5% and
has a low (gentle)1982 lustre and is soft and delicate to the toucht!927) Cashgo-
ra is also described as a down fibre averaging between 185 and 22um in
diameter(1902) Cashgora is dehaired, using the same criteria as for cashmere,
viz fibres coarser than 30um are classified as guard hairl@17823391) the fine
inner down representing approximately 50% of the mass of the fleece.

It has also been stated that Cashgora is normally produced in the first and
second cross and can be regarded as fine mohairl”9, In Australia, the first
cross between a female feral goat and a matle Angora goat, is calied Cashgo-
ral®57), the fibre being considered to have some of the characteristics of both
cashmere and mohair® (je it is a cross between the two)®23_ Australia has
four crossbred grades, the finest is classed as coarse cashmere and the coar-
sest as kempy mobair. One of the Cashgora grades ranges from 19 to 21um and
the other from 21 to 23um®70.

In the Kid and Young Goat stage (up to 2 years of age) the fleece of the
Cashgora contains fibres which are similar to cashmere and also fibres which
are of the mohair type, both with lustre {G. Smith January, 1987). As the animal
ages there-after, the fine cashmere type fibres disappear and the fleece reverts
to Superfine mohair in characteristics. A Guard Hair is always present. The
mean diameter ranges from 19 to 24um (CV 25%], although the range around
each mean is fairly wide, Finer fibres are down to 12.m, with the coarser end
running up to 46um. The fibres are medullated in some cases, and the flesce
has the same lustrous appearance of mohair, none of the fibres being crimped.

Phan et af®7D discussed the morphological features of Cashgora, showing
that they differed sufficiently from those of Cashmere to allow the two types of
fibres to be distinguished. Nevertheless, Cashgora fibres are considered to pos-
sess either the cashmere-like features (ie cylindrical and semi-cylindrical scales)
or the characteristics of mohair with “splits”, lance-shaped scales and subsca-
les®9), (See Figs 11 and 12).

Phan et af1033} gtated that the scale structure of Cashgora is more similar
1o that of mohair than to that of cashmere. Cashgora fibres ranged from a
bilateral to non-bilatera! structure, some resembling the bilateral structure of
cashmere, others resembling the non-bilateral structure of mohair, with the
majority being intermediate®9.989_ Bingham {quoted in Refs18737) gaye com-
parative diameters for cashmere, Cashgora and mohair (see Fig. 3).

New Zealand produces 85% of the world production of Cashgorafl®2, |t
accounts for more than half the goat fibre exported from New Zealand, with the
production during 1990/91 being 140 000 kg7, (in 1988 New Zealand pro-
duced 200 000kg Cashgora)®®V, Production of Cashgora was estimated at
200 000kg in 193001047, »



Fig. 11 Cashgora, Cashmere-Like!899),

Fig. 12 Cashgora, Mohair-Likel&3H,

Friedlin'®178%0 renorted on the production and characteristics of New Zea-
land Cashgora. New Zealand Cashgora has been defined®*® as the down com-
penent from a two coated fleece (down and guard hair) having a mean fibre
diameter between 17.5 (sametimes it can be as fine as 17um) (817.891} gnd
23um, a standard deviation below 6um, a CV of fibre diameter below 28% and
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less than 6% of fibres coarser than 30um. It containg both ortho-cortex and
para-cortex, with fewer fibres exhibiting a bilateral structure than is the case for
cashmere. It has low to medium lustre and is predominantly white®4, Now
Zealand Cashgora fleece has also been defined1%'2 as being under 22um in
mean diameter with a high down yield of 45% or more, staple length of 30 to
90mm, yielding a fibre of iow lustre or brilliance, which is sofi and delicate to
the touch.

There are three types of Cashgora, ranging from the top end (18.5um),
marketed as “Ligne Or”, the medium range (20m) marksted as “Ligne Eme-
rande” and the lower range {just below 22um) marketed as “Ligne Sa-
phiru(mza]_

Al René Friedlin the dehaired Cashgora is classified into three classes ac-
cording to diameter viz;

17 to 18.5um
19.5 to 21pm and
22 to 23um®eD

Cashgora is used in most articles of clothing {eg jackets, coats, scarves and
stoles)®%9): with the exception of underwear and socks. The rest is all on the
market, including blankets®23891 |t is considered more suitable for the wea-
ving trade for high-grade light weight suiting fabrics'®9), Albertin et 2/%7) com-
pared the behaviour and properties of Cashgora and Cashmere during finishing
operations.

Shlomm®®® discussed the luxury fibres, such as Cashgora, from a buyers
point of view.

Tucker et a/®* gave Table 14 for the amino-acid composition of Cashgora
and certain other speciality animal fibres.

TABLE 14699
AMINO ACID COMPOSITION (MOL %) OF SPECIALITY ANIMAL FIBRES

SAMALE AKD FIBRE DIAMETEA (MICRONS}

Amina Acid Aust.Cash.* Chingse Cash.815 Aust,Cashgara+ Rust.Cashgarz Non%ullen Camel
2
12.7-17.9 17.5 + 2.40 3-089 YI-3
1.2 + 3.3 21,2+ 1.3 18.4 + 1.9 18.7 z 2.6
Cysteic 4.1-0.2 6.1 0.1 a9.2 .4 0.3
Aspartic 6.6-7.1 6.7 7.1 7.1 6.6 8.1
Threonine £.6-1.1 7.0 6.9 7.1 6.5 6.6
Serine 10.7-12.7 10.9 .5 11.3 10.3 10,4
Glutamic 11.2-13.0 13.0 13.5 134 12.5 136
Proline 2.1-9.0 1.7 7.5 7.9 7.3 7.2
Glycine 9.9-10.2 8.8 8.4 7.8 9.3 T8
Alanine 5.8-6.2 5.5 5.7 5.7 5.8 5.9
Cystine 4.2-5.6 5.8 4.8 4.8 5.4 .6
Yaline 5.0-5.7 5.7 6.0 53 5.% 5.9
Methionine 0.3-0.5 a4 G.4 a.5 .5 o.r
Iscleucine 2.5-3.0 3.1 3.2 3.3 ia 3.3
teucine T.4-3.4 7.4 1.1 1.5 3.0 T
Tyrosine 3.4-4.1 4.1 3.5 1.4 15 R}
Phenylalanine 2.6-3.0 2.9 2.8 2.8 3.2 3.0
Lysine 2.5-3.0 2.4 2.8 £.% .0 2.7
Histiding 0.6-0.8 0.8 a.§ 4.8 1.0 0.8
Arginine 6.4-7.2 1.5 7.4 7.8 1.5 d.0

* 10 SampTes from [ndividual Goats; + Sample from One Goat; # Meazn + 5.0.
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CHAPTER 5

MCHAIR GREASE AND OTHER FLEECE CONSTITUENTS

The fleece of the Angora goat, when shorn, contains natural and applied
impurities {usually a total of 10 to 20% of nonfibre is present), with the sweat
(suint, the water soluble companent) and grease {wax) combined, making up
what is termed “yolk”. The grease {wax) is secreted by the sebaceous glands
and the sweat (suint) by the sudiferous glands®?. Other natural impurities
contained in mohair include sand and dust {ie inorganic matter), vegetable
matter {eg burr, grass, seed} and moisture. Applied impurities include branding
fluids, dipping compounds etc. Generally, mohair contains considerably less
grease than wool (4 to 6% on average, compared to an average of about 15%
for wool). Because the yolk content of mohair is lower than that of wool, shea-
rers or said to have to change combs and cutters more often than with wool.
The yolk acts as a cooling {(and lubricating) agent and prolongs the sharpness of
combs and cutters®®_ Australian mohair contains around 5 to 6% of
"yolk™“®77, Increased feed is thought to increase grease levels061),

Tucker et a/®®2 presented the following table for various speciality fibres
{Table 15).

TABLE 15093
THE COMPOSITION OF RAW WHOLE FLEECES
Fibre Moisture(i) Greasa{¥) wWater Solubles(%)

wool ! 11.0-11.7 9.5-21.0 3.9-7.1
Mohairt 3 12.0-14.4 1.2-8.0 1.8-4.2
Aust.Castmere’” 3 10.7-13.9 0.7-2.5 1.2-3.5
Chinese Cashmere! 11.1-12.9 5.0-7.2 2.3-3.0
Cashgora® 13.2 1.2-2.8 0.6
Llama® 12.0 2.8 -
Alpaca’® 10.9-14.4 2.8-3.9 0.6-2.4
came1? 9.9 0.5-1.1 -
Yax3 10.4 12.3 -

1 Tucker et al; 2 Turpie; 3 Tucker et al; 4 von Bergen;
5 Pumayalla and Ieyva; 6 Villarroel

The amount of wax (the purified form is known as lanolin} on mohair
generally varies between about 4 and 6%®19, wool containing 3 to 5 times as
much. Maohair by virtue of its open fleece structure on the goat, is more expo-
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sed to weathering than wool and it could therefore be expected that its wax was
more oxidised than that of wool(1%, making it also mare difficult to remove
during scouring®3¥. It had been suggested (C.A. Anderson quoted in Ref. (11%))
that the main part of the unoxidised wax from the root portions of the staple is
removed in the first bowl and the oxidised wax from the tip is mainly removed
in the second bowl. This may be due to the higher surface activity of the oxidi-
sed wax or to the smaller percentage of wax normally found on mohair fibres
(or both)a19),

N1se59 compared the composition of mohair, karakul and merino wool
waxes (Tables 16 and 17) and concluded that the mehair and karakul waxes had
the usual merino wax compenents In surprisingly similar proportions.

TABLE 1609
CHARACTERISTICS OF THE WAXES

Merino | Mohair | Karakul
wax wax wax
Wax content of the wool, % | 14—162 5 3
Saponification value
{(mg KOHjgm) ... .. |92—1020+] 128 110
Acid value - . 4 14 9
Hydroxyl value® s e 54 57 58
lodine value ... o - | 15307 36 56
Acids, % .- .- 40 55 50
Unsaponifiable material, % .-. 51 45 50

TABLE 1769
COMPOSITION OF THE UNSAPONIFIABLE FRACTION

Merino | Mohair { Karakul

wax? wax wax
Hydrocarbons ... 1 1 2
Urea complexing alcohols 15 11 14
“Isocholesterol’ ... 44 11 44
Chaolesterol 33 3¢ 34
Dicls 3 6 4
Unresolved residue 3 3 H

Grové and Albertyn{116134) modified the column-and-tray method of resi-
dual grease determination on wool to make it suitable for mohair. The main
changes involved cutting the mohair fibres to short lengths and blending them
with fat-free cotton-wool. Subsequentty®® they showed that a labaratory cut-
ting mill could be used to eliminate the cutting by hand.

Mohair from Kids and Young Goats contains mare grease than that from
adults, with the grease content higher in winter than in summer®4 and also
higher towards the root {eg tip = 2.0%, Middle = 4.6% and root = 6.0%). Uys,
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quoted by Kriel3D), defined the grease as that which was extracted in a Soxhlet
using petroleum ether. He found an average grease content of 4.5% for sum-
mer hair and 5.8% for the winter hair, with a melting point of 39°C. He found the
acid value to be 14.6 compared to a published value of 14. The unsaponifiable

fraction was 46%.

Kriel'13D published Table 18 for the chemical constants for mohair grease.

TABLE 18031
CHEMICAL CONSTANTS FOR MOHAIR GREASE

Value Literature
Eaponificaticn valus 126-135 128
Acia value 14.6 14.0
Iodine Value 14¢.8 3¢
Percentags Acids 54 55
Percentage Unaaponified Praction| s 15
Ester Valus 117 114

Kriel'®D also determined the cholesterol content of mohair grease and
two of its fractions, namely the unsaponified fraction and the filtrate of the

unsaponified fraction.

Tucker et af691.992) gave the following comparative tables (Tables 19 to 21)
based upon a limited number of samples.

TABLE 1951
THE ANALYSIS OF RAW WHOLE GOAT FLEECES

Fibre Grease
Dample Dia.
No. and . (=) Content Sap. Todine Melr.
Type B ean (z} Value  Value  Pt. {°C)
* 5D
2-127, Ausc.
Cashmers 51 16.6 = 2.4 1.7 153 15 ¥ - 38
2-024, Avst.
Castmere 18 17.9 ¢ 3.3 a.7 129 10 3 - 36
71, Chinese
Cashzere® 70 16.4 ¢ 3.3 5.4 152 7 30 - 32
3-225, Aust.
Castnere/
Angora 56 16,4 + 1.5 1.2 145 14 35 - 38
3436, Ausc.
Cashmere/
Angara 76 15.6 * 4.8 1.1 151 1% 35 - 38
A39, Ausc.
Mchatir - 41.8 t 10.6 1.2 162 15 35-737
Wool - - 5 - 25% 95 - 120° 15 - 30° 35 - 40°

South African

Mohaird

5

¥l ]

k3 -

& Yield determined by hand sorting, fibre dia. by prejectiom microscape;
dather samples by AWIA (see text).

LS Lipacn and U.A.F. Black;

€ E.¥. Trurer;
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TABLE 20(°1)
THE ANALYSIS OF FIBRE FROM CASHMERE AND CASHMERE/ANGORA GOATS

Yield® Fibre Dia. Moist® Surface Water Internal

53:?%3 };D' () (pm) (2) creased  solublesd Lipids®

and 1yp Mean * SD 43 (%} (Z)

2-012, Aust.

Cash. Fleece - - 13.9 1.8 1.2 3.1

2-012, Down 19 15.6 + 3.5° 13.6 2.6 0.9 1.1

2-012, Guard

Hair a1 72.5 + 28.0 13.5 1.9 0.3 45,8

3-436, Aust.

Cash./Angora

Fleece - - 13.2 2.8 0.6 3.2

3-436, Down 58 15.6 + 4.8° 13.4 2.9 0.5 3.6

3-436, Guard

Hair %3 39.6 £ 20.7 13.6 1.8 0.6 4.1

7], Chinese

Cash. Fleece - - 12.9 5.0 3.0 1.8

71, Down 35 16.4 £ 3.3 13.3 3.2 1.8 0.7

71, Guard Hair 15 - - - - -

Chinese 1,

Fleece - - 11.1 7.2 2.3 -

Chinese 1, Down 89 15.3 £ 2.7 - - - 2.3

Chinese 1,

Guard Hair 11 64.4 £ 19.1 - - - -

Chinese 2,

Fleece - - - - - -

Chinese 2,

Down 87 15,3 £ 3.0 12.7 2.0 1.5 2.1

Chinese 2,

Guard Hair 13 49,3+ 8.3 12,1 0.8 - -

Wool - 20 11.0 - 9.5 - 3.9 - 1.1 -
11.7 27.0 7.1 1.9

® Yield from hand sorting, expressed on clean dry mass basts.

b Dia. by FFLA. € of clean cond. fibre. ¢ Expressed as percentage of

{clean, dry fibre + grease + water solubles). * Expressed as percentage
of (clean, dry fibre + int. lipids}.
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TABLE 2190
UNSAPONIFIABLE AND TOTAL FATTY ACID CONTENTS OF THE GREASE
SAMPLES

Sample No, and Type Unsapiz;:ontent zz;:]'é'?tty
2-012, Aust. Cash., Fleece 42 56
2-012, Dowm 47 53
2-012, Guard Hair 46 55
31-436, Aust. Cash./Angora Fleece 40 55
3-436, Down 41 55
3-436, Guard Hair 42 33
71, Chinese, Fleece 44 54
71, Down 47 52
Chinese 1, Dowmn 512 48
Wool® 45 - 50 50 - S5
Mohair®© 45 55

2 Cholesterol content 26.0%. b E.V. Truter. € p. Ylse.

Tucker et a/92) gave the following table (Table 22) of vatues for the free

fatty acid composition of surface greases.

TABLE 22092
FREE FATTY ACID COMPOSITION OF SURFACE GREASES
{mg/g DRY MASS)
Sample €10:0 £12:9 c1s:6 C16:0 C1§:0 cig:1
RRT 0.18 0.25 0.44 a.81 1.18 1.21
Woal{T62] 0.68 0.22 .74 2.40 1.59 0-64
Cash(B114) - o8 .43 1.2 .04 1.58
Casnyang(P3}  €.1% 0.16 0.34 1,66 1.40 1.21
Mohgir{F} 0.24 - 1.97 &5 1.42 3.04
Camel 0.25 9,38 .23 4.2 .76 1.35
Yak 0.98 1.21 £.34 5.68 2.75 330

#AT Retention time rel. to C17:0

cla:z
.32

£.27
1.30

13.25

£29:0
1.68

G.8¢
.78

0.56
Q.81

0.5%

.46

£22:0
2.50

.78
2.84

1.68

z.08

Others
Many

C1e:3 D28
RRT 1.83 1.88

£18:3 0.25
RRT 1.84 [.56

Tucker et a/%92 zlso gave the following tables of values {Tables 23 and 24}
for the volatile and non-volatile fatty acids from the fleeces of Australian goats
and sheep. They reparted that the sapanification values {SV) of the grease from
the goat fleeces range from 129 - 153 and are significantly higher than that from
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wool, suggesting that the former probably contain lower molecular weight ma-
terial than the esters in the latter. The iodine values {IV) for cashmere, cashgora
and Australian mohair fleeces were lawer than thase for wool and South Afri-
can mohairl®3,

TABLE 23(e52)
VOLATILE FATTY ACIDS* FROM THE FLEECES OF AUSTRALIAN GOATS

{1a/g DRY FIBRE)
Table 4: Volatile Fatty Acids* From the Fleeces of Australian Goats

(;9/q Dry Fibre)
Acid Mohair Cashmere
A39 (R 5097(8) 5291(B) 5113(D) 5712¢(D)

Ethanoic 11 13 12 16 14
Propanoic 4 4 2 8 7
2-Mepropanoic 15 21 27 298 234
Butanojic 3 5 4 10 12
2-MeButanoic 16 32 is 136 127
4-Mepentanoic - - - 1 2
Hexanoic 2 2 1 2 1
Heptanoic 3 2 2 3 3
Octanoic 2 6 3 2 1
4-Ftoctancic 9 3 3 - -
Nonanoic 2 3 4 - 3
Decanoic 7 5 18 - -
» Diethyl ether extract: grease saponfied and acids determined as free

acids.

B buck; D doe

TABLE 2492

NON-VOLATILE FATTY ACIDS* FROM THE FLEECES OF AUSTRALIAN GOATS
AND SHEEP {ug/g DRY FIBRE)
Acid Mchair Castmere wool?
A39(B) 5097(B) 5291(B) 5113(D)» 5712(D)

Dodecanoic - - - 3 3 40
Tridecanoic - 1 1 2 - 80
Tetradecanoic 10 12 14 12 & 220
12-MeTetradec 15 35 46 48 11 304
Pentadecancic 13 3 4 - - 87
14-MePentadecan 2 - 1 2 - 409
Hexadecanoic 22 27 33 48 19 245
1M Yeteadecan 16 32 44 48 1 280
Octadecanoic 9 g 12 28 11 84
§-Octadecenoic 3 4 5 2 6 47
17-Me(ctadecan 1 17 L] 41 6 -
9,12-Octadecadien 3 4 5 4 6 23
18-MeNonadacan - - - - - 318
Eicosanoic 4 2 5 B 2 30
18-MeEicosan - - - - - 320
20-MeHeneicosan 4 7 - - - 141
Bocosanoic 5 4 9 45 1 17
13-Docosanoic - - 2 2a - -

* Chloroformmethanol (2:1) extract; grease saponified and acids deter.as
mettyl esters; B buck; Ddoe; # sex uknown
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CHAPTER 6

OBJECTIVE MEASUREMENT

6.1 General .

The taxtile processing performance, applications and general quality, and
therefore value and price, of mohair are largely determined by the characteris-
tics of the raw (greasy) mohair. lt is therefore hardiy surprising that considera-
ble effort has been directed over the years towards the gbjective {ie instrument)
measurement of these characteristics, as opposed to the subjective techniques
traditionally used. Today, characteristics, such as fibre diameter, yield etc., can
be, and are, measured objectively with high accuracy.

Properties that need ultimately to be measured to completely characterise
greasy mohair include the following:

1) Fibre Diameter and its Distribution.

2) Mohair Yield.

3) Staple Length and Strength.

4) Vegetable Matter Content and Type.

5} Inorganic Matter Content.

§) Colour.

7} Lustre,

8) Medullation/Kemp.

9) Style/Character.

Yield, for example, is difficult to assess accurately visually to a level better
than 2 to 3%Q9%18 and the rapid objective measurement of this important pro-
perty, particularly from a price point of view, is of considerable economic im-
portance.

Douglas®0 discussed the advantages of Objective Measurement of mo-
hair. He stated that the mohair top must achieve strict specifications to satisfy
the spinning requirements, these include requirements for:

- Quantity of Top

- Mean Fibre Diameter

- Mean Fibre Length

- Distribution {CV%} of Fibre Length

-Max % Short Fibres less than 30mm

- Max % Dark Fibre Content

- Max % Vegetable Matter Speck Contamination

-Max % Entanglement {Neps)

- Max Fatty Matter Content

- Maisture Regain, and specifically for mohair:

- Max % kemyp content.

In addition, some spinners may have specifications which incluge: %0

-Colour

- Distribution (CV%) of Fibre Diameter

- Bundle Strength.

These specifications, some with very tight tolerances, enable the spinner
to be confident that on high speed automatic spinning machinery, the fibre can
be Processed efficiently. If specifications are incarrect, quality and productivity
f2il8%0)_ Douglasi®®® also stated that the impact of synthetic fibres in the textite
industry necessitated that growers and users of natural ﬂbr_es introduce objecti-
ve specification to define their product, synthetic fibres being manufactured to
tight tolerances and such that they easily meet rigid specifications. He conclu-
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ded®90) that unless wool, cotton, mohair and cashmere are specified they are
severely disadvantaged from a processing point of view. He stressed that the
variability of natural products, such as mohair, necessitated proper {representa-
tive} sampling and adequate testing in order to obtain an accurate and reliable
result. He repeated the importance of clean yield, average fineness {diameter}
and kemp content in terms of mohair quality and value, with length, strength,
colour and lustre being of lesser importance. AWTA Ltd commenced trials in
rmohair objective measurement in Australia in 1981, with the Angora Breed
Saciety, and provide a core testing service for brokers and other fibre marketing
organisations and a fleece measuring service for growers and breeders(®90),
Most of the sampling and testing methods are based upon those in use for
wool,

Mohair Base (ie the amount of clean dry fibre, free from all impurities,
expressed as a percentage of the greasy fibre mass) is converted into the IWTO
scoured yield basis®0), This relates the tested yield to normal commercial
yields for scouring greasy mohair. This yield is calculated from the Mohair Base
to include all vegetable matter, standard residuals of grease and dirt {which
would normally be retained in commercial scouring), and allows for moisture
regain of 17% lyields of aver 100% are therefore possible). In addition to the
foregoing, mid-side fleece samples, submitted by breeders, are washed and
dried and a similar washing vield is calculated'®%. The AWTA uses the airflow
for measuring average fibre diameter and the FDA when the fibre diameter
distribution is also required.

Gee®®® reported on the objective measurement of mohair imported into
South Africa during 1978. He gave the following table (Table 25) summarising
his results:

TABLE 25(+%3)
MEAN VALUES FOR EACH TYPE AND VARIATION (o) BETWEEN 1OTS

T Staple Leogth (mm) Yield (%) Vegetabie (%) Fineness (sm} Kemp (%) ¥
ype
b -4 Meaa [ Mean [ Mesa & Mean .3

BKL 136 7 90,4 2,7 2,2 1,5 25,6 0,8 39 1.5
BKS 125 9 92,0 0.8 1.4 0.9 25,1 1,5 3.1 2.4
BFM 1 174 — 90,9 11

2 158 — 83,4 2.6 3,0 1,0 27,6 1,8 33 1.7

3 131 8 91,1 1.8
BML 156 26 91,9 2,6 1.4 0,9 31,2 31 4,2 2,6
BMS 130 14 91.4 1,9 2.1 1,1 299 3,0 4.3 2,6
BSL 163 8 92,0 3,7 1,5 0,9 | 306 | 10 4,7 1.7
BSS 137 11 92,5 1.4 1,5 1,4 32,6 3,7 2,9 2,3
BST 142 15 g1 4,3 2.3 1,3 29,5 2.6 6,6 1.3
BSDY 134 12 87,1 2,8 4.8 27 28,2 2.0 8.2 4,6
BCM 125 14 90,0 34 2.4 1.6 28,2 2.4 9,7 4,9
BLOX 131 14 1.3 5.6 4,1 2,2 30,4 2,1 9,0 5.0
BGREY 130 13 88,5 2,7 2.8 2,0 29,2 §,2 7.3 4,0

*Shirley Analyser Test
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The statistical distribution of wool and mohair length and fineness has
been reported by Marsal791),

Bhalla et 271223 reported on the physical and chemical properties of Indian
crossbred adult mohair. They found an average fibre diameter variability atong
mohair fibres {CVyy) to be between 7 and 8%, compared to 11 1o 17% for the
wools they tested. They reported fibre length variabilities ranging from 15 to
45%, with three out of the four types of mohair having a CV 15, 21, and 25%.
They found the Wax {grease) content of their mohair to vary from 1.8 to 5.1%,
Suint from 3.3 to 6.2%, Vegetable matter from C 6 to 2.5%, Ash content from 0.9
to 1.5% and alcohol extractable matter from 0.7 io 1.8%.

6.2 Sampling for Objective Measurement

Lineberry et af3*® reported on the core-sampling of bags of Texas grease
mohair matchings and gave the following within {w) and between (b} bag stan-
dard deviations (o] for fibre diameter and yieid:

Clean Fibre Yield Average Fibre Diameter
osw 1.56% aw 1.35um.
eb2.21% ob 2.83um

It was calculated that a sampling precision of 1.0% vyield of clean fibre
could be achieved by taking 1 core from each of 24 randomly selected bags
{from a consignment of 100 bags), if two cores are taken per bale then only 20
bales need to be sampled. Gee!738304} inyestigated the effect of taking different
sizes {12 and 18mm) and numbers of cores from mohair bales on the top fibre
length distribution. He concluded that, up to about 50g of core material (10
cores} from a bale could be regarded acceptable but not 250g. The 50g of core,
could be expected to lead to an increase of 0,4% in short fibre content in the top
and a decrease of ¥mm in Hauteur and tail fength. He concluded that the taking
of up to 8 cores on a bale should have almost a negligible effect on the fibre
length distribution, including the short fibre content.



CHAPTER 7
FINENESS AND CROSS-SECTION RELATED PROPERTIES

7.1 General

There can be little doubt that mohair fineness {diameter) is one of its most
important characteristics from the point of view of price and textile application
and performance, with a 1um change in diameter having a significant effect on
price. It is therefare not surprising that fibre diameter, which can be measured
by airflow, projection microscope, FDA, OFDA or LaserScan, is generally the
first objectively measured mohair characteristic. Mean fibre diameter is the
parameter most generally measured and reported, although the distribution of
fibre diameter, in terms of CV and coarse fibres, is also regarded as being of
textile significance. Mohair fibres tend to be more even in diameter along their
lengths than wool, although certain lustrous wools are also even in diameter
(the CV of fibre diameter within a tock is about 17% for mohair®®), A major step
forward in improving and standardising the interlabaratory measurement of
mobhair fibre fineness occurred upon the introduction of the Mohairlabs Inter-
national Round Trials and associated issuing of Mohairlabs stamps (see “"MQO-
HAIRLABS").

Uys(t12) found that the Airflow method could be applied successfully to the
measurement of maohair fibre diameter provided a specimen mass of 3.5g (as
opposed to the 2.5g for wool} was used, with kemp and fibre length, within the
ranges covered, having litile effect on the readings obtained. Slinger and Ro-
bie243 subsequently showed how the airflow method for mohair could be im-
proved by precise control of sample preparation and using a modified test cell
having a greater height clearance in the test chamber {32mm as opposed to
16mm}R43} Ray et a/348 found a carrelation of 0.98 between Port-Ar airflow
and projection microscope measurement of fibre diameter. Hadwich®3% com-
pared the airflow and projection microscope methods of measuring the fine-
ness of mohair top, concluding that the latter was superior to the unmodified
airflow method. Schenek® reported the results of Bremen Round Trials on
the fineness of mohair tops, as measured by projection microscope and airflow
and concluded that the accuracy of the results had improved significantly since
1982. Blakeman et /837 described a computer supported sonic digitizer tech-
nique for measuring the medullation of mohair. Ryder?89 discussed the Bit-pad
measurement of fibre diameter and medullation.

Smuts et a/®8 investigated the effects of CV of diameter and degree of
medullation on the airflow measurements of mohair diameter, They found that
CV of diameter had a statistically significant effect on the air-flow reading, the
effect, however, being only about half that predicted by theory. Compared to
samples having a CV of about 27%, a change of 5% (absolute} in the CV of
diameter generally resuited in a change of less than 0.5um in the air-flow mea-
sured diameter. Contrary to a priori considerations, the degree of medullation
had no apparent effect on air-flow measured diameter within the fairly wide
range of levels (=0.5 to 6% area medullation) covered. Their investigation
showed that, within the ranges covered, the air-flow estimated fibre diameter is
a good measure of the prejection microscape mean diameter, the effects of CV
of diameter and medullation, particularly the latter, being small(698,

Hunter et /797 studied the projection microscope measured diameter and
variation in diameter of some 852 samples of raw and scoured mohair and 380
mahair tops. They found that, aithough standard deviation tends to increase
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with increasing mean fibre diameter, the relationship was a tenuous one and
the scatter large. For CV of fibre diameter, the relationship was even less preci-
se, since the scatter was larger, there being a tendency for CV to decrease as
mean fibre diameter increased up to a mean fibre diameter of somewhere
arcund 35um after which the reverse occurred. For most practica! purposes,
however, the CV of diameter could be regarded as independent of mean fibre
diameter, with an average value of approximately 27%, the standard deviation
of the CV being 2.9%. Some 95% of the CV values lay between approximately
23 and 32%. The average standard deviation of fibre diameter for the samples
was 8.7um, with more than 95% of the values lying between § and 12um. They
gave the following table (Table 26} of “average™ (typical values) for CV of fibre
diameter.

TABLE 26(797
“AVERAGE" (TYPICAL) VALUES OF CV OF FIBRE DIAMETER
CORRESPONDING TO DIFFERENT MEAN FIBRE DIAMETERS

Mean Fibre Diameter CV of Fibre Diameter
{(pm) (%)
25 30
30 27
35 26
40 - 27
45 29

Turpie and co-workers(342.943344.10261030} ronnrtad on the calibration and
application of the FDA200 for the rapid measurement of mohair fibre diameter
and its distribution. It was concluded that, with the ranges covered, kemp level
had litile effect on the relationship between FDA, projection microscope and
airflow diameter values, contributing only about 0.2% towards the total fit of
some 98%. They aiso conctuded that the FDA represented a reliable method for
measuring mohair diameter, and a new cubic calibration procedure was pro-
posed®4¥, Turpie et a/1%%% reported on differences between the calibrations for
wool and mchair on the OFDA and FDA200, Blankenburg et afit%5 gscribing
this to interaction between crimpiness and ellipticity, with snippet length also
playing a role. Blankenburg et afl:®8%) investigated the correlation of the fibre
ellipticity {contour ratio), snippet length and embedding medium with the mean
fibre diameter {projection microscope) of mohair and wool, finding no correla-
tion in the case of mohair. The ellipticity (ratio of major to minor axis) of the 8
IMA mohair calibration tops varied from 1.163 to 1.282, with a mean of 1.223.
Their results appeared to explain the problems encountered by Turpie et af10%0
when they attempted to measure wool tops by means of an OFDA calibrated
using mobhair, Turpie et a/119%9 finding that different calibrations are required
for mohair and wool on both the FDA200 and the OFDA. The FDA system is
applied in South Africa for the routine measurement of fibre diameter and
distribution of greasy mohair cores!t%08),

Various ASTM and USDA test methods and standards for the fineness of
mohair {greasy and top} and the assignment of Grade have been published
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over the years(308.381,382429,528, 584.832) Thg fineness measurement of some US
commercial mohair top is given in Table 2784,

TABLE 270349
FINENESS MEASUREMENTS OF COMMERCIAL MOHAIR TOPS

Cocfficient  Standard Average Dispersion
Grades Average Deviation of Variation  Error Range Range
{microns) {microna) (per cent) (micronas) {microns) (micronas)
Super kid 25.7 6.30 24.5 0.19 25.2 to 26.3 10 to 35
40's Kid 27.0 5.29 19.1 0.17 26.5t027.5 10 to 45
36's 28.7 6.23 21.7 0.19 28.1t020.2 10 to 50
328 30.0 6.89 22.9 Q.22 29.4 t030.7 10 to 50
23's 32.2 7.81 20,5 0.24 31.5t032.9 10 1o 85
26's ¢ Firat 34.0 7.99 23.5 0.25 33.3 to 34.8 15 to 55
24's 5.7 9.25 25.7 0.29 34.8t035.5 15 to 60
Low—Second 41.4 10.60 25.9 0.30 40.5 to 42.3 20 to 70

Phan et a8% {quoted in Ref. 878) gave the following comparative table of
SEM measured fibre properties (Table 28078)),

TABLE 28678)«
DATA OF SPECIAUTY FIBRES EXAMINED BY MEANS OF SEM

Fibw type Wurher of Kunber ef g 5 ov nean scale Frecienss
arples checked fihres L == [} =/ 100
Vicuna 1 20¢ 10.4 2.2 2 11
hrgara rabbit 20 100 12.3 o4 43 ngt peasured
Cashmare €5 6529 141 1.3 25 £ -8
Izanian cashaere 12 1260 1E.5 ‘.4 26 -8
Cashgors 2 400 16.6 .2 23 L -7
Canal hair n 3255 18.9 7.8 37 £ -8B
Yak hair 18 1050 16.8 6.4 34 9 - 10
Alraca 32 3369 T 9 k1 2
Llaxza 34 1370 27.3 15,4 38 \i<
Mchair (3] €615 ar.9 9 3a £ = 7T
d : pean ¢iamerver
& : standard Jeviation
oV : cocfficient of variation
Kim-HD PEAN | Table & :
wt al. Data of specialty fibres exazined by peans of SEM
5F3 87 ——

*From Phan et 2/t895)



Phan et af®®9 also gave another comparative figure (Fig. 2).

Kritzinger!!2%8) discussed the variation in diameter within a mohair fleece
and the importance of reducing this variability, particularly with respect to
coarse fibres, to a minimum. He found a correlation of 0.84 between the stan-
dard deviation of fibre diameter at the age of 8 months {just before second
shearing) and that at 14 months of age (just before the third shearing). Stan-
dard deviation was also related to mean fibre diameter.

Van der Westhuysen®3® reparted on fibre diameter distribution as affected

by mohair age and type {(see Fig. 12a)38),
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7.2 Vibroscope Measurement of Mohair Fineness

Barella and Vigo®97415438) found differences between wool and mohair in
terms of inter- and intra-fibre linear density variability {inversions} as measured
by means of a vibroscope. The inter- and intra-fibre variability in linear density
as well as the percentage of fibres exhibiting inversions of linear density were
generatly higher in wool than in mohair. This fact was used in the development
if empirical formulae which could possibly have some potential in the differen-
tiation of wool and mohair in homogeneous fibre assemblies. Hunter and
Smuts™53) showed that vibroscope linear density for mohair agreed well with
the values calculated from fibre diameter and density, the {atter generally being
slightly higher than the former, possibly due to the slightly non-circular nature
of the fibres.

7.3 Fibre Cross-sectional Shape

Mohair is generally practically circular, with the ratio between the major
and minor diameters generally 1.12 or lower®¥ {usually 1.0 to 1.1"®, and rarely
exceeding 1.29), with that of wool often greater than 1.208, lower grades,
grades of mohair fibres are stated to be generally less circular than the better
grades®® Klenk® compared the cross-sectional shape of various animal
fibres, including mohair. Many fibres show black dots or little circles under the
microscope, which are caused by airfilled pockets or vacuoles342023,

Fouda et 2/ used the diffraction from a He-Ne laser beam to measure
the dimensional parameters, transverse sectional shape and area of maohair
fibres. Muitiple beams were used to measure the refractive indices and birefrin-
gence of mohair. They found that the shape of the mohair fibres was predomi-
nantly elliptical.

7.4 Fineness Relationship of Grease Mohair, Card Sliver and Top

Keller and Pohle et a/2*13%8 jnyestigated the fineness relationship of
grease mohair, card sliver and top, finding the average fibre diameter of the
grease mohair about 0.6um finer than that of the top, the card sliver fineness
was on average 0.4um finer than that of the top. They derived the following two
empirical retationships:

Grease Mohair Diameter (um) = -058 + 0.9996 Top Diameter

n==69;r=098
Card Sliver Diameter (um} = -0.24 + 0.99601 Top Diameter
n=110;r= 029



CHAPTER 8
STAPLE LENGTH AND STRENGTH

Turpie and co-workers(680.704705.75L.757.815) rgnqrted results for the staple
length, strength and prafile of mohair as measured automatically by means of
the SAWTRI Automatic Staple Length/Strength tester. Using the staple cross-
sectiona! profile (taper diagrams) and a technique of best fit trapeziums, they
showed that the staple profile and length distribution could be used to predict
the fibre length distribution of the staple and the top. There was a reasonably
good correlation between mohair staple length measured manually and that
measured by an automatic staple length/strength tester. An attempt was also
made to relate stapie profile to style and character. Figs 13 to 15 illustrate some
of the results obtained by Turpie and co-workers.
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Fig. 13 Machine Measured versus Manually Measured Staple Length for Mohairl70%,
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Fig. 14 Mean Length of Top versus Mean Length Derived from Greasy Staple Dia-
gramt705},
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Fig. 15 “Standardised” Grand Mean Profile for a Lot of Kid Mohair with Hauteur Dia-
gram of the Top Produced from it Superimposed799),

Pahle et a/3%) found that average unstretched staple length of mohair was
much closer to the top fibre length than was the case for the stretched staple
length. The average fibre length of maohair is reported to be only 60% of the
lock length, with a coefficient of variation of 40 to 70% compared to 20 to 25%
for wogl333),

Turpie® applied the SAWTRI staple length/strength tester to mohair,
illustrating the useful information it provided in terms of mohair staple profile,
length and strength, fibre length distribution and the production of the maohair
top length distribution, as well as possibly quantifying differences in mohair
style and character {see Fig. 16).
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Fig. 16 “Standardised” Grand Mean Profiies Obtained from Various Styles of Adult
Mohair (793,
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CHAPTER 9

QUALITY AND RELATED CHARACTERISTICS

9.1 General

The quality of mohair is described as a combination of style and character,
freedom from kemp, lustre, handle, yolk and uniformity of length and fine-
ness{1911) The presence of kemp is often the most undesirable quality characte-
ristic of mohair. Mohair of good lustre and handle, solid staple, uniform in
length and practically free from kemp is defined as mohair of good quality®@9,
Handle is largely determined by fineness, althou?h a soft natural yolk and olea-
ginous dips also improve softness of handle!®™ (dipping before shearing (at
least 3 days in summer and 7 to 10 days in winter) can be applied to mohair so
as to close the mohair staple thereby improving the style and to give the mo-
hair a kinder handle and better lustre)(®67,

Mohair characteristics of economic importance are®®728) fineness (fibre
diameter), length, style and character, contamination (kemp, coloured fibres
and vegetable matter], and clean yield and uniformity in general. Based upon
mohair processing and price {(and end-use)}, fibre diameter is the most impor-
tant parameter and kemp is generally next in importance7282%4) with length
having a smaller, though still important, effect on price and processing than
diameter, provided the mohair is not shorn shorter than about 76mm, ie not
less than about 4 rmonths growth {good staple length growth is considered to
be at least 25mm per month 3%, the average fibre length being only about
60% of the lock (staple) length, with a coefficient of variation of fibre length of
40 to 70%, compared to about 20 te 25% for wool)(833),

Van Wyk et a/'® correlated price differences with differences in clean
yield, fineness and fineness distribution, weathering and length. According to
Van der Westhuysen>%¢ quoted by McGregor?®%, mohair price {averaged over
a ten year period) decreased by about 5% for each Tum increase in fibre diame-
ter, stabilising at about 34um with a price of about 55% of the maximum value
{paid for 26im mohair). Price was less affected by length, the maximum price
being paid for about 2 15cm staple length. Since there appears to be no benefit
in production efficiency from shearing more than twice per year, there is no
gconomic justification for shearing hair of under 75mmU28),

Major burr and grass seed contaminants of mohair results in serious price
penalties {McGregorl919) and so does kemp levels, vegetable fault mohair
fetching about half the average price of other mohair types1925. Any undesira-
ble contaminant, which will either affect the quality of the final product or will
have to be removed, decreases the economic value of the mohairt?28), Coloured
{eg black or red) fibres may be present and could affect the finished cloth,
particularly if light shades are dyed, and thereby the value of the mohair. Burrs
or excessive vegetable matter in the fleece also have to be removed?28), Urine
and certain types of soil and vegetable matter contain substances which stain
mohair permanently?28)_ These affect the dyeing and value of the mohair and
the quality of the final product. Precautions must be taken to limit such stains,
particularly urine stains?28, Clean yield {ie the percentage of actual fibre plus
commercially allowed moisture content in raw mohair} generally varies be-
tween about 80 and 90% in most fleece classes, but may be as low as 60% in
some outsorts, such as lox, the remaining portion being made up of grease,
dirt, dust and sweat.

Style and character are judged subjectively, high quality style being des-
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cribed as solid-twisted ringlets (staples or locks), while character is described as
the waviness or crimp shown in the staple®33728), Style without character or
vice versa, is undesirable and a good balance between these two characteristics
is considered to be of paramount importancet533.728),

McGregor{l215) gave the following table summarising the effects of various
mohair quality characteristics on price and processing.

TABLE 290013
THE INFLUENCE OF VARIOUS CHARACTERISTICS OF MOHAIR ON BUYERS
LEVEL OF DISCOUNT AND ON THE LEVEL OF PROCESSING PERFORMANCE

OF MOHAIR
Character Range of Buyer Effects on
Discounts Processing
Fibre Diameter 0-45% ' 50-300%
Length 0-18% 25-40%
Xemp Content 0-+20% 50-100%
Vegetable Fault 0-50% no data
Style and Character no data 5-10%
Lustre no data no data

9.2 Mohair Classing and Quality

The importance of good classing of mohair has been stressed by Ven-
ter®, and Marwood®® also discussed the merits of good classing (shed or
store) on maximising profits. The simplest description of good classing has
been given(333.761) a5 uniformity within each class of length, fineness, style and
character and degree of contamination (kemp, vegetable matter and stain). Uni-
formity of the mohair within the bale or bag is very important®®. An important
objective of classing is to achieve uniformity of “quality”, particularly fineness
{(diameter), and classing standards and regulations are laid down and continu-
ously updated in most of the important mohair producing countries, and parti-
cularly in South Africa. Classing must separate the different parts of the fleece
which differ in fineness, colour (stain} etc. Fibre diameter may vary markedly
within the same fleece, with mohair from the neck and britches often coarser
than that from the rest of the fieece. Even within a staple, the fibre diameter
varies considerably2® between fibres, mohair fibres generally are finer to-
wards the tips, due to the fact that mehair fibres become coarser as the goat
ages {up to the age of about eight years372). Venter2? found that the longest
and coarsest fibres occurred around the neck, particularly below it, and should
be kept apart (classed separately), while the hair on the back and rump, which is
generally shorter, finer, more kempy, wasty and weathered, shouid also be
classed separately. The hair on the shoulder, side and thigh should be grouped
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together, generally baing “average” in terms of length and diameter but has
the best quality hair in the fleece? (the belly, if not stained or seedy, could
possibly also be classed into this group).

Hobson'®€? discussed the classing of Cape Mohair, stating that classing
aimed to achieve uniformity of fineness and uniformity of length, and uniform-
ity of style and character and quality (standard of breeding and general appear-
ance of the mohair), kempy hair being kept apart and packed separately. The
fleeces are skirted, mohair containing kemp or seed is removed, so tooc the
britch ends and often also the neck {unless it is very light and attractive in
appearance), with the back being removed if it is “wasty’’ or “spongy”.

Style, character and lustre are considered important quality characteris-
tics, not only because of their aesthetic appeal but alsc because they can be
related to the weathering of the hair on the goat('%!? (and to various other
important characteristics). Style and character are discussed in more detail in
the next section {see also Ref. €37},

9.3 Style and Character

““Style and Character”, as a "composite measure” of mohair quality, is
considered difficult to define precisely2912) and the role of styte and character in
textile processing behaviour and product quality remains to be established,
Style refers to the twist and spiral formation {ie type of ringlets) of the mohair
fibres in the staple {and alsc the “brightness and bloom” of the fibrel or
strang®?11), while character refers to the wave or crimp that appears in the
staple (ie its waviness or crimp). In essence, therefore, “style” refers to the twist
{curls) in the staple, while ““character” refers to the wave {or erimp) frequen-
cy 889 with the presence of kemp also playing a rdle.

Essentiatly two types of locks (staples) are recognised viz “ringlet” {tight
lack} and “non-ringtet” {mostly flat lock type), although there are basicafly three
primary types of mohair fleeces based upon the formation of the lock, viz. the
tight 1ack type (solid twisted ringlet), the flat lock type and the fluffy or apen
type. Angora breeders generalty prefer a well developed tight tock. or ringlet,
atthough some ?refer the fiat lock which is also associated with a very desirable
type of mohair®977)_ The tight lock type has ringlets (curls or twists in the
staple} throughout almaost its entire length, and is usually associated with fine-
ness of fleecet®4977), while the flat lock type is usually wavy, has large crimp
{waves), an absence of ringlets and forms a more “bulky” fleece. This type is
usually associated with heavy and coarser fleeces, and a satisfactory quality of
hair. The fluffy or open fleece type usually lacks in a distinct style and character,
and probably stands lowest in character, and is objectionable on the farm since
it is easily broken and is torn out to a great extent by the brush. Flat lock type
goats generally produce more greasy mohair but of a lower yield, than tightlock
(“ringlet”’) types and tend to be coarser. The different lock types are not consid-
ered to be identifiable after scouring. Ringlet types are also thought to be asso-
ciated with more uniform staple length!263),

High quality style in mohair may be described as solid, twisted ringlets
{staples), a balance between style and character being required®33728_ Good
style and character reflect a healthy, well protected fleece”28). A good balance
between style and character is reflected in an evenly crimped staple, while the
fibres in the staple are symmetrically and spirally twisted forwards and back-
wards, ending in a biunt point that turns back{1°19, An excess ar absence of one
of these qualities will result in undesirabie staples1919, The pitch of the spiral
of the ringlets varies from about 4 to about 8 per 10cm®®. Ringlet perfection is
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generally associated with fineness®, ringlet frequency (density of spiral turns)
being correlated with fineness of the fibres contained in the ringlet®. Duerden
and Spencer® stated that a distinet well-formed ringlet is only produced where
the fibres are fine and uniform, with the turns closer and more per unit length
as the fibres become finer. Style and character can change as the goat ages,
there being some link between fineness and quality, the younger the goat the
better the style and character®™ tending to be (well grown Kids and Young
Goats hair, with super style and character, often not being as fine as it appears
to be)®9). Badenhorst{1°63) reported a poor correlation between mohair style at
the age of 10 months and that at the age of 18 months, that between the ages of
14 months and 18 months being higher. Style and character had a correlation
coefficient of 0.68. The flat lock type tends to remain that, over the age of the
goat (except as young Kids), whereas the ringlet type is not always uniform or
permanent, ringlet “type” on Kids can revert to another lock type later, it could
also change to another lock type over the posterior portion of the body®€9).
Recently, Badenhorst et /%58 found that nutrition affected all mohair quality
characteristics, with the exception of style and evenness of fleece, improved
nutrition increasing kemp, fibre diameter (31 to 40um), fleece mass (2.1 to
3.7 kg), “fleece density” and character, style and character being influenced
differently by nutrition.

Style and character, in South Africa, is judged accerding to five classes
that vary in quality and are described in the following descending order: Super,
Good, Plus Average, Average and Poor. Results by Turpie”® indicated th~t
style and character may be refiected in the uniformity of the mohair stap.e
cross-section {Fig. 17).

CROSS
SECTION (%)
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0 50 100

LENGTH %

Fig. 17 Standard Mean Cross Section Profiles from ‘Open Mohair' (—), Stylish Mohair {--).
Mohair with Character ¢J/} and Mohair with “Style and Character' (0oo)?95:109,

51



9.4 Grades™

Much of the information in this section is merely of historical interest,
since the trend is today to categorise {grade} mohair on the basis of objectively
measured characteristics, notably diameter (fineness). The grades of mohair
vary in different countries®®. In general the best grades of mohair are from
Kids under six months old lie first shearint);). Some individual fibres in this
grade are as fine as 6 to 10um in diameter®). Venter?? found large variations
in fibre diameter within a grade, resulting in considerable over-lapping be-
tween the grades. A marked improvement accurred in this respect, once the
mohair was classified into trade types. According to his work, Venter®? sug-
gested the following fineness limits for the different mohair trade types (Table
30).

TABLE 30072
PROPOSED LIMITS OF FINENESS FOR MOHAIR TRADE TYPES

Type* Limits of Fineness (um)

< 27.6
27.7-30.2
30.3-33.1
33.2-36.2
36.3-39.7
39.8-43.2

> 43.3

NWweOoID

*Bradford Spinning Count.

He stated that for Trade Type 1, “character” and “style” were the decisive
factors while trade Types 9 and 10 cou!d perhaps be grouped with Trade Type
8. There was some indication, that, for the same greasy mohair Trade Type
{typed by the broker), tops (typed by the manufacturer) generally tended to be
much finer than the unprocessed mohair. This was considered a tentative re-
sult, however, as only one manufacturer was involved.

Venter? found a linear relationship between Trade Type and the loga-
rithm of fibre diameter.

According to Uyst®¥, the South African type SFK of that time, would fali
into Bradford counts 8 or 7, types SK and Kinto 7 or 6, types SYG and YG into 5,
types SFH into 4, types SH and H about 3 and types MH and R about 2. Uys
related mohair quality to the description of the goat as follows:

Kids {first and second shearing): 6's to 8's (first shearing Kid is generally
the finest at 8's or even finer).

Young Goats (third shearing)} : §'s

Young Ewes and Kapaters (fourth shearing) : 4's

Old Ewes and Kapaters {fifth shearing} : 3's

Rams, Older Ewes and Kapaters : 2's

Very Strong : 1's

**See also “SPINNING LIMITS AND QUALITY”
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Nowadays the fineness (in micron}, rather than the age of the goat at
shearing, determines the fineness classes?@69,

The USDA has also given recommendations concerning the sampling and
fineness testing of mohair at various stages %29, Various ASTM Standard speci-
fications for the fineness of wool and mehair and the assignment of grade in
the USA, have been given®738%4), The following table {Table 31) represents the
official standards of the United States for Grades (based upon average fibre
diameter and variation in fibre diameter) of Grease Mohair {effective 1 August,
1971) (381429830} ¢ 3150 covers mohair that is in the pulled, washed or scoured
state or in the form of card sliveri81. 423),

TABLE 311221057
SPECIFICATIONS FOR THE OFFICIAL GRADES OF GREASE MOHAIR

Range for Average Fiber Standard Deviation,

Grade Diameter, pm max, um

Finer than 40s under 23.01 72
40s 23.01 t0 25.00 78
36s 25.01t027.00 8.0
32 27.01 10 29.00 B.4
a0s 29.01 to 31.00 8.8
283 31.01 to 33.00 9.2
26s 33.01 1o 35.00 986
24s 35.01 to 37.00 100
22s 37.01 to 39.00 10.5
20s 39.01 to 41.00 110
18s 41.01 to 43.00 11.5
Coarser than 18s over 43.01

“ The specifications in this table conform to the Official Standards of the United
States for Grades of Grease Mohair as promuigated by the U.S. Department of
Agriculture, effective Aug. 1, 1971,

Table 32 represents the US grades (based upon average fibre diameter
and variation in fibre diameter) for mohair top, yarns and fabrics of the worsted
typel¥814298311091)  Grade must not be confused with “quality”, such as the

Bradford “Quality”.

TABLE 32429
SPECIFICATIONS FOR THE OFFICIAL GRADES OF MOHAIR TOP

Fiber Digarruter Distnbutor, %
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The incidence of kemp influences the English 1 to 7 system of grading (1
being coarse and 7 being fine), so that, for example, Turkish mohair in the
range of 2's to 5's tends to be classified in a lower grade than Cape mohair of
equal fineness, because of differences in kemp content*2®, Grade 3 mohair
was used to make lofty open shawls and scarves, as well as hand knitting fancy-
effect yarns, whilst Grades 2 and 3 were often used to produce curly pile
rugs®2®), Grades 4, 5 and 6 were used in considerable amounts in blends with
lustre and medium crosshred wools to make tropical suitings. They were also
used to produce pile fabrics. The lowest quality pieces were used in the produc-
tion of interlinings “29),

Table 33 is an attemnpt to consolidate and rationalise some of the different
systems of quality, fineness and grades encountered in the literature.

TABLE 33
SOME APPROXIMATE/QUALITY TYPES

Fineness Crimp*|Max.| Mean Des-
Spinning|English] /Quality[Age |per 5 |Mean| Fibre |crip- |Age
Count |Grades |[Bradford|Grp |Inches|biam| Diam. |[tion Yrs

Count (pm) | (pm) hhh
58=60"'s - 8 Kids| s8-10 25 < 26 SS8K !5
56's Kid 7 Kids| 7-8 28 26-28 SWK 1
50-54's 30 6 Kids 7 30 29-30 WSK -
- - 6/5 - - 32 - - -
46-48"s 32 5 G 6-7 34 31-34 8YG 1%
44's 34 4 A 5-6 36 35-36 8WH 2
ESF 2%
36~40's 3¢ 3 A 4-5 39 37-39% 5FO0 2
WHO 2
32-36's 38 2 A -4 - > 40 ARH -
28's 40 1 - 2-3 - - CBH -
* Preliminary
**$SK - Super Summer Kids SWK - Super Winter ids
WSK - Winter/Summer Kids SYG - Summer Young Goats
SWH - Super Winter Hair S5F - Super Summer Ferals
SFQ - Summer First & Older WHO - Winter Hair & Qider
ARH - Adult (Ram’s Hair) CBH - Cross-Bred Hair (Adult}

9.5 Spinning Limits and Quality*

Mohair is often considered to be very difficult to spin because of its
smoocthness and lack of cohesion. Nevertheless, provided the correct proces-
sing additives and conditions and raw materials are used, very high quality

"See also “GRADES”
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mohair yarn can be spun with acceptable efficiencies. The finest yarn which can
be spun largely depends upon the mohair fibre diameter or fineness, traditio-
nally expressed in terms of “quality or quality counts”, being related to the
minimum number of fibres in the yarn cross-section. Today mohair fineness is
almost solely expressed in terms of the objectively measured mean fibre dia-
meter,

According to Wood®Y, the finest mohair yarns were originally spun on the
flyer method, using the Bradford Worsted System. The thread wrapped around
the flyer leg during spinning, kept the fibres in line and prevented them from
being battered on the separators. He stated that spindle speed was an impor-
tant factor in producing quality mohair yarns, although given a good roving,
excellent yarns could be spun at spindle speeds from 5 000 to 7 000 rev/min on
the ring-frame, provided the ring was of the proper size. He® further stated
that, according to experience, the finest mohair yarn which could be spun was
one containing 24 fibres in the cross-section, this applying to all classes and
types of spinning equipment {a 4's mohair has a fineness of about 1.17 tex and
could be spun to about a 30 tex yarn, as a limiting count).

Villers®® described the traditional processing of mohair, and gave the
following table (Table 34} comparing the spinning limits of mohair with its
quality, stating that mohair was rarely spun finer than a 40's worsted count.

TABLE 24182
COMPARING THE SPINNING LIMITS OF MOHAIR WITH ITS QUALITY

Spinning Limit
Mohair Quality

Worsted Tex

16's 55 1's

24's 37 2's

28's a2 3's

a2'sg 27 4's

40's 22 5's

44's 20 6€'s

50's 18 7's

A similar table was also given in another article{?),

Mohair grades (probably US grades) extend from 45's which is the top
quality (Super Kids) to 16"s or 18's, the lowest quality. The 45's quality is rough-
ly equivalent to 58's to 60’s grade sheep woal. A 7's to 6's quality mohair was
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usually held to be equivalent to a 56°s merino wool (26 - 28xm) in terms of fibre
fineness®, mohair fibres generally being coarser at the root than at the tip'6).
Fineness of mohair used to be expressed in terms of the old Bradford
mohair quality count, where 8's equalled the finest Kid hair and 2's the coarsest
Adult hair?). Counts of 6's, 7's and 8's were generally Kids and 2's, 3’s and 4's
generally Adult hair.
Another report?™ gave the following table {Table35):

TABLE 354%
MOHAIR SPINNING LIMITS

French Bradford Diameter Linear Density
Classification|Classification | Limits {um) {dtex)
II 56 26.5 ~ 28.5 7.20 - B.35
I1Y 50 28.5% -~ 30.8 8.35 -~ 9.75
Iv 48 30.8 - 33.5 9.75 - 11.55
v 46 33.5 - 36.5 11.53 - 13.7¢0
vI 40744 36.5 - 40.0 13.70 ~ 16.40
- 36 40.0 - 44.4 16.40 - 20.35
- 32 44.4 - 50.0 20.35 - 25.80

Dantzer and Roehrich®™ aiso gave the following table (Table 36):

TABLE 3619
MOHAIR SPINNING LIMITS

) Diameter Limits Mean Linear Dens. |Linear Dens.
Class Diameter (dtex) {dtex)
(pm) (um) Limits Mean
6 27.9 - 30.9 29.4 8.00 - 9,84 8§.92
5 30.9 - 34.3 32.6 9.84 - 12.10 10.97
4 34.3 - 38.0 36.1 12.10 - 14.88 13.42
3 38.0 - 42.2 40.1 14.88 - la.31 16.59
2 £2.2 - 46.8 44.5% 18.31 - 22.52 20.41

*Appears to be the old Bradford mohair quality count.
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CHAPTER 10

FIBRE PHYSICAL AND RELATED PROPERTIES

10.1 Single Fibre Tensile Properties

Single fibre tensile properties are important from a textile point of view,
fibre strength playing an important role in fibre breakage during mechanical
processing, including spinning, yarn strength, fabric manufacturing and in the
ultimate strength of the fabric. Generally, in the case of animal fibres, fibre
strength increases almost linearly with the fibre cross-sectional area, more par-
ticularly the cross-sectional area of the thinnest place along the fibre. The fibre
strength divided by the fibre cross-sectional area (preferably at the thinnest
place) is therefore almost constant for a particular type of fibre. The modern
approach is to express fibre strength as specific strength or tenacity in which
case the fibre strength {now usually in cN) is divided by fibre linear density in
tex {where tex is the mass in g per 1 000m of fibre, or more realistically the
mass in pg per mm). More correctly, the force to break the fibre (ie the fibre
strength) should be divided by the fibre cross-section {(or linear density) at the
thinnest place within the test length.

According to Meredith@® {quoting other workers), the rate of increase of
fibre strength with an increase in rate of loading is similar for most fibres, a ten-
fold increase in rate of loading increasing strength by 10%.
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F/F10 = 1 + 0.1 Log (R/R10}
Where F is the load at any given rate of loading R, and F10 is the load at a
standard rate of loading R10, R being the quotient of the known rate of loading
in g/min and the average linear density of the sample tested.
Meredith®2% found that mohair and camel hair have a greater vield stress than
the coarsest wool and about the same initial Young’s Modulus {see Fig. 18).

Initial Young's Modulus is that part of the stress-strain curve where the
stress is proportional to the strain®2%. The yield point refers to that part in the
stress-strain curve where the extension increases suddenly with a small in-
crease in stress. The significance of the yield point is that fibres stretched be-
yond this point will not show complete immediate recovery although they may
creep back slowly to their original length. Work-of-rupture (area enclosed by
the stress-strain curve) provides a measure of the ability of a fibre to absorb
energyt29,

According to Meredith®? the tenacity of the Turkish mohair he tested was
about 12.7 cNfitex, extension 30%, initial modulus 348 cN/tex, yield point stress
7.8 cNftex, vield strain 3.4%, work-to-rupture 2.66 éN.cm./tex and work factor
0.70 (where “work factor” is the ratio of the actual work-to-rupture to the
product of breaking load and breaking extension). For a material cbeying
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Hooke's law, the Work Factor is 0.5@%. Meredith®®? illustrated the excellent
elasticrecovery of mohair and wool (Fig. 19). The excellent elasticity of mohair
compared to other fibres, is also illustrated in Fig. 2027,

The higher the values in Figs 20, 21 and 22 the better the fibre elasticity
and potentially also the better the crease {wrinkle) recovery, provided factors
such as changes in ambient conditions and visco-elastic properties are not
considered®”. Wool and mohair have similar elastic properties®®®, with out-
standing elastic recavery in the dry state, which is improved after mechanical
conditioning and when wet20).
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Susich and Zagieboylo®9 gave the foliowing stress-strain curves for mo-
hair and other textile fibres, Fig. 2389, The differences in the stress-strain
curves of the single fibres and the yarns were considered to be due to the effect
of the yarn structure. The low extensibility of the mohair yarn was ascribed to
fibre slippage resulting from the smooth surface, absence of crimp and relative-
ly (l%;N twist®®, The stress-strain curves for the wet state are shown in Fig.
24B9),
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Susich and Zagieboylo® found that mohair {and human hair} have reia-
tive wet tenacities around 80%, being less affected by water than wool. lts
relative resistance to swelling in water was partly ascribed to its morphology
and chemical compasition. Graphs are also given showing the recovery behav-
iour of mohair fibre and yarns as well as that of other fibre types. it was con-
cluded that the recovery behaviour of dry and wet human hair, wool and mo-
hair fibres was similar. Hearle!%9 gave the following table of mohair fibre prop-
erties {Table 37).

62



TABLE 37000
FIBRE PROPERTIES

Mohair Camel Silk Tussah
hair (Japan silk

ese)
Tenacity, g./tex. .. .. 13 16 39 37
Breaking extension, 9%, .. 30 39 33 37
Work of rupture, g./tex. .. 27 4.7 6-1 76

Initial modulus, g./tex. .. 360 300 750 500
Elastic recovery from:

half breaking load .. 0-78 0-82 0-57 0-40

half breaking extension 0-59 0-67 0-38 0-41
Wet strength/dry strength

x100% .. .. .. ~— — 75 - 95
Density, g./c.c. .. 132 1-32 133 1:33

Moisture regain at 65;31;,

R.H. .e .o .. (13 1-33 1-33
Refracture index:
light vibration 1l axis.. — — 1-591 —
light vibration 3§ axis.. — — 1538 —
Electrical resistance at
65% R.H. (chm-g/icm.?}) — — Sx100 —
Effect of sunlight, pro- Loss of strength,
longed exposure .. affected more
Similar than cotton
Attack by moths .. .- May be attacked,
to wool more resistant
than woal
Attack by mildew . Not usually
attacked

To convert g/tex to cN/tex, multiply by 0.98.

Crewther!13®) investigated the stress-strain characteristics of mohair and
other animal fibres after reduction and alkylation. He found that the strain at the
end of the yield region and the residual disulphide content was the same, with-
in experimenta! error, for all fibre typest3®. Reduction followed by reaction
with ethylene dibromide did not greatly affect the stress-strain properties of the
fibres. it was concluded that side-chain interactions between helical structures
and matrix molecules containing many interchain disulphide bands were chief-
ly responsible for stiffening the fibre in the Hookean regionft3s),

Watson and Martint!5” gave the following table {Table 38) of the tensile
properties of speciality fibres.

Hunter and Kruger(133172 compared the single fibre tensile properties of
kemp, mohair and wool! fibres (at 10mm gauge length and 20%/min rate of
extension). They found that the Uster Evenness Tester could be used to mea-
sure the linear densities of the fibres. They found that the breaking extension of
the mohair, merino, German merino and kemp fihres were similar, whereas the
specific breaking strengths {breaking tenacities) of the merino and German
merino fibres were significantly lower than those of the mohair and kemp fi-
bres{!53172)_ The extension of the various fibres was 40 and 45%. The following
relationship was found between the breaking strength and linear density of the
different fibres. )

Breaking Strength (in cN) = 12.7 (Linear density in Tex).0283
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TABLE 380157
TENSILE PROPERTIES OF SPECIAUTY HAIR FIBRES

Scoured Scoured
64"s wool 26's fawn Dehaired Dehaired
top, de- mohair alpaca Mongolian  Mongolian Dehaired

A. Dry properties greased matchings fleece cashmere came] hair wvicuna
Number of fibers tested 42 35 3+ 33 36 32
Denier 4.62 12,56 828 2.84 399 1.80
Standard deviation 1.53 3.52 3.40 0.85 1.82 0.63
Tenacity, g/den 1.26 1.82 1.53 1.55 1.57 1.29
Standard deviation 0.20 0.22 0.21 0.24 0.19 0.27
Elongation at break, 5 30.7 40.4 358 33.6 36.8 22.8
Standard deviation 10.5 6.4 8.9 11.1 6.9 14.0
Elastic modulus, g/den 28.8 40.8 36.1 36.3 35.5 329
Standard deviation 3.9 34 2.1 3.7 2.9 4.2
Work recovery: -

after 29 extension 93 96 91 92 &9 91

after 5, extension 68 47 53 £2 45 43

after 10 extension 33 28 30 25 26 26
Length recovery:

after 2, extension 26 95 91 435 08 94

after 59} extension 79 73 17 66 1 63

after 10% extension 54 53 54 49 51 43

B. Wet properties
Number of Abers tested 42 39 38 35 38 36
Denier 4.33 13.82 8.57 2.80 3.47 1.86
Standard deviation 1.66 4.34 3172 0.72 140 0.61
Tenacity, g/den 1.14 1.57 1.45 1.34 1.60 1.15
Standard deviation 0.21 0.19 0.38 0.14 0.47 0.21
Elongation at break, 7 47.2 49.9 41.5 41.2 47.0 36.7
Standard deviation 5.8 54 4.3 38 59 6.6
Elastic modulus, g/den 13.3 0.4 16.4 191 119 114
Standard deviation 1.9 1.8 4.9 1.3 3.5 22
Work recovery:

after 2% extension 83 79 82 7 59 74

after 59 extension 54 51 [ 5] 47 52 49

alter 109 extension 42 42 46 37 4% 41
Length recovery:

afrer 2%, extension 86 91 89 a8 26 84

afrer 5% extension ] 87 -+ 80 84 82

after 109 extension 78 85 81 Tt &0 73

To convert g/den to cN/tex x 8.83.

Althougbh the exponent of linear density did not vary significantly from 1,
there were certain differences in the mean specific strength (tenacity} of the
various types of fibres. The specific breaking strength {tenacity} of the mohair
was 15 cN/tex and that of the merino and German merino was 11.4 ¢cNftex.

King*3Y) found the bending and extension moduli of mohair not to differ
significantly. Bending tests on kemp fibres led to the conclusion that there were
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two distinct types of kemnp fibres, differing significantly in their bending moduli.
He thought that the difference was due to cell filled and partly cell filled medul-
lae. Bending and stretching of the hollow type of kemp did not significantly
vary and the values were in agreement with those of mohair. The bending and
extension moduli of mohair were found to be about 290 cN/tex while the bend-
ing modulus of the Type | {medulla almost devoid of cells ie hollow) fibres was
79 cN/tex and that of Type |l (medullae packed with cells}) 362 cNiex. The
stretching (extension) moduli of the two types of kemp fibres were similar. For
the Type il kemp fibres, the bending modulus was always larger than the exten-
sion modulus. Where-as for the Type | kemp fibres they were similar. The ex-
tension modulus was about 92 cN/tex for both types.

Carter et af'®) found that the stress at 15% extension and certain other
fibre tensile properties in water were similar for mohair and woao! from certain
breeds of sheep, the relative initial modulus and relative post yield slope de-
creasing as the variation of fibre diameter along the fibre increased, while the
relative yield slope increased. Kondo et 2/237) found that the shoulder of the
stress-strain curve of mohair was much more angular than that of woal, this
was thought to be due to the scales of mohair being more strongly bonded to
each other than those for wool, thereby resisting the extending force up to a
certain point. Smuts and Hunter®4® compared the single fibre tensile proper-
ties of kemp and mohair fibres, at various gauge lengths from various Cape and
Lesotho {Basuto)} maohair types. At a gauge length of 10mm, the extensions of

TABLE 39545
AVERAGE VALUES FOR SOME TENSILE PROPERTIES®™ OF WOOL AND MOHAIR

PROPERTY MEAN SD CV (%) RANGE n
WOOL***
Fibre diameter { 4m) 227 33 15 {181 — 331 { 56
Linear density (dtex) 6,6 20 30 35 — 128 56
Staple crimp (cm-!) 4.2 1.2 27 19 — 45 56
Resistance to compression (mm) 17.5 28 16 136 — 247 56
Bulk/diameter ratio (mm/ 17 m)** 0,79 0,19 24 041 — 129 56
Tenacity {cN/tex)** 12,7 0,9 7 109 — 150 56
Initial modulus (cN/tex)** 290 27 9 230 — 392 56
Extension at break (%) 37.0 2.6 7 IS — 412 56
MOHAIR
Fibre diameter { t4m) 32:1 58 18 20,7 — 443 pa)
Linear density {dtex) K] 33 23 58 — 201 29
Tenacity (cN/tex) 16,7 0,7 4 146 — 18,1 pa)
Initial modulus (cN/tex) 407 13 3 (334 —430 29
Extension at break (%) 427 2.1 5 3830 — 458 pal

*- 20 mm test lcngth'and rate of extension 20 mm/min

**_ since these values depend on crimp a table of typical (average) values is given later (Table V)
showing the dependence of these properties on crimp

***. Low crimp wools excluded
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the mohair and kemp fibres were simitar, where-as at the longer gauge lengths
{40, 50 and 100mm) the extension of the mohair fibres was generally, but not
consistently, higher than that of the kemp fibres {possibly due to greater fibre
cross-sectional irregularity or damage in the kemp fibres). Few kemp fibres in
the Cape mohair were long enough to be tested at a gauge length of 50 mm or
ionger. The absolute breaking strength of the kemp was generally higher than
that of the mohair although their cross-section (fineness} corrected strength (ie
specific strength or tenacity) was almost always lower, this confirming the re-
sults of earlier studies.

In a study on the single fibre tensile properties of wools produced in South
Africa, Smuts ef /549 also included some resuits for mohair. They showed that
the single fibre pre-yield slope {initial modulus) and tenacity were affected,
more by fibre crimp than by fibre diameter, both decreasing with an increase in
fibre crimp. Mohair generally had a higher tenacity, initial modulus and exten-
sion at break than woo! of the same diameter, and the mchair tensile charac-
teristics were fairly constant over the whole range of diameters, probably be-
cause of the absence of crimp and variations in crimp and any associated fibre
characteristics. Lustre wools {eg Lincoln and Buenos Aires) had tenacities and
initial moduli close to those of mohair®®9), See Table 39 for average {or typical)
values.

There was some indication that the extension of the Summer hair was
lower than that of the Winter hair®%3), The following tables are reproduced from
the report by Smuts and Hunter343 (Tables 40 to 43).

TABLE 40043
EFFECT OF GAUGE LENGTH ON THE AVERAGE TENSILE VALUES

EXTENSION AT BREAK TENACITY

GAUGE LENGTH (%) (gf/tex)

(mm}

Mohair Heterotype Kemp |Mohair Heterotype Kemp

10 47,9 — 46,6 18,3 - 15,1
40 or 50 383 — 349 15,8 - 12,7
100 30,2 26,2 218 12,9 11,0 9,0




TABLE 3410343
SOME TENACITY* AND EXTENSION VALUES OBTAINED ON MOHAIR AND
KEMP BY OTHER WORKERS

Gauge | Rate of Tenacity [Extension
Source of Data Length pxtension Type of Mchair
(mm) |(%/min) (&ftex) (%)

Watson and Martint4} | 254 100 | Mchair 164 | 404
Fréhlich!s) 10 — S.A. Mohair 19,0 496
Frohlichis) 10 — Texas Mohair is,1 48.5
Hunter and Krugert®) | 10 20 | S.A. Mohair 150 | 422

Kemp 15,3 45,2

Kemp 13.5 -
Harrist®) 10 - Mochair 130 30,0
Hearle(7) : — Mohair 13.0 300
Srivastava{2} 20 100 | S.A. Summer Kid

Kemp - 278

Mohair - 413
Srivastava(2) 20 100 | S.A. Summer Kid

Kemp - 383

Mohair - 388
Srivastava(2) 20 100 | S.A. Adult

Kemp - 373

Mohair — 449
Srivastaval2} 20 100 | Turkish Adult

Kemp - 26,3

Mohair — 397
Srivastaval?2) 50 100 | S.A. Adult

Kemp - 28,1

Mohair - 333
Srivastava(2} 50 100 | Turkish Adult

Kemp — 239

Mohair — 30,0
Srivastaval?2) 50 100 | Basutoland Adnilt

Kemp - 18,1

Mohair - 390
Srivastavat2!} 50 100 |28 Cape

Kemp — 249

Mohair — 385

*To convert gf/tex to cN/tex multiply by 0.98. New Reference Numbers:

4 = 157; 3 = 153,172
5 =197, 6 = 31
2 = 30% 7 = 100
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TABLE 42043
TENSILE VALUES OBTAINED ON WINTER AND SUMMER MOHAIR AND KEMP
FIBRES

WINTER SUMMER

SAMPLE Tenacity (gf/tex) Extension (%) Tenacity (gfitex) | Extension (%)

Mohair | Kemp | Mohair { Kemp || Mohair | Kemp | Mohair | Kemp

10 mm Gauge Length
BSK 174 | 137 | 479 | 4806 || 174 160 | 484 | 478
BSK 194 146 475 437 — - - -
BYG 169 | 153 | 479 | 484 | 173 | 13,5 | 46,7 | 46,2
BSFH 198 | 180 | 50,8 | 51I,5 187 | 149 | 458 | 45,1
BSFH 20,8 16,5 | 53,1 | 513 — - - -

Mean 18,9 156 | 494 | 487 17.8 14,8 1 470 | 464

40 mm Gange Length
BSK 144 | 11,1 | 36,7 | 299 || 11,2 | 10,7 | 309 | 277
BSK 15,9 13,2 36,3 32,0 - - - —
BSFH 16,9 134 | 40} 382 16,1 13,2 | 377 32,1
BSFH 17,7 135 43,5 39,6 — — - -
BSH 17,8 | 12,6 | 420 | 347 || 169 | 140 | 39,1 | 36,3

Mean 16,5 12,7 | 398 | 349 147 126 | 359 | 320

TABLE 430343
AVERAGE TENSILE VALUES OBTAINED ON WINTER AND SUMMER MOHAIR
AND KEMP FIBRES

WINTER SUMMER
GAUGE FIBRE
LENGTH TYFE

Extension (%) [Tenacity (gf/tex} Extension (%) [Tenacity (gf/tex)

10 mm Mchair 48.8 18,9 46,6 17,6
Kemp 47,2 15,0 454 15,6
40 mm Mohair 40,4 16,8 37,5 15,3
Kemp 359 12.6 333 13.0




Smuts et a/*32) gave the following comparative graph {Fig. 25} for the
single fibre strength of mohair and wool.
BT o e F e 1]
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Fig. 25 Relationship between Mean Fibre Breaking Strength and Measured (Vibroscope)
Linear Density for Wool and Mchair2,
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Van der Westhuysen2® gave the following comparative table of fibre ten-
sile properties:
TABLE 441728

A COMPARISON OF THE BREAKING AND TENSILE* STRENGTHS OF MOHAIR
WITH OTHER FIBRES

Breaking
Fineness strength of Tensile

Type of fibre (um) single fibres strength

(g/um) (kgrem?)
Mohair 25.4 0.4177 2154
Wool 258 0.3116 1510
Cametl hair 26.6 0.3902 1808
Human hair 58.6 1.1324 2439

*To convert kg/cm? to cN/tex multiply by 0.0075.

Kawahata and co-workerg#44911.1018 gave the following table (Table 45) of
comparative single fibre properties:

TABLE 45(844.911,1019)
YOUNG'S MODULI OF SINGLE FIBRES E| LONGITUDINAL, Ey TRANSVERSE,

G SHEAR

Diameter Modulus (GPa) E,/E, Pending Torsional
Stiffness Stiffness

Fibre um E, E G (nNa?) (nNa?)
NZ Waool

Corriedale a5 4.25 1.25 2.42 3.40 35.2 46.9

Coopworth 35-37 " 3.93 0.94 0.73 4.18 39.5 13.5

Mohair Fine 32 1.91 0.95 0.76 4.12 27.6 15.0

Kid 28 4.95 1.27 0.81 3.90 25.6 15.0

Merine 22 4.12 1.11 1.08 3.7l 8.40 B.74

Niwa and co-workers®26.986.1019 compared the performance of New Zea-
land wool and mohair under repeated loading.

10.2 Fibre Bundle Tenacity Properties

Mauersberger3? gave values of about 16.3 cN/tex for the bundle tenacity
{75mm gauge length) for mohair, the value being very similar for tops rang-
ing in fibre diameter from 25 to 36um.

Onions ef af**5 reported on the development of a newly developed bundle
tensile tester for determining the bundle tensile properties, at a gauge length of
40mm, of mohair and woo!l. They found that, for the mohair tops, the tensile
results were higher for the coarser and longer mohair lots.

Hunter and Smuts™*? measured the bundle and single fibre tensile prop-
erties of a large number of mohair lots ranging in mean fibre diameter from 21
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1o 44um. Leather linings were found to be more suitable than cardboard linings
for the Stelomenter bundle tensile tests. Both bundle and single fibre tenacity
{ie cross section corrected strength) were found to be independent of mohair
fineness, although the initial modulus increased slightly with an increase in
fibre diameter. They gave the following table (Table 46) of “average” or “typi-
cal” tensile properties for mohair.

TABLE 46542
TYPICAL TENSILE PROPERTIES OF MOHAIR

Property Bundle Test* Sing’}gesl;ibre
Tenacity (¢cN/tex) 14,0 16,7
Extension (Ye) 14,6** 43,0
Initial Modulus {(¢N/tex) — 407

*Leather linings were used and the tenacity values obtained were multiplied by a correction

factor of 1,16
**The bundle test is not considered to give reliable extension values,

10.3 Fibre Bending Stiffness*

King(146.173.181) and King and Kruger®*¥ reported on some work aimed at
measuring the elastic moduli of wool, maohair and kemp, by means of ultrasonic
pulse techniques and described an instrument for measuring the static bending
modulus of fibres which was used on mohair and kemp. The Instron Tensile
Tester was used for determining the extension modulus. Kingi1#6173 found that
the bending and extension moduli of mohair fibres were similar and of the
arder of 308 cN/tex. He reported(173 that the medutlae of kemp fibres differed in
optical density, indicating different cell densities, and this affected the bending
but not the extension moduli. Two types of kemp, one with a filled medulla and
the other with a virtually empty medulla were postulated. For the empty medul-
lae, the bending and extension modult of the kemp were similar at about 77
cN/tex whereas the filled medullae gave a bending moduli of about 365 cN/tex
which was higher than that found for mohairl73. The extension moduli of the
twao types of kemp fibres were similar indicating that any material in the medul-
lae did not contribute to the tensile properties of the fibre, which was in agree-
ment with the results of Hunter and Krugertt53.172),

“See also “SINGLE FIBRE TENSILE PROPERTIES".

10.4 Fibre Friction* .

As in the case of woal, mohair fibres have a lower friction when rubbed
from the root to the tip (ie with the scales) than when rubbed in the opposite
direction (ie from tip to root, termed against-scale). The relatively low against-
scale friction of mohair, which is one of its distinguishing features, is largely
attributed to its relatively smooth {unpronounced) scale structure. It is this char-
acteristic which gives mohair its low felting propensity. Mohair has a very smal|
directiona! friction effect (DFE}®¥, due to the extremely thin distal edges in
mohair easily being deformed and also the absence of tilted outer surfaces and

*See also “FIBRE FRICTION” under “FIBRE IDENTIFICATION” and “CORONA TREAT-

MENT”.
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other high asperities. The against-scale (#5) to with-scale (#1) friction ratio of
mohair is about 1.1 compared to about 1.8 for merino wooi®®, The “scaliness”
(Ho-#4)x100/#4 of mohair, measured dry, is about § compared to about 60 for a
fine merino wool Speakman and Stott!1® guoted by Onions®®, when measured
wet the respective values are about 16 for mohair and 120 for merine wool.

Martin and Mittelmann®? found the coefficient of friction () of wool and
mohair to decrease with increasing load and with decreasing fibre diameter,
the 1atter thought to be due to a relationship between diameter and scale struc-
ture. Kruger and Albertyn{127) found that the friction of mohair fibres was higher
than that of kemp. In the case of mohair, the frictional force decreased with
increasing diameter when the fibres were not cleaned, but increased with in-
creasing fibre diameter when the fibres were cleaned. Frishman et a/?%, quoted
by Harris®V, gave the following table (Table 47) of fibre friction:

TABLE 47@%
FIBRE FRICTIONAL PROPERTIES®
Fibre K1 By | B1 =By | B1 + Hy
Wool 0.40 0.22 0.18 0.66
Mohair 0.23 0.15 0.08 0.38
Human Hair 0.19 0.09 0.10 0.28

#, : Against-scale

“2 : With-scale

Landwehr!385) reported on the effects of various chemical treatments on
the fibre friction of mohair.

10.5 Moisture Related Properties

Althaugh mohair, as in the case of wool, can absorb large guantities of
moisture {up to about 30%) without feeling wet or damp, its surface is naturally
water repeflent, largely due to the presence of a strongly bound thin surface
layer of waxy or lipid material which requires a strang chemical action ta re-
moveit.
The moisture related properties of textile fibres are extremely important as
they play a crucial role in the comfort of the fibre and in the behaviour of the
fibre during wet treatments and drying. It is generally accepted that the mois-
ture absorption and other related properties of animal fibres, such as mohair,
impart highly desirable comfort properties to the wearer. Temperature and

® Measured in distilled water against felt
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moisture also play an important role on the visco-elastic properties of wool and
mohair, Tao and Poste®29 (a5 quoted by Zahn(®®#) which, in turn, play an
important role in fabric wrinkling behaviour.

Speakman'” published the following table {Table 48} iliustrating the ab-
sorption and desorption of moisture by wool and mohair at different refative
humidities.

TABLE 487
THE ADSORPTION AND DESORPTION OF MOISTURE BY WOOL AND MOHAIR
AT DIFFERENT RELATIVE HUMIDITIES

Relative Percentage increase in weight of wool
humidity Geelong Southdown Oxford Leicester Wensley- Mohair
80’s, Down dale
% Merino

7.0 ... 3.40 3.37 3.147 3.40 3.46 )
250 ..... 6.96 6.90 7.03 6.96 7.01 6.93
34z ... 8.41 8.62 8.79 8.54 8.67 8.64
498 ..., 1122 11.48 11.68 11.44 11.59 11.51
63.3 ..... 13.97 14.1% 14.41 14.46 14.51 1441
750 ..... 16.69 17.03 17.39) 17.43 17.44 17.33
925 ..... 23.81 4417 24.49 24.59 24.90 24.24

1000 ..... 333 329 35.3 329 339 318
Desorption

825 ..... 24.70 25.70 26.33 25.98 26.13 25.82
750 ..... 18.69 18.79 19.05 19.02 19.16 18.91
63.3 ..... 16.12 16.16 16.43 16.28 16.46 16.26
48.7 ..... 13.36 13.38 13.47 13.39 13.46 13.46
342 ..... 10.57 10.55 10.64 10.58 10.63 10.68

7.0 ..... 477 4.73 4.83 4.79 476 4.87

Von Bergen7074292 gave the following comparative tables (Tables 49 to
52) for the moisture related properties of mohair and other fibres. He concluded
that adsorption and desorptive powers of the speciality hair fibres were very
similar to those of wool, with the affinity of water possibly increasing slightly as
the fibre becomes coarser, confirming earlier findings of Speakman(®.

TABLE 4977074
MOISTURE PICKUP OF SAMPLES WET OUT AND CENTRIFUGED

Moisture Moisture

Sample pickup, 9 Sample pickup, %
Kid mohair 40.0 Angora rabbit 54
Adult mohair 36.0 Common French rabbit 97
Chinese cashmere 5t4 Common California rabbit 92
Mongolian cashmere 440 Commen grey rabbit 75
Alpaca 41.0 Beaver, cut 19
Vicuna 520 Beaver, boiled 70
Camel bair 430 Muskrat 71
Wool 40 Wool top 55
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TABLE 500074
MOISTURE REGAIN OF SPECIALITY HAIR FIBRES AT 70°F

209 RH 655 RH 909, RH

Dry Wet Dry Wet Dry et

Mohair

Kid 8.7 8.9 14.7 16.7 219 23.6

Adult 84 9.2 149 176 221 232
Cashmere )

Chingze 8.1 74 12.6 16.6 19.0 23.2

Mongolian — 8.4 — 16.8 — 222
Alpaca - 3.3 8.4 143 17.2 21.4 245
Vicuna B 3.4 7.8 13.3 164 20.6 234
Camel hair: 8.0 34 14.3 17.4 21.9 —
Vool 7.5 8.3 14.0 17.8 21.9 20.7

Regain is defined as the mass of water (moisture) absorbed, expressed as
a percentage of the dry mass of the fibre.

TABLE 517074202
COMPARISON OF MOISTURE REGAIN DATA ON MOHAIR

Speakman This study
Rela- Rela- ..
tive Ad- De-  tive Kid Adult
humid- sorp-  sorp- humid-

ityv, ¥, tion tion ity, % Dry Wet Dry Wet

7 34 4.87
25 6.93 8.6 20 8.7 8.9 2.4 9.2
63.3 1441 1626 63 147 167 149 176
92.5 2424 2582 90 219 234 221 232

TABLE 5207074
COMPARISON OF AVERAGE MOISTURE REGAIN DATA AT 70°F FOR HAIR AND

FUR FIBRES
Specialty
hair fibers Fur fibers
Relative Moisture regain, Moisture regain,
humidity, % Yo %
20 8.4 6.6
65 155 131
o0 22.3 19.7
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The moisture absorbency of mohair and other fibres has been investi-
gated(see also Ref. 602),

Swanepoel and Van Rensburg®®® found good agreement between the
moisture content of mohair protein cbtained by a automatic elemental analyser
method and drying and weighing methods respectively.

Watt presented the following comparative table (Table 53) of equilibrium
water content {regain) for seven keratins including mohair.

TABLE 53*

EQUILIBRIUM WATER CONTENTS FOR SEVEN KERATINS AT 35°C (in %)
Relative Merino Corriedale Lincoln Monkey Rhinoceros

humidity waoal wool waool Mohair hair Horsehair horn

H] 2.8 2.5 2.5 2.5 2.2 2.3 2.5

10 3.9 4.0 4.0 3T 3.3 3.5 3.8

20 5.4 6.1 5.1 5.7 5.1 5.5 5.8

H 8.6 9.0 9.0 8.3 7.5 7.9 8.4

50 I1.3 11.8 11.5 10.7 10,0 1¢.7 1.4

65 14.4 15.0 14.5 13.7 12.4 13.8 14,8

30 18.5 19.6 19.2 17.5 16.3 18.2 20.1

S0 23.8 25.0 25. 4 22.2 21. 4 22.7 28.0

95 2T.7 28.2 297 25.1 4.9 26.9 35.5

100 34.2 313 B0 32.3 30.0 32.8 43.0

*Watt

Horikita et a/%%9 determined the moisture sarption isctherms for 15 kinds
of wool and hair fibres, including mochair, analysed in terms of the adsorptive
energy factor (C), maximum volume of adsorbed water in mono-layer per gram -
of dry material (Vm) and maximum number of layers in multi-layer adsorption
{Nmax). They found that these parameters were similar for the various fibres
with Vm related to the degree of non-crystallinity {see Fig. 26 and Tabile 54)(®55},
The moisture sorption process was also investigated by thermo-dynamic
means as a function of moisture regain of the specimen from dryness up to
saturation.
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Fig. 26 Plots of the Value of BET's Parameter, Ym Against the Degree of Noncrys-
tallinity, (1 -Xx), for all of the Test Specimens. Open Circle: Sheep Family, Open Square:
Goat Family, Dot Camel Family and Triangie: Rabbit Family®5%),
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TABLE 54059
MOISTURE SORPTION CHARACTERISTICS OF WOOL AND HAIR FIBRES IN
TERMS OF THE BET'S MULTILAYER ADSORFTION PARAMETERS AT 30°C

B E T's parameters Moisture cegam at 95% r b Mocwre pepin
Specification A% rh,
' c [ r=1  ru2n>l ke, in bulk
%) %) 1%) %)
{sheep family}
Australian Mering 66's wool 0.6632 10.73 [ 5.8 5.3 6.3 4.5
Australian Merino 64°s (desealed) 00374 .72 § 5.4 13.3 6.2 12.8
Australian Mening 60's wool 0.06638 10.36 ] 5.9 13.7 i 14.8
Argentize X-Bred 36°s wonl 0.0639 0. g 5.9 by 7.8 1.8
Argentine Luster wigl 0.0676 18.c8 § 6.1 36.3 9.5 15.2
Kew Zealand Luster 48's wool 0.0673 9.56 3 6.0 15.0 6.6 13.9
New Zzaland Luster 48’ (descaled) 0.0648 3.40 3 5.8 j2.2 7.6 13.3
Lincols wnol 0.0630 16.62 [ 5.8 5.8 3.6 4.2
{goat family}
Cashmere wnol {white) 0.0630 11.04 § 5.7 4.9 8.1 H.4
Cashmere wool {brown) 0.0640 11.32 § 3 B2 1.7 4.4
Soutk Africa Adult Mohar 0.0718 2.3 5-4 15.2 7.8 w.T
{camed family)
Camel hair G.07C8 12.53 5~6 6.4 15.1 i1 15.0
Alpaea hair 0.0680 10.28 § 6.2 15.2 7.6 B
Liama hair G.0681 19.14 ] 6.2 16.2 8.0 15.1
{rabhit)
Angora Rabbit o702 19.18 ] 6.3 16.7 6.3 15.5

Maximum number of adsorbed layees below which the calculated isotherm by B. E. T.s mudel is ciusest but never

exceeds the ohaerved sotherm

Centrifuged mohair was found to have a regain of about 39%, which is
similar to that of wooi®. The moisture absorbency of mohair and other fibres
was also investigated”V elsewhere, while Philippen!**® studied the contrac-
tion of mohair and other keratin fibres upon dehydration.

Ahmad2?2) found that the water imbibition of mohair was about 42.5%
{that for ethanol about 25%, acetic acid about 90%, dichloromethane about
15% and trichloroethylene almost 10%). The imbibition values of the mohair
were, in almaost all of the cases, slightly lower than those for Lincoln wool, with
treatment with 5% DCCA not altering the imbibition values to any great extent
except in the case of low molecular weight carboxylic acid. The equilibrium
absarption values for water were found to be 37.9% (at 22°C). The equilibrium
absorption values (ie the imbibition values corrected for external liquid) were
similar for wool and mohair?3,

Turpie and Steenkamp®7™® reported that studies carried out on 30 lots of
material, covering a wide range of wool, karakul and mohair scoureds, as well
as some carbonised wool, woo! noils and card burrs, had shown that the regain
of the material could be accurately assessed over a wide range of values during
high density pressing by means of the Forte System 8500, provided that the
values of certain physical characteristics of the material, which affect the Forte

number, were known.
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A subsequent report1%® dealt with the achievement of an acceptable
commercial calibration of a Forte in-press system for the measurement of the
regain of tops.

10.6 Scale Pattern

Mohair, wool and hair are covered by a layer of sheet-like hardened cuticle
cells {scales) which overtap each other with their exposed edges toward the tip
of the fibre®®®2, The cuticle plays an important role for the whole fibre because
it is, on the one hand, exposed to environmental influences and on the other
hand, responsible for the surface properties of the fibre. The cuticle or scale
structure is largely responsible far the felting behaviour of wool®®2 and mo-
hair.
Although, under a microscope mohair is similar in appearance to wool, in
contrast to wool, the epidermal scates {cuticle scales} of mohair are only faintly
visible [the cuticle scales are quite thin and flat, generally being less than about
0.6m in thickness) and hardly overiap(l93 being anchored much more closely
to the body of the fibre(34179. 202998} (io they lie close to the stem or are piled
more closely upon one anather}@89 giving the fibre a very lustrous smooth
appearance. In general, mohair has a relatively low scale frequency, with a wide
distance between the cuticle scale margins. The number of scales per 100um is
generally of the order of 5 against 9 to 11 in fine wools (see Fig. 27},
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Fig. 27 Some examples of Scale Length Distributions®6).

“See Also “FIBRE IDENTIFICATION AND BLEND ANALYSIS” and “LUSTRE™,
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with the scale lengths ranging from 18 to 22um. The scale structure described
above, is responsible for mohair's smooth handle, high iustre®+%99, |ow
against scale friction and very low felting propensity. The width to length ratio
of maohair fibre scales is of the order 201002,

In the case of kemp, the number of scales per 100um is 10 or more, which
is twice that for mohair; and are arranged in a coronal or ring pattern, with
smooth margins®3,

Speakman and co-workers1%11) found that, in extreme cases, such as mer-
ino wool and mohair, a direct relationship between scaliness and milling prop-
erties was observed. They found that the scaliness measured under water was
greater than that measured in air, ascribed to the greater flexibility of wet fibres
and to fibre swelling. They concluded that scaliness was the determining factor
in milling, but that the rate and extent of shrinkage were also affected by differ-
ences in fibre crimp. Increasing the resistance of a fibre to stretching in water or
decreasing its recovery from extension will generally reduce felting™1),

Appleyard”” gives the following table {Table 55) describing the micro-
scopic appearance of mohair fibres.

Dobb et af®¥ showed that the profile of mohair fibres appeared to be
relatively smooth, revealing an almost complete absence of tilted cuticle sur-
faces and unusually thin distal edges of cuticle. They believed that examination
of the fibre profiles by transmission type of electron microscopy could be used
to distinguish between wool and mobhair.

Satlow et a/128 compared the scale structure, scale length in particular, of
maohair, camelhair, Alpaca, cashmere and wool, as a means of identifying the
different fibre types.

Fourt159 related differences in the lustre of wool and mohair mainly to
differences in the scate structure, with crimp and fibre irreqularities from the
contributing factors. Decreased scatter from scales was one factor in the great-
er lustre of mohair compared with wool®%8, A shift in the reflectance peak
away from the mirror angle, and dependant upon the root-to-tip orientation of
the fibre, was found. The angular shift of this peak with reversal of fibre orienta-
tion was four times the angle between the scale surface and the fibre axis. This
angle was larger for wool (a range 2.7° to 4.5° with an average of 3.7°) than far
mohair {range 1.2° to 1.7° with an average of 1.5°). The scale angle was indepen-
dent of fibre diameter.

A table (Table 56) has been given for the scale dimensions of wool and
mohairtl60.163)

Weideman and Smuts(692 fgund the average scale thickness of mohair to
be about 0.5pm and that of woo! about Tum, with the average scale lengths
about 23 and 18um, respectively.

Ryder and Gabra-Sanders®39 found that the Width to Length (W/L) ratios
of scales from various goat fibres showed a clear sequence from the wild an-
cestor {Capra Aegagrus) on the one hand to mohair on the other. They defined
the scale width as equal to the fibre diameter. Indications were that the W/L
ratio was independent of fibre diameter. They presented a table {Table 57} of
results.

Many of the cuticle scales, particularly the “’subscales”, tend to be arrow-
head- lance-shaped®9), “splits” on the scales also tending to be considered a
characteristic of certain mohair fibres®),

79



08

TABLE 5597

DESCRIPTION OF THE MICROSCOPIC APPEARANCE OF MOHAIR FiBRES

WIHOLE MOUNT

¢ ROSS-SECTION

Pigment
1niulile Medulla Distribution Contour Medulla
Fine
Regulur diameter, None None or Circular None
scekes very amliow, occasionaily to aval
frequently short VEry ADAIME
streiks or vacuoles
i the corlex
Maedbng
Regular digmeter,  Frugmenta| None or Circular Circular
scnles very shallow, occasionally 1 oval 1o oval
frequently short vEry Sparsc
areaks ar vacupley
in the coriex
Ceuirse
Regulur dinmeter,  Fragmental or None or Circulat Circular
scales very shallow, conti iomlly to oval to ovul
Trequently short Very Sparse

streaks of vacuoles
in lhwe coriex

Kemps
Foitly regular Continuous
dismeter, scules wide Inttice

nol very prominent

Usually none,
occosionully
sparse

Irreguliar, some  Wide
rikbon type concenlric

CROSS-SECTION

ISCALE PATTERN®

Plgment

Culicle Distritution Rase Mid-length Tip

‘Thin None or leregular waved mosaic, smooth; near 1o dislanl marging
occasionally
wery sparse

Thin None or rreguler mosaic mosily smooth, Waved, crenste;
occasionully sometimes slightly rippled or crengie;  near marging
VEry Sparse fnear marging

Thin None or Jeregular mosaic, samooth; distant lo aenr morging, o
occusionally simple waved, slightly crenate: near margins. These

wery sparse

Thin Usually none,
oceasionully
sparse and even

pallerné may occur at vandom aleng the length of one fibre

Waved, crenate and near marging, o¢ irregular, stightly
waved mossic, smoath; near arging Some ransitional
beiween the two patlerns




TABLE 56162

THE SCALE DIMENSIONS OF SOME WOOLS

Diameter Number of Scale Height
Fibre Type (jLm) Scales per mm {jtm)
Australian Crossbred 46's 38 62 1,1
Australian Merino %0's 173 95 11
Australian Merino 60's 25 72 1,3
Romney Marsh 48%s 35 66 1,1
Lincolr 36's 48 52 1,8
Cheviot 46 49 52 13
Wensleydale 44’ 47 41 11
Mohair 5s 34 50 04
TABLE 5734
CUTICULAR-SCALE MEASUREMENTS
Ratlo of
Mean Mean
Number Scale Scale Width
of Number Width Hean to Mean
Animals of {Fibre Scale Scale Length
SourcefGenotype (Samples) Fibres Dlameter} Length (SE)
() (um)
Wild goat 1 2 8.9 8.23 1.08 +0.04
British Feral 4 19 12.3 11.3 1.10 +1.05
Australian Feral 2 8 15,1 12.7 1.14 +0.07
Chinese Fibre 4 36 12.7 12.1 1.18 +0.04
Toggenburg 2 7 11.8 11.6 1.22 +0.08
Togg X Feral 2 14 15.1 12.7 1.19 +0.06
17, Angora 3/, feral & 16 163 139 1.04 +0.05
1y, Angora 17, teral & 13 193 16.3 1.20 +0.03
17, Angora 1/, Saaness 15 22.7 16.4 1.43 +0.10
Angora (mohair) 2 4 26.8 14.0 1.06 +0.31

10.7 Lustre

Lustre is one of mohair's most desirable attributes and attractions and is
very important, a lack of lustre generally leading to a price penalty®™). Mo-
hair's excellent lustre is largely due to its relatively smocth surface resulting
from its relatively thin and long scales (ie unpronounced or flat scales of rela-
tively low frequency). Basically, lustre relates to the manner in which light is
reflected from the surfaces. Light falling on a fibre surface can either be trans-
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mitted through or absorbed by the surface, or it can be reflected from it{€03),
Depending upon the surface, the light can be reflected in two ways, firstly the
surface can be such that the angle of the reflection of the light rays is equal to
the angle of incidence, this being known as mirror or specular reflectance.
Secondly, the light can be scattered in many directions through a number of
angles of reflectance, this being known as diffuse or scattered reflection. in
practice, reflected light comprises both specular and diffuse companents, the
higher proportion of the former the greater the lustre, Compared with other
keratin fibres, light refiected from mohair fibres contains a high percentage of
specularly reflected light, thereby causing the unique lustre of mohair9), this
being largely due to its refatively smooth surface as discussed above.

Fourt(!>¥ related differences in the lustre of wool and mohair mainly to
differences in the scale structure {decreased scatter from scales being one fac-
tor in the greater lustre of mohair compared with wool®¥), with crimp and
fibre irregularities contributing factors. For undyed fibres, light scattering from
internal points as well as reflection from scales from each side of the relatively
transparent fibres could also play a role, this being eliminated when the fibres
are dyed black. A shift in the reflectance peak away from the mirror angle, and
dependant upon the root-1o-tip orientation of the fibre, was found. The angular
shift of this peak with reversal of fibre orientation was four times the angle
between the scale surface and the fibre axis. This angle was larger for woa! a
(range 2.7 to 4.5° with an average of 3.7°} than for mohair {range 1.2 to 1.7° with
an average of 1.6°. The scale angle was independent fibre diameter.

Barmby and Townend!"”%} found no effect of spinning speed or rewinding
on yarn lustre as assessed subjectively in a woven fabric.

Maasdorp and Van Rensburg™99 investigated the goniophotometer mea-
surement of the lustre of textile fibres, such as mohair, and showed that the
lustre of mohair fibres was related to the scale characteristics, more specifically
the scale thickness {height) of the fibres. Van Rensburg and Maasdorp29
found that, for mohair, the mean scale height decreased with decreasing diam-
eter. They found that the lustre of mohair was decreased by solvent extraction,
heating and steaming. The inclination angles of the scales relative to the fibre
axis decreased with decreasing mean fibre diameter as did the lustre. Finer
fibres appeared to give higher lustre values than coarse fibres except when
they were sputter coated, in which case the reverse applied®24,

it is always important that the good lustre of mohair be retained at all
costs, it being particularly sensitive to pH, temperature and time during wet
finishing {eg scouring, dyeing and finishing). Lustre can, for exampte, deterio-
rate during extended dyeing at boiling point, and reduced dyeing temperature
{ie below the boil) and time are desirable provided dye exhaustion and fastness
are not adversely affected. SAWTRI studied this problem by investigating var-
ious factors which may contribute to the problem®®%370 Good quaiity Kid's
hair was treated for increasing periods of time in various buffer solutions at
various pH levels and at temperatures varying between 50° and 95°C. Yellowing
{related to lustre) was found to be dependent on time and temperature, andto a
lesser extent on pH. Subsequently, dyeings were perfarmed on the mohair with
three acid milling dyes at both 130" and 85°C. An economic dyeing formulation,
utilizing the lower temperature {85°C), was found to require a chemical auxiliary
to promote dyestuff absorption, as well as a lowering of the bath pH to increase
the affinity of the dyestuffs for the mohair. Acidity or alkalinity of the aqueous
medium in which the mohair was dyed also had an effect on lustre, there
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appearing to be a direct relationship between lustre and yellowing, the more
yellow the mohair became, the poorer the lustre. The feast loss in lustre was
observed when the agueous medium was slightly acid(®sé),

Van Rensburg et /7% discussed the effects of scale structure and various
dyeing techniques, including radio frequency (RF) dyeing, on mohair lustre. It
appeared that RF dyeing had merit from the point of view of retaining the lustre
of mobhair.-

Turpie'’%® mooted the use of a gaseous chlerination treatment to improve
the lustre of low lustre mohair.

10.8 General

The following information has also been published on other mohair fibre
properties and mohair fibre properties in general.

TABLE 58011
SPECIFIC VOLUME IN BENZENE

Specific Volume in Benzene of
Temperature Southdown

Merino
°C. 56's Wensleydale Corriedale 60's Mohair
250 ... .. 0-7637 0-7667 -7631 0-7641 0-7663
400 ... 0-76635 0-7680 0-7668 0-7655 0-7680
550 ... 0-7672 0-7692 0-7686 0-7670 -7693

TABLE 59119
APPARENT SPECIFIC VOLUME OF DIFFERENT FIBRES IN WATER

Corriedale Australian Merino 60's Southdown 56's
Apparent Apparent Apparent
Temp. Specific Temp. Specific Temp. Specific
°C. Volume °C. Volume °C. Volume
18-1 0-7134 -0 0-7084 00 0-7084
26-4 0-7185 14-2 0-7148 15-3 0-7142
295 0-7193 250 0-7191 253 97180
35-0 0-7209 300 0-7205 31-3 0-7200
39-5 0-7229 34-8 06-7225 376 0-7217
448 0-7247 40-8 0-7244 44-8 0-7238
48-8 0-7265 45-6 0-7265 498 0-7248
53-7 0-7280 493 0-7274 551 0:7271
57-4 0-72594 552 0-7293 59-1 0-7291
O 598 07206 650 07312
v—. 643 072591
G688 0-7289 .
Mohair Wensleydale
Temp. Apparent Specific Temp. Apparent Specific
°C. Volume °C. Volume
0-0 0-7071 0-7073 . 0-0 0-7086 0-7082
152 0-7138 0-7133 13-3 0-7142 0-7138
25-9 07177 0-7177 25-8 0-7150 0-7189
30-3 07194 0-7154 30-9 07211 0-7107
34-4 0-7208 0-7208 - 359 0-7226 0-7224
38-6 0-7226 0-7224 40-4 0-7243 0-7242
45-1 -0-7249 0-7247 o 452 0-7261 0-7259
50-5 0-7267 0-7265 . 50-6 0-7278 0-7277
54.5 0-7280 0-7280 s 55-5 07295 0-7289
59-4 0-7296 07295 523 0-7304 07299
64-8 0-7315 0-7311 .- 64-0 0-7323 —



The average specific gravity {retative density) of mohair and various other
textile fibres has been given®®1994, the density {numerically equal to specific
gravity or relative density) of mohair being of the order 1.27g/ec299343) g|.
though it is also quoted®®®¥ tg be 1.30g/cc and often assumed to be the same as
that (1.31) for woo!. The specific volume of wool and mohair in benzene is given
in Table 58 while that in water is given in Table 59, the values being summar-
ised and plotted in Fig. 2801,
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Fig. 28 Apparent Specific Volume as a Function of Temperaturefll),

K:igi(198 discussed mohair and its use and presented a table of compara-
tive properties.

Gurtanin and Blankenburg(?1® reported on the chemical and physical
properties of Turkish mohair {including naturally coloured) and summarised
their results in the following two tables (Tables 60 and 61}):

TABLE 60R:9
CHEMICAL PROPERTIES

z

g 3 = - e
- 2 i =8 £ 2 3
¥ . = o= © a ]
€ ch - 2= o e .S £ £
s 23 =f_ @l = <3 % s
2 a8 ¥ §Se €2 S FT2r . 2.
2 83 T 29T 23C =0 53T 32T X
& aw a <25 x5S EE& OGE geg oS
1 Mearinawoile 97 138 238 <605 14 022 023
2 Teppichwolle 87 216 198 <005 98 O Q7
3 1. Kid-Mohair -~ ™2 668 <005 109 024 0.2
4 Z Kid-Mohair —  Z19 6L <005 wWE 02 02

Schwarzes Mohair:

5 Schuiterpanie 6.3 0.8 50,5 < 0.05 1.7 049 043

q Seitwnpartie 8.4 11,1 63.4 < Q.05 1.1 0.39 0,42

7 Beinpartie 6.7 11.3 59.3 < 005 1148 0.45 0.4
Braunes Mohsir:

8§  Schulterpartie 8.1 123 640 <065 117 030 027

] Seitanpartie 63 142 66.0 <00 MNMS 027 0.24

19 Beinpartin 57 139 843 < 008 11,7 028 0.25




TABLE 6129
PHYSICAL PROPERTIES

oy

o g bt Zusammendrick-

=z .= . cg @ 2~ barkeitin % bei

< B @& 2w o ©HE  den Belastungen:

= D= FE g=% LH -

o o % =9 T 2= =2 = UG 2

o oy Ees 5%y I zp P

a al m EwL S »>=x=E =TI

1 Merinowaolle 21.7 25.9 0,114 12.8 0.2

2 Teppichwolle 26.5 413 0,184 58 8.1

3 1. Kid-Mohair 25.8 s 0,125 20,0 325

4 2. Kid-Mohair 271 24.3 0,138 18.0 30,7
Schwarzes Mohair:

5 Schulterpartie 452 24.9 0,105 20,5 30,7

8 Seitenpartie 45,0 25.0 0,101 22.1 3313

7 Beinpartie 42.6 345 0,113 18.8 30,2
Braunes Mohair:

B Schulterpartie 45.2 236 0.100 13.4 25.3

9 Seitenpartie 45,4 250 0.093 20.5 29.5

10 Beinpartia 39.2 27.3 .10t 12.4 241

According to Koch and Satow(129 {as quoted by Fréhlich®99} mohair
ranges from 10.3 to 11.3% in cystine content, from 11.2 to 16.8% in alkali solu-
bility, from 9.6 to 12.2% in acid solubility and from 40 to 66% in urea-bisulphite
solubility.

Frohlich9? found the fatty matter of scoured mohair to mostly range
from 0.8 to 1.4% and the regain at 65% RH to range from 13.6 to 14%. He gave
the following tables summarising his results {Tables 62 to 64).

TABLE 62017
PHYSICAL PROPERTIES OF DIFFERENT MOHAIR LOTS

L#d. Quel- Sorp.  Filzkugel  Origingl- Fein-  Bruchiast Dehnung

Nr. lung tion @ inmm ldnge heitin  kg/mm® in %,

in % bel 3% a b tn em Mikron trocken nad trocken naB
r.h,

1 47 139 2/ /7S 1,5 328 254 20 514 715
2 4t0 Y40 IMIY /7 13,2 338 284 225 510 49,1
3 40,8 138 20/ 25/26 1,9 338 240 212 484 483
4 424 138 W30 T8 10,5 332 227 2040 455 75
5 384 129 278 2 1,2 381 I3y o 504 &89
6 415 137 2829 /7 10,5 387 281 244 50,2 70
7 405 1346 2728 I5r26 97 403 -- — — —
8 395 137 /7 W7 12 394 223 198 41 408
§ 457 138 —  25/287) — 347 198 182 45 473
16 47,2 138 —  I5/28m — 42,6 —_ —_ -— —_

*] Muster 9 v. 10 logen nur in gekrempeltem Zustond vor
g) Prifung b. veller idnge, k) Prifung b. gekirzter Ldnge {ca. 2,5 cmj
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TABLE 63197
MOHAIR FIBRE LENGTH CHARACTERISTICS

Lfd. mittiere Stapel- Vin linge der Kurzfoserantel] ia %
Nr. l3ngs in mm nach  %*) locken ver bis 10 mm his20mm
dem Xrempeln dam Krempeln Lédnge ténge
Maufigheitse Gewichts- incm a b a b
stapel  siopel
1 471 85,9 $0.7 11,5 26,9 13 3%, 7.2
2 51,1 8.3 B4,1 13,2 i3 22 34,5 6,2
3 48,4 88,1 85,2 11,9 2.4 2.0 a5 8,5
5 45,1 80,4 81,5 1,2 18,8 14 3,2 59
[ 539 20,1 65,9 10,5 ] oo 159 4,4
i 44,9 .8 78.4 9.7 17 1. 253 4.8
8 495 88,3 84,4 11,2 12,7 11 249 45
9 512 80,6 757 — 1.7 03 137 LR
10 453 87,3 8.7 — < T X 3 3.4 6,9

*} Variolionskoeffizient der Lingen
o} nach dar Faserzaht
b) nach dem Fasergewicht.

TABLE 64(190 ~
COMPARATIVE VALUES FOR MOHAIR GIVEN BY SATLOW AND FROHLICH

Kennzahl Mitteiwerte u. Yertrauensbereich®}
nach Satlow 14  nach Frahlich

Alkalilaslichkeir (0,1 n NaOH 13,6 = 1.4 164 £ 42
S&urelaslichkeit in % (4,5 n HCY 11,1 £ 08 88 + 2,2
Harnsioff-Bisuifitlaslichkeit %o 59,5 = 3.3 57,5 £ 59
Cystingehalt in 9, 10,7 £ 0.7 10,6 £ 0,2
Quellung in % 369 =17 41,5 £ 22
Sorption in % 14,1 = 0,4 13,8 £ 01

*} Vertrauensbereich mit 93 %6 gesichert

Lai and Onions®9 jhvestigated the lateral crushing (compression) of mo-
hair and other fibres, the deformation of mohair fibres with changing load
being relatively small, plastic flow occurring at a given lateral pressure, disting-
tive for each fibre type®1® Smuts et 2/568) jnvestigated the effect of certain
fibre properties on the bulk resistance to compression of mohair, the latter
increasing very slightly as the fibre diameter or degree of medullation, or both,
increased. A value of about 12mm compressed height {SAWTRI Compressibi-
lity Test) was typical for mohair, this being lower than the value of 13.7 found
for lustre wools®88), Steam relaxation of the scoured mohair and the mghair
tops only increased the bulk resistance to compression very slightly.

Patni et a/%€) compared the physical and mechanical properties of angora
rabbit hair, mohair and other fibres. Anson®® also reported on the physical
properties of mohair. Horikita et a/®% gave the following table {Table 65) of
properties for varigus animat fibres.
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TABLE 65955
PHYSICAL CHARACTERISATION OF WOOL AND HAIR FIBRES

Density  Thickness  Scale Crthosparas X-ray

Specification in in density  medulla ratio crystal-
bulk diameter hinty
twr/ee)” oy (mm") (%= (%)

{sheep family}

Australian Mering 68’s wool 1.308s 25 a0 63/37/0 25.2

Australian Merino 64’s (descaled) 1.211, 25 (90} 68/32/0

Austratian Merino 60's wool 1.307, 33 88 66/34/0 7.1

Argentine X-bred 56's wool 1.3004 33 90 71/29/0 26.6

Argentine Luster wool 1.202; 50 57 76/20/4 30.9

New Zealand Luster 48's wool 1.306, 35 84 TC/30/0 25.9

New Zealand Luster 48°s {descaled) 1,308, 33 (84} 67/33/4 28.9

Lincoln wool 1.296, 45 50 69/31/0 29.0
{goat family)

Cashmere woot {white) t.308, 20 64 £2/38/0 25.5

Cashmere wool (brown) 1.31i, 20 66 67/33/0

South Alrica Adult Mohair 1.3055 50 57 71/29/0 213
{camel famiiy)

Camel bair 1.306s 20 56 indistinguishable 21.2

Alpaca hair 1.3280, 1 120 53/38/9 23.1

Llama hair 1.277, 4 110 S0/43/7 2.7
{rubbit}

Angora Rubbit 1.238; 20 E20 BF/ 0 28.5

Determined by a density gradient column method of n-heptanesCCly ut 300201 C.
* ¥ Optical microscopy staining by methviene biue
*  {e-axial distribution of orthe and para cortices. instead of bi-lateral distribution,

"7 Orthe and para cortices can sot be distineuished.

Hori®3® also discussed the properties of mohair and other animal fibres.
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CHAPTER 11

MEDULLATION AND KEMP

11.1 Introduction

Medullated fibres in mohair can be a source of problems in many end uses
when they differ in appearance from the rest of the fibres which are not medul-
lated(606.802997) They are characterised by having a central cana! (medulla) con-
taining cell residues and air pockets, running in either a continuous or frag-
mented form along their length {Fig. 29}). The term “kemp” is probably more
familiar, but this traditionally refers to the more problematic and extreme form
of medullated fibre which is clearly visible to the naked eye. The main problems
associated with the presence of kemp {perhaps more correctly termed “objec-
tionable” medullated fibres) are their chatky white appearance and lighter ap-
pearance after dyeing ®7:596892) a4 also to a lesser extent their effect on han-
dle, stiffness and prickliness®%8997) The chalky white appearance of kemp is
caused by the decreased length of the light path through the fibre material and

—- Classification of Medullae*

(a} Unbroken lattice (wide)
(b) Simple unbroken

{c} Interrupted

(d) Fragmented

*Wildman

Fig. 29 Classification of Medullae*®12
Fig 30 Kemp8l?d
Fig. 31 Mohair®12
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light refraction at the fibre/medulia interface. This, and not poor dyeability, is
considered to be the main cause of the different appearance of kemp fibres
after dyeing!1551%1, Because medullated fibres {and particularly kemp) tend to
lie on the surface of the yarn'#93 (and therefore also on the surface of the
fabric), the visual and other effects produced by kemp will normally be out of
proportion to the actual quantity present in a particular mohair lot. Generally,
the presence of even a small amount of kemp in a high quality mohair may
have a pronounced adverse effect on its value. Higher grades of mohair are
largely free from kemp and medullated fibres, the kemp content being well
below 1% in well-bred mohair.

Medullated fibres, which contain a discontinuous {fragmented or broken}
medulla are generally referred to as heterotype or ‘‘gare” fibres!6%8. Heterotype
fibres are therefore medullated {or “kemp like"} in certain sections and “nor-
mal” {ie solid} in other sections. Heterotype mohair fibres containing medu-
lated tips have also been referred to as “gare” fibres", it being stated (Jones
(3)quoted in Ref. 789) that they tend to be relatively coarse and medullated at
the tip but finer and non-medullated at the base. Harmsworth and Day®"? refer
to “gare” fibres as long kemp fibres but it appears as if heterotype and gare
fibres are the samet®®®_ It has been stated®®¥ that “gare” fibres were a greater
problem than kemp fibres in Australial™. Heterotype fibres are generally
longer, and therefore more difficult to remove, than shorter kemp fibres, and
are said!% tg occur more often in Summer hair.

Kemp is usually straight and oval in cross section®?. Of all the types of
medullated fibres which occur in both woo! and mobhair, those collectively
called kemp and which tend to have a relatively large medulla and to be rela-
tively coarse, probably are the most visible and unwanted in the final product.
Kemp occurs as short kemp, long kemp and heterotype fibres. The “‘short
kemp” is generally the most common, being short, chalky-white, medullated
and painted at each end when it has fallen out and was not shorn off{199, Small
portions of multiple medullaes are also occasionally present in mohair fi-
bres(t1l),

Hunter{812213) gave an electron microscope photograph of kemp, illustrat-
ing its surface appearance (see Fig. 30 Kemp'68%}) compared to that of mohair
(Fig. 31).

Although there are occasions, when kemp fibres are acceptable or even
desirable for special effects, such as in certain types of carpets and woollens, in
mast cases the presence of even a small amount of kemp in a high quality
mohair, normally free and expected to be free, from such fibres, may have a
pronounced adverse effect on its value. Higher grades of mohair are fargely
free from kemp and medullated fibres, and tend to be more circular in cross-
section than lower grades®@),

Kemp is always present in the fleece of the Kid®1% and is present in the
hair of all animals®® to a greater or lesser extent'®, In well-bred mohair the
kemp count is generally low (less than 1% according to Von Bergen1%%}) and
after processing, a value of less than 0.3% should be aimed at, according to
Spencer®d, The amount of kemp can be controlled by selective breeding,
although it may not be possible to eliminate it entirety?2309 For exarnple,
many years ago, the amount of kemp in South African mohair ranged fairly
widely72104 byt since then, due to selective breeding, the quality of South Afri-
tan mohair, which is now generally rated as one of the best in the world,
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particularly in terms of kemp, has greatly improved with respect to kemp. Now-
adays South African {Cape) mohair, for example, generally contains very little
kemp {considerably less than 1% kemp), mohair containing more than 1%
kemp today being regarded as cross-bred. By selective breeding, the percent-
age kemp can be reduced to as little as 0.1% {by mass)153.172)

Not surprising, Srivastava®® found that, for both yarns and fabrics (wov-
en as well as knitted}, the main effect of kemp was a visual or aesthetic one. He
did find, however, that above a certain level of kemp, yarn hairiness, irregularity
and stiffness were significantly affected by the kemp content. This also ap-
peared to apply to a lesser extent to the fabrics.

As already mentioned, kemp is a special, extreme, case of medullation but
there does not appear to be a readily definable and obiectively measureable
distinction between kemp and other medullated fibres, particularly when they
occur in semi-processed or processed mohair. There are traditional definitions
of kemp but these do not consistently differentiate between visually “objection-
able” and “acceptable” fibres. According to ASTM method D2968-89, those
fibres with such a ratio greater than 0.6 are classified as "kemp” and those with
a ratio smaller than 0.6 are termed “medfibres”. Nevertheless, studies by
Hunter et 2/1993) have shown that fibres visually assessed as “objectionabls”
(ie “kemp type”) have a mean ratio of ahout 0.5, both in the case of dyed and
undyed mohair.

Apart from the appearance and coarseness of “kemp” type fibres, the
length of such fibres is another very important property®, Much of the kemp,
more particularly the shorter kemp, can often be removed during combing$487
{and even during carding), and is reflected as a processing lass (waste}®?), The
longer type of kemp is more unacceptable, because it is more difficult to comb
gut than the shorter kemp®”, Aggravating the matter is the fact that the diame-
ter of kemp can also increase with increasing mohair diameter®, in certain
cases the degree of medullation and kempiness (% kemp) in mohair also tend-
ing to increase as mean fibre diameter increases309.763),

11.2 QOccurrence and Growth of Kemp and Medullated Fibres

Powelit¢18) gxplained the formation of meduliated and kemp fibres as fol-
lows: The apex of the papilla dome opens upward into the centre of the grow-
ing fibre allowing cells of the basal skin layer to be incorporated into the centre,
forming what will become the medulla. During the keratinisation of the fibre,
the skin cells may partially or completely break down and dissolve. The less
hairy fibres contain a simple hollow canal medulla in which almost all of the
skin cells have completely dissolved. In kemp and coarse hairy fibres the interi-
or of the skin cells have dissclved leaving a hollow network of cell walls to form
the medulla. Clement et a/ (quoted by Powell®!8) contended that this network
of cells {aerian vesticles) was filled with air, the walls of which are cytoptasmic
remnants of the basal layer cells. The aerian vesticles vary in protein composi-
tion from the components of a normal fibre. It has been noted that the protein
of the scales (cuticle) and cortex of a normal fibre contained larger amounts of
sulphur than the medulia.

Kemp is considered a sign of impure blood dating back to the crossing of
Angoras with other goats®?. in the newborn kid it represents the outer protec-
tion kempy coat (guard hair} of wild sheep and goats®.

Fibres arising in the primary foflicles tend to he coarse and may be medul-
tated or kemp fibres®3%. Kemp usually arises from the central primary follicles
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but is also found in the lateral follicles®®333), while the ordinary medullated
fibres appear to grow from other primary or even secondary follicles. Kemp
tends to be shed seasonally, Duerden and Spencer® stating that kemp fibres
are always shed. They also intimated that a reduction in nutrition reduces fibre
diameter and could lead to the disappearance of the medulla. Margolenal!
{quoted by Clake and Smith®79} found that medullation was cenfined to the
central primaries. The kemp content of the coat reflected the S/P ratios3). Ac-
cording to Shelton and Bassett®3% since primary follicles develop first and fibre
praduction begins in these prior to birth, the kid is born with a birth coat in
which fibres from primary follicles are most prominent. For the mast part, these
early kemp fibres will be either shed or continue to grow as a true mohair fibre
without medullation. These primary follicles are almost always present, yet it
has been shown that the problem of kemp can be reduced by selection 53%),
Kemp hereditability is considered(785826984) g|atively high, with selective
breeding (ie genetic methods) more effective for reducing kemp than environ-
rmental methods 099, Van der Westhuysen et a/729) also stated that kemp levels
were hereditary but that the hereditary potential is influenced by environmental
factors. In terms of the South African Angora goats, for example, hard white
ears and a hard white face are signs which usually indicate the presence of
kemp®33), hard tails also being associated with kemp. Proper selective breeding
is today widely accepted as the best way of reducing kemp levels and today
high quality mohair exhibits no visible signs of kemp fibres. It is not known how
selection operates but the following has been suggested®33):

1) An increase in the number of secondary follicles reduces the proportion of
primaries, and thus the potential proportion of kemp fibres in the fleece.

2) Compaction resulting from increased fibre density causes the fibres arising
from the primaries to be finer and thus less distinguishable.

3) The prirnary follicles may become cyclical in nature resulting in their fibres
being shed from the fleece or may become totally nan-functional/s3,

Tiffany-Castiglioni{”6® speculated that the factor of ultimate importance in
the selection for kempless goats was the inactivation at maturity of the primary
follictes or their production of non-kemp fibres. Selection for increased fleece
mass could result in increased kemp and medullation levels!913.996)

The fleece of a newly born Angora Kid can consist of a targe proportion
{up to about 45 to 50% )83 of relatively coarse medutlated and kemp fibres but
the amount of kemp then decreases rapidly (eg to about 7% at the age of 3t0 4
months)(87.163533984)  Shedding of the kemp fibres commences soon after
birth183) and continues up to three months of age or when maost of such fibres
had been shed®36d, so that little remain at the time of shearing1®. The first
shearing therefore contains more loose kemp than the second shearingt04,
Although kemp fibres tend ta be shed annually®™ this is generally not the case
for mohair. Pronounced differences in S/P ratio, number of follicles per goat,
degree of meduliation and presence of medullated and kempy fibres exist be-
tween animals less than 3 months old and those older®®®3, A rapid decline of
both the percentage as well as degree of medullation occurs after birth, the
most rapid decline reportedly being in the unbroken and interrupted medullat-
ed fibres, the fragmental medullated fibres persisting longer¥83}. During the
Summer medullated fibres reportedly become coarser, decreasing towards
Winter 183},
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in newborn kids, the kemp fibres have been reported to have an average
fibre diameter of about 45um compared to about 25um for the mohair
fibres28), Nevertheless, although there is a trend for medullated fibres to be
coarser than non-meduilated fibres® this is not necessarily the case. It appears
that the age of the goat may not affect the diameter of medullated fibres as
much as is the case with non-medullated fibres163), the kemp and medullated
fibres generally being considerably coarser than the true mohair in Kids and
Young Goats but not in Adults®%3,_ It has been reported!®8?), for example, that
the diameter of kemp fibres in the new-born kid is about 43um on average, and
that in the mature goat about 45um. The normal increase in fibre diameter with
the age of the goat, is initially offset (often more than offset) by the shedding of
relatively coarse kernp and medullated fibres{153) Recent results of Hunter et a/
(1093 ndicate that “objectionable’” medullated fibres are generally coarser (60%
and more) than the mean of the parent population {see Fig. 39).

According to one study(®83, kemp levels appeared to be little affected by
the age of the animal, although it appeared to increase slightly with age for the
rams, the rams also appearing to have more medullated fibres than does and
wethers. According to other workers3 goat age has a slight effect on kemp
and medullated fibre levels, these levels increasing gradually over the lifetime
of the animal after maturity®®. Based upon studies in Turkey, Miiftiiogly
{quoted by Srivastava®®®™®) concluded, however, that kemp levels decrease with
age up to a certain stage and then remain constant until aduithood has been
reached, feeding appearing to have no effect on kemp. According to some
sources, kemp is more commonly observed in the very young animals and in
the older animal which is explained by variations in the S/P ratia or density of
the fleece (the number of follicles per bundle can be represented by the S/P
ratio).

The kemp fibres on a newly born kid are approximately three times the
length of the genuine mohair fibres but the latter grows so rapidly that at the
early stage of three months it is already twice the length of the kemp fibres. In
new-born kids, the length of kemp is about 36mm and hardly changes in length
there-after, where-as the length of the mohair is about 12mm and increases to
about 70mm at 3 months®. Adult kemp fibres are stated to be usually 30 to
49mm in length and 40 to 60mm in Basuto mchair.

Up to the age of 21 months there appeared to be little difference between
wethers and does in terms of levels of medullated fibres but after that age
wethers had significantly more medullated hair than does, eg 4.6% vs 1.9% at
two years of age!l3), The lowest number of kemp and other meduliated fibres
was reportedly recorded at the ages of 12 and 24 months, coinciding with
Spring, with the highest number occurring in Summer®3d, decreasing towards
the following Spring. Fibre shedding is presumed® to be influenced by both
hereditary and environmental factors, some animals shedding mohair in
Spring?2d). Reportedly, kemp levels may be higher in Autumn than in Spring
for aduit males and young wethers and does163.388732765] it peing speculat-
ed®88 that kemp grows in a seasonal manner, more actively in Spring and
Summer and less actively in Autumn and Winter, Pohle et 2/3%) found that
there was about twice as much kemp in the US Autumn (Fail} clip than in the
Spring clip, with the average percentage of kemp {defined as those fibres with a
medulla diameter 65% or more of the fibre diameter) similar in the grease
mahair, card sliver and top, but twice as high in the noil than in the top. Austra-
tian Summer shorn fleeces contain more kemp, kemp growth being most active
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from September to December®3l) (Stapleton quoted in Ref. $828), September
shearing producing fleeces with less kemp than December shearing®28), Sta-
pleton {quoted by Ryder(”89) stating that the amount of kemp in the fleece
could be reduced by shearing earlier in Spring, whereas Bingham gt a/t9%6
stated that the choice of shearing time had little effect on kemp and medullation
levels. Ryder1992) stated that kemp ceased to grow in winter while hair and gare
continued to grow but without a medulla.

McGregor{1918 reparted on the effect of stocking rate on the incidence of
kernp and medullated fibres. He78% found that kemp incidence was unaffacted
by stocking rate. According to work done in Turkey, by Miiftiioglu®?, differ-
ences in feeding did nct affect the occurrence of kemp, with the amount of
kemp decreasing with age up to a certain age after which it remained constant
until adulthood had been reached. Cathoun et af®® found that dietary energy
had no effect on the percentage of medullated and kemp fibres in mohair. High
feeding levels (ie better nutrition) may, however, increase or accentuate the
presence of kemp somewhat, mainly because such feeding increases fibre di-
ameter and makes the kemp and heterotype fibres more clearly visi-
blele7.7739%61011), Badenhorst et afl%® also found higher kemp levels to be
associated with higher nutrition, while Bingham et 2/999 stated that the leve! of
nutrition required to reduce kemp levels was very low and would resuit in
reduced fleece mass and growth rates. In apparent contrast to the above,
Harmsworth and Day'¥"? stated that mohair fibres become medullated under
conditions of severe nutritional stress. The precise effect of nutrition on kemp
and medullation therefore appears to be unclear.

Venter and other workers®3? found that the back and rump of the goat
had more kemp fibres than other body regions, most kemp reportedly appear-
ing to occur along the middle of the back®Y, According to certain workers'®,
kemp is usually found to be more abundant in the britch and less so over the
shoulders and along the back and sides. Bassett732 found that for Adults, the
rump, britch and adjacent to the tail areas contained maost kemp while the
midneck, side and withers had the lowest. The Kids had high levels in neck,
withers, rump and britch and low levels on the back and side. On average, the
animals sampled in September had more kemp than when they were sampled
in January. It has been reported733999) that the side samples do not always
produce medullation counts representation of the whole fleece.

Margolena‘*® found that the type of lock was related to the degree of
meduliation, the ringlet type locks being associated with the lowest degree of
medullation. According to Hardy {quoted in Ref. 898} very lustrous mohair
tended to be free from kemp.

Tiffany-Castiglione!7¢% reviewed the genetics and management of kemp in
mohair while Bingham et 2/99%9 discussed the manipulation of kemp and me-
dullation in mohair by breeding and management.

11.3 Physical and Mechanical Properties

Kruger and Albertyn2?) found that the tenacity {ie fibre cross-section cor-
rected strength) of kemp fibres was lower than that of mohair, where-as exten-
sion at break did not differ by much. Work by Hunter and Kruger!!53172) indi-
cated that the meduliae of kemp fibres contained a material which did not
contribute significantly towards the breaking strength of the fibre but which
had a dielectric constant comparable to that of the rest of the fibre. They found
that the breaking extensions of merino, German mering, mohair and kemp
fibres were similar, white the specific breaking strengths (tenacities} of the
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merino and German merino fibres were lower than those of the mohair and kemp
fibres. The fibre tenacity of the mohair was 14.7 cN/tex and that of the merino
and German merino wool was 11.4 cN#iex. If the linear density of the kemp
fibres was calculated from the cross-sectional area of the cortex alone (ie as-
suming a hollow medulla) a tenacity of 15 cN/tex was obtained but if the medul-
la material was reckoned in, a tenacity of 13.2 cN/tex was arrived at(153.172,

King®7¥ reported that the medullae of kemp fibres differed in optical den-
sity, indicating different cell densities and this affected the bending but not the
extension maduli. Two types of kemp, one with a filled medulla and the other
with a virtually empty medulla, were postulated, For the empty medullae, the
bending and extension moduli of the kemp were similar at about 77 cNiex
whereas the filled medullae jave a bending modulus of about 365 cN/tex which
was higher than that found for mahairl?, The extension moduli of the two
types of kemp fibres were similar indicating that any material in the medullae
did not contribute to the tensile properties of the fibre, which was in agreement
with the results of Hunter and Kruger(53173

Frequency distribution curves have been given®2® for various characteris-
tics of kemp and other medullated fibres and the relationship between certain
of the characteristics have been illustrated graphically, see for example Fig. 32.

It was confirmed that the medullated fibres are generally coarser than the
non-medullated fibres with the medulla diameter increasing as the fibres be-
come coarser. For the particular samples covered, there was no relationship
between the degree of medullation and the mean fibre diameter of the sample
although there was a tendency for an increase in the degree of medullation to
be associated with an increase in the CV of fibre diameter®9),
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Srivastava®®? investigated the occurrence and properties of kemp and
medullated fibres. He found that kemp fibres varied more in cross-section than
solid {mohair) fibres and exhibited lower extensions at break. On the basis of
this he designed a stretch breaking apparatus (pair of fluted roliers), a modified
gill box, with the aim of stretching the fibres until the kemp broke {preferential-
ly) after which the shorter {broken) kemp fibras could be more easily rermoved
during combhing.

11.4 Geometrical Properties

Woark was undertaken by Smuts and Hunter®2 tg establish what distin-
guishes kemp (ie objectionable medullated fibres) from other medullated {ie
non-objectionable) fibres. To this end, the rmedullated fibres from 54 undyed
mahair samples were visually sorted as follows:

1) Chalky white fibres {termed Kemp A} which were easily distinguishable

in air and therefore “objectionable” in most quality end-uses.

2) Chalky white fibres which were less distinguishable in air and conse-
quently less "objectionable” (boderline and termed Kemp B].

3} Fibres {termed MED or medullated fibres} which were only distinguish-
able in benzyl alcohol after removal of the chalky white fibres. These
fibres would generally not be considered "“objectionable’” in practice.

The above fibres were examined on a projection microscope and the di-
ameter of the fibre and that of the medulla recorded. It was found that the
medulla diameter to fibre diameter ratio did not consistently distinguish he-
tween the various categories of medullation, especially between Kermp A and
Kemp B. The more obvious “objectionable” kemp fibres (Kemp A), however,
generally had ratios above 0.5 {above 0.55 for dyed fibres} while the medullated
{MED] fibres, which did not appear different in air, mostly had ratios below 0.5.
Later work!19%3) indicated that “objectionable’ medullated (ie kempy) fibres in
fact had an average ratio of about 0.5 (see Fig. 33}, varying from about 0.20
{20%) to about 0.80 {80%), this applying to both dyed and undyed fibres{i93),
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Fig 33 Medulla to Fibre Diameter Ratio of “Objectionable” Medullated Fibres {Ex-
pressed as a Percentage!10%3),
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Teasdale®® a)so reported that medullated meohair fibres formed a contin-
uum and the medulla to fibre diameter ratio could not be used to differentiate
between the different types of medullated fibres (kemp and heterotype), a ratio
of about 0.4 separating “‘broken” medullae from unbroken ones.

The wall thickness of kemp-type fibres varied from about 5 to 20um (ap-
proximately 10um on average), the width of the cortical cells being about
5.:m{3%8) (quoted in Ref. ©98)), The diameter of kemp fibres varied from about 40
to 240pm, with the medulla diameter generally linearly related to the fibre
diameter®,

11.56 Chemical and Physical Nature of the Medulla

The medulla consists of a hollow network of cell walls {aerian vesticles),
filled with air, which are cytoplasmic remnants of the basal layer cells {Clement
et al, quoted in Ref. ©618)). The chemical composition of medullary celi residues
appears to be different from that of the cortical cells'®23, the medullary cells
containing little, if any sulphur®, Swart139 showed that the amino-acid compo-
sition of kemp was different from that of adult mohair and that the medullated
fibres contained more 3-keratose but less y-keratose than true mohair. It was
reported (Mercer2® quoted by Tucker et a/%2) that the proteins of the medul-
lary cells are of a non-keratin type and therefore exhibit different chemical
behaviour to the keratins. They are easily broken down by proteolytic enzymes
but have a high alkali stability (Kusch and Stephani®*l, quoted by Tucker et
a2} The levels of amino acids citrilline, glutamic, lysine and leucine, in the
medullary cells, are higher than those present in the whole fibre whereas gly-
cine, serine, proline, threonine and particularly cystine are lower (Refs
{194.230)y quoted by Tucker et a/%3), Because of the failure to distinguish reliably
between objectionable and other medullated fibres on the basis of dimensional
(such as medulla to diameter ratio) differences, Smuts and Hunter(788.802.812.997}
decided to investigate whether or not the physical appearance and nature of the
medulla were perhaps different. The different types of medullated fibres were
examined on a projection microscope and classified according to whether the
medulla appeared "'normal”, latticed or a mixture of the two. It was found, that
the medulla type so assessed (ie lattice or non-lattice) did not help to distin-
guish more reliably between kemp {ie “objectionable” medultated) and other
medullated fibres as assessed visually. The question then arose as to whether
or not differences in some other fibre characteristics were responsibie for dif-
ferences in appearance of medullated fibres having the same ratios. Longitudi-
nal and cross-sections of the different types of medullated fibres were exam-
ined on a scanning electron microscope®1?, No feature of the fibres surface or
medulla, which could exptain why the different types of medullated fibres dif-
fered so markedly in their visual appearance, however, could be identified.
Some examples of scanning electron micrascope photographs are shown in
Fig. 3483, These clearly illustrated the cellular appearance of the medulla,
which was in no case found to be totally hollow or void of ceil residues.

Knott®™® discussed the nature of the medulla in speciality animal fibres.
Contrary to the cortex and cuticle, the medullar vacuole walls are very resistant
to atkali and to other keratinolysed agents (Ref. 84 quoted in Ref. ©73),

11.6 Dyeing Behaviour
Hirst and King®® found that the medulla substance in kemp dyed equally to
the solid portion, the different appearance of dyed kemp fibres being solely due
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Fig. 34 Cross-sections and Longitudinal-Sections of Medullated Fibres Nlustrating the
Cellular Nature of the Medullae?771812)

-

to the enclosed air {ie reflection of light). Kriel et 4/159 found that the dye
exhaustion curves (for the one dyestuff investigated) of kemp (67.5um) and
BSH mohair {37.7um)} coincided completely {ie their dyeing behaviour was the
same) although the kemp did not have the same apparent depth of shade as the
BSH or BSFK mohair, dyed with the same concentrations of dyestuff.

The flattish (oval) shape of kemp fibres can also affect their appearance,
because of the associated differences in light reflection.

Swanepoel?®) summarised the current knowledge on the dyeing behav-
iour of kemp fibres in mohair, stating that the belief that kemp fibres do not dye
at all was erroneous and that there appeared to be little difference in the dyeing
behaviour of the keratin in mohair and kemp, with kemp fibres appearing to dye
at the same rate as mohair. Observed differences between the appearance of
dyed kemp and mohair fibres were largely ascribed to differences in the way
light was reflected from within the fibre. He gave a detailed expianation of this
effect. Since the difference in appearance of dyed kemp and mohair fibres is
based on a difference in colour saturation, hues in which such differences are
less easily detectable are most suitable for camaouflaging kemp. Yellow is one
of the best colours for camouflaging kemp. Green and red are less suitable than
yellow but better than blue, while brown and black give a very high contrasi
between mohair and kemp. Contrast in the appearance of dyed kemp and mo-
hair fibres can be reduced if pastel shades are used, differences increasing with
increasing colour saturationt9y),

Powell€18) discussed the properties and dyeing of the medulla of kemp
fibres and also stated that the apparent differences in optical properties of
kempy fibres were due to the different opticai properties of the hollow network
of cell walls {aerian vesticles} in the medulla, their light transmission properties
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approaching those of the salid fibre wall as they become filled with water or oil.
Water entered the medulla from the circumference within about 10 minutes
whereas oil entered from the ends, or damaged places, by capillary action and
usually did not fitl the entire medulla. He found that the aerian vesticles do
absorb dyestuff, even being a darker shade than the cortex/cuticle portions of
the fibre {possibly due to the high number of surfaces present in the aerian
vesticles). The “white”” appearance of dyed kemp fibres was therefore largely
due to the light reflection and absorption characteristics of the aerian vesticles
{because of the high number of surfaces available} and the casing surrounding
them, rather than to the differences in dye uptake. He suggested that filling the
medulla of kemp fibres by means of a translucent medium, which will not be
lost during laundering and use, could eliminate, or at least reduce, the differ-
ence in appearance of kemp fibres.

Further studies®771792.812.813) haye bheen undertaken to compare the dye-
ing behaviour of medullated fibres, more particularly kemp and meduliated
fibres. Most results suggested that the solid material of the kemp {ie their walls}
and the nermal mohair fibres in many cases dyed to approximately the same
colour (shade) as illustrated in Fig. 35. This work supported previous findings
that the different appearance of kemp in a dyed sample is largely an optica!
effect due to the reduced light path through the dye in the fibre wall and refrac-
tion and reflection of the light at and within the medulla. It also appeared that
kemp fibres can be more or less apparent (ie visually different], depending
upon the colour and depth of shade to which the material is dyed.

Fig 35 Examples of Dyed Mohair, Unmedullated and Medullated®12
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Later studies by Trollip et af732878) indicated that the take-up of premeta-
lised dyes containing chromium may be different for mohair and kemp, possi-
bly due to differences in surface area per unit mass, rather than to differences in
the cortex of the two types of fibres which contained similar fevels of sulphur.
They found that the medulla of the kemp contained a significantly higher con-
centration of dye than the cortex, which they ascribed to the fact that the me-
dulla comprised of inter-cellular material having a relatively low level of sul-
phur.

11.7 Measurement of Kemp and Meduliation

11.7.1 General

Clearly, a knowledge of the degree of medullation, more particularly kemp
{also termed ""objectionable” medullated fibres), in a sample is desirable, and
various methods exist for measuring the degree of medullation, including man-
ual separation (in air or in a suitable liquid), microscopic, flotation, gravimetric/
chemical and refraction. Most of the abovementioned methods are rather time
consuming, however, and alsa require a rather skilled and experienced opera-
tor %8, The absence of a clearly defined basis {ie measureable or objective
criteria) for distinguishing between kemp (ie visually “objectionable’) and
other medullated (ie visually acceptable) fibres, complicates the objective mea-
surement of kemp fibre and so, too the lack of agreement between different
operators as to what constitutes a kemp fibre. According to the ASTM D2968-
836585 (or ASTM D2968-89)3992) gtandard test method, for medullated {Med)
and kemp fibres in animal fibres by microprojection, for example, a kemp fibre
is defined as a medullated fibre in which the medulla is 60% or maore of the
diameter of the fibre. Kemp has also been defined as those medullated fibres
which have a medulla to diameter ratio exceeding 0.65 (65%)535732), with me-
dullated fibres having a medulla to fibre diameter ratio less than this, frequently
not a problem to the textile processor. it has been shown, however, that neither
of these two criteria allows one to consistently distinguish between *‘objection-
able” medullated fibres {ie kemp) and other medullated fibres. Hunter et 2/11093)
found that different laboratories all classified fibres with an average medulla to
diameter ratio of about 0.5 {the individual values varying from about 0.2 to 0.8)
as "objectionable” (both for undyed and dyed samples), with the different labo-
ratories differing in the average diameters of the fibres they classified as “ob-
jectionable”.

Photo-electric methods based upon differences in the light refraction of
the fibre cortex and medulla, are generally the most rapid, simpiest and most
suitable for routine analysis of medullation. Theoretically, the phota-electric
measure of medullation is proportional to the total area medullation of all the
fibres in the sample. Values so obtained, however, are not always simply relat-
ed to the degree of medullation. Fibre colour and pigmentation could also affect
the photo-electric values. Furthermore, the occurrence of vacuoles 119 {small
vaoids), which seems to be a characteristic of mohair rather than of wool{11)
could also affect medullation values obtained photo-electrically, the occurrence
of vacuoles apparently increasing with increasing mean fibre diameter. Photo-
electric techniques also cannot discriminate between kemp and Med fibres.
Nevertheless, if it is true that the large and heavily medullated fibres have a
predominant effect on photo-electric values!$®¥, photo-electric methods could
be suitable for estimating the degree of kemp in mohair. Should the ratio of
kemp to total meduliation (ie area medullation) vary from one mohair to an-
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other®®), however, such estimates of kempiness may only be approximate.

Knott®7® and Sternotte and Knott®89 discussed the measurement of me-
dullation in fine animal fibres, the medullary cells in wool and mohair behaving
like small dispersing lenses having relatively large curvatures.

11.7.2 Medullameter Test

Smuts and co-workers($%68% investigated and explored ways of finding a
rapid and reliable method of screening mohair samples for degree of medulla-
tion and the possibility of using the method to provide a measure of kemp
ievels(698),

A Medutlameter, based on a WRONZ design®®®), was constructed at SAW-
TRI {now Textek). This is a photo-electric device designed to measure the
amount of light scattered by the medultated fibres present in a sarmple which is
immersed in a liquid {eg benzyl alcohol and aniseed oil) of the same (or similar)
refractive index as the fibres (see Table 66 ®8}), the amount of light scattering
thearetically being linearly proportional to the percentage area medullation. A
quick and easy method was devised to check and calibrate the instrument and
to ensure reproducible results. Provided certain precautions are taken, accurate
estimates of degree of medullation in terms of the Medullameter reading can
be obtained fairly quic.:ly and with relative ease. About six to eight measure-
ments per hour are possible!8%®. Sample preparation (ie cleaning of greasy
mohair and sampling) was important and needed special attention and a sim-
ple scouring technigue, avoiding the use of a'cohol {since it caused the fibres to
appear milky when immersed in the benzyl alcohol) was recommended. The

TABLE 66606
REFRACTIVE INDICES OF REVELANT FIBRES AND LIQUIDS
REFRACTIVE INDEX*
Wool> ;,('; : 1,553to0 1,555

;J.Jg : 1,54210 1,546
Mohair® pls o 155791015638

pd o 1,5474 10 1,5546

Benzyl Alcohol 1,5404 at 20°C
1,5384 at 25°C
Ortho-dichlorobenzene 1,5515 at 20°C
1,5491 at 25°C

A g and u_-sL are the average refractive indices for light vibrating pamallel and

perpendicular to the fibre axis, respectively.
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Medullameter read ing was shown to be related to various other measures of
medullation, in pATicularto percentage area medullation, but should rather be
regarded as a un'q ye measure of the degree of medullation of a samplef®d,

Sternatte ¢! 2™®7 rorted on the measurement of medullation by means
of the multi-angula r lig htscattering technique, using an instrument they devel-
oped which enzbl2«d th e ssattered light to be measured at several angular posi-
tions. They also s"a died the effect of pigmentation and de-pigmentation on the
results obtained, 8% wellas the effects of oxidising agents, formaldehyde and
iton concentration.

A good cor®¥ ation was found between the number of fibres having a
medulla diamete? Syreater than 40pm and those having a medulla diameter to
fibre diameter rillwo grester than 0.6609),

Hunter et 2™ Pgund a fairly good correlation between the Medullameter
values and the  ¥jectively determined degree of kemp {ie “objectionable”
fibres counted vis® ally). i was concluded that, as a rapid screening test, aimed
at estimating the Cdegree of medullation and perhaps also of kempiness, the
Medullameter wolald prebably be adequate(®°897 {see Fig. 36), particulary
also in view of the  Jarge differences between the kemp {“cbjectionable” fibre)
levels recorded 'y~ diffeent laboratories for the same samples.

A numerical ¢Q assification forthe degree of medullation in mohair {Fig. 37),
ranging from 1 {(""uallyfree of kemp} to 6 which represents very heavily me-
dullated (kempyl ™10h 5i#92997), has been proposed. Category T should be ac-
ceptable for eve! ®he most critical end-uses, Category 2 would be acceptable
for some critical ©nd-uses but not others, while Category 3 and higher will
rarely be accepi®t™ie for high quality end-uses®92997)
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11.7.3 Coarse Edge

During certain studies it was noted®? that kemp fibres were generally
coarser than the parent population of mohair fibres and the possibility of using
the FFDA (or FDA) determined “coarse fibre diameter edge” as 2 measure of
kemp was investigated further. Preliminary results, presented at the IMA Con-
ference held in Cape Town, June, 198874, showed that this approach could
have potential and this was supported by the results of further work(854), This
approach was pursued and it was found that visible kemp {counted subjective-
fy} tended to be correfated {r = 0.85 ; n = 23} with the FDA percentage of fibres
coarser than about 2 x mean diameter. It emerged that the correlation could be
improved to well over 0.9 if kurtosis, skewness and diameter were used
together with the percentage coarse fibres (> 2 x diameter) in a multiple regres-
sion equation, the goodness of fit being illustrated in Fig. 387 The coarse
fibres and kurtosis contributed most by far to the percentage fit. Nevertheless,
for the same range of samples, the Medullameter results were even more high-
by correlated with the subjective level of kemp than the FFDA results. Further
work was required to explore the potential of both methods.

Hunter et 21953} concluded that the FDA, fibre diameter distribution, in-
cluding the coarse edge, and the Medultameter both provided a fairly good
estimate of visually assessed kemp levels.

In & recent study by Hunter et /1993 it was shown that kemp (ie visually
“objectionable” fibres) tended to be coarser than the population (Fig. 39), con-
firming earlier studies.

2000
]
16001
<
E” o
& 1200 .
=
g 200 -
8
g a
8,
£ [°
s I
¢ 400 200 1300 1800 2000

ACTUAL KEMP (FIBRES/GRAMME)

Fig. 38 Predicted vs Actual Kemp'®97),

103



250

T

150 N S

'oo- ................... LB R B et pam e e e e

[+ B, T L + ] I!I'll!l!llrLkhLl
0 20 a0 40 50 80 70 80 80 100
Parent Flbres jame Kamp Flbres
Mean: 32 (pm) D ter (um) Mean: 81 {(ym)

Fig. 39 Combined Mean Diameter Distribution1993),

11.7.4 Other Tests

Many years ago, a method claimed to facilitate the visual counting of
kemp in mohair was devised at SAWTRI®E, It involved a quick {10s at the boil)
stightly acid dyeing technique, in which even coarse mohair fibres dye well
whereas kemp and heterotype fibres take up little dye. The fibres are then
sorted under a magnification of 2.25 times'®®, Turpie and Steenkamp®?7) inves-
tigated the use of a cold water staining test ta facilitate subjective assessments
of kemp fibres in mohair, viewing the samples under filtered light. Hunter and
Dorflingt989 (unpublished report to the IMA, 1992) found, however, that dyeing
or staining did not appear to improve the very large inter-laboratory variability
in subjective kemp counting and concluded that the classification of a fibre as
kemp (ie as “objectionable”} was always highly subjective and varied greatly
from laboratory to laboratory.

Gee*93 used three passages of each of two 20g samples of mohair
through a Shirley Analyser to estimate the percentage kemp in the sample, the
percentage fibres in the reject can bein? used as a measure of the kemp content
of the samples. Roberts and Teasdale'®2® mentioned the application of image
analysis for the measurement of mohair diameter and the presence of kemp.
Image analysis has also been used elsewhere to measure medullation and
kemp in mahair®47-1060) while Bassett{732733) used the projection microscape to
estimate kemp. Hutchings and Ryder (quoted in Ref. {1963} described the use of
a Summagraphics Bit-pad One, in conjunction with a computer, for measuring
fibre diameter and medullation. Blakeman et 2/827) described a computer sup-
ported sonic digitizer technique for scanning mohair medullation, using the
projection microscope. They afso found medulia diameter to be approximately
linearly related to the fibre diameter.
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Boguslavsky et /(10741094 dayveloped a novel method of obtaining a mea-
sure of total medullation which involved immersing the mohair sample in a
liquid of the same refractive index as the mohair (eg benzy!l atcohol} and then
measuring the sample by NIR, after the necessary calibration and validation,
This method appeared to be more accurate than other methods.

11.8 International Kemp Round Trials

When Hunter et aft997:1053) rayvjewed the work done at the CSIR an the
measurement of kemp and meduflation in mohair, they also reported on the
first International Kemp Round Trials involving laborateries in different coun-
tries. They reported that substantial differences existed in the absolute values
of kemp as assessed subijectively by the different laboratories, the difference
being as high as a factor of 10 in the case of the kemp fibres per gram. The
results obtained by the various laboratories, however, were fairly highly corre-
lated, indicating that although the absolute counts often differed greatly, as
already mentioned, the various laboratories tended to rank the different sam-
ples in a similar order as far as kempiness was concerned. From their studies,
the authors concluded that an objective test method for kemp was an absolute
necessity. They noted a high correlation between the coarse fibre edge (as
measured by an FDA) and subjectively assessed kemp, as well as between the
degree of medullation {measured by means of a Medullameter) and subjective-
ly measured kemp.

From the results of the Second International Kemp Round Trials (Hunter et
ai1093) ynpublished report to the IMA) involving both dyed and undyed tops, it
was concluded that dyeing did not improve interlabaratory variability to any
significant extent, once again confirming the need for an objective test for
kempy type fibres (ie “objectionable” medullated fibres).

11.9 Ways of Reducing Kemp Levels and Appearance
11.9.1 General

Hirst and King!® tried ways of filling up the medulla air spaces with materi-
al of similar translucency as the mohair, but failed, although volatile liquids
such as alcohol and benzene penetrated quite easily.

Powell®13) investigated ways of dyeing which would result in kemp and
normal mohair fibres having an identical appearance after dyeing. Powel1(618)
concluded that the aerian vesticle portions in the medulla of medullated fibres
do in fact absorb dyestuff and that the “lighter {undyed) appearance of dyed
kemp fibres was due to the fact that the aerian vesticles reflact andfor absorb
light at a greater rate than the cuticle/cortex of a normal fibre because of the
high number of surfaces available. He concluded that if an agent could be
found to allow dye liquor or penetration of the cuticle/cortex and the aerian
vesticles, the colour character of the medullated fibres could be greatly en-
hanced(618),

Wyatt et af55% investigated methods for covering, converting or eliminat-
ing kemp fibres from mohair and waoaol fabrics. Flotation of kemp in a mass of
fibres, in a liquid of appropriate density, was not straight forward because the
wet fibres tended to cling tagether, preventing the lighter fibres from floating to
the surface of the liquid'®8¥. A fabric singeing process (Remaflam) for burning
off surface kemp fibres was suggested.
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Various workers from the Textile Research Center at Texas Tech. Univer-
sity investigated ways of chemically treating mohair fabrics so that the kemp
type fibres are less visible (618693)

Smuts et af®%® and Hunter et a/769, found that, within the fairly wide
ranges they covered (0.5 to 6%), the degree of medullation had a relatively
small effect on airflow measured fibre diameter and the airflow resuits could
therefore be considered reliable. Turpie’™® and Hunter and co-work-
ers788813.1053) discussed work done at SAWTRI on the importance, characteris-
tics and measurement of medullation and kemp in mohair. Smuts and
Hunter®9 reported on the levels of medullation in Cape mohair. They mea-
sured some 152 samples on the Meduliameter. Their work confirmed that the
level of medullation in Cape mohair was generaily very low. There was aiso a
poor relationship between the degree of medullation and fibre diameter.

11.9.2 Mechanical Removal of Kemp

Kruger and Albertyn127) reported that mohair fibres had a!most twice the
relative density {1.29) of the kemp fibres (0.61) and that suitable air currents,
directed at a disentangled mass of fibres, should separate the kemp from the
mohair. They found that kemp levels decreased from greasy mohair to top and
that most of the fibres mixed with the ejected burr at the card were kemp and
that strippings from the card clothing also contained a high percentage of
kemp29_ They found that the mohair fibre length was not altered much by
carding, with shorter kemp fibres being preferentially removed. They conclud-
ed that mohair rather than kemp, would break preferentially during carding.
The kemp fibre length in the card sliver was higher than that in the scoured
mohairl127), They further concluded 42 that selective kemp removal by the card
clothing took place mainly because of the greater centrifugal force acting on the
mohair fibres of higher density which move to the outer layers on the card
rollers, causing a relative migration of kemp towards the card clothing. In their
experiment they found that carding reduced kemp from 2.18 to 1.78% (by
mass), ie by about 20%. The selective kemp collecting power of the strippers
was higher than that of the workers, with the breast-to-swift angle-stripper also
showing a very high rate of kemp collection. They suggested that fettling
should be carried out after 9 to 11 hours running, in order to obtain effective
kemp removal. There appeared to be a linear relationship between ralier sur-
face speed and rate of kemp collecting. A migration of kemp in the direction of
the centre of the rollers took place during carding. The shorter kemp fibres were
removed by the rollers {(as fettlings). Kemp was removed through selective
collection by the card clothing on all rollers as well as through ejection together
with burr. Kruger2%® subsequently also found that the selective collection of
kemp fibres by the card clothing increased with increasing roller speeds. Open-
ing and then drying, after scouring, aids more effective carding!s7%,

Kruger and Albertyn!12? reported that kemp decreased from 4% (by num-
ber) in scoured BSFH and BSK mohair to 1% in the top, and from 5 to 3% for
CSH and BSH mohair. They gave a figure far the reduction in kemp during
processing.

*See aiso “MECHANICAL PROCESSING INTO YARN™.

106



As already pointed out, during the carding process the centrifugal forces
cause migration of the kemp fibres {(which are lighter and coarser than the
mohair fibres) towards the inside of the clothing of all fast-moving rollerst19¢
and the kemp can largely be removed by fettling. The fibres delivered from the
carding machine in the form of a sliver would consequently contain less kemnp.
At the working point, between the swift and the doffer, the material is turned
aver, so that the kemp fibres, which earlier had been on the inside of the web
now occupy the outside portion of the web on the doffer. Some of these kemp
fibres are only very loosely attached to the web, and if these are allowed to
drop off the doffer, a reduction in the percentage kemp of the resultant card
sliver is obtained.

Turpiet?®s described modifications to a small carding machine, originally
designed for carding very short fibres such as noil and wastes, to enable mo-
hair to be carded successfully in small lots. It was observed that, when process-
ing a very kempy mohair lot, the kemp fibres predominated on the ocutside layer
of the web on the doffer, being only loosely attached to the other fibres in the
web. Underneath the carding machine, immediately below the doffing point
between the swift and the doffer, an accumulation of fibres containing a high
percentage of kemp fibres was observed, the kemp content there being 38%
compared to 7% in the scoured maohair. Therefore, the contro! of loose fibre
droppings at the contact points between certain roliers can effect additional
removal of kemp during carding@.

The maost effective method of removing a fair proportion of kemp is con-
sidered to be the combing process*®8. In this connection it was noted that of
the two commonly used methods of combing available then, namely Noble
combing and rectilinear {French) combing, the former was superior in terms of
the selective removal of kemp{196671), The rectilinear comb removed fibres be-
iow a pre-determined length irrespective of whether the fibres were kemp or
mohair. The Noble comb, on the other hand, produced a noil in which the mean
fibre length of the kemp fibre was greater than that of the mohair fibres. in both
cases, quite a substantial amount of kemp was removed and discarded
together with the noil, so that the kemp content of the top was reduced appre-
ciably. In earlier times, two combings were used to remove as much kemp as
possible®, a recombing operation on a Lister Comb having been employed to
reduce kemp even further®®l, Kruger{143-158 gty died the Noble combing of mo-
hair and found that the smallest amount of kemp went forward into the top at a
dabbing depth of zbout 1.3cm to 1.4cm. Breakage of the mohair fibres was
higher than that of the kemp fibres which was nearly zero. The average length
of the kemp fibres in the noil was somewhat greater than that of the mohair
fibres in the noil143158) This was attributed to the restraint of the less pliant
kemp fibres by the dense pins in the smal! circles of the Noble combl43.158), The
kemp content of the top showed little dependence upon production rate, with
the ratios of kemp present in the top and noil also very similar, except at the
highest production rate, In which a relatively greater amount of kemp was still
left in the top. The kemp content of the top appeared to be independent of
comb temperature, whereas fibre breakage increased with a decrease in comb
temperature. Fibre breakage during Noble combing was less than 5% and
mainly confined to the mohair fibres {as opposed to kemp)(143.158),

In studies on the rectilinear combing of mohair, Kruger2%® showed that
the mahair fibres in the top were significantly longer than the kemp fibres left in
the top, while the lengths of the two types of fibres in the noil were about the
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Various workers from the Textile Research Center at Texas Tech. Univer-
sity investigated ways of chemically treating mohair fabrics so that the kemp
type fibres are less visible (618693)

Smuts et 2598 and Hunter et a/76%, found that, within the fairly wide
ranges they covered (0.5 to 6%), the degree of medullation had a relatively
small effect on airflow measured fibre diameter and the airflow resuits could
therefore be considered reliable. Turpie”3® and Hunter and co-work-
ers728.813.1053) discussed wark done at SAWTRI on the importance, characteris-
tics and measurement of medullation and kemp in mohair. Smuts and
Hunter'8% reporied on the levels of medullation in Cape mohair. They mea-
sured some 152 samples on the Medullameter. Their work confirmed that the
fevel of medullation in Cape mohair was generally very low. There was also a
poor relationship between the degree of medullation and fibre diameter.

11.9.2 Mechanicai Removal of Kemp

Kruger and Albertyn'2?) reported that mahair fibres had almost twice the
relative density (1.29) of the kemp fibres {0.61}) and that suitable air currents,
directed at a disentangled mass of fibres, should separate the kemp from the
mohair. They found that kemp levels decreased from greasy mohair to top and
that most of the fibres mixed with the ejected burr at the card were kemp and
that strippings from the card clothing also contained a high percentage of
kempf12?), They found that the mohair fibre length was not altered much by
‘carding, with shorter kemp fibres being preferentially removed. They conclud-
ed that mohair rather than kemp, would break preferentially during carding.
The kemp fibre length in the card sliver was higher than that in the scoured
mohair12?), They further concluded(*2 that selective kemp removal by the card
clothing took place mainly because of the greater centrifugal force acting on the
mobhair fibres of higher density which move to the outer layers on the card
rollers, causing a relative migration of kemp towards the card clothing. In their
experiment they found that carding reduced kemp from 2.18 to 1.78% {by
mass), ie by about 20%. The selective kemp collecting power of the strippers
was higher than that of the workers, with the breast-to-swift angle-stripper also
showing a very high rate of kemp coilection. They suggested that fettling
should be carried out after 9 to 11 hours running, in order to obtain effective
kemp removal. There appeared to be a linear relationship between roller sur-
face speed and rate of kemp collecting. A migration of kemp in the direction of
the centre of the rollers took place during carding. The shorter kemp fibres were
removed by the rollers (as fettlings). Kemp was removed through selective
collection by the card clothing on all rollers as well as through ejection together
with burr. Kruger2°® subsequently also found that the selective collection of
kemp fibres by the card clothing increased with increasing roller speeds. Open-
ing and then drying, after scouring, aids more effective carding®’%.

Kruger and Albertyn12? reparted that kemp decreased from 4% (by num-
ber} in scoured BSFH and BSK mohair to 1% in the top, and from 5 to 3% for
CSH and BSH mohair. They gave a figure for the reduction in kemp during
processing.

*See aiso “MECHANICAL PROCESSING INTO YARN".
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As already pointed out, during the carding process the centrifugal forces
cause migration of the kemp fibres {(which are lighter and coarser than the
mohair fibres) towards the inside of the clothing of all fast-moving rollers{196)
and the kemp can largely be removed by fettling. The fibres delivered from the
carding machine in the form of a sliver would conseauently contain less kemp.
At the working point, between the swift and the doffer, the material is turned
over, so that the kemp fibres, which eartier had been on the inside of the web
now occupy the outside portion of the web on the doffer. Some of these kemp
fibres are only very loosely attached to the web, and if these are allowed to
drop off the doffer, a reduction in the percentage kemp of the resultant card
sliver is obtained.

Turpiel2®® described modifications to a small carding machine, originally
designed for carding very short fibres such as noil and wastes, to enable mo-
hair to be carded successfully in small lots. It was observed that, when process-
ing a very kempy mohair lot, the kemp fibres predominated on the outside layer
of the web on the doffer, being only loosely attached to the other fibres in the
web. Underneath the carding machine, immediately below the doffing point
between the swift and the doffer, an accumulation of fibres containing a high
percentage of kemp fibres was observed, the kemp content there being 38%
compared to 7% in the scoured mchair. Therefore, the control of loose fibre
droppings at the contact points between certain rollers can effect additional
removal of kemp during carding20,

The most effective method of removing a fair proportion of kemp is con-
sidered to be the combing processi%), In this connection it was noted that of
the two commaonly used methods of combing availabie then, namely Noble
combing and rectilinear (French) combing, the former was superior in terms of
the selective removal of kemp!198671) The rectilinear comb removed fibres be-
iow a pre-determined length irrespective of whether the fibres were kemp or
mohatr. The Noble comb, on the other hand, produced a noil in which the mean
fibre length of the kemp fibre was greater than that of the mohair fibres. In both
cases, quite a substantial amount of kemp was removed and discarded
together with the noil, so that the kemp content of the top was reduced appre-
ciably. In earlier times, two combings were used to remove as much kemp as
possible®, a recombing operation on a Lister Comb having been employed to
reduce kemp even further®0®, Kruger{143.156) sti;died the Noble combing of mo-
hair and found that the smallest amount of kemp went farward into the top at a
dabbing depth of about 1.3cm to 1.4cm. Breakage of the mohair fibres was
higher than that of the kemp fibres which was nearly zero. The average length
of the kemp fibres in the noil was somewhat greater than that of the mohair
fibres in the noil143.158) This was attributed to the restraint of the less pliant
kemp fibres by the dense pins in the small circles of the Nable comb(143.156), The
kemp content of the top showed iittle dependence upon production rate, with
the ratios of kemp present in the top and noil also very similar, except at the
highest production rate, in which a refatively greater amount of kemp was still
left in the top. The kemp content of the top appeared to be independent of
comb temperature, whereas fibre breakage increased with a decrease in comb
temperature. Fibre breakage during Noble combing was less than 5% and
mainly confined to the mohair fibres {as opposed to kemp)43.156)

In studies on the rectilinear combing of mohair, Kruger2%8 showed that
the mohair fibres in the top were significantly longer than the kemnp fibres left in
the top, while the lengths of the two types of fibres in the noil were about the
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same. The kemp contents of the different components were not significantly
affected by different comb settings, although there was & tendency to remaove
moare kemp at larger gauge settings. The percentage kemp in the noil was much
lower for rectilinear combing than for Noble combing®@%}, with the Naoble
combed top containing less kemp than the rectilinear combed top@%), It was
reported(143.156 that Noble Combing reduced the kemp content from about 2.3%
in the gilled mohair sliver to about 1% in the top, the short kemp fibres being
mainly removed as noil. It was concluded that selective removal of kemp was
possible, using the techniques of centrifugal force and of Noble combing, but
that a more detailed study was necessary to be able to improve the efficiency of
the process leading towards the ultimate goal of a kemp-free top'1%®,

Townend er /21 raviewed published work on the mechanical removal of
kemp, including combing, modified gill box {stretch breaking} and carding.
They also investigated the use of the card to separate coarse and fine Llama
fibres.

Spencer® stated that a kemp count maximum of 0.3% should be aimed
for in mohair tops, although in certain shades even this low figure was still not
acceptable. Kruger®3® reviewed methods of separating fibres of different diam-
eter (eg kemp and mohair). Selective collection of the thicker kemp fibres takes
place in the small circie of the Noble comb{233, with changes in pin density and
temperature improving the collection of kemp. Turpie'25® investigated the re-
duction in kemp in a wool top by Noble combing, finding that wide settings of
the drawing off rollers together with the use of lower pin densities on the large
circle were to be recommended.

Van Zyl and Kruger?1¥ investigated the removal of kemp fibres, mechani-
cally weakened by passing them through pressurised fluted rollers. Although
fibres were broken and/or weakened by passing them through the prescribed
fluted roliers, there were no differences between the weakening or breaking of
the mohair and kemp fibres, hence the technique appeared to have little poten-
tial for preferentially weakening and/or breaking the kemp fibres.

Srivastava'®”¥ and Onions et a/®®! proposed a stretch-breaking process
on a modified gill-box {fallers removed) of gilled mohair sliver to preferentially
break kemp and thereby facilitate its removal during subsequent combing. The
stretc&%reaking process enabled the kemp in the top to be reduced from 3.4 to
2.2% .

Brief reference has been made!®9 to a machine (“dekemper’) which can
remove kemp from mohair, reducing kemp levels from 4% or more to less than
1% with a capacity of 50 tons per year. it has also been reported®29 that a
dekemping machine was developed by the Wool Besearch Organisation of
New Zealand {(WRONZ), this being funded by way of a 1% fibre levy.

McGregor'®¥ reported that scouring and topmaking reduced kemp levels
and hel?® jllustrated the effect of goat age {very small} and scouring and top-
making on kemp levels.

Lupton et a/®®2 investigated the effects of standard scouring and worsted
procedures on kemp content and found a poor correlation (r? = 0.2) between
the kemp and medullated levels measured in the scoured mohair and those
measured in the top. The average medullation level in the 29 lots of mohair
investigated was 1.53% while that in the top was 1.35%, the cerresponding
levels of kemp were 0.54 and 0.35%, respectively.
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CHAPTER 12

FIBRE CHEMICAL, MORPHOLOGICAL AND RELATED STRUCTURE
AND PROPERTIES

12.1 General

The reader is referred {0 recent excellent reviews of this subject by
Zahn'9941954) and Spei and Holzem(1%48), Zahn et a/5%2 earlier reviewed the
structure (biclogical composite} of wool, with reference also to mohair,

All animal fibres, except silk, contain the same chemical substance, a pro-
tein called keratin®®?), Keratin can be regarded as a long fibrous composite,
comprising crystatline, relatively water impenetrable microfibrils {lying parallel
to the fibre axis) embedded in an amorphous, water penetrable matrix®3D,
Wool and mohair fall into the class of protein materials known as keratins,
characterised by their long filament-like molecules and insolubility in dilute
acids and alkalis. They generally have high sulphur contents relative to other
proteins®®, All mammalian keratin fibres contain three main protein frac-
tions®39), termed low-sulphur, high-sulphur and high tyrasine proteins, with
the low-sulphur proteins generally representing the largest proportion. All ani-
mal fibres contain approximately 3 to 4% sulphur, largely as cystine. The mo-
hair fibre generally consists of a cortex {cortica! cells), the solid and main part
{bulk} of the fibre, which is predominantly ortha-cortex (cortical cells), and epi-
dermis {cuticle cells) of numerous overlapping scales (arranged somewhat like
the tites on a roof) each having its free end (or edge) directed towards the fibre
tipB8 Sometimes there is also a medulla present which is a central core (or

woiATR {ADLT)

CAPHA HIDCUS AECACHUS
FIE Flzag

Fig. 40 Structure of a Mohair (Adult) Fibre!840.858)
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canal) which is either continuous or fragmented (broken) and which consist of
cell residues. The cuticle scales form a protective covering for the cortex and
consist of three layers (epicuticle, exocuticle and endocuticle see Fig. 40}. Each
cuticle scale is enveloped by a thin semi-permeablet30740 membrane called
the epicuticle (which comprises protein and lipid). Smith(840858) jjjustrated the
structure of a mohair fibre (Fig. 40).

Chemically, mohair is very similar to wool but because it is predominantly
ortho-cartex, which is chemically less resistant than the para-cortexi*d, it is
generally more sensitive to various chemicals than woo! and more attention
should therefore be given to the chemicals and conditions used during scour-
ing, dyeing, carbonizing and finishing®* 202, Ward et a/*¥ produced the follow-
ing table {Table 67) for the chemical composition of mohair and other fibres.

Tucker et aft¥921904) roviewed the chemistry of speciality animal fibres,
stating that the fine speciality animal fibres, such as mohair, consist mainly of
protein, water and internal and external lipids, and comprises long spindle-
shaped cortical cells surrounded by a flattened sheath of cuticle cells held

TABLE 67149
COMPARATIVE ANALYSES OF WOOL, MOHAIR AND FEATHERS

Wocl Wool Wool Weol Wool Mohair Feather Feather
{This {Graham (Lindlev  (Simmends (Speakman {This (This {Graham
Researchi™ etal {163 (211D f3on f321h Research)  Research) etal {167

Grams from 100 g of Dry Keralin
Constituent

Total nitrogen 16.82 16.2 169 16.62 (17.23)t 17.02 16.2 150
Ammonma (anlde}
nitrogen 110 1.42 1.37 1.23 1.09
Amino aitrogen 0.33 9.33)% 0.35 0.25
Sulfur 3.70 376 J.68 (3.65)% 3.9 270
Amine acid
Alanine 3.85 3.4 3.7 4.4 1.26 545
Arginine 215 10.6 10.3 1049 10.4 594 6.88 735
Aspartic acid 6.40 i2 6.6% 7.3 7.32 5.82 7.0
Cystine .o 137 1.6 1130 13.3 6.8§ 8.2
Glutamic acid 13.t 156 1498 16.0 142 9.02 9.7
Glycine 5.30 5.16 6.5 477 7.2
Histidine 0.96 1.1 050 0.7 0.90 0.33 0.4
Hydroxylysine 0.2
Isoleucine 3.80 4.5 " 307 16 3.90 5.3 6.0
Leucine .72 1.1 10, 7.63 | 314 T4 3.0
Lysine 3.08 33 282 33 3.07 1.00 1.3
Mechioaine 0.54 0.6 0.69 0.7 .52 0.38 0.5
Phenylalanine 3.40 10 38 343 1.0 3.66 4.65 5.2
Proline 6.28 81 53 7.28 1.2 5.64 109 88
Serine 7.16 . 0.04 9.5 6.05 14
Threonine 6.55 67 1.7 6.55 5.6 562 18 4.4
Tryptophan 110 18
Tyrosine 4.00 5.6 57 6.38 6.1 .39 2.00 22
Valine 5.90 57 51 1.96 35 6.12 83 83
Percentage Acconnted for
Recoveries
Totai weight B4.1 423 62.6 LERT] %8.4 73.3 M7 67
Total nitrogen BT.8 4.1 62.6 98.54 182 91 67
Amine nitrogen a9 92 38
Suifur 825 824 8BGO 69

* Average values are given for the contracy (WC} wools cited in Table [IL

4 Calculated from results given. The value for serine plus threonine assumes equal weights of each, with allowance for
0.2% of hydroxylvsne.

T The highest values are used for comparison. The total nitrogen, amino nitrogen, and sulfur gives at the head of this
column are those computed from the amino 2cid and ammonia nitrogen conteats.

| The alarine and cysting conlents reported here Jor feathers are from weighted averages of analyses of feather fractions,

# One of the two unidentified substances found by Simmonds is allowed for in computing recavery of total weight and
nitrogen.
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together by the Cell Membrane Complex {CMC), referred to as the interceliular
region, also referred to as intercellular cement, surrounding individual cortical
cells)t034) which is composed of lipids, nonkeratinous proteins and resistant
membranes”49), Cuticle cells are separated from the underlying cortical cells by
the CMC(93), Tggether with proteins, the cell membrane lipids lie internal
lipids) are the main components of the cell membrane complex {CMC)846992),
the latter forming a net-work throughout the whole fibre, thus contributing to
celi cohesion (it surrounds the cuticle and cortical cells and holds them
together}2963), The cell membrane complex, has a dramatic influence on fibre
and fabric properties {Leeder?8? quoted 92, Tucker et a/%%2 has reviewed
work done on the composition of internal lipids.

Spei and Holzem94® reviewed the characterisation of fibre keratins, in-
cluding mohair, by X-ray, microscope and thermo-analysis and presented the
following summary:

“The three main morphological components of fibres, such as mohair, are
the cuticle, cortex and membrane complex, with each consisting of further sub-
components®%48). The cortex consists of individual cortex cefls, which are in
turn built up from macrofibrils (+ intermacrofibrillar matrix {cement), microfi-
brils, protofibrils and a-helices(1948),

The microfibril matrix complex largely determines the mechanical proper-
ties of fibre keratins and also contributes towards determining other physical
properties. The microfibril matrix complex cansists of partly helical, low-sul-
phur microfibrils embedded in a non-helical sulphur-rich matrix. It has recently
become possible to determine the helix content of elongated and heat da-
maged fibre keratin samples rapidly and accurately by thermo-analysis (DSC).
X-ray small-angle studies on chemically modified, extended fibre keratins have
shown that at least two ordered regions exist along the fibre axis, and that the
matrix, which was previously regarded as amorphous, must have a certain
structure. The axial 198 A reflex [1st order interference), already predicted in
1943, was demanstrated unambiguously in the X-ray small-angle diagrams of
some solvent-treated and chemically modified mohair(1048),

Many physical properties of wool and hair are determined by the compos-
ite structure of the microfibril-matrix complex which nermally consists of low-
sul;(:nhur helical microfibrils embedded in a high-sulphur®>® nonhelical ma-
trix{721)",

Zahn'934.1059 raviewed the structure of mahair, stating that the strength
and resistance to wear of mohair are considered to be a conseguence of the
reqular cartical layer built up from spindle-shaped cells®4, The cortex of mo-
hair comprises of microfibrils which are up to 0.2um wide, the macrofibrils
consisting of bundles of microfibrils which are in hexagenal packing. The mi-
crofibrils or keratin intermediate filaments (KIF) represent about 60 to 70% of
the fibre mass. The sub-bundles of the KIF are 8 keratins of 40 to 70 kilodaltons.
Each has a central alpha-helical rod domain of 311-314 amino-acids. The funda-
mental building blocks of the KIF are four-chained coiled-coil units consisting of
a pair of two-chain coiled-coil molecules. Eight keratins constitute the KiF in
cortical cells of both mohair and merino wool fibrest®® s illustrated by
Wortmann®®23® (quoted by Zahn#41954) by gel-electro-phoretical separation of
S-carboxymethylated keratins isolated from mohair fibres.

Zahn{?941054) syummarised the work done to date on mohair chemical struc-

ture as follows:
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1
2)
3
4)

5)
6)

7}
8)

The resistance to wear of mohair is related to the regular structure of the
macrofibrils in the cortex.
Eight keratins constitute the Keratin Intermediate Filaments (KIF} in cortical
cells not only of Merino wool but also of mohair.
Mohair has the highest helix content as found by differential scanning calori-
metry {DSC).
Lysine residues in the KIF of mchair have an axial periodicity of 39 A in
agreement with our present knowledge of the position of lysine in keratins.
X-ray studies on mohair gave early evidence for microfibrillar swelling.
The presence of a structural regularity at 198 A has been identified by X-ray
work on mohair.
Stretching mohair fibres under specified conditions revealed the phenom-
enon of bimoda!l elongation of filaments.
By combination of these data, a structural mode! for wool and mohair is
proposed: In engineering terms the ““fibre/matrix” composite is provided
mainly by the KIF. The 50% non-helical sections are the main components of
the “matrix"”.

Various other articles(@21.419.639) 410 deal with topics related to those cov-

ered in this chapter, Miré and Erra®21, for example, relating the action of
sodium hydroxide on wool and mohair to their morphological structures.

12.2 Nature of Mohair Cartex

Between the epidermis and the medulla of the mohair fibre lies the bulk of

the fibre known as the cortex, which is built up from spind!e-shaped cells179
(quoted in Ref.1994),

Hearle and Peters'1%8 reproduced the following schematic representa-

tions? (Fig. 41) of the relationships between the morphological structure of
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Fig. 41 Schematic Representation of the Relationships between the Morphological
Structure of the Cortical Cells and those of the Cuticle!®”).
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cortical cells and those of the cuticle. Cortical cells of wool are approximately
110pm long and 5.5um wide!1939), Satlow et a/!'28 reparting a value of 8 to 9um
for the width of the cortical cells of mohair. The cortica!l layer is built up of the
spindle-like cells {filaments)}, clearly visible as strong striations throughout the
length of the fibre33202} |n some instances there exists between the cortical
cells, air-filled cigar-shaped pockets or vacuoles (streaks or cavities)38111 of
various lengths®8292, which appear as black “spots” in the fibre when viewed
microscopically, and are similar in dimensions to the cortical cellsB%), The
percentage of hairs containing such vacuoles varies within wide limits202),
Perkin and Appleyard1? also reported on natural occurring abnormalities in
mohair, such as streaks or vacuoles which appear black when the fibre is exam-
ined microscopically. Such vacuoles are more common in mohair than in wool.
When cross-sections of mohair fibres are mounted in O-chlorophenol, each
such mark is clearly seen as a black area within a cortical cell, they occur in
processed as well as unprocessed fibre and are therefore not caused by any
mechanical action.

The cortical cells of keratin fibres, such as mohair, consist of filaments
{aligned) of relatively low cystine {sulphur} content and high a- helix content
{low-sulphur proteins){17247), surrounded by a non-fitamentous matrix contain-
ing two protein types, one cystine rich (high-sulphur proteins) and the other
rich in glycine and tyrosine (high-tyrosine proteins)®?® and Ref*% (as quoted
in©®%2}), There are important differences in composition between keratin fibres
which are mainly caused by differences in the amount and type of constituent
high sulphur proteins(12Y, which could hold the key to the differences in physi-
cal properties of keratins(t69,

Although the constituent proteins of merino wool and mohair appear to
contain some remarkable similarities, the overall chemical, physical and mor-
phological properties of these fibre types differ in many respects. There also
appears to be evidence that there are differences between Kid mohair and Adult
mohairl153,

Broadly speaking, two types of cortical cells generally occur, namely para
and ortho, which differ somewhat in chemical and physical properties.

Mohair (particularly Kid), is predominantly ortho-cortex, but also contains
para-cortex, the types of cortical cells in mohair having been investigated by
various wo rkers(40.41,43.48.49,50.61,62.57.80,85.90,98.103. 123,124,174, 182,199,201.272 320,368,863,
899.1028) The gystine (sulphur) content of the para-cortex is about twice that of
the ortho-cortex®®, with the latter less stable than the formert38),

Dusenbury and Menkart*? found that Xid mohair dyed to deeper shades
than wool and had higher solubility in alkali after acid treatment suggesting
that mohair was composed mainly, if not entirely, of artho-cortical cells. Ward
and Bartulovich®® and others®® found evidence of the presence of both ortho-
and para-cortical cells in mohair, these being uniformly distributed in the fibre.
Ward and Bartulovich#® described a method whereby the twa different types
of cortical (spindle} cells can be separated by a density gradient method, with
the lighter of the two fractions predominating in Adult mohair. The mohair had
about 3.2% sulphur, with the lighter cortical fraction having about 3.8% and the
heavier about 4.3% sulphur.

Fraser and Macrae®?, using methylene blue dyeing to differentiate the
cells, found that mohair consists of both ortho- and para-cells {radially differen-
tiated ortho- para-distributions, randomly intermixed in the case of adult mo-
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hair) supporting the findings of Ward and Bartulovich¥¥ of two types of cortical
cells. In one case it was concluded that, in the case of adult mohair ortho- and
para-cartical cells were randomly intermixed™®, whereas elsewhere it was con-
cluded that in adult mohair the para-cortex appears to encircle the ortho-cor-
tex!!78, The appearance of a mohair fibre, broken by twisting3? (Fig. 42) indi-
cated that the fibre consisted of twao different types of cortical material, the one
being situated in the fibre centre and the other enveloping it like a sheath(@37),
Menkart and Coels! suggested that the cuticle was responsible for the deeply
stained ring obtained within methylene blue. Kassenbeck!8?), concluded that
mohair consists of ortho-cells and also heterotype of cortical cells, with the
structure being radial. Tucker et 2/%%9) confirmed that mohair did not have a
bilateral structure, with the ortho- and para-components having a random dis-
tribution,

Fig. 42 Scanning Electron Photomicrograph of Mohair Fractured by Twistingmn_
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Thorsen®? investigated the cortical components and other aspects of
wool and mohair. He found that mohair bound very little nickel, possibly due to
its low tyrosine content (2%), with the ortho-cortex more reactive to many
reagents®®). Mahair had a lower nickel uptake and a higher solubility in mo-
nothioglycol-urea than wool of similar diameter. Staining tests indicated that
the adult mohair had more ortho-cortex than would be expected for a wool of
similar fibre diameter,

Dusenbury® used urea bisulphite solubility to characterise the cortical
structures of mohair and other keratin fibres. Their values (Table 68) supported
earlier findings by Dusenbury and Menkart®!, Menkart and Coe's? and
Dusenbhury and Jeffries!*? that Kid mohair was chiefly ortho-cortex.
Dusenbury® observed cystine values for Kid mohair about 1% higher than
that reported by him previously®#241) and stated that this together with the urea-
bisulphite data were not inconsistent with views expressed in the literature#261)
that some para-cortical material exists in mohair.

TABLE 68839
EFFECTS OF TIME OF STORAGE ON UREA-BISULPHITE SOLUBILITIES OF
VARIOUS KERATIN FIBRES

Urea-Bisulphite Solubility
(%) after
Fibre Type
O hr 8 hr
Human Hair 10-0 9-4
WC-4 Wool 44-7 40-5
I1WS Wool B 572 53-6
Kid Mohair 74-6 752
Pooled 95%
Confidence + 2:0, + 2-2,
Limit

Brown and Onions'®¥ (also quoted by Gupta and George**”} concluded
that the small changes in the crimp {curvature) of adult mohair fibres with
moisture content were consistent with the structure of its cortex in which a
periphery of para-cortical cells surrounded an intimate mixture of ortho- and
para-cells.

Perkin and Appleyard8 used fluorescent stains to differentiate ortho-
from para-cells in mohair and other animai fibres. Miré and Erra?® and Kondo
et al'?72 also investigated the chemical and morphological properties and struc-
ture of wool and mohair.

Dobb®17 and Dobb and Sikorski®?V) undertook electron microscopy and
diffraction (low angle) studies, and suggested a system of cell classification
based upon structural parameters rather than morphological features.
Dobb 217 found two distinct types of diffraction patterns from different cells in
mohair, these revealing differences in micro-fibrillar distribution, very similar to
those recorded in merino wool. Bragg spacing for mohair indicated the pres-
ence of both ortho- and para-type celis@).
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Miro and Garcia-Dominguez®29 investigated the action of ammonium and
sodium hydroxide on mohair and other keratin fibres in relation to their mor-
phological structure, the results being consistent with merino wool consisting
of both ortho- and para-structures and mohair consisting predominantly of an
ortho-structure. In mohair, sodium hydroxide as well as ammonium hydroxide
acted preferentially on the proteins isolated as «-keratose(320),

Kulkarni®®®® reported on a comparative study by electron microscope ex-
amination, of the morphological structures of three different keratin fibres viz
merino wool, Kid mohair and human hair, He concluded that the morphological
structures of the artho-segments of wool and Kid mohair were different, that of
Kid maohair showing prominent occlusions of the intermacrofibrillar material
and the nuclear remnants which were essentially absent in the ortho-cortex of
wool but were present in the para-cortex of wool and human hair'368),

12.3 Crystallinity

Mohair is reportedly1969 more crystalline than wool. Burley et a7 ysed
the hydrogen-deuterium exchange reaction to determine the crystalline/amor-
phous ratio of keratin fibres such as mohair. They presented the following
table?) (Table 69), illustrating the fractions of mohair and wool fibres which
were accessible to deuterium oxide {heavy water} and also the crystalline/a-
morphous ratios of the different fibres. Using relative density measurements,
Fraser and Macrae® found that the relative non-crystalline content of Kid
mohair was 86 compared to 81 for merino wool {cow’s horn taken as 100).

Nicholls2? estimated that the fraction accessible to water was 0.60% for
mohair, 0.683% for merino wool and 0.70% for Lincoln. Nicholls and
Speakman®® presented the foilowing two tables (Tables 70 and 71} for the

TABLE 69(67

Keratin Fraction Crystalting/Amorphous
Accessible Ratio
Lincoln wool 0-875 0145
Romney wool 0-84; (-188
Merino wool 0-834 0-196
Mcohair 0-824 0214

*To Deuterium oxide.

TABLE 7008

Relative Water Adsorbed (9, on Dry Weight) by

Humidity
(%) Lincoeln Romney Merino Mobhair Methylated

Wool Wool Wool Lincoln Wool
%6 391 3-81 368 365 3-65

254 712 695 692 6-80 624
34 9-69 9-62 9-58 9-35 836
53-8 12-68 12-37 12-34 12-00 11-20
&§9-0 16-26 15-62 15-50 15-15 14-42
84-7 21-33 2070 20-63 2026 19-33
98-0 315 306 310 29-3 310
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TABLE 71448

Fraction | Crystallinef

Adsorbent M Accessible | Amorphous
(R/AD Ratio
Lincoln wool 175 0-70 0-43
Romney wool 19 0-64 0-36
Merino wool 194 0-63 0-59
Mohair ... . 203 0-60 0-67
Methylated Lincoln wool...; 154 0-63 0-59

moisture ahsorption of mahair and woo! and for M (the molecular weight of the
unit capable of one mole of water), R/M (the fraction accessible to water mole-
cules) and the crystalline/amorphous ratios, crystalline being the ordered ma-
terial and the amorphous, the disordered material®®. Of the fibres examined,
mohair was the most crystalline. In contrast to the widely held views that mo-
hair was more accessible to aqueous reagents than wool, Speakman and co-
workers found that the fractions accessible to the saturated vapours of water
and deuterium oxide®” were actually less in mohair than in either merino or
Lincoln wool.

The sarption stoichiometry methad gives crystalline fraction values anly
about half those given by the sorption isotherm method as illustrated in the
following Table 7263} but agrees well with those obtained by the deuterium
exchange {degree of accessibility) method. A question mark was placed an the
interpretation of the deuterium exchange process. The microfibrils are regard-
ed as the crystalline components ofa-keratins.Contrary to earlier beliefs, water
does penetrate the crystalline regions, indicating that the sorption and ex-
change methods underestimate the crystallinity52,

TABLE 72052
ESTIMATES OF THE FRACTION OF CRYSTALLINE MATERIAL(fc)

IN KERATINS
Crystalline
Material fraction Method Authors
Oxford Down wool 0.44 Sorption isotherm Hailwood &
Horrobin [15]
Romney wool 0.36 Sorption isotherm Nicholls &
Speakman [25]
0.16 Deuterizm exchange Burley, Nicholls &
Speakman {7]
Lincoln weol 0.30 Sorption isotherm [25]
0.13 Deuterium exchange 71
Merino wool 0.48 Sorption isotherm [157
0.37 Sorpticn isotherm [25]
0.16 Deuterium exchange [71
0.15 Sorption stoichiometry Valentine [33]
Wool {to 0.18
Hair 0.43 Sorption isotherm fts53
Mohair 0.40 Sorption isotherm [25]
0.I18 Deuterium exchange [7]
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Fraser and Macrae® gave the following values (Tables 73 and 74) for the
specific gravity (relative density) of different keratins.

TABLE 7362
THE DENSITIES OF CERTAIN NATIVE KERATINS MEASURED BY THE
FLOTATION METHOD IN MIXTURES OF o-DICHLOROBENZENE WITH
CHLORO BENZENE OR BROMOBENZENE

Suspen- Ava,
sion Mean volume

Density temper. residue per
at 25° C. ature, weight, residue,

Material gem.? °C, M Al
African porcupine quill (tip) 1.320 30 110* 138
African percupine quill (cortex) 1.304 40 - —_
Echidna quill (tip} 1.335 29 110* 137
Feather rachis {goose) 1.269 46 101%* 132
Homm (cow) 1.283 36 — —_
Horn (ram} 1.287 31 _— —
Hoof (cow) 1.288 47 —_ —
Human hair (infant} 1.317 32 1093 137
Mohair (Turkish, kid) 1,297 40 109t 110
Lincoln wool 1.299 37 —_ —
Corriedale 56's wool 1.302 40 109 139
Merino 64's wool 1.302 41 112 143

® Assumed.

** Turkey feather rachia.
1 Texas kid mohair.

1 Adult hair.
TABLE 7462
PREVIOUS VALUES
Density
at 25° C. Refer-
Material gcm.™? Saolvent Method ence
Australian 80's wool 1.299 Benzene Displacement  [7]
Lincoln 32-36's woo! 1.290 Benzene Displacement [7]
Wool, 60°s top 1.300 Benzene Displacement [7]
Wool, 60°s top 1.302 Toluene Displacement [7]
Wool, 60's top 1,305 CCh Displacement 7]
Merino 60's wool 1,309 Benzene Displacement [16]
Corriedale wool 1.307 Benzene Displacement [16]
Mohair 1.304 Benzene Displacement [16]
Wool (fabric) 1.317 Xylene/ Gradient [17]
CCls column
Wool (unspecified) 130 Xylene/ Gradient [12]
CClL column
Porcupine quill 1.32 —_ — [11]
Keratins 1.29-1.305 - —_— o3

118



According to studies by Speakman et af!l) on the variation of the density
of woal and mohair with temperature, the coefficient of thermal expansion of
keratins, such as mohair, is about 0.00016°C'1%52). Based upaon the assumption
that the density {dc) of the crystalline fraction is 1.39, Fraser and Macrae?
arrived at the following values (Table 75) for the relative non-crystalline content
of mohair and other keratins).

TABLE 7562
THE RELATIVE CONTENTS OF NON-CRYSTALLINE MATERIAL IN CERTAIN
a-KERATINS ASSUMING dc = 1.39

Relative

NONCTyS-

Deusity, tailine

Marerial g.cm.™? content
Echidna quill tip 1.335 50
Porcupine quill tip 1.320 61
Human hair {infant) 1.317 67
Merino wool 1.302 8t
Mohair {(kid) 1.3297 86
Hoof {cow) 1.288 93
Horn (cow) 1.283 100

12.4 Small {Low) Angle X-Ray and Related Studies of Mohair*

Spei and Holzem%8 have recently provided an authoritative review of this
subject and Zahni®®*195% a|so covered it in his review of mohair keratin
research. Various researchers, particularly Spei and co-work-
eI'S(185'224’257'274’282'297’298'333’340'362'363'379'380'399'501'659) have undertaken exten-
sive small angle X-ray diffraction studies of the structure of chemically treated
and extended ao-keratins, such as mohair.

Heideman and Haiboth{24® {quoted by Zahn!®41954 repgrted on the fibril-
lar swelling of a-keratin {mohair}) in different solvents, by using X-ray tech-
niques. !n short-chain n-alkanols and dimethylformamide the 9.2 A reflection
increased by more than twice that in water, this being related to a weakening of
the hydrophabic effects. The lateral spacings of the protafilaments {protofibrils)
and micro-fibrils increased in water-swollen mohair to the same extent, (17%]},
protofilament swelling was excluded, only microfibrillar swelling occurring. Ac-
cording to Zahn(®941954) these results may be interpreted by the fact that water
pensatrates the KIF and is located on the surface and between the protofilament
as the tetrameric structural units which results in the swelling of the KIF. The
microfibrils (KIF} are only 50% crystalline and contain 50% nonhelical regions,
the latter being part of the “‘matrix” in the two-phase model. The two-phase
model regards the structure as consisting of microfibrils containing the organ-
ised alpha-helical structure, which is labile and weakened in water, according to
Feughelmann®5%% (quoted by Zahn(®%4195%} The rest of the structure includes
the 50% nonhelical regions in the microfibrils (KIF}600),

*Studies on thermally treated keratins are covered in the following section.
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Heideman and Halboth(79 studied the distribution of amino-acid residues
within the micro-fibril by X-ray diffraction patterns. Lysine residues appeared to
have an axial periodicity of 39 &, and to be distributed on the periphery of the
protofilaments. They®?*¥ subsequently reported on the fibrillar swelling of a-
keratin {mohair) in different solvents, as assessed by X-ray techniques. They
attempted to explain the differences in swelling in the different solvents, the
non-linear increase of swellling in different water-propanol mixtures being as-
cribed to the leakage of hydrophobic bonding between non-polar side chains of
the keratini2*), The lateral spacing of the photofibrils and microfibrils also in-
creased (17%) in water swollen mohair.

A meridional reflection at about 200 & was identified by Spei?74297.228) ¢
co-workers'18% in the X-ray patterns of some solvent treated and chemically
modified mohair. After extension of mohair fibres in 2,2,2-trifluoro-ethanol,
some meridional spacings were considerably increased2%6297)_On the basis of
X-ray studies, Spei et a/189 gbserved a structural regularity {periodicity) at 198

in treated mohair, although only the 66 A reflection was considered a true
meridional reflection. Fraser and Macrae(2%9319 (quoted by Zahn{9941054)) how-
ever, found a fibre axis repeat of 470 A, the «-keratin structure having a helical
symmetry in which the repeating keratin subunits are arranged at intervals of
470 A on a helical pitch of 220 A, with the 198 A reflection the axial projection of
the lattice vector (see also Ref.509), _

On the basis of earlier studies!833.224,225.208,333,364,515,644,650) |ow angle X-ray
diffraction of chemically modified and extended o-keratins, Spel®39 con-
cluded that, not all low-angle meridional reflections can be regarded as higher
orders of a 198 A periodicity and that along the fibre axis at least two ordered
regions existed. He explained the results on the basis of two helical compo-
nents and one non-helical component, with the microfibrils made up mostly of
the less stable helical component and less of the non-helical component. The
matrix on the other hand consisted of the non-helical component and the more
stable helical component. The 66 A reflection was interpretec(224297.333) 1g be 3
periodicity of the less stable hefical components of the microfibrils and the 28 A
reflection a periodicity of the mare stable helical component in the matrix (ie a
matrix repeat). The 25 & reflection {8 order) was regarded as a periodicity of the
non-helical component of the matrix2°®. Spei389 concluded that his investiga-
tions supported the idea of an ordered matrix in a-keratin.

Spei and Zahn*%9 undertook X-ray small-angle studies on fibre keratins
with varying matrix content, including mohair, after they had been swollen in
water. They found that, human hair with the most matrix shawed the least
swelling which was in contrast to the hypothesis that the matrix was mainly
involved in swelling.

Assuming an intermicrofibrillar distance of 74.5 A, Spei and Zahn490
showed that mohair contains about 42% by volume of matrix, porcupine quills
37% and human hair 54%. In order to g)ain further information about the micro-
fibril-matrix composite, Spei et a**%) undertook X-ray studies of thermally
treated keratins {mohair, porcupine quill, horse tail hair and human hair),

Zahn et a/592 concluded that their X-ray investigations had shown posi-
tively that the intermicrofibrillar matrix displayed a considerable degree of or-
der, two meridonal reflections at 28 A and 25 A being indexed as matrix re-
peats. In water, the X-ray swelling of the matrix rich human hair was much
lower than that of the matrix poorer mehair fibres and porcupine quill samples.
The opposite swelling behaviour should have been observed if the hypothesis
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of preferential matrix swelling was correct®®2, An alternative explanation for
this inverse correlation between swelling and matrix content had been of-
fered(498),

Spei®5 undertook further low-angle X-ray diffraction studies of the micro-
fibril-matrix-complex of e-keratins, eg mohair, human hair and porcupine quili,
having different propartions of matrix. He found that fluorinated alcohols, tri-
fluorcethanol and hexafluorcisopropanol, react equally well with matrix pro-
teins as with micro-fibrillar proteins(56s),

Spei® used low-angle X-ray analysis of the water swelling of mohair and
porcupine quills. Using X-ray investigations of various swolleno-keratins (eg
mohair and wool) Spei®19721) showed there was not only a matrix swelling but
also a considerable microfibrillar swelling.

Work by Spei and co-workers224225298364515632.644650) inyglving studies
of the influence of detergents on the low-angle X-ray diffraction patterns of «-
keratins {mohair} confirmed the presence of two ordered regions along the
fibre axis, the 28 A meridional reflection being indexed as a matrix repeat and the
39 A as a microfibrillar repeat. The deposition of anionic detergents (n-alkyisul-
phates) occurred in two stages: First the matrix was penetrated and then, at
higher detergent concentrations and lower pH-values, the microfibrillar regions
were penetrated.

12.5 Thermal and Thermo-Analytical Studies

Various warkersi107.6% jnvestigated differential thermal analysis as a
possible method for interpreting the thermal characteristics of untreated and
chemically modified mohair and wool. Broad endotherms, corresponding to
peak temperatures of 213° to 224°C and 225° to 235°C, were accompanied by a
foul, sulphurous or characteristic cdour of burning wool, with the fibre lique-
fying at 5° to 10°C above the higher of the two temperatures(197.161) a5 quoted
by Zahn(®4,

Felix et a/19 found the “Differential Thermal Analysis Curves” of wool
and mohair to be similar. The endotherm at 130° to 145°C, was ascribed 10
vaparization of bound water. Weclawowicz?2® reported on the effect of high
temperatures (200°C in air for periods ranging from 30s to 6hr) on the physical
and chemical properties of mohair and other protein fibres.

Crighton and Hole®®77) investigated the use of thermal degradation charac-
teristics {thermo-gravimetry} as a method for differentiating between different
keratin fibres. Investigations by thermo-gravimetry {TG) between 200° and
400°C yielded curves which, although they showed recognisable differences,
were not suitable for characterisation purposes. The derivative thermo-gravi-
metric {(DTG) curve enabled recognition of reproducible differences between
the fibre types examined, including mohair, wool and cashmere.

Spei®®!% reported on the influence of heat {170° to 230°C} on the microfi-
bril/matrix complex of wool and mohair and also investigated the influence of
fluorinated solvents on the matrix proteins. The action of heat and liquid am-
monia on the morphology of mohair and other keratin fibres was studied by
means of thermo-mechanical analysis, stereoscan microscopy and differential
scanning calorimitry92),

Hagege and Connet'519 correlated various “thermal events” as studied by
Differential Scanning Calorimetry {DSC}, with length variations as followed by
Thermo-mechanical Analysis {TMA) and with morphological features as re-
vealed by scanning electron microscopy, when keratin fibres are heated. Good

121



agreement was found between the three methods employed. They concluded
as follows(519);

“Supercontraction’ near 220°C was associated with the “wrinkling’’ of the
sciles and corresponded to the Tg of the orientated **Y-phase” of keratin. Post-
elangation near 2680°C was associated with the restoration of the original exter-
nal morphology of the scales and corresponded to the “melting” of the crystal-
line structure in the cortex. Volatilisation of the keratinic substance proceeded
from inside towards the outside of the fibre. The degradation of the exocuticu-
tar component (at 10°C/min heating rate} began above 350°C and proceeded
vety progressively. The liquid-ammonia pre-treatment mainly resulted in a low-
ering of the Tg of the “dry” keratin and in spreading the “Tg-zone” down to
room temperature”’.

Féhles et a/518) found that, according to amino-acid analyses of thermally
treated maohait, there were considerable losses in lysine, aspartic acid and cys-
tine, with the losses in amino-acids with hydrophobic side-chains being low.
Their resuits supported the hypothesis that the 28 and 25A reflections were
matrix repeats and the 39A reflection a micro-fibrillar repeat.

Miiller-Schulte(53% showed that the structural features and decompaosition
reactions of untreated and chemically treated mohair can be described on the
basis of differential scanning calarimetry (DSC) measurements made in con-
junction with smalil-angle X-ray data.

Crighton and Hole!® studied wool, mohair and other keratin fibres in
aqueous media by high pressure differential thermal analysis (DTA}@15),

Spei® and co-workers®™ undertook low-angle X-ray, and amino-acid
analysis of dry heated fibre keratins (170°-230°C) and low-angle X-ray investi-
gations and DSC-investigations of wet heated (in water} fibre keratins
{120°-140°C). Spei™® showed that previously postulated helix melting points
were not true melting points but irreversible decomposition points. DSC-
investigations of isolated microfibrillar proteins and matrix proteins in the
disulphide form supported this hypothesis. It was also showed that the in-
tramolecular disulphide bonds displayed a greater thermal stability than the in-
termolecular anesi78, §pei2t.73) and Spei and Haolzem 54 carried out a number
of studies on the thermal characteristics and degradation of keratin fibres,
such as mohair, using X-ray and DSC techniques which provided information
on the swelling and thermal stability of keratin fibres@4, In the DSC-curves of
c-keratins, two endothermic peaks had been interpreted contradictorily in
terms of helix melting points and cystine decomposition points. Investi-
gations721.754827.846) chawed that the first (lower) endothermic peak (within the
230 to 250° range) was a microfibrillar peak (ie helix peak but not a helix
melting peak) and the second (higher) peak a matrix peak (ie a cystine decom-
position peak)™". Thermal degradation {ie decrease in the relative helix con-
tent) depended both upon the time and temperature of the heat
treatment 7217543461048 gpai and Holzem 2754348 compared the degree of
degradation of various fibre keratins and fibre keratin model substances after
annealing at 200°C. They found that the thermal decomposition point of the
annealed and immediately cooled samples depended upon the cystine con-
tents, it being 235° to 240°C for undergraded wools, mohair, horsehair and
human hair and 220°C for S-carboxyimethylated mohair (SCM ; 50% degree of
reduction)®61048 Fiq 43018 shows the effect of heating time (200°C) in the
relative a-helix content of different fibres.
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Fig. 43 Relative Helix Content of Six Different Materials as a Function of Temperaturet1048),

The area under the endothermic “helix” peak {curve) which occurs in the
thermograms of fibre keratins in the temperature range 230° to 240°C {238°C for
mohair) is a measure of the relative helix content of the sam-
plel687.791.827.910.8181025.1048)  The peak area decreases continuously with in-
creasing fibre extension and thermal degradation®®%, mohair having a relative-
ly high helix content of 35%©1 {Table 76(1048)),

Haemaglobin has half the relative helix content, but twice the absclute
helix content, of mohair(79.917.1048)

Spei and Holzem{®1® investigated the e- B-transition of different keratin
fibres, including mohair, by DSC {thermo-analytical) and X-ray techniques and
compared the results with theoretical values. They considered that for
stretched and annealed fibre keratins, the «- S-transition is governed by a mo-
lecular mechanism up to elongation values of 60 to 80%, with previously crys-

TABLE 7601048
ABSOLUTE AND RELATIVE HELIX CONTENT OF DIFFERENT FIBRE KERATINS

Absolute Calculated Measured

Test Helix Relative Relative
Content Helix (DSC) Helix
(%)(81) Content (%) (Content (%)
Mohair 35 35/35 100 (100
Lincoln Wool|30 30/35 86 |85 (83-87)

60 |60 {55-65)
71 60 (55-65)

Human Hair |21 21/35
Horse Hair 25 251135

R
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talline a-helices being converted into drawn b-concertina structures, it could
not be ruled out, however, that the molecular a- 8-transition is superimposed
by a non-molecular o- g-transition whereby previgusly amorphous keratin is
converted into stretched 8- structures by elongation crystallisation. During TLC
studies on stretched mohair, $pei®7 found that the relative helix content de-
creased linearly with increasing extension, the «- S-transition was therefore
also linear, indicating that a regular extension of the helical and non-helical
micro-fibrillar parts results throughout the whole elongation range.

Spei and Holzem©!5 showed that weathering damage to mohair and oth-
er keratin fibres could be determined by thermo-analytical {DSC) technigques.

Deutz et aft1017.1028.1029) ysed high pressure differential calorimetry (HP -
DSC) to investigate the thermal behaviour of, and to characterise, keratin fibres,
such as mobhair, their morpholegical structure and chemical composition. The
thermally induced changes in keratin fibres, in the presence of water between
130° and 150°C, were due to a transition from the native a-helix into a random
structure, the HP - DSC detecting these transitions in the form of endo-thermal
peaks. A characteristic correlation between the melting point of the a-helix and
the cystine content of the keratin fibres was observed. They concluded that the
first endothermic peak originated from the unfolding of the keratins in the
ortho-cortex, with the second endothermic peak being due to the keratins in the
para-cortex because of their higher cystine content. They also investigated the
dependence of the “melting temperature’ on cystine content.

12.6 Amino-Acid Composition

To obtain a pure protein for amino-acid sequence studies, reduction fol-
lowed by S-carboxymethylation (SCM} rather than oxidation, was generally
used to solubilise the proteins®9.

Chemically, mohair fibres do not differ greatly from wool, the aming-acid
composition of Kid mohair being found to be largely similar to that of merino
and Lincoln wooll1? Ward et a/*¥ found the amino acid values for woo! and
mohair rtot to differ all that notably, except possibly in the cases of tyrosine,
aspartic acid, serine and threonine. The most interesting apparent chemical
differences were in the relatively low sulphur {and therefaore cystine} contents
and the relatively high values for aspartic acid*. Simmonds®® found mohair
to be more reactive than wool or human hair and found that the leveis of only
certain amino-acids differed between the fimited wool and mohair samples
studied. Mohair appeared to have a greater propartion of the acidic and basic
aminao acids than human hair, expiaining its greater affinity for both acidic and
basic dyes.

Various investigations into the high-sulphur proteins of both oxidised and
reduced mohair have been conducted(130.186208233.270)  Amino-acid analyses
have been carried out on mohair by for example, Swart and co-work-
ers(130.198.251.258. 361) 504 Gjllespie™29). Swart et a/13% compared the soluble pro-
teins of oxidised mohair and reduced mohair with those of wool. They found
that the amino-acid composition of wool and mohair as well as the a-, 8- and 7-
keratose isolated from the two fibre types were very similar, with the high-
sulphur proteins revealing marked differences. They also showed that oxidised
mohair contained more a- and less g-keratose than wool. The physical proper-
ties of mohair and wool Y-keratins sub-fractions were similar, although amino-
acids analysis revealed interesting differences for the sub-fractions. Chromoto-
graphic separation, on DEAE-cellulose, indicated that the high sulphur protein
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fraction (SCMKB) of wool contained protein compounds which couid not be
accounted for in similar fraction of mohair.
Swart et 2/139 presented the following table {Table 77);

TABLE 77030~
KERATOSE CONTENTS IN MOHAIR AND WOOL
Keratose Origin Mohair wWool
% %
o ~Kerarose KIF 58.1 53.4
B-Keratose “Nonkeratins” 10.3 15.8
7 -Keratose "Matrix* (IFAP} 30.0 30.7

*Given in Ref. (994,

Gillespie and Ingles2l) compared the high-sulphur proteins (SCMKRB)
from various a-keratins, including mohair {see Table 78).

Crewther et a/1*9 studied the amino-acid composition and optical rotation
dispertion properties of the low-sulphur proteins (SCMKA) from a range of a-
keratins, including mohair. The effect of different purification methods on the
separation of SCMKB proteins has been studied®9, the chromatogram of mo-
hair SCMKB being found to be different to that of the other animal fibres stud-
ied.

TABLE 78021
THE AMINO-ACID COMPOSITION OF HIGH-SULPHUR PROTEINS FROM
WOOL AND MOHAIR
Romney Dotser

Lincoln  Merno Marsh Southdown  Scay Hom Mochair

Lys 127 0-95 067 0-68 0-53 075 Lys 0-62
His 260 1-83 1-61 1-53 200 168 Iis 1-43
Amg 181 18-3 156 164 140 198 Arg 167
SCMC 14-4 14-6 157 166 167 177 SCMC 14-8
Asp 222 229 242 205 141 205 Asp 20
Thre 7-59 7-90 712 7-68 7-50 7:55 ‘Thre 7:38
Ser 9-00 9-30 7-80 870 875 876 Ser 865
Glu 527 650 5-51 5-63 5-50 550 Glu 5-82
Pro 882 960 102 972 9-33 104 Pro $-55
Gly 4+41 530 4-30 444 408 433 Gly 478
Ala 225 226 215 205 1-83 205 Ala 235
Val 454 435 430 409 400 429 Val 403
Tleu 227 275 228 222 19N 214 Ileu 2N
Leu 2-81 298 3-09 273 208 280 Leu 2-84
Tyr 1-81 1-64 081 1-19 1-08 1-58 Tyr 1-01
Phe 1-36 145 1-61 1-36 091 140 Phe 1-60

Results expressed as grammes of amine acid nitrogren/100 g torl nitrogen,
These proteina were hydrolysed under reflux and the SCMC content reported
was obtained from the sum of half cystine and residual SCMC.
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Heideman and co-workers!176189 gtudied the distribution of lysine in the
microfibrils of a-keratins, such as in mohair.

Swart{13% showed *hat the amino-acid compasition of kemp was different
from that of adult mohair, the fermer containing more g-keratose but less ¥-
keratose than the latter. Swart et /1169 subsequently compared the proteins of
Adult mohair, Kid mohair and kemp fibres, the amino-acid composition of the
fibres revealing differences. This was further supported by the different propor-
tions of the a-, and 8 -keratoses of the fibres and the amino-acid composition of
these keratoses. Four fractions of the Y-keratose of the three fibre types, which
gave single peaks on electrophoresis and ultracentrifugation, were isolated by
column electrophoresis. Comparisons of the properties of corresponding sub-
fractions of the various fibres revealed similar physical properties, but differ-
ences in their amino-acid composition were cbvious®8%, Adult mohair was
found to contain 6% more cystine, 13% more glycine, 10% less phenylalanine
and 17% less tyrosine than Kid mehair?6®, Kemp contained 17% more lysine,
13% muore histidine, 13% more phenylalanine, 7% less serine, 7% less tyrosine
and 18% less cystine than adult mohair@®?, Kemp contained considerably
more 3-keratose and less Y-keratose than the other twe fibre types {Kid and
Adult mohair). The amino-acid composition of kemp medullary cells was calcu-
lated and found to be in reasonable agreement with that reported for porcupine
quill medulla. Swart et a/{'8® gave a table summarising the physical measure-
ments on sub-fractions of 7T-keratose found in Adult mahair, Kid mohair and
kemp and also gave the amino-acid composition of the sub-fractions of -
keratose from Adult mohair, Kid mohair and kemp (Table 79).

TABLE 790159
AMINO ACID-COMPOSITION OF THE SUB-FRACTIONS OF YKERATOSE FROM
ADULY MOHAIR, KID MOHAIR AND KEMP

yi~heratone yy-keratose ¥y-MeTatose .- kerainge
Aming
acd Adult Kad Adult K Adult Kad Adult Kid
mobair | mohair | Kerrp | mohair | mohair | Kemp | mokair | mohair | Kemp ir | mohair { Kemp

Aanine . 1-a2 206 203 23 248 232 195 204 200 275 292 3
Ammonis ., 1045 1056 B-24 514 11 684 70 705 73 749 73
Arginine .. 15-57 478 14-62 19-35 1847 17.85 2762 760 2639 1880 1668 1547

Sc acid o8l 0-56 1-52 140 172 153 1-56 162 4+ 53
Cysteic acd 1+3 18-68 17-74 16-50 174 1590 1518 1543 1528 1173 1140 1119
Glntamic acsd 781 816 850 6-29 638 &% 524 527 514 4-15 40 3-56
Glycine .- 502 549 57 3-89 415 401 33z 336 344 4-36 4-41 454
Histiding 73 0-56 0-37 1-3% 1-21 148 054 058 058 317 22 423
Isolencine 72 3-8 318 240 2-35 47 48 I45 1-49 2-36 2-43 78
Leucine I-24 1-36 1-31 249 2-50 275 214 217 217 408 457 517
L 045 L3~ 0-56 073 0-64 0-35 032 0-42 1-14 1-34 1-49
FPhesylalanine 063 74 283 105 o8 118 1-40 1-53 1-60 217 2-47 bari]
Proline B84 878 543 1007 9-95 10-:21 16-05 871 10-01 543 Bz 13
Serine 1158 1126 1207 999 o1 10-25 7-50 754 708 553 o117 821
Thrronine 842 &% 82 &8l 145 523 793 790 773 762 88 768
Tyrosine 108 1-13 1-1t o8 54 077 62 065 0-58 0-56 i-08 101
Valine 84 311 250 17 419 385 481 419 492 LR~ ] 50t 4-61
TOTAL 2809 98-53 9760 99-07 915 59-30 58-50 | 9903 87-55 | 98-41 [100-f8 | 6855
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A comparison of Adult mohair, Kid mohair and kemp gave the following
results(130.186);

TABLE 801130.136)
PERCENTAGES OF KERATOSES IN FIBRES ON A NITROGEN BASIS

Adult Mohair Kid Mohair Kemp

A Keratose 58,1 62,9 59,5
/A Keratose 10,3 8,8 15,8
Iy -Keratase 30,0 27,3 23,9

TOTAL 98,4 99,0 99,2

Bradbury et af17% (quoted by Kidd*!®} undertook chemical analyses of
individual structural components of mohair.

The elucidation of the first complete amino-acid sequence of a keratin
protein was achieved by Haylett and Swart!98), One of the first and most exten-
sive surveys on the high-sulphur proteins {SCMK-B) from reduced mohair was
carried out by Jouberlgﬁ“zm) who defined five major proteins by differences in
their molecular weights {approximately 9 900, 12 200, 15 500, 19 000 and 22
500), electrophoretic mobilities and amino-acid compositions. A comparison of
the amino-acid compositions of the corresponding molecular weight groups of
the high-sulphur proteins of woo! and mohair revealed obviaus differences and
analogies. It was concluded that wool and mohair SCMK-B contain closely re-
lated protein components. However, the degree of homology, substitutions of
amino residues, and essential differences between similar proteins of wool and
mohair could only be evaluated when the amino-acid sequences were com-
pared. Haylett et a/252 showed that the high-sulphur proteins of reduced car-
boxy-methylated mobhair and wool consist of four main groups with different
molecular weights {23 000, 19 000, 16 000 and 11 000}, with each group com-
prising a number of closely related components. The total SCMKB of mohair
was separated, by chromatography on DEAE-cellulose into three fractions, M1,
M2 and M3158361) The 11 000 dalton group occurred in Fractions M1 and M2
and the 16 000 dalton group only in Fraction M2, while Fraction M3 contained
the higher molecular weight groups. Chromatography on cellulose phosphate
at pH 2.8 in 5M urea proved to be highly effective in separating the 11 000 and
16 000 dalton groups due mainly to the large differences as in their argenine
groups(@52315.404) The individual components in a group cou'd be separated by
using extended sodium chloride gradients, this method yielding two compo-
nants from Fraction M1 {11 000 dalton) of mohair®31 and seven from Fraction
M2 (three from the 11 000 dalton group and four from the 16 000 dalion
group)i358404 Suwart et /404 presented amino-acid sequence data on the high-
sulphur proteins from the 16 000 dalton groups of mohair and wool, a five
amino-acid residue repeating unit in the 16 000 dalton group previously being
demonstrated by Joubert and Swart {quoted in Ref. 4%}, A higher degree of
homology was confirmed between the proteins of different molscular weights
and between merino wool, Lincoln wool and mohair. The most probable fifteen
nucleatide base sequence for the five residual repeating amino-acid units in the
16 Q00 and 19 000 dalton groups of proteins were derived. The correspondence
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between these units was absolute proof of a common ancestor®4¥, Swart et
afl*4 also discussed aspects of homology and phylogenetics. A comparison of
the proteins derived from wool and mochair showed that these high-sulphur
proteins pravided a record of their genetic history and, if extended to other
sources, these keratins could provide an excellent study on phylogenetic rela-
tionships. The fact that the high-sulphur proteins of mohair and wool belong to
groups with distinctive physical properties, was discussed®4 for the 11 000,
16 000 and 19 000 dalton groups of proteins, in terms of molecular size (there
being well defined molecular weight-groups without intermediate sizes),
charge {the 11 000 and 19 000 dalton groups being slightly basic and the 16 000
dalton group strongly basic), sulphur distribution (proteins in the 11 000 dalton
group could be divided into a sulphur-rich {7%) half and a sulphur deficient
(3%) half0%® cysteinyl residues, however, being evenly distributed in the
16 000 and 19 000 dalton group proteins) and N-termini.

Joubert338 described the fractionation of the 15 500 molecular weight
group of the high-sulphur proteins of mohair into four fractions. The complete
amino-acid sequences of two proteins present in one of these fractions were
elucidated and compared to similar proteins obtained from woaol. The S-car-
boxy-methy! derivatives (SCMKB) of the high-sulphur proteins of mohair were
fractionated by a combination of chromatography on DEAE-cellulose and celiu-
lose phosphate, and seven fractions from group M2 were obtained. The com-
plete amino-acid sequences of proteins SCMKB-M.2.6 and a minor component
SCMKB-M26A were elucidated. The amino acid sequences of mohair proteins
SCMKB-M2.6 and SCMKB-M2.6A showed a high degree of homology with the
amino acid sequences of wool proteins SCMKB-I}A3 and SCMKB-I1A3A(358)
Parris and Swart?®¢) jsolated and determined the first complete amino-acid

TABLE 80a(147
AMINC-ACID COMPOSITION OF ANIMAL FIBRES DERIVED FROM VARIOUS
STRAINS OR BREEDS OF SHEEP AND OTHER SPECIES

Merino 70's*  Merino 64"y Coeriednle 56's Liscoln* Mudinict Human hairr Range of
varintion (% of
11 lowest walue)

Amina neid 14 id 1 I 1 i 1 i 1 1t 1

Alanine 3.51 415 351 417 4.3 524 4,16 491 3.80 452 203 M5 49
Ammonis 7.92 937 TG 887 9.27 12 7.89 936 6.68 798 676 797 26
Arginine 1935 575 20,32 602 18,2t 54 200 502 1652 490 M6.E5 470 41
Aspartie acid 468 55 4.24 S03 4.8 534 496 588 458 M4 352 45 k]
Hatf-¢ystine 6.50 703 7.3 o943 §.80 BI7 TR 852 6.81 808 12.07 1422 36
Ghitamic seid BS54 iOfl 838 10 4949 1060 S99 Ide  8.89 1058 758 885 25
Glyeine 660 781 530 G688 6.40 TG0 480 568 543 615 434 512 52
Histidine 1.48 5 1.46 58 1.9 63 165 65 176 70 1.58 62 21
Isalencine 213 252 197 24 238 2\ 243 e 22 I2 150 212 a8
Leucine 537 635 49 533 551 650 593 703 566 672 354 464 51
Lysine 3.1 188 325 193 372 2 448 264 XTSI 302 1B 48
Methionine 0.37 “ oo 37 03 FTE ¥ 14 “ — — -— — —
Thenylnlaning 2,29 270 175 08 235 284 I8 I 206 M5 L21 143 ;X1
Proline 512 605 3.3 613 552 662 450 513 468 8% 6.39 753 42
Serine 86T WM 725 80 77 9 6.3 7 62 745 722 851 b4
Throoning 412 487 461 547 4% 552 421 S01 406 482 458  S42 3
Tryptophan 138 MR 17T 205 1,80 24 — — - — — — —
Tyrosine 3.00 366 297 353 3. 3™ 200 4 bed M LoF 1% L
Valine 356 422 357 43 450 S0 420 5 55 668 406 490 57
Nitrogen (%) 1G.57 16.62 16.50 15.58 15.60 16.50

* Prown Simmonds {1955).

* From Thompaen and O'Donoarll (unpublished deta, 1962),

* ¥From Simmonds (1955b).

4 Throughet this table the valusa designaterd in columa I are given as aa 7, total N.

= Throughout this table the values designated in evlumn II are given a3 amole per gram.
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sequence of a high sulphur mohair protein, SCMKB-M1.2. The protein was
closely homologous to woa!l protein SCMKB-IIIB2. Protein M1.2 was the first
maohair protein of which the complete amino-acid sequence was deter-
mined®81), the calculated molecular weight of the protein being 11 206.
Crewther et a/''%” gave a comparative table {Table 80a) for the aming acid
composition of varicus animal fibres and human hair.
Corbett38¥ compiled the following table {Table 81) from various sources.

TABLE 81084
AMINO-ACID ANALYSIS OF HAIR AND WOOL*

Wuol Humen Hair
Merino Gds Lincoln Mohsit  Caucasisn Negro Cuiicle

Clycine 688--734 590 645 43753 541 A36
Alning 417-483 &01 442 JA5 4T kie) 500
Yaline 4231498 5710 663 405-518 568 &44
Leucine $38—627 740 672 442--554 570 404
1soleucine 234281 133 7 {74-2%50 m 13,18
Serine 860-970 S41 745 BS1-1087 672 1628
Threonine 546552 483 481 452-664 615 415
Tyrosine 314-353 64 194 126194 02 i34
Phenylulanine 208-242 m 245 124150 179 115
Aspartie $03-511 575 544 399455 436 300
acid

Glutamie 9871028 LFi ] 1055 ATE-1053 915 248
achd

Lysine 193-240 k3 223 FT8-218 23 331
Arginine $63-602 662 430 4665344 482 283
Histidine 58-78 n EiH] §7-70 84 53
Half’ B58-959 Tas 808 1081508 1370 1880
cystine

Cyatele scid 1] [] - 7-55 10 59
Methioning I7-54 - - 13-54 - 39
Protine 582631 450 5§57  538-753 662 900

*Values given in micromoles/g

Tucker et a/'8% {quoted in Ref.¥78)) gave a table for the amino-acid com-
position of various speciality animat fibres, including cashgora and cashmere.

12.7 Sulphur Content

Mohair has a sulphur content similar to that of high lustre wool of similar
fineness®. Mauersberger® gave values of sulphur content {based on dry
mass) for Turkey mohair of 3.4% for fine and 3.0% for coarse, respectively.
Harris, quoted by Von Bergen0d, found that the sulphur content of Texas Kid
mohair was 2.9% and Turkey mohair fleece 3.6%. It has been stated!l? that
mohair has an average sulphur content of about 3.7%.

Dusenbury®® also gave the following table (Table 82) for the cystine con-
tent of various keratin fibres, the cystine content of the para-cortex being about
twice that of the ortho-cortex.
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TABLE 8285
CYSTINE CONTENT OF VARIOUS KERATIN FIBRES

Cystine

Fibre Type Content
(%)
Human Hair 18-8
IWS Wool C 113
Kid Mohair . 10-4
B. A. Fleece Wool (40s—4ds) ... 10-8
B. A. Fleece Wool (56s) .. . 11-7
Lincoln Wool (40s) 12-8
White Cashmere ... 11-8
Dark Vicuna ) 13-6
Pooled 959, Confidence Limit ... +0-3,

Satlow et a/1128 found that alpaca contained more cystine than mahair and
found that the cysteine content was less for mohair than for camel hair and
alpaca. Satow!163) also quoted values for the cysteic acid and tryptophane con-
tent of maohair,

Griinsteidl and Withelm@% also investigated the amino-acid composition
of mohair and other animal fibres. They gave the following table (Table 83} for
the sulphur content of the various animal fibres:

TABLE 830%
SULPHUR CONTENT(%)*

Karakul 3. 23—
Mutton Sheep 3.45
Mountain Sheep 3.33
Camel 3.27
Mohair 3.31
Angora Rabbit 5.57

*Based upon dry rmass.
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They also published & table of the amino-acid content of the different
animal fibres. Gillespie and Broad®®8 found a linear relationship between ultra-
high-sulphur protein content and sulphur content for wool and various hair
fibres, including mohair. Kassenbeck et a/378 determined the sulphur-content
along the cross-section of mohair and other keratin fibres. The sulphur content
of the cuticle was significantly higher than that of the cortex, with that of the
para-cortex higher than that of the ortho-cortex. They gave the following values
(Table 84) for sutphur content:

TABLE 84378)
SULPHUR CONTENT OF DIFFERENT ANIMAL FIBRES
Fibre Sulphur Content (%)
Poodle Hair 4.2
Merino Wool - COrtho-Cortex 2.9
Merino Wocl -~ Para-CorteX 4.3
Cape Mohair 2.8

Kidd#1® compiled the following tables {Table 85 and 86), from various
saurces, for the sulphur and cystine contents of various fibres.

Maasdorp'®83 used a scanning electron microscope and energy dispersive
X-ray system to determine the distribution of sulphur and chromium in mor-
dant dyed keratin fibres {mohair, Lincoln wool and merina wool). The
chromium in the keratin fibres was found to be evenly distributed and not
affected by fibre type, chroming temperature or a steaming process, although
less chromium was deposited in dyed fibres at a low chroming temperature
(25°C). The sulphur in the keratin fibres was similarly located and canfirmed
that merino wool has a bilateral cortical segmentation (orthe-cortex and para-
cortex} while the Lincaln woo! and mohair examined, seemed to consist mostly
of ortho-cortical materials(®82. Trollip et a/792 showed that the sulphur concen-
tration of the mohair cortex was similar to that of the kemp although the medul-
ta of kemp had a relatively low sulphur content.
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TABLE 85418 TABLE 861418)
SULPHUR CONTENT OF VARIOUS CYSTINE CONTENT OF VARIOUS
FIBRES FIBRES
Fiber Sulfur content (%7,) Fiber Cystine content (7,)
Bristle (Gortorg) 3.7 Rabbit hair
Whalcbone or baleen 36 shaft 11.8
3.0 tip 8.8
Cow's horn 34 Alpaca
4.1 Suri, white
Rhino horn 19 shaft i3.i
Porcupine quill 1.35-25 tip 118
descaled tip 2.7 Huacayo, white
Rabbit hair shaft 144
—_ 42 tip il
- 5.2 — 12.0-13.0
Russian 384 _ 12.2-12.9
Agouti 4.30 Cashmere
Black 414 white - 11.8
Racoon fur 578 — 11,5-12.0
5.6 - It.6-12.0
Dog hair 5.1 Camel hair 16.8
Duog wool, white 5.07 10.3-11.1
Muskrat fiber 4.68 Mohair
Goat hair, Tunisian s kid 10.4
Guinea pig hair 4.3 - 10.4-10.9
Alpaca — 10.2-109
— 417 Yicufla, dark 13.6
white 393 Rabbit hair
brown 4.35 Angora 13.1-11.8
black 3.50 blown 11.2-11.7
— 385 Hare hair,
Mohair biown 13.9-142
— 322 Goat hair
Turkish clipped .8-11.2
fine 3.38 clipped 9.4-112.0
coarse 3.03 lime-soaked 2.2-9.6
Texas, kid 2,92 Human hair
Turkish flecce 3.58 _ 17.6+0.9
Vicufia 4,10 Italian female 14.5
Camel hair 341 African Negro male 155
Cashmere 139 Cattle body hair 10.8-12.6
Human hair {British breeds)
—_ 50
—_ 51
—_ 4.9
_— 4.7
— 5.0
— 39
black 49
Horsetail hair 31-3%
36
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12.8 Certain Chemical Related Properties and Treatment Effects

By and large, the chemical and related properties and the effects of chemi-
cal treatments are generally similar for wool and mohair and much of the find-
ings relating to waal are therefore also applicable to mohair.

12.8.1 Sensitivity to Acids and Bases and Urea-Bisulphite and Alkaline
Solubilities

Urea-bisulphite solubility and alkali solubility tests are two of the chemical
methods which have been developed to rapidly measure the degree of chemi-
tal damage to woot and mohair. Mchair is generally considered®598128) 1g be
more sensitive to alkali than wool, although Bamford®® found wool more sen-
sitive to alkali than mohair. According to alkali solubility tests, treatment in
boiling sulphuric acid modified mohair more than human hairl), Low values
(18%) of urea-bisulphite solubility have been associated with human hair,
which is essentially a para-cortex fibre, intermediate values (45 to 55%) with a
zrimped wool fibre {ortho- para-fibre with bilateral symmetry}, and high values
[ 76%) with Kid mohair which is chiefly ortho-cortex@8),

Dusenbury® found that heating kid mohair at 105°C for 4hr reduced its
urea-bisulphite solubility and that the effect was not reversible by subsequent
treatment with LiCl solution.

Satlow et /28 compared the urea-bisulphite and alkali-solubilities of dif-
ferent animal fibres, as well as their cystine and cysteine contents. Tables of
values as well as graphs were given. They compared the behaviour of the
various fibre types after different chemical treatments. They reported that mo-
hair was more sensitive to alkali and acid than Buenaois Aires (BA) wool.

Kriel128 jnyestigated the modification of wool and mohair by alkali treat-
ment, using urea-bisulphite solubility as a basis of assessment and found a
38um mahair more resistant to alkali than a 2ium merino wool. Observed
differences between the wool and mohair were considered to be due to differ-
ences in fibre diameter and the protective action of the oxidized grease on
mohairl’?®, which was higher for the mohair. Miré and Erra'®%® investigated
the effect of sodium hydroxide on the chemical properties of mohair and wool.
Kidd1® compiled the following table (Table 87) for the solubility of various
animal fibres, the previous history of the fibre laying an important role in its
solubility.

Kidd*18 reproduced the following table (Table 88) from Ref.08)
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TABLE 87{418}
SOLUBILITIES OF VARIOUS FIBRES

Alkali Urea-bisulfite 4.5 N HCI
Fiber solubility* (7.) solubility® (7,} solubilityc {7,)
Cashmnere
— 13-17 38-4% -
white - 12-18 4347 12-23
— 3
Alpaca 916 47-60 —
Suni 7-13 47-58 7-10
shaft — 39 —
tips 25
Huacayo
shaft — 73 .
tips 54
Camel hair 14-15 29-52 —
10-17 37-52 11-20
Vicufia, dark 46 -
Mohair
- 11-15 5565 _—
— 9-27 44-69 413
— — 0 —
kid 75
Rabbit hair
Angora 7-12 60-69 5-11
blown 59-15 52-60 10-14
Hare hair, blown : 7-11 60-63 7-10
Goat hair
shorn 13-17 4344 511
shora 10-20 29-36 3-15
Catlte hair, ¢lipped 67 0.7-1.2 12
Calf hair, clipped 6-8 2-10 9-14
tuman hair
Caucasian 50 27
Negro 4.1 37
—_ 12
Lincoln wool for 10 53
comparison

= Method of Harris and Smith.©384
* Mcihod of Lees and Elsworth.328)
* Method of Zahn and Wire'3®

TABLE 8803~

CONTRACTION OR SET OF IBRES TREATED IN BOILING WATER AT 40%
EXTENSION
Treatment period
Fiber 2 min 30 min 60 min 120 min
Lincoln wool —-27.9 ~6.3 8.4 149
Mohaie —-269 129 17.5 26.6
Alpaca -59 -0.2 8.6 16.2
Human hair -7.9 -~22 56 14.5
Catile tail hair —18.9 22 10.7 20.4
*From Kigd#18),
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12.8.2 Supercontraction

Haly and Feughelman'® studied the supercantraction of mohair, wool and
hiuman hair in bromine-free lithium bromide solutions, showing that it took
place in two stages with the total contraction determined by the number of
disulphide cross-linkages in the fibre. The degree of contraction appeared to be
inversely related to the cystine content. Haly and Griffith®® studied the super-
contraction of mohair in Lithium Bromide solution.

Bell et 2/t investigated the measurement of damage in wool and mohair
oy a modification of the Krais-Markert-Viertel (KMV} test involving the super-
zontraction in solutions of caustic potash {KOH). They concluded that changes
n recovery time rather than changes in super-contraction provided a better
neasure of fibre damage and could distinguish between acid and alkaline dam-
ige. Nevertheless, many other reagents affected the changes and the results of
ests based on dimensional changes in caustic potash, as well as those ob-
:ained by the conventional KMV test, needed to be interpreted with great re-
serve.

Swanepoel @ investigated the supercontraction of sound and weathered
mohair in tithium bromide. Haly and Swanepoel1°) studied the supercantrac-
ion and elongation of modified keratin fibres, such as mohair, in LiBr solution.
They found that irrespective of the residual cystine content (with disulphide
oss of up to 53%}, the maximum level of super—contractlon was approximately
‘he sama as in normal wool.

12.8.3 Resistance to Micro-Organisms

As in the case of wool, mohair can be attacked by bacteria and mildew if
stored under maoist conditions, particularly under warm, dark conditions. The
‘esistance of mohair and certain other fibres to microbiological agencies has
seen investigated by Burgess!t? {quoted in Ref.58)). Mohair was found to be
ess resistant to trypsin {enzyme) than wool or human hair (Burgess*? quoted
n Ref.®8) this also being indicative of susceptibility to microbioclogical attack.

According to Onions®®, mohair is more easily attacked py bacteria and
nildew than woaol.

12.8.4 Birefringence

Barakat and Hindeleh%® reported on the interferomic determination of
he refractive indices, for light vibrating parailel and perpendicular to the fibre
ixis, respectively, {n, and ry }, and birefringence {n, - n; ) of mohair.

They obtained the following values for the fibre skin: (Corresponding val-
1es for wool, quoted from the literature, are given in parenthesis).

n, : 1.5474 to 1.5546 {1.542 - 1,547}
ny : 15579 to 1.5638 {1.553 - 1.556}
An :0.0082 to 0.0111{0.009 - 0.012)

Fouda et a/®> gave the follawing tables (Table 89 and 90) for the refrac-
ive indices and birefringence of mohair fibres. They concluded that muitipte-
seam Fizean fringes were proemising in the investigation of fibre properties. The
efractive indices ng and n% are for the mohair fibre skin, the birefringence ans
ralues, also being ca!cuiated‘95“)
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TABLE 891954
THE VARIATION OF REFRACTIVE INDEX WITH DIFFERENT WAVELENGTHS

N According 10 equation {2) According to Equation J
om " nt nt A, ! nt An, nt .t An,
4360 1.5605 1.5654 1.5534 0.0¢21 1.5682 15504 00178 1.5658 L5550 0.0106
546.1 1.5520 15574 1.5456 00018 1.5606 15429 00177 1.5573 L5467 00106
5780 1.5498 1.5554 1.5438 00016 1.5582 15409 00173 1.5559 L5437 00122
589.3 1.5787 1.5544 1.5426 0.0118 15573 1.5306 00167 1.5549 15430 00119
TABLE 9054
BIREFRINGENCE OF MOHAIR FIBRES
Temperature, °C ni* e An,
18.5 1.5573 1.5474 3 0.0099
17.5 1.5581 1.5471 00110
®* Values have an accuracy of +0.0005.
12.8.5 General

Fréhlich!15" gave some results for the physical and chemical properties of
mohair, including regain, strength (wet and dry), extension {wet and dry), alkali
solubility, ureabisulphite solubility and length and length variation. Bamford (%8
reported that the titration curves for wool and mohair were almost identical,
except for pH 0to 1.6 and again in the iso-electric range.

Kassenbeck and Hagége!l22 investigated the fixation of silver by mohair
and other fibres. Guthrie and Laurie(18% showed that mohair keratin forms two
types of complexes with copper (i} ions, the one being stable at pH < 9 and the
other being stable at pH > 9.

Crewther 139 investigated the effects of reduction and alkylation on fibre
stress-strain characteristics and concluded that the side-chain interactions be-
tween helical structures and matrix molecules containing many interchain dis-
ulphide bonds are chiefly responsible for stiffening the fibre in the Hookean
region. He showed that when the strain at the end of the yield region was
plotted against residual disulphide content, the various fibres fell on the same
curve (Fig. 44(139),
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Fig. 44 Relationship between Disulphide Content of S-Methylated Animal Fibres
and Strain at the Transition between Yield and Post-Yield Regions: X Lincolm; O Mohair;
@ Horsehair; 4 Lustre Mutant Merino; A Human Hair{235)

Appleyard®59, quoted by Kidd*'3), studied the effect of o-chlorophenol on
the cross-section of mohair and other animal fibres.

Atkinson and Speakman(11¥ investigated the action of mixed solvents an
wool and mohair and produced a table illustrating the reduction in work due to
the action of an aqueous solution of N-propanol. The behaviour of mohair and
other fibres in organic solvents has been investigated®”¥. Ahmad®@!® quoted
by Kidd*® studied the adsorption of alcohols by wool and mohair, his results
supporting individual experience. The treatment of mohair with tetranitrometh-
one results in only partial conversion of the tyrosine residues into 3-nitro and
3.5 dinitrotyrosine residues(93},

Mohair swells about 12% in diameter in methanol, ethanol, n-propanol
and dimethylformamide but contracts in isopropanc|240.359),

Robbins!¥%6a) gave the following comparative table of cross-link density
and diffusion rates (Table 91}.

Pittman'?53 found little difference in the wettability of single wool and
mohair fibres. Jurdana and Leaver!%7® found that t-butano! did not penetrate
the mohair cortex but did appear to penetrate the interceliutar material between
cuticle cells.

TABLE 919062
CROSS-LINK DENSITY AND DIFFUSION RATES
% Cystine* Relative diffusion [89]
Type of calculated from coefficient at 60°C
keratin fiber % sulfur using orange [I dye
Human hair 14.0 1.0
B0's Mering wool 153 1.9
&'s Mohair 9.2 3.4
56"s Down wool 3.3 5.0

*Caiculated from % sulfur. assuming all sulfur exists as cystinyl
residues, and a residue of 178 daltons.
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CHAPTER 13

SCOURING AND CARBONISING

13.1 Scouring

Scouring is a critical process for mohair and often it is at this stage that the
ultimate state of the finished article is decided®33. Mohair generally contains
far less impurities than wool110.185) {eg 4 to 6% of grease compared to about
15% for merino wool}®® and scouring generally causes a loss in mass of
between 15 and 20%©%). Mohair is generally regarded as more sensitive to
alkali than wool and less soda-ash should therefore be used during scour-
ing(L10.145) gyapleton(l®i8 jn Australia, suggested the following three categor-
ies for mohair yield:

Heavy Condition :- scoured yield of less than 85%.
Medium Condition :- scoured yield between 85 and 90%.
Light Condition  :- scoured yield of greater than 20%.

Before scouring, individual mohair bales were (and still are} often sorted
on screens for style and quality, often up to 8 different sorts being obtained
from a single bale!193, efficient sorting playing an important role in the eventu-
al quality of the yarn. The fibre can then be willeyed before it is scoured. Scour-
ing conditions for mohair are generalty gentler than for wool, the first bowt
temperature, for example, being of the order of 50°C, dropping to about 40°C in
the last bowl192), Alkali need not be used and the scouring rate is generally
much lower than the capacity of the scouring train{102),

Slivers made from coarse mchair off-sorts can be used for wrapping the
squeeze rollers of the scouring train@93d, After scouring (which normally takes
place at between 45°C and 55°C}(533), the fibre can be dried to a moisture regain
of about 20% for the longer lengths and about 25% for the shorter types, the
higher regain helping to cantro! fly during carding®9_ Care must also be taken
during scouring not to impair the fustre of mohair, hence soda ash is often only
used in the first bowl23® or even omitied altogether. The scouring liquor tem-
peratures and pH must be strictly controlled, a maximum scouring temperature
of 55°C was suggested®@3® and in a typical 3-bow! scouring set the pH of the
first bowl cou!d be 10.5, that of the second bowl 9.5 and that of the third bowl
85. Excess alkali in the fibre can lead to discolouration in dyeing®@33,
Spencer@¥ suggested that mohair should be scoured to a residual grease level
of 0.6% and that | to 1.2% of combing oil should be added to give a total fatty
matter content of 1.6 to 1.8%, which was considered ideal. An opening/cleaning
operation prior ta and after scouring (on a three bowl set), to open the fibre and
remove excess dirt {or stubborn matter), heavy seed etc, results in mare effec-
tive carding233670_ A series of pilot-scale experiments on the scouring of mo-
hair was catried out at SAWTR! in the 1960°'s(110133.145) Kyie[t110113)  quoting
unpublished work by Veldsman, stated that a higher consumption of detergent
was required to remove 1g of grease from mohair than from wool, the general-
ly lower level of grease {4 to 6%) in mohair as well as its more oxidised nature
{because of greater weathering than in the case of wool} being relevant factors.
Kriel!10115) and Kriel and Grové(*® studied the effect of different backflow
ratest19 and temperature!® on mobhair scouring efficiency, stating that far
efficient scouring, the minimum temperature should not be lower that the melt-
ing point of the wax an the fibre while excessive temperatures could damage
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the mohair, particutarly its lustre. For one of the detergents an optimum rate of
backflow of 50% was found™19, It appeared that as far as grease removal was
concerned, temperature had similar effects in the first and second bow|s(t10145},
A second bowl temperature of 50°C was judged better than one of 45°C, the
third bowl temperature being kept constant at 45°C and that of the fourth bow!
at 40°C. Increasing the first bowl temperature from 45° to 55°C increased the
grease removal, the residual grease decreasing linearly from 0.9% to
0.2%(115145) Grové and Albertyn'33 concluded that it was unwise to exceed
5E5°C in either the first or second bowls when scouring mohair. The use of soda-
ash in the first bowl should also be restricted to 2% {mass on mass of raw
mohair){133)_ It has also been stated®09 that the scouring liquor should prefer-
ably not exceed 45°C and the drying temperature 55°C2%9), a pH of 9 is consid-
ered suitable for mohair scouring.

Grové and Albertyn(116134 modified the standard column-and-tray method
used to determine residual grease on wool, so as to make it suitable for mohair,
the modification mainly involves cutting {using cutting mill} the mohair into the
shortest possible lengths and blending it with fat-free cotton-wool, thereby
eliminating problems of channeling.

Turpie® investigatad the unconventional scouring of maohair, which in-
volved relatively high concentrations of grease in the first bowl of the scouring
irain, the grease remaovatl in this bowl being found to depend upon the concen-
tration of detergent rather than on the concentration of grease. A method of
scouring mohair in a scouring bath, containing a nenionic surfactant, vegetable
oil or animal fat (eg wool grease) in an aqueous emulsion was also de-
scribed329),

Turpie and Musmeci®®®¥ undertook some |aboratory experiments on the
centrifugal treatment of mohair scouring liquors. They found that the grease
recovery potential from such liquors was rather poor, with the choice of non-
iogenic detergent having a noticeable effect on the results abtained. Turpie and
Mozes!**? reported on the destabilisation of a mohair scouring effluent by
means of sea water. Good grease removal from the sludge phase was obtained
but not frem the effluent phase (phases produced by centrifuging the liquar).
Storage for several days at 65°C improved the flocculation®3d. The sodium
chloride, magnesium chloride and magnesium sulphate components of the
sea-water were mainly responsible for the destabilisation {grease removal}#33,
Mozes and Turpie®®®® found that storage (at 65°C} improved the destabilisation,
by sea-water, of centrifuged mohair scouring liquors and effluents. A prelimi-
nary study, based on industrial woa! and mohair scouring liguor, suggested
that grease removal after destabilisation with sea-water was carrelated with the
level of bacterial activity®®¥. In other studies Mozes®2 and Mozes and
Turpie®2D found that the use of the magnesium-rich waste residue from a
common salt recovery plant (bitterns), as a flocculant, gave better grease re-
moval {destabilisation) from wool and mohair scouring liquors and effluent
than sea-water. It was concluded®2D that bitterns was a satisfactory flocculant
for the treatment of wool and maohair scouring wastes. In a later study, Mozes
et a/52% showed that magnesium chloride was a good substitute for bitterns as
a flocculent for wool and mohair scouring wastes, 1% of magnesium chloride
giving better results than 5% bitterns in a pilot scale trial involving a horizontal
decanter centrifuge.

Mozes and Turpie™3 reported on the treatment of mohair scouring
tiquors using hollow fibre pilot scale ultrafiitration {membrane separation). The
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rejection factor for the membrane for grease was found to be independent of
the liquor type but increased as the grease concentration of the feed increased
until it reached a constant value of 99.5% at feed concentrations abave
10%%33), the rejection factors for total solids decreasing as suint content in-
creased. Mozes'*’? reported on the treatment of wool and mohair aqueous
scouring wastes, involving centrifuging, flocculation (eg sea-water and bitterns)
and membrane separation {eg ultrafiltration or microfiltration).

Mozes and Turpie®®?) reported on the particle size distribution of suspend-
ed solid dirt in a range of industrial raw wool, mobhair and karakul agueous
scouring wastes. The log transform of the particle size followed an approxi-
mately normal distribution. The various distributions showed peaks between 5
and 20um for liquors and secondary sludges and between 0.5 and 1um for
centrifuged effluents. About 95% of the dirt particles were larger than 1um in
the case of liquors and 0.5um in the case of centrifuged effluents8?),

Mozes'S7® reviewed literature published on the treatment and purification
of wool and mohair scouring wastes, much of the information on wool slso
being applicable to mohair.

Turpie et a/l9621062.1067) raported on the membrane treatment of wool and
mohair scouring effluents from an industrial operation.

13.2 Carbonising

According to Pieiffer et /%% vegetable matter {or “defect) in mohair can
pose serious problems in the manufacture of textiles containing mohair, vege-
table matter referring to burrs, seeds, twigs and other plant parts which be-
come entrapped in the goat fleeces. Some vegetable matter is inevitable but
excess amounts increase waste in the carding and combing processes. Some
types of vegetable matter cannct be physically removed by carding and comb-
ing and may require carbonisation, a methed using acid, normaily sulphuric
acid, to completely remove cellulosic contaminants. This process, which fol-
lows scouring, is expensive and results in decreased fibre lustre and strength.
Hence, mohair buyers are prepared to pay mare for mohair, free of vegetable
matter contamination. Pfeiffer et a/®8% found that spraying Angora goats with
emulsions of oleic acid (referred to as “red oil’’} resulted in small reductions in
vegetable matter content in the shorn fleeces. It has been stated!that the
sulphuric acid content of mohair prior to baking should be less than 6% and
tha%sggrbonising is normally resorted to when the vegetable matter exceeds
3% 1533,

Generally, only about 2% of the Cape mohair clip is classified as carbonis-
ing3). Seasons of high rainfall, can however, result in abundant growth of
grass and other vegetation and the presence of undesirable seeds in excessive
quantity and therefore of considerably higher (up to 12%} of hair classified as
carbonising types. The two varieties of seed which tend to be the most com-
mon and troublesome in South Africa are carrot and “kiitsgras” seed. Turpie
and Godawa®*V showed that a very seedy mohair {15% seed) could be effec-
tively carded and combed, without prior carbonising (in both cases the fibres
being opened before scouring), provided a rectilinear (French) comb was used.
The uncarbonised mohair had a superior lustre and colour compared to that of
the carbonised mohair. 1t was recommended that for improved carding efficien-
cy and the production of still cleaner tops, either a willeying treatment {im-
posed between scouring and carding} or the use of a more sophisticated fors-
part to the carding machine (designed specifically for seed removal} or both,
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waoauld be desirable commerciaily for the treatment of uncarbonised seedy mo-
hair.,

Turpie!805814) pronosed a mild carbonising process, foliowed by worsted
processing, for achieving satisfactory vegetabie matter removal while preserv-
ing, or even enhancing, other attributes, such as mean fibre length, yield and
colour. With respect to mohair, which was heavily infested and matted with
vegetable matter, light carbonising produced notable results, remaving some
90% of the VM prior to carding with improvements of 10 mm in the mean fibre
length of the top and 10% in the top and noil yield over the results of the control
iot which, under normal circumstances, could not have been processed com-
mercially on the equipment used. A major finding which emerged was that
wool and mohair which were too faulty to be processed commercially on a
worsted plant designed for a specific level of fault in the raw material, could be
considered for precessing on such equipment after a mild carbonising treat-
ment which did not inflict serious damage to the fibres and did not lead to
much loss in fibre mass. However, the cost of such treatment had to be consid-
ered in refation to the benefits which accrue®4,
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CHAPTER 14

MECHANICAL PROCESSING INTO YARN

Mohair is not an easy fibre to process, particularly in drawing and spin-
ning®®, and considerable secrecy exists even today concerning its processing,
since firms which have built up this specialised knowledge do not share it
because it provides them with a competitive edge. Mohair's low cohesion often
necessitates that the fibres (slivers) be supported (by for example aprons) dur-
ing processing. The efficient mechanical processing of mohair into quality yarn
is widely accepted to be a highly specialised field, requiring considerable skill,
experience and know-how. It has been stated®33 that mohair is a challenge to
man’s ingenuity to make a yarn that is weavable and acceptable to the custom-
er, strict quality control being essentiat at every stage of processing®@3?, Be-
cause of the specialist skills and expertise required to process mohair and the
fact that they are generally kept a closely guarded secret, by the firms which
have them, it has been stated that it is an area which the Third World could find
difficult to penetrates83,

Mohair can present problems during processing due to its lack of cohesion
{smoothness)!1%¥) and the generation of static electricity®®. Mohair blends well
with woo!, the latter facilitating its processing®®, The application of the correct
types and levels of processing lubricants and additives and the selection of the
most appropriate processing machinery and conditions {including atmospheric
conditions) are all crucial in the efficient processing of mahair into a quality
product.

Veldsman(201.518 and Turpie?? reviewed work done an the mechanical
processing of mohair while Darwish®®%® investigated the factors which affect
the spinning of mohair. Traditionally, mohair was processed on the Bradford
Worsted system {drafting against twist) followed by flyer spinning(73,
Villerst¥2) describing the traditional processing of mohair. In earlier times, some
mohair qualities used to be double Noble Combed, some Noble and then Lister
combed and some single combed. In the case of the longer mohair, Noble
combing was followed by two further gillings and then Lister combing, the
latter being considered unsurpassed for the final combing of mohairl2, The
Lister combed slivers would then be given two finisher gilling operations. in the
case of the shorter hair, thare would be preliminary opening of the scoured
mohair, followed by carding, three gillings, Noble combing and finally, two
finisher gillings. The drawing operation would involve open drawing sets and
Raper autoleveller sets. The top would be allowed to relax for an extended
period of time and so too would the roving. Spinning would be on flyer
frames192), yarns generally being coarser than 30 tex. The Nable comb was
referred to as the most highly productive comb in the hair trade and superior to
other machines in certain instances such as, for example, combing fibre con-
taining kemp or similar defects, or raw materials where heavy noiling ceases te
be a disadvantage!®?V), The Bradford combers were referred to as the best hair
combers at the time‘®7Y), Flyer spinning was considered one of the best meth-
ods for spinning mohair®4% and fine yarns for light-weight maohair suitings
were traditionally spun on the flyer system.

Today maohair is mainly processed on the French {Continental or dry-
combed system of drafting and spinning)®%8 invalving French {(rectilinear}
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combing. One company reportedly carried out an auto-fevelling operation be-
fore and after the combing {rectilinear) stage®71.

It was widely held220.253.498) that mohair should be “rested” {stored), for
prolonged periods, between the various stages of its mechanical processing,
from top to yarn, the top and roving generally being stored for periods of
weeks. Some 70 years ago it was reported® that mohair roving was stored for
three months in a dark, cold and fairly humid chamber so as to produce good
spinning and yarn properties. To improve spinning and reduce waste it used to
be customary to rest mohair tops for extended periods {eg six weeks} after
combing [after topmaking)@?0253.281) and glso after the drawing operation3® (in
roving form)229. The subsequent improvements in spinning performance and
reduction in fly-waste were ascribed to the dissipation of static electricity(229),

Srivastava and co-workers®73 used a cheaper shortened system, includ-
ing the Uniflex high draft spinning system (also Onions et a/l301353), and
Srivastava et al"1) to convert mohair into yarn. Srivastava®® briefly reviewed
various aspects reiating to the mechanical processing of mohair and investi-
gated the use of the Uniflex system for spinning mohair, deriving the optimum
conditions for both fresh and stored (cellared) rovings. He found that the
stored rovings produced superior yarns in all respects. The storage appeared
to increase the roving strength and extension, with an ageing period of
between 7 and 20 days appropriate. - .

Blackburn®®23 and Parkin and Bfackburn%® aisa investigated the effect of
roving storage on spinning and properties of mohair yarns. Parkin and -
Blackburn'4?®} investigated the effect of different periods of roving storage on
Cap spinning performance and yarn properties. Storage was found to reduce
static electricity on the rovings. The rovings were found to reach equilibrium
regain after approximately one week of storage. Spinning end-breakages were
found to decrease with increased periods of roving storage. Fly waste during
spinning also decreased with roving storage, reaching a minimum after 22
weeks of storage. Yarn evenness and strength and elongation generally im-
proved with increasing periods of roving storage, with yarn twist liveliness
increasing with roving storage until it reached a maximum after about 18 weeks
storage. Yarn hairiness first increased and then decreased with increasing rov-
ing storage time. Parkin and Blackburn®®®® found that the spinning properties
of the finer yarn 24.5 tex were maore sensitive to raving storage than those of
the coarser 32 tex yarn, and considered that little commercial benefit would
accrue from extended roving storage except in the ease of relatively fine yarns.
They concluded®, that although roving storage resulted in improved yarn
properties, particularly in the finer count, the improvements were generally too
small for storage to be of commercial benefit. They also concluded that mea-
suring the cohesive properties of mohair rovings should provide a measure of
spinning performance and yarn properties.

One firm used 25°C and 72%RH for its mohair spinning plant®, which
comprised Pin Drafter intersecting drawframes, dry-combing by a commercial
topmaker and French combs {1 to 1.25% oil). The tops were conditioned (at
25°C and 72%RH) for up to six weeks or more. After drawing, the mohair was
spun into 100 to 148 tex yarn. Spinning was on Super-Draft spinning framess),
Villers®? suggested 50% RH and 21°C were satisfatory for processing mohair
on the Bradford system. To avoid static, the moisture content of mohair should
be above 12% for processing (Vo Bergen quated in Ref.®), Cilliers{™® syg-
gested a regain of 16%. Kruger and Albertyn!?.142 investigated the processing
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{carding and combing} of mohair and stated that maohair can be cpened more
easily tha n wool so that the carding process used need not be as severe but that
the carding process should be effective enough for the removal of impurities,
such as kemp. Most of the fibres mixed with the ejected burr at the card were
kemp andi the strippings from the card clothing also contained a high percent-
age of kermp2”. They found that the mohair fibre length was not altered much
by carding, with shorter kemp fibres being preferentially removed (see also
KEMP AN D MEDULLATED FIBRES Section). They concluded that mohair, rather
than kem p, would break perferentially during carding. The kemp fibre length in
the card sliver was higher than that in the scoured mohair?27. They further
concludedt#? that selective kemp removal by the card clothing took place main-
ly because of the greater centrifugal force acting on the mohair fibres of higher
density which move to the cuter [ayers on the card rotlers, causing a relative
migratior of kemp towards the card clothing. The strippers showed the highest
selective kemp collecting power and the workers the lowest(143,

Kritgrerit42138) gtudied the Noble combing of mohair and used the with-
drawal force test to obtain a measure of the aligning power of the gill, the first
twa gilings having the greatest affect on fibre alignment. The dabbing depth
during Noble combing, had a small affect on percentage noil, reaching a mini-

. mum at a dabbing depth of about 1cm. The smallest amount of kemp went
forward i nto the top at a dabbing depth of about 1.3cm to 1.4cm. Dabbing depth
did notappear to affect fibre breakage during combing. Breakage of the mohair
fibres was higher than that of the kemp fibres which was nearly zerot143.136),
The average legth of the kemp fibres in the noil was somewhat greater than
that of thie mchair fibres in the noil. This was attributed to the restraint of the
less piliant kemp fibres by the dense pins in the small circles of the Noble comb.
It was concluded that dabbing depth was by no means critical, with an opti-
mum at arcund 1.0 to 1.2cmf1431%) The kemp content of the top showed litile
dependengce upen production rate, with the ratios of kemp present in the top
and nail, also very similar except at the highest production rate, in which a
relatively greater amount of kemnp was still leftin the top. The kemp content of
the top appeared to be independent of comb temperature, whereas fibre break-
age incregsed with a decrease in comb temperature, the latter being ascribed to
an increase in dabbing and withdrawal forces resufting from the increase in
viscosity of the grease and oi! an the fibres. Tear tended to improve with comb
temperature, up to a temperature of about 80°C, after which it tended to de-
crease again. The best camb temperatures waere considered to be around 70°C.
Fibre bre akage during Noble combing was less than 59 and mainly confined to
the mchair fibres (as opposed to kemp)143.159, Cilliers*® investigated fibre
migration during the ring spinning of mohair and wool, in various intimate
blends. He found that preferential migration occurred, and was to some extent
dependent upon the yarn twist, at the lower twists more of the longer and
coarser mmohair fibres being present on the yarn surface136,

Cilliers'¥7 also stated that the ‘draft-against-twist’ method, as employed
onthe Bradford system, was traditionally used for processing mohair. He inves-
tigated the processing of wool/mohair on the French (Continental or Dry-
combed route} system, using blends of a fine (26.5um) Kid mohair with a 64's
quality Weool {20.5,..m). Three blends viz 60%, 40% and 20% mohair, respective-
ly, were processed. The total fatty matter of the blends {column-and-tray meth-
odl varied between 0.82 and 1.03%. For the first three drawing passages an
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intersecting gill box was employed at the same faller pin density and front ratch
setting as used during blending®’. Raising the back rolier, thereby eliminating
back draft, was found to be preferable. The low cohesion of mohair necessitat-
ed special care during drawing, intimate blending, for example, being essential.
Cans with false bottoms, fitted to easily compressible springs, helped to avoid
sliver breakages. A deposit, origination from the skin of the goat and containing
a small amount of fatty matter and some dust, was picked up by the velvet
cleaners during gilling. The last drawing operation as performed on a high draft
draw box using only one heavy sliver. Drawing ws found to improve once the
pressure between the double aprons had been dereased somewhat by insert-
ing brass spaces between the apron axes as prescribed by the manufacturers.
The pressure between the back rollers was also increased'37, Using a relative-
ly fine roving, yarns as fine as 16 tex could be spun, provided the rubbing
motion on the roving was sufficient during drawing. A single roving, rather
than a double méche roving was used to avoid prablems with “clicking”. Spin-
ning {16 to 30 tex yarns) was done on a double apron ring spinning frame with
a ring diameter of 5.5cm, at 65% RH and 20°C, spinning speed ranging from
5 000 rev/min to 11 000 or 12 000 rev/min. The formation of yarn curis, a prob-
lem encountered when long fibres are spun, was also encountered. This was
due to the longer fibres being stretched in the drawing zone and then regaining
their original length as they emerged from the front rollers, causing the short
fibres to curl around them. Increasing the spinning tension, either by using a
heavier traveller or a higher spinning speed, avoided this problem(37,
[Villers®® noted that drying in hank form after a wet process eliminated yarn
“curls” or “crackers”). As expected, spinning end breakages increased as the
yarn became finer, and as the mohair content increased. In all cases, a mini-
rmum tex twist factor of 21 {1.8 worsted) was required to give a reasonable spin.
Higher mobair levels required a higher twist level to produce minimum end-
breaks, and aiso a higher yarn lenear density, with the 60% mohair yarn requir-
ing a tex twist factor of about 35 to produce a minimum number of end break-
ages. The spinning speed could be increased as the mohair content decreased,
front roiler lapping occuring sometimes when the spinnin tension was too low.
Spinning waste was of the order of 1 to 3%(137),

Cilliers(8 investigated the processing of mohair on the Continental
[French} system, including the effects of different additives and regains. The
importance of fibre fineness in producing good spinning and quality yarns was
smphasized. The low cohesion of mohair necessitated special care throughout
the various mechanical processing stages eg not too hevy roving packages,
strang {coarse) rovings, easily revolving packages ete. He found that a regain of
ibout 16% was necessary for a reasonable spinning performance {Continental/
“rench systemy}, for mohair {37umj), spinning performance improving markedly
~hen as little as 10% of a coarse wool {26 or 30um) as added. Additives with
antistatic properties, which increase inter-fibre friction and sliver cohesion,
Jave the best results. A measure of spinning performance could be obtained by
measuring the withdrawal forces of the sliverst189),

Slinger and Robinson*2¥ also reported on problems with mohair lack of
zohesion, and sprayed the mohair top during the first gilling with two appropri-
ate commercial additives and water.

Turpie® described modifications to a small carding machine, originally
designed for carding very short fibres, such as noil and wastes, to enable mo-
1air to be carded successfully in small lots. It was observed that when process-
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ing a very kempy mohair lot the kemp fibres predominated on the outside layer
of the web on the doffer, being only loosely attached to the other fibres in the
web. Underneath the carding machine immediately below the doffing point
between the swift and the doffer, an accumulation of fibres containing a high
percentage of kemp fibres was observed, the kemp content, there being 38%
compared to 7% in the scoured mohair. Therefore, the control of foose fibre
droppings at the contact points between certain rollers can effect additional
removal of kemp during carding!?s),

Kruger@® found that the selective collection of kemp fibres by the card
clothing increased with increasing roller speeds. He studied the rectilinear (ie
French) combing of mohair and showed that the percentage noil produced
during combing was linearly related to the gauge setting of the comb. An in-
crease in the gill feed at constant gauge caused a slight decrease in percentage
noil. The mean fibre length in the top and the noil first decreased somewhat
when the gauge setting was increased and subsequently increased for a further
increase in gauge setting. Percentage fibre breakage increased significantly for
an increase in gauge setting but dropped rapidly at the very wide setting of
32mm. The medium gili feed settings resulted in greater amounts of fibre
breakage, the best combing perfarmance being for large gill feed settings208),
The mohair fibres in the top were significantly longer than the kemp fibres left
in the top, while the lengths of the two types of fibres in the noil were about the
same. The kemp contents of the different components were not significantly
affected by different comb settings although there was a tendency to remove
more kemp at larger gauge settings {most of the kemp appeared to be present
in the leading end of the with-drawn fringe). The percentage kemp in the noil
was much lower for rectilinear combing than for Noble combing, with the No-
bie combed top containing less kemp than the rectilinear combed top@°9),

One article{12 discussed the spinnability of mohair in blends with wool,
rayon and other man-made fibres, the necessary processing data also being
given. Another provided{!*®? some details on the mechanical processing, in-
cluding ring spinning (42 tex yamn}, of mohair, detailing also some quality con-
trol measures and parameters.

Citliers?1? investigated the spinning, into 68 tex yarn, of seven mohair
lots (29 to 42pm) using the Bradford (cap, ring or flyer} system as well as a
combined Bradferd/French system. He showed that the finer mohair could be
spun into finer, stronger and more even yarns, with tonger fibres also produ-
cing stronger yarns. Cap spun yarns were more hairy, stronger and could be
spun finer than ring or flyer yarns. Yarns of good regularity were spun from
lower twist Bradford roving on any double apron French type ring spinner. Yarn
hairiness was influenced by spinning speed, the spinning mode, fibre fineness
and length, roving and yarn twist and the use of balloon separators. The affect
of fibre length, within the limits studied (73 to 120mm), on spinning perform-
ance was much smaller than that of fibre diameter. The formation of “"crackess”
during spinning was observed for the longest mohair which also exhibited the
greatest variation in fibre length, in spite of the fact that the ratches on all
machines were increased to accommodate the long fibres. Yarn hairiness was
found to increase with increasing spindle speed and fibre diameter and with
decreasing fibre length and yarn twist. Traveller weight appeared to have little
effect. Higher roving twist, the use of condensers behind the front roller nip
(thereby reducing the width of the ribbon of fibres emerging from the front
roller) and the removal of the separating guards between the spindles (particu-

146



ariy with cap spinning} alf tended to reduce yarn hairiness. Cap spun yarn was
nore hairy than ring spun yarn, with the latter slightly more hairy than fiyer
ipunyarn.

Cilliers and Turpie®® summarised the processing of mahair as follows:

“In order to overcome the tack of fibre cohesion, special additives need to
»e applied, usually in the form of a fine sprayt98, thus improving the inter-fibre
:ohesion. Special techniques to assist the passage of the carded web to the
:omber and the slivers as they emerge from the cams during gilling are re-
juired so that the tension on the slivers is at a minimum. Carded mohair slivers
ire generally not very entangled and usually only two gilling operations are
equired before combing. At the first gilling it is generally necessary to spray on
vater, anti-static lubricant, and if required, oil. It may also be necessary to
nclude an additive to increase to increase fibre cohesion. in this way the slivers
ire prepared for optimum combing performance. When it comes to drawing
ind spinning, bath the Bradford and Continental systems are used, the Brad-
ord system operating on the draft-against-twist principle, lie the slivers are
wisted prior to drafting)®®®, This system has obvious advantages for mohair
iince the twist in the sliver keeps the fibres together, thereby increasing the
liver strength and controlling the drafting action. On this system, it is also
wustomary to spray the fibres with about 3% oil to increase inter-fibre cohesion
ind further assist the drawing19€), On the alternative Continental system twist-
ess slivers are processed and cohesion is obtained by means of rubbing
iprons, which only insert “false” twist into the slivers. These slivers are, there-
ore, more open in construction and also weaker, with fibres protruding fro.
he fibre stream. This is an obvious disadvantage since the cohesion between
he fibres is relatively low. The very nature of the Continental system prohibits
he application of large amounts of additives with a high fatty matter content.
\evertheless, it is possible, when using the correct techniques on either sys-
em, to produce a satisfactory yarn. Once the mohair fibres have been convert-
d into a yarn, which contains “real” twist, subsequent conversion of the yarn
nto fabric is relatively troublefree. it is interesting to note, however, that as
‘egards the Continental system of drawing and spinning a small amount of
~vool blended in with the mohair significantly improves the spinnability; that is
0 say, the number of ends breaking down per unit time is appreciably lower.
Mhis means that the overall production speed of the spinning frame can bhe
ncreased and the production thereby increased, care being taken, however, not
o exceed a certain upper limit beyond which the quality of the yarn would be
mpaired due to the appearance of excessive hairiness198

Carding can prove difficult if mohair is either over- or under-scoured!33,
e introduction of metallic card wires (clothing) was considered advantageous
n that it allowed the card to be shortened and reduced the probability of over-
:arding. Static controt during carding can be achieved by efficient humidifica-
ion and the application of anti-statics, but care must be exercised with the
atter to prevent the fibre wrapping around the card rollers. Because of possible
yroblems with lapping, carding can take place without the addition of a comb-
ng ail, the oil being sprayed on after carding {spraying being recommended
thove "dripping”). Spencer23d gtated that the top should be stared in bump
arm as balling could prove problematic. He stated that his firm spun the mo-
1air yarn on the package that would be used in the shutile as weft, and recom-
nended a maximum regain of 17% when storing mohair, higher regains could
ead to problems with mildew. Piecenings, during the finishing and drawing
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operations, could tead to yarn faultst233),

Spencer(?33) stated that high speed spinning leads to yarn hairiness and
that ratch setting was important, in both drawing and spinning, as mohair is
susceptible to curl {crackers*} which can be introduced by under-ratching(@33),

Quality control on mohair tops generally involves testing for evenness
{irregularity}, fineness {um} and fibre length®@3Y). Mohair can be blended during
the combing or drawing process, various types of mohair often being blended
to produce the desired yarn but tops containing a blend of fine and coarse
fibres or thick and thin places are rejected because of potential spinning prob-
lemsf281},

Kul and Smith{®”® investigated the effect of different lubricants (oils) on
the properties and processing (Bradford system) of mohair slivers and on the
yarn evenness and tensile properties. The drafting force {drag) of the mohair
slivers was found to increase with oil content and also with the product of oil
viscosity and speed, the greater the viscosity the greater the rate of increase.
Surface tension, through its effect on inter-fibre adhesion, was judged to be the
main force governing sliver cohesion, a high surface tension appearing to be
desirable. In processing trials, involving the Bradford system, the best results
were obtained with 3% af an oil with a viscosity near 100 centistokes (poise)
and containing suspended silica. An antistatic spray was found to be essen-
tial@73, The more viscous oils were found to give less fly during processing.
The addition of silica to the lubricant changed the ratio of dynamic to static
friction. The ratio of dynamic to static sliver drag appeared to be positively
associated with irregularity produced during drafting.

Blends of mohair with polyester and rayon were shown, by O'Connell et
a/3%) 1o process readily on the worsted system. In the Bradford processing of
mohair, 3 to 3.5% of oil may be added at the fourth open gill-box of the prepar-
ing set to prevent the fibres from becoming wild®32). Because of low fibre
cohesion, backwashing of mohair (which increases lustre®%V), could present
problems although twist insertion helps@03),

Lupton and King@38372373) investigated the small-scale processing of mo-
hair on Conventional worsted machinery {a modified American worsted system
involving pin drafting and twisted roving}, using 12 commercial processing
additives {each at three levels} sprayed onto the scoured mohair. Fibre break-
age during carding was negligible. Processing took place at 22°C and 80%RH.
Most of the additives tested gave optimum carding performance at the lower
level of add-on {0.5%), with the application of a colloidal silica producing excel-
lent carding performance. They also investigated®? the application of com-
mercial water dispersable additives (by overspraying) to mohair prior to card-
ing. Rovings prepared from the treated fibre had greatly increased cohesion.

Turpie ef a/2%) investigated the lubrication of mohair for processing on
the Continental system. They found that it was important that the additive must
improve cohesion and reduce static. Spinning performance was found to de-
pend upon the sliver withdrawal force (see Fig. 45} rather than on the particular
lubricant. Best spinning performance was obtained when the withdrawa! force
of the tops was adjusted to its optimum value (20 N/g} with additional additives.
Yarn friction was primarily related to the ether extractable matter of yarns, with
paraffin waxing of little use if the ether extractable matter content of the yams
was high{2®3),
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They concluded as follows®?9): Topsol plus some antistatic performed
well in carding and gilling but not so well in combing; more of the antistatic
would have improved this performance. Topsol together with Alon or Leomin
KP performed well throughout the topmaking processes, provided that a low
grease level on the scoured mehair was maintained. When a strong antistatic
was added to Topsol alone an excellent performance was obtained with BSFK
mohair throughout the topmaking processes. Leomin KP together with an an-
tistatic also performed well.

They arrived at the following general conclusions: Carding efficiency was
improved when the fibres were well lubricated but a certain amount of cohe-
sion was also necessary {Topsol or Leomin KP proved to be efficient). Too
much cohesion {as with Alon) resuited in adverse fibre breakage. An antistatic
also proved to be essential. In gilling, similar requirements prevailed, although
static effects proved to be critical and too much lubricant caused lapping

149



around rollers. In combing, static was once again important while lubrication
together with a certain amount of cohesion was important. Very high fibre
cohesion resulted in too much noil. Low 1o medium amounts of residual greasg
proved to be hetter for all these processes. Some additives resulted in rust
formation on metal parts and it would therefore be necessary to use a rust
inhibiter with these®99). Veldsman®518! stated that at that time Duroil4027 was
quite widely used at SAWTRI and the local industry.

Darwish32% studied the Bradford system of drawing followed by cap spin-
ning of 15 mohair lots which differed in fibre length, strength and diameter. He
conciuded that fibre diameter was far more important than length or strengthin
determining spinning performance {end breaks), limiting count and yarn prop-
erties, such as extension and irreqularity. An increase in diameter generally
caused a deterioration in all these characteristics, while an increase in fibre
iength (up to about 120mm)} improved spinning performance and yarn proper-
ties. An increase in fibre strength also had a beneficial effect on spinning
performance and yarn properties. Softly twisted and stored rovings reduced
end breakage rates.

The most detailed processing studies on mohair were undertaken at SAW-
TRI during the 1980's, using the Continental System, with some lots also being
processed on the Noble comb. The studies were aimed at elucidating, amongst
other things, the effects of fibre diameter and length on processing behaviour
and yarn and fabric properties.

In one of the first such studies at SAWTRI, Turpie and Hunter{43? investi-
gated the ring spinning potential {processed on the Continental warsted sys-
tem) and yarn properties of a range of mohair lots, using the mean spindle
speed at break (MSS) and commercial spindle speed {CSShtests. The hair (Kids,
Young goats, Fine Adults, Locks and Average Adults} was scaured to 0.2%
residual grease after which 0.6% of additive was applied, different additives
being applied at the top stage. Spinning potential was mainly affected by fibre
diameter, deteriorating with an increase in fibre diameter. Within the ranges
cavered, neither the type of supplementary additive nor the mean fibre length
had a material effect on MSS. Better spinning performance was obtained when
spinning with an uncoltapsed balloon*29),

In a later study Strydom(552 studied the processing characteristics of 15
lots of mohair of “Good” to “Average” style, covering approximately the same
range of mean fibre length and mean fibre diameter values as the South African
clip. Processing was carried out on Continental worsted equipment, with cer-
tain batches also being combed on the Noble comb {Fig. 46).

Machair base values were of the order of 66% to 75% and top and noil
yields varied from 78% to 89%. Card osses, although generally low (3% to 7%)
tended to be higher for the shorter grades and combing tear increased with
increasing mean fibre diameter. The Noble comb removed 2% to 3% more noil
than the French comb (Fig. 46) and produced tops 4 to 6rmm longer with a lower
CV of length. Finer mohair appeared to suffer more fibre breakage during pro-
cessing and as a result exhibited poorer conversion ratios, see Fig. 47. Never-
theless, they tended to spin better than the coarser qualities, even for the same
number of fibres in the yarn cross-section (see Fig. 48). Mean fibre length,
mean fibre diameter and number of fibres in the yarn cross-section were found
to explain some 85% of the chserved variation in spinning potential test results,
with the contribution of other variables such as CV oflength and CV of diameter
being non-significant.
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Goen58Y reported on the processing of cut mohair top (38mm length), in
blends with cotton, on a short staple (cotton) system. The fibres were blended
in the opening room in blends of 10/90, 20/80, 30/70 and 40/60 mohair/cotton.
Although the lower levels of mohair processed without much difficulty it be-
came increasingly difficult to process the blends as the mohair content in-
creased, it being very difficult to process the 40/60 mohair/cotton blend(sl,
more roving twist also being required. This caused snarling and the roving had
to be steamed. Spinning also became increasingly difficult as the ievel of mo-
hair increased (yarns ranging from 50 tex to 75 tex being spun).

Strydom®2) compared the processing behaviour of Summer and Winter
Cape Mohair. Sixteen batches of “Good’” to “Average” style mohair, varying in
length and mean fibre diameter, were processed into tops on the Continental
System to assess whether season as such affected the nature of the correla-
tions between processing performance, the properties of the top and the physi-
cal properties of the raw hair. No such an effect coufd be detected, and once
differences in mean staple iength and mean fibre diameter had been allowed
for (see Figs 49 to 51), no residual effect of season could be found in any of the
relationships governing scoured yields, card wastes, comb naoil, top and noil
yields, mean fibre diameter in the top, top Hauteur or conversion ratio621),
Season therefore only affected processing perfarmance insofar as it affected
staple length and mean fibre diameter.
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in a follow-up study, Strydom'¢22 compared the processing behaviour of
blends of mohair types differing in length.
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Batches of good to super style mohair, of nominally the same fineness
category (either Kids, Young goats or Aduits), were blended in such a manner
that the components in a given blend differed by either one or two primary
length classes. For this purpose, producerclassed batches in the “B"” (125-
150mm), “C"” (100-125mm} and “D” (75-100mm} length categories were selfect-
ed and blended in pairs in a 1:1 ratio, and converted into tops on the Continen-
tal system. t was shown that scoured yields, comb noil and top and noil vields
for the blends did not differ from the values predicted from the components.
Similarly, mean fibre diameter, CV of diameter, Almeter Hauteur and CV of
Hauteur behaved in accordance with the expected values. The absclute values
of CV of Hauteur and short fibre, however, depended to a large extent on the
reiative difference in length of the blend components prior to blending(622),

In a final report on the studies on the processing of mohair on the Conti-
nentai system, Strydom and Gee!”22 concluded as follows:

Wave freguency {ie waviness or crimp) decreased with age, it being nega-
tively correlated with fibre dizameter and slightly positively correlated with
grease content. The scouring yields they observed varied between 78 and 91%,
while card lasses varied from 3 to 12%. The following table summarises their
results (Table 92).
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TABLE 92(722)

MEANS AND RANGES FOR RAW MOHAIR CHARACTERISTICS AND

PROCESSING DATA

INDEFENDENT SYMBOL KIDS YOUNG GOATS ADULTS
VARIABLE USED
(Greasy wmohair IN |[Mean Min. Max.[Mean Min. Max.|Mezn Min. Max.
dara) TEXT
Mean Fibre
Diameter {ym) D 27,6 23,1 31,6(32,2 29,1 35,3138,3% 33,0 44,5
ICY of Diameter (Z) CVd 26,0 21,0 33,0422,7 20,0 24,0)25%,9 21,0 29,0
Mean Staple
Length (mm) SL 107 78 127) 110 84 1371 11t 91 126
CY of Staple
Length (2) cv 15,0 10,0 22,0(15,5 '1¢,0 27,0(15,0 10,0 22,0
: . SL
fMean Single Fibre
Length (mm) - 106 78 133] 115 95 147} 110 88 129
CV of Fibre
Length () - |37,0 29,0 44,5{32,6 26,2 35,3[25,9 28,5 42,4
Wave Frequency
(cm—l) Wy |0,52 0,45 0,66(0,47 0,42 0,53{0,39 0,28 0,46
CV of Wave
Frequency (2) CVWV 21,0 10,0 20,0/21,3 10,0 35,0324,4% 10,0 42,0
Grease Content (I) GC 4,9 3,3 8,0l 4,9 4,0 5,6 4,1 2,9 5,5
Suint Content {X) sC 2,7 2,2 4,00 2,9 2,4 4,21 2,5 1,8 3,2
Mohair Base (%) MB 70,9 64,3 75,1170,0 65,7 74,1173,1 66,5 77,3
VM Base (Z) Y& (0,30 0,1 0,7|0,20 0,64 0,4} 0,3 0,1 1,5
IDEPENDENT VARIABLE
(Processing factor)
Scoured Yield (X) 84,0 77,7 91,0(82,5 79,4 86,9(86,1 80,1 90,6
Card Rejects (Z) 4,3 7,8 8,0{4,0 2,9 5,9{ 5,z 3,5 12,5
Comb Noil (%} 3,5 1,2 6,3/1,8 1,1 2,5|1,3 0,6 2,0
Top and Noil Yield (X) 81,6 72,8 89,2)80,5 78,1 85,9(83,0 76,4 87,9
Mean Fibre Diameter {um) 28,5 24,0 33,8132,8 29,3 16,2{38,9 31,5 45,6
CV of Diameter (I} 25,7 19,0 33,0(22,5 20,0 25,0125,4 22,0 28,0
Hauteur (mm) 84 6 04| 91 76 109} 93 71 167
CV of Hauteur (2) 46,2 35,5 66,3|44,9 29,8 55,6 (39,4 34,2 48,0
Short Fibre (I < 25 om) 6,4 1,3 23,6} 6,4 0,6 17,1} 3,8 0,3 12,8
Long Fibre (L @ 51I) 137 112 165 143 112 169} 141 114 158
Single Fibre Length (=m) 99 81 122103 84 118f 101 79 114
CV of Single Fibre
Lengeh (X) 35,6 22,0 43,0{35,3 30,0 49,0(35,3 28,0 42,0
Short Fibre (I < 25 mm) 3,6 1,2 7,3}33 1,1 5,%913,6 1,1 7,3
Long Fibre (L @ 51) 150 133 1673 155 122 189| 152 131 175

The fibre diameter means and CV's of the top were found to be closely
related to those of the unprocessed hair. The top tended to be coarser than the
raw hair from about 0.5.m at the fine end of the scale {ie Kids hair of about
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25um) to about 1.3um at the coarser end of the scale (Adult hair of about
45um). (Keller and colleagues for the USDA (quoted by Strydom and Gee22))
found similar differences for Kid hair but only about half this difference for
Adult hairl?22). Staple length on its own appeared to be not a very good predic-
tor of Hauteur, but by including data ont diameter (D), diameter variability (CVd)
and wave frequency {WV), some 83% of the observed variation in Hauteur
could be explained. Dry-combed top and noit yields varied from 73 1o 89%,
depending largely upon mohair base?2?. There were no systematic differences
between the yields estimated from core test data and the actual yields obtained.
Diarneter played a very important role in determining noil, the latter decreasing
almost linearly with an increase in mean fibre diameter (part of this could be
due to the correlation between staple iength and mean fibre diameter). Their
results suggested that hair either more variable in length or diameter or both,
tended to yield lower top and noil values. The small contribution of a term
involving staple length and wave frequency (SL x WV) suggested that hair
either longer or more curly, or both, tended to yield slightly better top and noil
values.

Strydom and Gee!722 found that wave frequency affected the relationship
between Almeter and single fibre length results. They found that coarser fibres
had poorer spinning performance than finer fibres, even when the number of
fibres in the yarn cross-section was canstant. The following table (Table 93)
summarises the results of their statistical analyses.

TABLE 93022
REGRESSION ANALYSIS: SPINNING PERFORMANCE AS MEASURED BY MSS
TECHNIQUE
Basis of analysis 2 Regression Equation
No of Fibres in Yarn| 0.642 | - 3.0 D? + 0.57 (H-n) + 1.3
Cross-section (n) (HxCVy) + 1.5 CVq? + 2546
Yarn Linear Density 0.658 - 5.2 D% + 0.63 (H-tex) + 1.1
(tex) (HxCVy) - 0.2 (tex)2 + 6481

In both equations a term (HxCVp) appears, which suggested that hair
either longer, or more variable in {ength, or both had better spinning perform-
ance. The primary determining factors for MSS, however, remained the num-
ber of fibres in the yarn cross-section {n) and mean fibre length {H}, with the
effect of CV being of secondary importance in terms of its magnitude22,

In parallel studies”59 on the Nobte and rectilinear combs (comb settings
being adjusted according to length in keeping with commercial practice), it was
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found that, as expected, more noil was produced on the Noble comb than on
the rectilinear comb {Fig. 46). The noil ranged from as little as 1 to about 5%
during rectilinear combing and fram about 4 to 8% during Noble combing. An
interesting fact emerged, namely that the amount of noil was dependent upon
the diameter of the hair, but was independent of length. The increase in noil
with decreasing fibre diameter was probably due to more breakage being suf-
fered by the finer fibres guring processing. The tops were generally nep-free
and ranged in mean fibre length from 60 to 105mm. These lengths represented
conv?;s.j)on ratios from the staple to the top ranging from about 1.1:1 to
1.4;1030)

Recently Hunter and Dorfling!1%89 investigated the effect of Angora goat
age on mohair processing performance on the Continental {Frenchj system.
They showed that, provided corrections are introduced for differences in the
measureable fibre properties, notably diameter and length, goat age has no
effect on processing performance and top properties, such as % Noil and Hau-
teur {see Figs 52 and 53). What this essentially means is that provided the fibre
charateristics, such as diameter and length, are constant, the age of the goat
has no additional effect an mechanical processing performance up to and in-
cluding spinning performance.

o
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Roll(X) = ~0.7634 D + 002548 L + 0.008257 Dr2 + D.002560 Vd 2 + 14.13
R = 90.3 N=354

Fig. 52 Noil {%){1960)
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Mohair yarns spun on the worsted system, have been reported (Veldsman
quoted in Ref.329) as being rather lean, because of the straightening of the
fibres.

Kowalewski®1¥ reported on the use of increased levels of mohair in blends
processed on the woollen system, this {eading to a lower shrinkage of finished
fabrics.

The direct spinning of mohair blends sliver (semi-worsted and worsted) on
a spinning frame with two drafting zones has been reported®1? and the semi-
worsted production of 20/80 mohair/acrylic blend yarn has also been dis-
cussed49),

Mazzucheti et a/548 described the “Carfil 2" woollen spinning frame and
gave details for the spinning of mohairiwool blends, making comparisons with
the muie.

Hollow spindie {ie wrap) spinning has found significant application in the
spinning of mohair yarns for hand and machine knitting @51,

Turpie™ summarised the work done at SAWTRI on the effects of mohair
fibre properties, diameter in particular, on processing performance, including
spinning.

Smith®®5® discussed some of the processing requirements of the various
speciality fibres.

In woollen spinning, mohair shorter than 75mm is generally used while on
the Bradford {worsted) system the length is 90mm and longer, with a staple
length of sorme 120mm often required for worsted processing”89, In order to
qualify for a Spinners type, which is the top end of the market, a minimum
staple length of 125mm is reportedly required{1043},
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Van Aardi”>® investigated the effects of storage time on the Almeter
length results of mohair tops and concluded that the effect was smalt and of
little consequence when the tops were stored in ball form. The CV of fibre
length of mohair tops is reported to be typically 20 to 30% 08,

Moia*® reported on a machine which was able to sort combed tops ac-
cording to fibre length.

Millmorel1913 giscussed various functions and space requirements of a
manufacturer specialising in mohair and alpaca.
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CHAPTER 15

ARTIFICIAL CRIMPING

Crimp plays a very important role in the cohesion and mechanical process-
ing of staple fibres as well as in the aesthetic and physical properties (eg bulk,
handle and comfort) of the yarns and fabrics. Mohair has little erimp {some-
times referred to as “‘waviness”).

Cilliers®!® investigated artificial crimping as a means of improving sfiver
cohesion and the bulk of 75/25 mohairfwool. He compared the processing
performance, on the French system, of artificially crimped and uncrimped (ie
natural} blends of mohair and Corriedate wool. He concluded that the method
of arificially crimping wool {developed by the [WS) could be applied to mohair,
increasing yarn strength and diameter and irregularity, and fabric bulk, but
decreasing spinning performance. Keighley®7Y, quoting Brammabh, referred to
a special crimping attachment to a rectilinear comb which allowed the comb to
“bind” the fibres together to impart the necessary cohesion prior to first finish-
ing, instead of inserting twist.

Goldberg®®? reviewed research done to increase the cohesion of mohair
fibres and the utilisation of surfactants. One firm found a special “crimping”
attachment on their French comb to be an advantage, in that it allowed the
comber to “bind” the fibres together to provide the necessary cohesion prior to
first finishing®7Y.

Veldsman®°U reported that the IWS artificial crimping process developed
for wool improved the bulk of mahair worsted yarns and fabrics. Umehara ef
afl723) investigated the application of the IWS Supererimping process for impart-
ing crimp artificially to wool and mohair, The crimping process involved a draft
relaxation followed by a stabilisation of the crimp by chemical modification. It
was found that for fibres without a bilaterat structure {eg lustre woo!l and mo-
hair), crimp stability was not satisfactory but could be improved by prolonging
the time of the bisulphite treatment.
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CHAPTER 16

CORONA TREATMENT

Thorsen and Kodani®%2 found that corona discharge treatment of mohair
top increased its cohesion significantly. LandwehriD reported on the electro-
static properties of corona (glow discharge} treated wool and mobhair and gave
the following tribo-electric series {Fig. 54). He reported that corona treated mo-
hair was easier to card than untreated mohair, possibly because it was tribo-
electrically closer to the steel card wires than the untreated mohair. Changes in
frictional properties could provide an alternative explanation. He®D pgstulated
that blending “positive’” and "‘negative’ mohair fibres (ie untreated and treat-
ed} could improve drafting due to greater fibre cohesion.

Thorsen and Landwehr®38 reported on a pilot-scate reactor for corona
{accelerated by injecting air-chlorine mixtures) treating woal and maohair tops,
the treatment reducing felting shrinkage and improving spinning performance.
The latter was thought to be as a result of increased single fibre surface friction
and fibre cohesiveness(152228),

Thorsen and Landwehr5 and Thorsen(@58264290) reported on the in-
crease in mohair friction, cohesiveness, tensile strength and processibility by
carana treatment and considered that the treatment had potential for improwv-
ing mohair processing performance, including carding, and yarn strength {*'y
31%]). Corona treatment produced polar sites, probably sulphonic and carbos -
lic acid groups, on the fibre surface@). It increased wettability, friction, soil
repellency and resistance to felting shrinkage and altered electrostatic behav-
iour. Fabric handle can be adversely effected by corona treatment, but this can
be improved by the application of a suitable softener. The lustre of mohair was

+
® Untreated Wool

and Mohair
® Nylon

Cotton
Silk CHILLORINE-CORONA
Shoe leather sule  TREATED WOOL AND MOIAIR
Steel
Rubber heel
Orlon

® Polyethylene

o Teflon

Fig. 54 Tribo-Electric Series of Selected Materials@1),
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unaffected by the corona treatmenti2552%0)_ The blending of short mohair, wool
and cotton, {untreated and corona treated) and their processing on the short
stapie system, was reported on(338.348 |t was reported®?! that corona treated
woal improved the strength and abrasion of mohair/wocl/cotton fabrics.

Hird®s! studied the spinning behaviour of corona {ionic glow discharge)
treated mohair, showing that the treatment had a significant effect upon both
the static and dynamic frictional properties of the mohair fibres, both being
increased. Spinning {apron drafting) performance was improved by the treat-
ment and so too the yarn tensile properties.
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CHAPTER 17

FANCY (NOVELTY) YARNS

Mohair is used to particular advantage in fancy or novelty
yarns{196.220281,304.442.527.631934)  guch a5 loop, brushed, bouclé, knop, flame,
snarl, siub, gimp etc, where its properties provide aesthetic appeal and comfort.
Such yarns are used in blankets, stoles, shawls, scarves, knitwear {(sweaters,
cardigans, jerseys etc), travel rugs, curtaining, table coverings, upholstery, fur-
nishings, pram covers, ladies dresswear, suitings, coatings etc. Traditionally,
moahair yarns {particularly loop yarns} were raised after knitting by passing the
fabric through a teazle machine. Loop yarns are often first converted into fabric
and then brushed to give the desired light and fleecy (brushed) appearance220),
Adult hair is often used to form the loops of bouclé yvarn properly(®3D,

Villers®®2 gave the following three examples of mohair loop yarn produc-
tion:

1) R443 tex ali-mohair.
1st Operation

Two foundation threads:
QOne effect thread:
Delivery ratio;

Twist:

2nd Operation

Fourth Component:
Twist:

2) R590 tex mohair/wool.

7st Operation
Two foundation threads:

One effect {loop) thread:

Delivery ratio:
Twist:

2nd Operation
Fourth component:
Twist:

31.6 tex mohair.
136 tex mohair.
1:2.8

236 turns/m (left).

37 tex mohair.
126 turns/m (right}.

45 tex wooal; 472 turns/m Z twist.
220 tex 177 turns/m Z

1:2 (approx).

472 turns/m S twist.

44 tex wool 472. turns/m Z twist.
157 turns/m Z twist.

3} R633 tex (1.4’s) mohair and cotton.

75t Operation

Two foundation threads:
One effect thread:
Delivery thread:

2nd COperation
Fourth Component:

R88.6 tex/2 cotton.
222 tex mohair.
1:2 approx

R74 tex/2 mohair.

Curl yarn is produced by twisting a number of yarns together setting the
yarn leg boiling at pH 6.7) and then untwisting and separating the individual
yarns again.

Hunter@?8 jnvestigated the use of the knit-de-knit process to increase the
butk of mohair yarns. The production of sufficiently fine and even yarns and
abrasion of the yarn during the knit-de-knit process could present problems,
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and so, too, the stability of the set kinks (crimps) in the yarn. Grenner and
Biankenburg{?58 investigated the chemical setting, and associated damage of
mohair and wool “crinkled” yarns.

Traditional mohair blankets®5 are manufactured by weaving a fancy mo-
hair loop yarn in both the warp and weft directions with a low number of ends
and picks per centimetre, The loop yarn is made by two doubling processes, the
first of which is known as the “folding” effect, and the second as the “running
back” or “locking” effect. For example, two single or ply ends of about 44 tex
worsted yarn can be folded with a mohair yarn of about 220 tex, the mohair
varn being overfed to produce loops in the yarn. This is illustrated by Fig. 55.
The loops formed in this manner are unstable and therefore this loop yamn is
subjected to a second doubling process known as “running back”. Fig. 55
shows the second stage in the manufacture of loop yamns; the folded loop yarn
is run back with another end of single 44 tex yarn and the loops of mohair are
locked into position by this binder thread. The resultant fancy loop yarn has a
linear density of about R4B0 tex with evenly spaced toops. There are variations
of the above process, the most common being that ply yarns are used in the
locking process. - .

mohair
r wool
z
S 4
Z F 4
wool wool
$
z
First Process — Folding Effect Second Process - “Rumming back™ -
Binding the Mohair pops to give 2 stable
yarn

Fig. 55 The Production of Loop Yarns®39
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Loop yarns are often wound into hanks, dyed and brushed then used for
weaving into rugs and shawls. They may also be woven directly into blankets
after dyeing, and the woven fabric raised to give a pile effect. This type of
woven blanket may be plain weave and constructed with only about four ends
and picks per centimetre. When the blanket fabrics are raised, the rollers of the
raising machine pluck the mohair loops, breaking them and drawing the fibres
paratlel to give a raised pile. The base of the fibres remain locked in the yarns in
the fabric. The resultant fabric has a long pile of soft, silky fibres with the
characteristic lustre of mohair, and the resultant mass per unit area of the
blanket is in the region of 350g/m?

Shorthouse and Robinson!®58 gave recommendations for the spinning of
mohair brushed and loop yarns, using a novelty spinner. Yarn brushing and
yarn and fabric properties, fibre loss during brushing and also the weaving of
yarns were discussed.

Shorthouse and Robinson®*¥ investigated the effect of mohair fibre diam-
eter on the processing performance of loop and brushed yarn as well as the
physical properties of the yarns and the fabrics produced from them. Eight lots
of mohair were processed to obtain a yarn construction similar to a commercial
loop yarn. The mohair was spun into 120 tex Z200 yarn. A 60/40 wool/nylon 40
tex Z400 yarn was used as the ground and wrapper components. The loop
yarns were produced on a fancy twister operating at a spindle speed of 1 600
rev/min as follows:

First operation: Each of the 100% mohair yarns was combined with two of
the wool/nylon (ground) yarns using a feed ratio of 2.37:1 and folded with S450
turns/m.

Second operation: The resuitant unstable loop yarn from the first oper-
ation was then combined with a third wool/nylon yarn as wrapper using a
folding twist of Z15@ turns/m.

The yarns were brushed on a yarn brushing machine using either two, four
or six wraps. Both the loop and brushed loop yarns were woven into a blanket
construction having the mohair on the face of the fabric. The pile was raised
after finishing. The loop and brushed loop yarns containing the coarser mohair
exhibited the lowest number of faults {malformed locops). Fault rates were re-
duced by increasing the severity of brushing. Higher percentages of fibre loss
were obtained as the fibre diameter increased and also as the number of wraps
increased!(e6),

Sharthouse and Robinson(772 investigated the effect of twist, oil content
and dyeing on mohair loop and brushed loop yarns {see Figs 56, 57 and 58772},
Loop properties were influenced by the amount of twist in the singles mohair
yarn. The loop frequency and size were related to the amount of folding twist. A
high oil content reduced the number of malformed loops. Loop varns were
hank-dyed without problems but components of brushed loop yarns should
preferably be dyed prior to fancy doubling. Singles and folding twist levels
required to produce the best loop and brushed loop yarns, were determined.
An optimum twist of about 200 turns/m was found for the 120 tex mohair yarn,
this yarn being folded with two 60/40 woolnylon {40 tex Z 400) yarns as
ground, using a feed ratio of 2.37:1 and S 450 turng/m. The unstable loop yarn
so produced was combined with a third woel/nylon loop yarn {wrapper) using a
folding twist of Z150 turns/m.
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120 tex Z200 120 tex Z

{772) .

Fig. 56 Effect of Singles Mohair Twist Levels on Loop Appearance

T . 3 S —
S500/Z7200 $400/2100

Fig. 57 Effect of Folding Twist Levels on Loop Appearance 772},

o L

= P Chrcl - i R 3 ;
Undyed loop yarn {brushed) Hank-dved loop yarn (brushed)

Fiz 58 Effect of Hank-Dyeing the Loop Yarnt72

Metchette®®¥ discussed the spinning and dyeing of fancy yarns.
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CHAPTER 18
REPCO-WRAPPED CORE-SPUN YARNS

Various researchers at SAWTR! carried out considerable work on the spin-
ning of mohair yarns®3 including slub yarns97, on the Repco self-twist spin-
ner, without®?® and with nylon filaments®¥2%, It was concluded that the best
results were obtained when two multi-filament yarns {usually 17 or 22 dtex
nylon) were introduced, the one to act as a core and the other as wrapper.
Yarns so spun {and generally uptwisted after spinning - STT} were designated
as Repco-Wrapped Core-Spun {(RWCS]} yarns. Two strands of mohair and one
nylon filament core were drafted and self-twisted with a filament binder yarn to
form an RWCS yarn#2¥ (see Fig. 59). Different variations were developed. The
yarns were converted into lightweight fabrics, generally with highly acceptable
properties. Much of the work was summarised by Robinson and Turpiel#6),
The advantages attributed to RWCS yarn were stated®46l 1o be:

1} Much finer yarns (down to 16 tex) could be spun.

2} Higher spinning (up to 220 m/min) and better spinning efficiencies

could be achieved.

3) Reduced yarn hairiness.

4} Better yarn performance during preparation and weaving.

5} Lighter weight (150 to 180 g/m?} fabrics of a finer construction could be

woven and knitted.

6} Improvements in certain fabric physical properties.

The spinning of RWCS yarns is illustrated in the following Fig. 59.

ake-up
vollers package

Fig. 59 RWCS System(795),
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A core-spun self-twist mohair-based slub yarn, comprising a mohair base
and & rayon slub, was successfully spun on a Repco-Spinner, the rayon sfub
being produced from a woollen slubbing introduced into the drafting zone!397),

Robinson et a/**24 reported on the spinning of refatively fine RWCS (STT)
yarn and the production of relatively light weight {160g/m?) mohair suiting fab-
rics. The yarns performed well during weaving. Yarns with as few as 18 mohair
fibres per yarn cross-section were spun®24, Turpie et a//488) gave typicai values
for the irregularity and breaking strength of RWCS mohair yarns, containing
mohair ranging in fibre diameter from 25 to 40um. The yarns contained a core
and wrapper of 22 dtex nylon multi-filament (7 filaments each}. Multiple regres-
sion analysis of the data showed that yarn thick places and breaking strength
were affected by fibre diameter, fibre length and yarn linear density ({tex}, yarn
thin places, neps and irregufarity by fibre diameter and yarn linear density and
yarn hairiness and tenacity by yarn linear density. Graphs of typical values were
given, two of which are re-produced here {Figs 60 and 61}.

H i [ !
O] B £l - *
YA RN LN DESETY thea

Fig. (64& )lrregu!arity (CV) of RWCS Mohair Yarns, for Various Mean Fibre Diameters of
Top .

f
-

-

BREAFING FTRENTH (.

3 £
o = = = 3 O]
WARN LA ol BESHTY i)

Fig. &éﬁ )Breaking Strength of RWCS Mohair Yarns for Various Mean Fibre Diameters of
Top a
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By combining RWCS mohair weft yarns with sized singles yarns it was
possible to weave fancy weaves eg Chevron stripes, 2/2 twills and herringbone
and Glen Urguhart Check patterns®®9_ Good fabric stability was still achieved
because of the fine yarns and higher setts employed. The fabrics were singed
and pressed to give a clean surface and had exceptionally good crease recovery
nroperties and a high lustre. The mass of the fabrics was 180g/m? or iower(538),
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CHAPTER 19

DREF FRICTION SPINNING

Robinson et 5/5% used the novel feature of the DREF I} open-end friction
spinning machine, which enables the radial positions of the fibres in the yarn
cross-section to be predetermined, to show how a speciality fibre, such as
camel hair or mohair (eg noils), can be made to predaminate on the yarn sur-
face whilst a cheaper fibre makes up the body of the yarn. In this manner the
yarn, and subsequent fabiric, has the aesthetic qualities of the speciality fibre in
spite of the fact that the Iatter only makes up a small proportion of the whole,
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CHAPTER 20

YARN PROPERTIES

20.1 General

Tipton'® reported on the dynamic tensile mechanical properties of mo-
hair/wool worsted yarns and other yarns. Cilliers{'3? investigated the spinning
and properties of mohairiwaoo! yarns and found that the yarn strength increased
with increasing yarn linear density, twist factor and wool content, with the
varns spun at the higher speeds weaket than those spun at lower speeds.
Nevertheless, for all the blends, the yarn strength compared favourably with
those of commercial yarns tested, Similar trends were observed for yarn exten-
sion at break. Yarn evenness was somewhat below average, being the lowest
with 60% mohair®®, Patni et 2/*7 investigated the yarn properties of Kid
maohair, Adult mohair and mohairfwoal blends, showing that the Kid mohair
yarns were generally superior to the Adult mohair (the fibres also had a greater
tenacity of 15.8 vs 13.6 gfitex).

Hunter et a/*8 carried out a limited trial to determine the effect of mohair
fibre diameter on yarn properties and found that in gerneral an increase in
mohair fibre diameter caused a deterioration in yarn physical properties. In a
later study Hunter et a/52% found that fibre diameter had a greater affect on
yarn properties than fibre length, with an increase in diameter generally, having
an adverse effect on yarn properties.

Giircan et a/®*? compared the properties of mohair yarns {22 to 44 tex)
spun on the French and English systems, respectively, and concluded that the
yarns spun on the French system were at least as good as, if not better than, the
yarns spun on the English System.

In a wide ranging study, involving the processing of some 50 mohair lots
on the Continental worsted system followed by ring spinning, Hunter et a/719
investigated the effect of fibre properties, notably diameter and length, on yarn
and fabric (knitted and woven) properties. They derived multiple regression
equations by means of which the yarn and fabric properties could be predicted
from fibre diameter, fibre length and yarn {inear density and twist. Within the
ranges covered, the effect of fibre diameter on yarn properties was far greater
than that of fibre length, while the effects of variability {CV} of fibre diameter
and fibre length and short fibre content were relatively small, Virtually al! the
varn properties deteriorated with an increase in mean fibre diameter (or with a
decrease in the number of fibres in the yarn cross-section), while an increase in
mean fibre length generally had & beneficial effect?®. Figure 62 illustrates
some of the main trends

Yiiksel!®28 jnvestigated the application of an improved Martindale yarn
irregularity formula by Grisham to mohair yarn irregularity. His results
favoured the former. Some properties of mohair/wool {in blends of 80/20, 650/40
and 40/60) and mohairfsitk (50/50) blend yarns have been reported?29. The
strengths of the mohair/wool blend single yarns were of the order of 3.7 cNAex
and that of the mohair/silk about 5.6 cNitex.

20.2 Friction

It is widely accepted that the friction of a yarn is very important in their
efficient machine knitting and in maintaining course length and garment size
unifarmity, consistent yarn friction being of particular impartance. Hunter and
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Fie 62 The Effect of Mohair Fibre Properties on Yarn Properties716),

Kruger?8” investigated the effect of different levels of paraffin wax on the fric-
tion of mohair/iwaool yarns of different blends. They found that the friction of
waxed mohair/wool yarns increased with increasing mohair content. This was
ascribed to the extractable matter on the mohair rather than to the mohair fibre
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itself, since solvent extraction or scouring of the yarns prior to waxing eliminat-
ed the effect {seg Fig. 63). The minimurm friction of the waxed yarn was correlat-
ed with the original either extractable matter content of the yarns. Optimum
friction was found to occur at a wax application of around 0.5ug/cm. Generally,
the wax with the highest melting point (63°C) gave lightly better ail-round
performance than the other two waxes studied?®87,

58
Unscoured Control -
Scoured in Speedwek and formig acld X
Scoured |n Erfopon HD and sodiurmm carbonate [ay
ol Extracted with ether and alcohol o

YARN FRICTION {gf)

12 L

1 1
& o5 1.0 15 &F 14
AMOUNT OF WAX aPPLIED Pt/cn}

Fig. 63 Yarn Friction vs Amount of Wax Applied (100% Mohair Yarn; Melting Paint of
Wax 63°C)1287),

20.3 Bending Stiffness

An important property of textiles is their low bending stiffness {flexural
rigidity} which makes them suitable for many end-uses, in particular apparel.
Understanding the role of the many factors invalved in determining flexural
rigidity, or bending stiffness, is essential for a better understanding of the
broader issue of fabric drape and handle which play such an important role in
determining the suitability of a fabric for a particular end use. it is generally
accepted that fibre stiffness plays a dominant role in yarn and fabric stiffness
and handle (softness), with fibre stiffness largely a function of fibre diameter,
increasing with the fourth power of diameter.

Yarn flexural rigidity, is important because of its large effect on the bend-
ing properties and behaviour of a fabric. Yarn stiffness affects the drape coeffi-
cient and, because it is related to fabric flexural rigidity, it also affects the han-
dle of a fabric, handle being closely related to fabric flexural rigidity. It is aiso of
some importance during fabric forming processes {eg knitting).
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Van Rensburg et 2/ investigated the effect of wool and mohair fibre
properties on yarn flexural rigidity. Mean fibre diameter had the overwhelming
effect on yarn flexural rigidity and accounted for more than 90% of the variation
in it. At the same mean fibre diameter, the flexural rigidities of the wool and
mohair yarns were similar (see Fig. 64)6!1. Yarns with a higher twist were
marginally stiffer than yarns with a lower twist. A good relationship was found
between yarn stiffness and fabric stiffness for 1 x 1 rib fabrics although, at the
same yarn stiffness, the wool fabrics tended to be stiffer than the mohair fab-
rics, possibly, because of higher inter-fibre and inter-yarn frictional and cohe-
sive forces, due to differences in fibre crimp and friction.

20r

15p

10

Wool 50 tex S640 {eq. 5} *

s

5r M.
- ..

5 20 25 30 35 40
MEAN FIBRE DIAMETER ( zm)

Wool and Mohair 50 tex 5380 (eq. 9)

FLEXURAL RIGIDITY (mN.mm?)

O] Wool 54 tex S64
%] Mohair 38 s 5398

.[ Wool 58 ux SI38

(-]

Fig. 64 The Relationship between Yarn Flexural Rigidity (G) and Fibre Diameter for
Wool and Mohairl®11),

20.4 Diameter and Hairiness

The hairiness of mohair yarns is an interesting property. For some end-
uses, such as hand-knitted women's cardigans, shawls and blankets, hairiness
is an asset, enhancing the appearance of the fabric. For this purpose, brushing
of mohair yarns and fabrics is commonplace in the industry. In other end
uses{”8 however, such as men’s worsted suits, hairiness is a disadvantage,
and has to be minimised. Mohair is inclined to produce a hairy yarn, and if
hairiness is to be minimised, various precautions are necessary during process-
ing and yarn winding etc.

Yarn diameter (thickness) is important from the point of view of the caver
and bulk which it provides. Although yarn diameter is largely a function of the
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yarn linear density {tex or count) and twist, other factors, such as the manufac-
turing systemn (ie worsted, semi-worsted or woollen) and the fibre properties,
~such as diameter, length and crimpiness, also influence it.
. Cilliers337 gbserved that, for wool/mohair yarns, hairiness increased with
increasing mohair content. Barmby and Townend (170173 jnyestigated the ef-
fects of spindle speed (flyer and ring framesj on the lustre and hairiness of 45
tex mohair yarn. A dolly roller twister fitted with leather covered dollies, was
used to study the effect of doubling on yarn hairiness, this system minimizing
the disturbance of the surface hairs'"7%. They found that more yarn faults were
produced at higher spindle speeds, with the first winding operation having a
considerable effect on the number of faults. The second winding operation
appeared to remove some of the faults caused by the first winding operation,
probably related to the direction of the protruding hairs. The yarns spun on the
flyer frame tended to have fewer faults than those spun on the ring-frame. The
surface hair ends were found to be trailing when the yarn left the front rollers of
the spinning frame and therefore leading when the yarn was withdrawn from
the spinning tubes during the first winding operation, The first winding oper-
ation increased the yarn hairiness, the effect being smaller for the yarns spun at
the higher spindle speeds. The second winding operation reduced hairiness. An
increase in spindle speed was associated with an increase in hairiness for both
the unwound and once wound yarns??®_ In the case of the doubled yarn, the
unwound yarn was judged to be the most hairy, with higher spindle speeds
being associated with greater yarn hairiness. They found considerable dis-
agreement between subjective and objective assessments of yarn hairi-
ness!7Y, Winding the yarn twice, rather than once, appeared desirable. The
photo-electric hairiness test indicated that the twice wound yarn was the most
hairy whereas the subjective test indicated the once wound yarn was the most
hairy. None of the parameters studied appeared to affect the lustre of the yarns
as assessed in the woven fabrics. They claimed that the best mohair fabric was
made from unwound weft171),

Cilliers®®® found that ring-spun mohair yam hairiness increased with
spinning speed. An increase in inter-fibre friction, as measured by a withdrawal
force tester, led to an increase in yarn strength.

Rewinding a mohair yarn causes the hairs on the yarn surface to lie in a
different direction which could lead to bars in the fabrict?3®_ The yarn should be
cleared in the singles form, as two-ply knots are difficult to mend233,

Townend®92 reported that, for mohair flyer-spun yarn (Bradford system),
there were about three times as many feading fibre ends as trailing ends on the
yarn as it was spun, with the protruding fibres (ie hairs) mainly caused by
thicker and stiffer fibres. The ASD drafting system on a Uniflex spinner pro-
duced less hairy yarns than the conventional carrier and tumbler system. High-
er yarn twist led to slightly lower hairiness. Roving storage (for cne month) was
found to significantly reduce yarn hairiness, there also appearing to be an opti-
mum roving twist as far as hairiness was concerned.

According to Onions et a#*53, yarn hairiness, although desirable in certain
applications, can create problems during twisting, winding, weaving, knitting
and finishing. On mohair flyer-spinning, most of the hairs on the yarn were
already present before the yarn had passed the flyer top. Hairiness was in-
creased by using a higher draft {on conventional carrier-and-tumbler drafting
equipment). Some oil was advantageous but not beyond 4%, when 0.5% anti-
static agent was applied, the amount of oil could be reduced to 2%. Hairiness
was critically affected by fibre fineness, coarser fibres leading to much greater
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hairiness, fibre length not being as critical, although longer fibres tended to
produce less hairy yarns. The number of gillings as well as roving and yarn
twist levels did not appear to have a major affect on yarn hairiness®2, The
ribbon width and the escape of fibres from the control of twist at the front roller
exit appear to have the same effect on yarn hairiness.

Roving storage appeared to reduce yarn hairiness and so too, yarn stor-
agel®02.365), The storage of the roving prior to spinning had a remarkable effect
on reducing yarn hairiness for the Bradford system®¢3), The greater the fibre
control during spinning (eg ASD system), the lower the yarn hairiness. The
rubbing action of the flyer leg increased yarn hairiness. Coarser yarns tended to
be hairier, higher singles yarn twist, combined with conventional two-ply twist,
gave the least hairy two-ply yarns. Storing the yarn for a few weeks aiso de-
creased its hairiness®89, Srivastava et a/'**1) reported that ring-spun yarns had
more than twice, and flyer-spun more than three times, as many leading as
trailing hairs, with their numbers being equal for ASD cap-spun yarn. There
appeared to be a critical flume-setting on the Uniflex spinner, above and below
which yarn hairiness may increase, a higher drafting angle being associated
with a lower yarn hairiness. Yarn hairiness generally decreased with increasing
traveller weight. Better fibre control during drafting and a reduced ribbon width
at the exit of the front rollers reduced yarn hairiness®1), Although two-ply
yarns had more protruding fibres than singles yarn {of half the linear density)
their average lengths were less and it was concluded that two-ply yarns werse
less hairy than singles yarns. The number of hairs longer than 0.5mm were also
less for the two-ply than for the singles yarns®'1. Steaming mohair rovings
before spinning on the Uniflex (high draft of 100} had no apparent effect on
yarn hairiness. Although the APS fiyer system {draft of 10} gave less hairy yarns
than the high draft Uniflex system, the lengths of the protruding fibres were
similar. It was concluded, however, that the Uniflex spinner was capable of
producing yarns which were no hairier than those produced on the flyer spin-
ner, in spite of it having a draft 10 times greater and a spindle speed of about
50% greater.

Srivastava et 2/11427 jnvestigated the variation in yarn hairiness with the
depth of layer of worsted spun yarn packages, for Unifiex (high draft) spun
mohair/Fibro blend yarns. There was some evidence, but not conclusive, that
the hairiness of the inner tayers of the package was perhaps slightly less than
that of the outer layers. .

In the case of flyer spun mohair yarns, the number of hairs projecting
beyond 3 mm was reported to be proportional to the square of the fibre linear
density, longer fibres tending to produce less hairy yarns®4,

Turpie and Hunter®™ investigated the effect of fibre diameter, fibre
length and supplementary additives on the hairiness of ring spun yarns pro-
cessed on the Cantinental system. Yarn hairiness was found to depend mainly
upon the fibre diameter, hairiness increasing with increasing fibre diameter
(see Fig. 65). Within the range covered, neither the type of supplementary addi-
tives nor the mean fibre length had a materizl effect on yarn hairiness. Plying
decreased the yarn hairiness, the effect increasing as the yarns became
finert439750) Fgr both singles and two-ply yarns, the yarn hairiness also in-
creased approximately linearly with an increase in mean fibre diameter, while
the yarn hairiness also increased as the linear density increased.
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Fig. 65 Regression Curves for the Hairiness of Ring-Spun Mohair Yarns versus Mean
Fibre Diameteri®39,

It appeared that the two-ply yarns were considerably less hairy than sin-
gles varn of the same linear density. The hairiness of yarns spun with an col-
lapsed balloon was similar to that of yarns spun with an uncoilapsed bailoon.
Certain of the yarns were also rewound, with and without wax being applied, in
arder to determine its effect on yarn hairiness. Rewinding increased the hairi-
ness of the singles yarn by about 40% on average and that of the two-ply yarn
by about 20% on average. Applying wax, by means of a solid wax disc during
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the rewinding process, did not materially alter the effect of rewinding on hairi-
ness.
Barella'4”V reviewed published work on the hairiness of mohair and other

yarns.
Barella and co-workers(556.586,587.588,605,620,634,635,638,

647.648.654.665,676,677.678.679700747) carried out a number of studies on mohair yarn
diameter and hairiness, with particular reference to the effects of fibre and yarn
parameters on these two yarn properties. Within the constraints of the ranges
of yarns and parameters they covered, they found that yarn diameter was large-
ly a function of yarn linear density(®56646), Mahair yarn hairiness was found to
be affected by fibre diameter and length, the mean and maximum hairiness
values and mean length hairiness index depending upon fibre diameter and the
maximum hairiness length index being closely related to fibre length®1?, with
yarn linear density and twist factor also having an effect. Coarser and shorter
fibres tended to increase yarn hairiness.

The protruding fibres in mohair yarns, producing yarn hairiness, tend to
be coarser®92) with the longer hairs mainly due to leading fibres {ie the ends
which emerge first from the front rollers an the spinning frame). Fibre diameter
appeared to be more critical than fibre length in terms of yarn hairiness.

Lubrication during preparatory processes reduces hairiness 863, Increas-
ing singles yarn twist, with conventional plying (folding) twist, also reduces
yarn hairiness®5%},

Singeing of mohair yarn (termed genapping) to reduce hairiness was prac-
ticed more than 60 years ago®,

178



CHAPTER 21

WEAVING AND WOVEN FABRIC PROPERTIES

21.1 General

Mohair finds significant application in woven suiting and coating type fab-
rics, particularly in men's light-weight summer [tropical) suitings where it pro-
vides the wearer with considerable comfort. Bowring and Slinger'*” investi-
gated the properties of tropical suiting fabrics woven fram various intimate
blends of wool and mohair. They concluded that the fabrics deformed more
easily as the mohair content increased, possibly due to a concomitant increase
in weave crimp. The resuits of Shirley Creasing and AKU wrinkling tests were in
conflict, and wearer trials were considered necessary to resolve the matter.
They concluded that the affect of finishing pracedures could overshadow any
trend due to mohair content{l73, Buttoning of the warp ends sometimes oc-
curred with the mohair yarns, which could be reduced by frequently dusting the
warp sheet with French chalk or possibly by sizing the warp, inserting a recipro-
cating rod in the back shed or by using a pair of stationary back rails. Unless
care was taken when tying knots in the yarn, probiems could be encountered
with knot slippage, a double weaver’'s knot possibly being the solution@7%),

Nicholls32 investigated the effect of polyester fibre fineness on the prop-
erties of lightweight mohair/polyester {55/45) fabrics.

Slinger and Robinson'®¥ compared the physical properties of worste |
fabrics made from merino/Corriedale Corriedale/Kid mohair and mering/Kid
mohair blends. They processed the fibres on the Continental (French} system,
{involving scouring {0.7% residual grease), carding, two gillings, rectilinear
combing, gilling and auto-level gilling). The tops were dyed, recombed and
then blended during gilling. Fibre shedding presented some problerns with the
warps which contained mohair, section marks also becoming apparent after
finishing. When pirn winding the mohair, it was found necessary to increase the
tension considerably in order to wind a hard pirn. Very few warp breaks and
weft breaks occurred during the trials'®3. They found weave crimp largely
unaffected by the fibre blend which contrasted with the results of a previous
study¥™, The different fibre biends also did not appear to affect the AKU Wrink-
ling or Shirley crease recovery test results significantly'®% The incorporation
of Corriedale wool adversely affected the fabric handle but this was not the
case when mohair was incorporated. The fabrics containing mohair had a high-
er uncrimping force than the fabrics containing wool. The presence of mohair
reportedly decreased the elasticity but increased plasticity {propensity to de-
form permanently). Changing the weft from a two-fold to a three-fold yarn did
not alter the fabric tensile properties. The fabrics containing the mohair were
the least extensible3¥. They reported that commercially produced mohair fab-
rics tended to have relatively low weft crimp, possibly as a result of tentering
under a weft tension andfor by chemical setting. They therefore investigated
the effect of tentering the fabrics under a weft tension. As expected, it de-
creased weft crimp and increased warp crimp, this being associated with a
deterioration in weft wrinkle recavery and improvement in warp wrinkle recov-
ery!83 The coarser fibres were associated with an increase in fabric stiffness.

Smuts and Slinger'?®® related mohair handle to fibre friction,
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Sidil207.209242) giscussed management techniques and technicat aspects in
a mohair weaving mill and gave a weaver’s check list for cloth quality and some
details about acceptable and unacceptable yarn faults. All varn faults befow
150% yarn diameter (cross-sectional size) could be ignored and left in the cloth,
where-as at the 200% level, faults could be thinned out provided they did not
exceed 20mm. At the 200% level and exceeding 20mm, a yarn fault might need
replacing. Once a fault reached the 350/400% diameter it would almost certain-
ly have to be replaced, regardless of length. They specified that the yarn they
purchase should contain no more than about 7 to 9 two-fold knots per kg and
not mare than 4 faults per kg of maximum dimension 400% x 20mm (for an R
44 tex/2 worsted yarn). They also specified that the mean end breakage per
piece of cloth during weaving should not exceed 10 and also specified the
maximum slub size.

Steinbach®®3? discussed the utilization of mohair, in blends with wool or
synthetic fibres, in woven fabrics, indicating such factors as blend composition,
woven fabric construction and finishing. Bellwood®22339 discussed the weav-
ing, construction and finishing of woven fabrics produced from either worsted
or woollen spun mohairf'wool blend yarns, including pile. fabrics and noveity
yarns. For the manufacturing of sun-filter curtaining, leno weaving using mo-
hair, was considered excellent?o1),

Hunter et 2/*89 yndertook a limited study of the effect of mohair fibre
diameter on fabric physical properties. Four mohair lots, varying in fibre diame-
ter from 25 to 30um, were processed into 55/45 mohair/wool plain weave fab-
rics and two of the [ots were also processed into all-mohair cavalry twill fabrics.
An increase in mohair fibre diameter generally increased fabric air permeabil-
ity, abrasion resistance, stiffness and drape coefficient but had little effect on
the fabric tensile propertiest*?,

Bergmann(#89.491) discussed fabric structural and other aspects of ladies
costume and cape fabrics and velours. Shiloh er a/5'¥ showed that the hygral
expansion of wool and mohair fabrics was largely a function of weave crimp,
with fibre properties such as diameter, staple crimp and bilateral structure only
of importance insofar as they affect weave crimp (see Fig. 66). The “indirect”
singeing of high guality mohair fabrics has been mentioned®1®, one or two
singeing passes being carried out without any shearing.

Smuts and Hunter®?% measured and tabulated (Table 94) a wide range of
physical properties of some 60 woven suiting fabrics, their aim being to estab-
lish “average” or “typical” values for the physical properties of such fabrics
which can be used as a basis of reference when similar fabrics are being evalu-
ated in practice. The results were plotted against fabric mass and average val-
ues were calculated and tabulated for the various fabric properties. Some re-
sults for fabrics made from RWCS yarns were also given.

Most of the fabrics studied by Smuts and Hunter®>79 were lighter than
200g/m? and contained less than 50% of maohair. The average fibre diameter of
the wool used in the warp yarn was 2Tum while that of the mohair or mohair-
fwool blend used in the weft was about 27um. Most of the fabrics had a mohair
content of between 40 and 80% and variations in mohair content within this
range had no detectable effect on the measured fabric properties. An increase
in fabric mass increased the fabric strength, flexural rigidity, deaged IWS wrin-
kle recovery and deaged Monsanto crease recovery (the sum of the warp and
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the RWCS plain weave fabrics. Some of these differences could have been due
to the fact that the twili fabrics were slightly heavier than the plain weave
fabrics. For most of the other physical properties, the plain and twill weave
{abrics performed similarly570,

Kienbaum®®7?) discussed the manufacturing and design of waven fabrics
from worsted mohair/wool yarns, indicating the yarn properties and woven
construction.

Smuts et a/851) investigated the effect of certain fibre properties on the
shear properties, which are related to handle and drape, of wool and mohair/
wool fabrics. For the mohair fabrics, the correlation coefficients were generally
small in the case of shear stiffness and not significant in the case of shear
hysteresis, the effects of fibre properties on the fabric shear properties appar-
ently being small and of little practical importance. The shear stiffness of the
mohair fabrics tended to increase as fabric thickness increased and was gener-
ally similar to that of the wool fabrics which contained wool fibres with a very
low crimp. The fabric drape coefficient was found to be determined mainly by
bending length, which in turn was primarily a function of fibre diameter. Shear
stiffness had only a small effect, if any at all, on the fabric drape coefficient, the
latter tending to increase as the shear stiffness increased. In general, the results
of the investigation indicated that the various wool and mohair fibre properties
studied had but a small effect on the shear properties of the woven fabrics. It is
nossible that the magnitude of the effects will be greater in the case of loosely
woven or knitted fabrics!3Y.

Carnaby et a/'%%® reported on the development and properties of tropical
fabrics containing various fibre blends, including mohair. They alsc reported on
the fabric properties measured by the Kawabata system. The warp yarn was
Sirospun consisting of a 50/50 blend of fine wool and polyester. Coarser fibres
(eg wool and mohair} are often preferred for tropical suitings {(worn in warmer
climates) because such fibres result in stiffer fabrics which prevent the fabrics
from draping closely argund the body and also give a crisp and cool appear-
ance and touch®®88), These properties are considered to be vital in a fabric worn
next 1o the skin in a climate combining high temperature and high humidity.
Such fabrics are normally required to weigh between about 180 and 250g/m?.
Singles yarn in warp and weft, together with warp sizing, are often used in
Japan to produce fabrics of the required weight from a mixture of coarse and
fine wool {or mohair} often a relatively fine wool is used in the warp and the
coarse wool {or mohair or blends of wool and mohair) in the weft, the warp can
either be two-ply, Sirospun or sized singles, while the weft is generally singles.
Stiffness in the weft direction causes a more tubular fabric around the arms and
legs, keeping the fabric away from the limbs, thereby leading to greater com-
fort. In Japan the fabric is often singed and set under warp tension, the latter
accentuating the weft crimp. Polyester in the warp could lead to improvements
in the fabric wrinkiing performance, because the warp is more often creased
during wear. Kawsabata et 3/®%3) reported on the use of objectively measured
properties {(Kawabata system) of summer (tropical) suitings, including mohair/
wool blend weft and 22um merino waool warp, to design tropical fabrics.

Malcik!®62 compared the abrasion results obtained on a range of fabrics,
including rayon/mohair, when using different abrasives.

In a comprehensive study, Hunter et a/71%) investigated the effects of mo-
hair fibre properties, particularly diameter and length, and yarn twist on the
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physical properties of plain and twill weave mohair and mohair/wool fabrics.
They concluded as follows: Fibre length generally had little effect on the fabric
physical properties, where-as fibre diameter in most cases had an important
gffect. Drape coefficient, stiffness, abrasion resistance and hygral expansion
increased with an increase in fibre diameter, while wrinkle recovery ({WS Ther-
mohench and AKU methods), shrinkage {felting and refaxation), strength and
extension decreased with an increase in mean fibre diameter”18), Fibre length
and yarn twist, within the ranges covered, generally had little effect of any
practical consequence. It alsc emerged that once differences in mean fibre di-
ameter were allowed for (ie carrected for} there was little difference between
the fabrics containing Kid, Young Goats and Adult Mohair. Fig. 67 illustrates
some of the main trends.
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Fujiwara®*778 showed, how a high quality (good tailorability} mohait/
wool fabric could be designed and characterised by objectively measured fabric
properties as measured on the Kawabata (KES-F} system. He showed how dif-
ferent parameters, measured by means of the Kawahata system, could be used
to distinguish between “good’” and “bad” mohair fabrics. For example, the
“good” fabrics had shearing {G) values lying between 0.4 and 0.6 while the
“bad"” fabrics generally had values greater than 0.6.

Galuszynski and Robinson'®23 investigated the making-up of mohair/wool
blend fabrics, recommending the chainstitch for reducing seam pucker due to
the sewing thread. John Foster and son'%%2, said to be the world’s largest
praducer of mohair clath, of which some 55% goes to Japan, has recently
installed a computerised integrated manufacturing {CIM) system at their mill in
Yorkshire.

21.2 Woven Fabric Objective Measurement”

The objective measurement of those fabric properties important in the
making-up (tailorability} and in the appearance aof the garment after making up
as well as those playing a role in fabric handle are increasingly being mea-
sured. Two systems of fabric objective measurement, namely Kawabata (KES-
F} and FAST, have reached the market. Carnaby et a/%%8) and Kawabata et 3/18%3)
reported on the use of objectively measured properties (Kawabata system) of
summer {tropical} suitings, including mohair/wool blend weft and 22um merino
wool warp, to design a suitable fabric.

Fujiwara®®! described the design of a mohair blended fabric, with empha-
sis in the contro} of fabric handle and quality by objective measurement. He
alse showed8, how a high quality {good tailorability} mohairfwool fabric
could be designed and characterised by objectively measured fabric properties
as measured on the Kawabata {(KES-F) system. He showed how different pa-
rameters, measured by means of the Kawabata system, could be used to distin-
guish between “good” and “bad” rmohair fabrics. For example, the “good”
fabrics, had shearing (G) values lying between 0.4 and 0.6 while the “bad’’
fabrics generally had values greater than 0.6. The fabric objective {Kawabata
systern) measured properties of a mohair/wool tropical suiting fabric was
given®®59969 and sp, too, the related yarn properties/osd,

Niwa et a/'99 reported on the important handle, suit appearance and
other abjectively measured characteristics of a high quality mohair/woal tropi-
cal suiting fabric, using the Kawabata systern of fabric objective measurement.
Properties of particular importance inciuded high SHAR! {a cool feeling coming
from a pleasant rough surface touch) and moderately strong KOSHI (springy
stiffness} and/or HARI (spread/anti-cling}, the latter being important for produc-
ing an air space between the fabric and the skin of the wearer. The TAV (Total
Anpearance Value) derived from the Kawabata system of fabric objective mea-
surement provided a means of predicting suit making-up performance and ap-
pearance, with a value of § being excellent and 1 poorll019),

Smuts ef 21938 reviewed the work published on the abjective measure-
ment of fabric properties, principally by the Kawabata KES-F and the FASY
system, including a limited amount of work done on wool/mohair tropical suit-
ing fabrics which had the desired crisp (SHARI} handle.

*See also previous section.

185



21.3 Wrinkle Recovery

Mohair is widely accepted to have very good wrinkle resistance and recov-
ery, which, together with its stiffness, makes it an ideal fibre for use in comfort-
able light-weight tropical type fabrics. Bowring and Slinger'!7®, studying tropi-
cal suitings comprising intimate blends of wool and mohair, found that the AKU
and Shirley laboratory wrinkle recovery tests showed opposite trends with vari-
ations in rmohair content. In the case of the former, the wrinkle recovery deterio-
rated with an increase in mohair content (possibly due to concomitant changes
in yarn crimp}183 where-as the Shirley test showed the opposite trend. The
authors*79) stated that the Shirley values were largely determined by the flex-
ural rigidity and yarn crimp and that the AKU results were better correlated with
wear performance. They also stated that finishing procedures could oversha-
dow any trend due to mohair content.

Slinger@%, quoting Krasny1'¥, stated that mohair tended to produce
creases of a rounded nature and as a result, they performed well in terms of
appearance during wear. Slinger%® found no consistent differences in the
wrinkie recovery {AKU, FRL and Shirley methods) of fabrics containing merino,
mohair and Corriedale, and concluded that fibre characteristics, such as fine-
ness, had little effect on laboratory measured wrinkling. A limited wearer triat
by Slinger®*% indicated an improvement in fabric appearance with decreasing
mohair content, As expected, coarser fibres led to stiffer fabrics, there appear-
ing to be little difference in the stiffness of wool and mohair fabrics when fibre
diameter was constant. Krasny and 0'Connell!®Y, on the ather hand, had pre-
viously found that the Monsanto crease recovery and the wear wrinkling of a
wool/mohair fabric were superior to those of an all wool {finer wool)} fabric.
Nevertheless, differences in fabric mass, pick density and thickness and in yarn
linear density could have contributed to the ohserved differences!#76,

O'Conneli et a/3%9 reported that the wrinkle recovery properties of dur-
able-press fabrics in blends of mohair, rayon and polyester, were excellent, the
finer mohair having superior Monsanto crease recovery properties to those of
the twa coarser mohair lots. Thorsen et a/*® found that Corona treatment
reduced the crease recovery of fabrics containing mohair, possibly due to asso-
ciated increase in interfibre friction {and frictional restraining couple).

Kelly®98} investigated the correlation between different laboratory mea-
sures of wrinkle and crease-recovery, for a wide range of fabrics, including a
limited number of mohair/catton/polyester fabrics. Kelly also showed®5¥ that
the wrinkie recovery of mohair blend fabrics improved with ageing (ie storage).
It is important to note that the wrinkling of mohair3¥, as in the case of wool, is
very adversely affected by “deageing”, in which the fabric has been steam
pressed, immersed in water or subjected 10 other large changes in regain and
temperature. A significant improvement in wrinkle recovery may be obtained
by allowing the fabric to “age” far several weeks {or months} after such a
process. Similar impraovements in wrinkle recovery can be achieved by rapid
ageing (termed annealing) under appropriate conditions of high temperature
and regain*89, Nevertheless, such processes of “ageing” or "annealing” are
generally not permanent, being largely nullified by any subsequent changes in
moisture content and temperature.

Robinson et 24249 also reported better AKU wrinkle recovery for wool than
for mohairfwool fabrics, as well as a noticeable effect of finishing on
wrinkling#?®, differences in yarn twist could have played a role, however{#89,
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Hunter et af*¥% undertook a limited study on the effect of fibre diameter
on the wrinkling of all-mohair and mohair'woot! fabrics. Four mohair lots, vary-
ing in mean fibre diameter from 24.7 to 30.2um, were processed into 50 tex S
380 and 50 tex 5 640 yarns. The 50 tex S 380 yarns were woven, as weft, into
plain weave fabrics (= 200 g/m?, a R40 tex/2 all-wool warp comprising a 64's
quality wool being used. This meant that the fabrics comprised a 55/45 mohair-
fwool blend. Two of the 50 tex S 640 yarns were woven, as both warp and weft,
into all-mohair cavalry twill weave fabrics (£ 280 g/m?}. When all other factors
were kept constant then, contrary to general opinion, an increase in fibre diam-
eter resulted in a slight deterioration in fabric wrinkle recovery as determined
by the IWS and AKU test methods, aithough the results were not always consis-
tent and were probably of littie practical consequence. The wrinkle recovery
performance of fabrics coentaining mohair relative to that of all-wool fabrics
depended upon the particular test method used. For the [WS test, the fabrics
containing mohair performed better than the ali-wool fabrics while the reverse
was generally true for the AKU test. This illustrates the danger of relying on
only one laboratory wrinkle recovery test methed since it could lead to errone-
ous conclusions, The heavier all mohair twill weave fabrics (+ 280 g/m*®) gener-
atly performed better than the lighter mohair/wool plain weave fabrics (£ 200
g/m?) as far as wrinkle recovery was concerned. It was confirmed that “ageing”
of the fabrics effected far greater improvements in wrinkle recovery than couid
be achieved by changing fibre diameter, blend or fabric structure, and the dis-
advantages of using coarser mohair fibres outweighed the advantages in the
case of the yarns and fabrics studied®20,

In 1985 Hunter et a7} summarised the work done to date at SAWTRI on
the wrinkling of wool and mohair fabrics. They concluded that both in the case
of mohair and woo!, there was generally a trend for faboratory measured wrin-
kie recovery to deteriorate with an increase in mean fibre diameter, the trend
being least pronounced and often absent for the Monsanto test. In the case of
the IWS and Monsanto Tests, the mohair fabrics (ie mohair weft and wool
warp} generally performed better than similar all-wool fabrics containing woal
fibres of the same diameter as the mohair. For the AKU test, however, there
was little difference between the wool and mohair fabrics of the same diameter.
This once again illustrated the fact that different laboratory test methods can
produce contradictory trends. The above-mentioned trends are illustrated in
Figs 68 and 68. In this study it was found that the different atmospheric condi-
tions {ie “standard” and “‘naon-standard”) generally produced similar trends in
terms of fibre diameter.

Smuts©@14966) raviewed the research done on the wrinkling of wool and
also reported some studies undertaken at SAWTRI on the wrinkling of wool-
Jmohair blends. The main finding was that when using laboratory tests, such as
the AKYU or IWS (Thermobench) Wrinkle Recavery Tests, laboratory measured
wrinkle recovery was mainly affected by the state of ageing (ie aged or deaged),
but also tended to increase with a decrease in fibre diameter, the latter contrast-
ing with popular belief. There appeared to be littie difference between the wrin-
kle recovery of woa! fabrics and that of mohair fabrics of the same fibre diame-
ter, with the twill weave fabrics slightly superior to the plain weave fabrics. In a
comprehensive study, Smuts and Hunter!!%% reported on the effects of fibre
diameter and other properties of waol and mohair on the wrinkle recovery of
mohair and mohalr/wool fabrics as assessed by means of different laboratory
instruments. They also found that laboratory wrinkle recavery tended to dete-
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riorate with an increase in fibre diameter, the difference in wrinkle recovery of
mohair and wool not being consistent, depending upon the state of ageing and
the particular laboratory test method used (Figs 68 and 69). Nevertheless, the
effect of fibre diameter was relatively small for aged fabrics, and ageing had a
far greater effect on wrinkle recovery than fibre diameter{1959_The crease {wrin-
kie) recovery versus diameter results of Kids, Young Goats and Adults ap-
peared to lie on the same line {see Fig. 70).

To manufacture tropical lightweight (140g/m) men’s suitings from a biend
of mehair and other fibres Robinson and Silver® employed a warp of polyes-
ter/cotton {50/50} and a weft of mchair 56%. No trouble was encountered with
the weaving of the resultant cloth but it became apparent that because of the
presence of cotton the wrinkie resistance of the cloth was poor{386369) Tg gyer-
come this problem, use was made of a range of resins [polymers} which could
possibly improve wrinkle resistance. The cloth was subjected to the following
finishing procedures: crabbing, full width piece scouring, steaming and brush-
ing, cropping, blowing and pressing. it was found that application of a Silicone
resin fed to excellent wrinkle resistance. in addition, the handle of the treated
fabric was soft. After the treated cloth had been washed in an automatic wash-
ing machine, the wrinkle resistance was so good that pressing or itoning was
urnecessary.
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CHAPTER 22

KNITTING AND KNITTED FABRIC PROPERTIES

22.1 General

Mohair is used to great advantage in knitwear, particularly to impart a soft,
lustrous and brushed {*‘woolly’) appearance. Knitwear traditionally represent-
ed some 80% of mohair's outlets, but this sector is fairly sensitive to cyclical
fashion changes. Historically large quaitities have been used in fadies sweat-
ers, the brushed appearance being typical, producing a highly iustrous fab-
ric®¥8, Mohair is often used in various blends with other fibres, such as wool,
cotton, acrylic, nylon, siik, aipaca, angara rabbit hair, and polyester {often multi-
fibre blends).

Originally mohair yarns were not considered suitable for machine knitting
due to protruding hairs {fibres) or loopy yarns.catching on the needles but, this
can be overcome, and mohair yarns are widely used in machine knitting(28V,
When brushed mohair yarns are used for machine knitting/6”%, it can somaeti-
mes lead to difficulties if the surface hairs become trapped in the needies,
causing end-breakages®®¥. Loop yarns can be knitted on coarse-gauge machi-
nes and laying in of coarse mohair yarns, and then brushing the fabric, is also
possible. The shaggy brushed look has always proved popular in knitted mo-
hair garments®®4, this often being produced from yarn which is teazled after
spinning. For machine knitting yarns, mohair is generally used in blends with
either wool or acrylic®?® (or bath), low “yarn-to-metal” and “yarn-to-yarn”
friction facilitating the machine knitting of mohair.

Accoarding to Reichman(167177)_far good knitting of speciality fibre yarns, it
is important to begin with properly wound cones, which are free of winding
defects, Backwinding the yarn may be advisable to remove knots, faults and
weak places and to add wax. Mghair blend yarns can be knitted on V-bed and
circular machines. Dyed yarn should be waxed prior to knitting. Two-ply yarns
are preferred from the point of view of pilling resistance, and stitch uniformity,
although to save costs, two or three ends of yarn are often knitted. Fabric
spirality could result from knitting singles yarn into a single jersey construction.
A cationic softener is often applied during garment dry-cleaning or scouring to
give the desired softness167.177),

For knitting, the following mohair yarns have been used:

1) Loop yarns produced on novelty twisting equipment from 100 tex to 450 tex
{more usually 180 to 210 tex}®9), Sometimes 155 tex mohair yarn is fed with
an R90 tex/2 worsted spun yarn.

2) Worsted spun yarns in which mohair is blended with wool. Linear densities
are R160 tex/2 to R90 tex/268), ysually one end of the former and two ends of
the latter,

3} Woollen spun yarns, often produced from sweater clips of wool and mahair
blends {often in either 15/85 mohair/woo! or 25/7% mahair/wool). )

Where heather effects are desired, mills have biended mohair with acrylic
{eg Orlan)(8),

As already mentioned, mohair knitting yarn can be either looped and brus-
hed fancy/novelty yarns, warsted spun {usually blends of mohair and wool) or
woollen spun. The first mentioned can vary in composition from about 60 to
90% rmohair {the binder and ground yarns being nylon and wooll. Brushing of
the garment can also take place. For example, all mohair or mohair/wool wor-
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sted fluffy yarn has been used in machine knitting®®, as well as mohairfspace
dyed acrylic®9, and 24% mohair/54% acrylic/22% poliyester (also in a mulii-
coloured tweed effect). Knitted fabric has also been produced on two-needle
bar Raschei™,

The medium grades of mohair (24's, 28's, 32’s and 36's) are mainly used in
knitted cuterwear, often knitted on 4 gauge V-bed machines {eg half-cardi-
gan}®_Single ends { 310 tex} mohair loop yarns can be fed together with a
single end of two-ply worsted yarn (R90 tex/2) to the knitting machine or two
ends of R90 tex/2 worsted mohair yarn {or alternatively one end of R160 tex/2}.
For machine knitting, 36 to 37um mohair has proved fairly populart1924, with 37
to 3%um being used for hand knitting, often in a blend of 80% acrylic/20%
mohair. It has also been reported that up to 20% of 29/30um mohair was blen-
ded with 35um wool to produce hand knitting yarn, Kid and Young Goat mohair
is used in machine knitting and Young Goat and even Adult hair in hand knit-
ting. With the trend towards softness and lightness, more and more Kid mohair
{and Young Goat mahair) has found its way into the knitting trade, even for the
brushed look(1029,

Hunter269 investigated the influence of different blends of waol and mo-
hair, yarn friction, yarn linear density, amount of paraffin wax applied to a yarn,
re-waxing, knitting speed and pre-tensioning weight on the stitch length and
variation in stitch length obtained on a fully fashioned plain machine. He found
that the stitch length and its variation were largely independent of mehair con-
tent but depended upon yarn friction and pre-tensioning weight. The lowest
friction and CV of stitch length and longest stitch length occurred at a paraffin
wax level of about 0.6ug/cm. Clearly, therefore, efficient control of yarn friction,
by even and optimum application of paraffin wax, was important in terms of
obtaining a uniform stitch length and therefore also uniform garment dimen-
SlOonNs.

Hunter et 2/2% jnvestigated the dimensional stability of various blended
mohairfwoo! plain single jersey fabrics during machine washing and tumble
drying. It was found that the pure mahair fabrics showed little sign of felting
shrinkage but exhibited loop distortion {cockling), felting shrinkage decreasing
and cockling Increasing as mobhair content increased in the mohair/wool
blends. Loop distartion was particularly severe during solvent dyeing. It was
found that cockies occurred in the fabric where the yarn segment had a relative-
ly high linear density and a relatively low twist. It was postulated that the loop
distortion {cockling) was related to short-term variation in yarn torque, intro-
duced (or at least aggravated) during the actua! knitting, and was related to
short term yarn irregularity and possibly fibre diameter. Various ways of reduc-
ing the cockling were investigated. Autoclave setting (for 2 minutes at a pres-
sure of 34.3 kPa) was found to eliminate cockling®®®, Robinson and co-work-
erst105%) also concluded that it was mainly yarn irregulatity, often associated
with coarse fibres, which was responsible for the cockling of singie jersey fab-
tics, with cockles being associated with localised high yarn linear density and
assaciated fow twist.

Robinsan and McNaughton™* described a special technique of producing
mahair pile fabric, suitable for rugs, on a sinker wheel knitting machine (26-
gauge}, where about 30% of twisted mohair roving (600 tex, 67 turns/m} was
incorporated into every fourth stitch, with the other 70% being laid-in. The
roving twist and fibre length ensured that all fibres were securely held in the
fabric.
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Lambert*92 described work carried out to develop 100% mohair fabrics
which could be suitable for upholstery in automobiles and furniture, in one
instance using 80 tex worsted yarn on an 8 gauge singte jersey machine. This
fabric was found to he unsuitable because of poor abrasion resistance and he
recommended that fabric for such an end-use would need to be tightly knitted
or woven from finer yarn.

Smith®8? discussed the knitting and other properties of yarn comprising a
blend of high-bulk acrylic and mohair, the acrylic shrinking during heat treat-
ment increasing the yarn bulk and forcing the mohair fibres to the yarn surface,
thereby giving good aesthetics. Brushing or tumbling the fabric can increase
the surface hairiness if so desired. Such yarn is also cross-dyeable.

Kennedy-Sloane*00.4054%6) discussed designing knitted outerwear on hand
flat V-bed machines, using mohair yarns in certain cases, and also carried out a
detailed study®?9 of the use of mohair yarns on V-bed machines. She reported
as follows:

Three basic types of mohair knitting yarns are produced®29);

i} Loopy mohair yarns made on novelty twisting equipment.

ii) Worsted spun yarns in which mohair is blended with wool or acrylic.

iii} Woollen spun yarns produced from sweater clips of wool and mohair
blends.

The fancy loop yarns vary in mohair content from a low of 66% to a high of
92%, with nylon as a binder. With worsted spun yarn the mohair content varies
from about 15 to 40%, the wool generally being of medium grade (54's), al-
though occasionally it is of a 60/62°s quality®®®. The woollen spun yarns gene-
rally have the lowest mohair content. A large percentage of mohair yarns are
produced in brushed form, either by brushing the conventionally spun yarns, or
by raising the fancy twisted loop yarns. Heather effects are produced by blen-
ding mohair and acrylic and then dyeing either the mohair or the acrylic com-
ponents. In the 1950’s mahair was knitted on a 4 gauge V-bed flat machine in a
Half Cardigan structure®?®, Knitting open lacy structures is an effective way of
utilising brushed maohair yarns, they can also be used in 1x1 rib structures
which can be slightly raised (eg hand-teazling) to create a pile. The actual knit-
ting of fancy mohair yarns on V-bed machines is facilitated by the yarn being
fed in under minimum tension and using a loose cam setting (ie a low cover
factor}¥29. Loop yarns can cause difficulties with the loops catching in the
needle hooks, but this is reduced by knitting every alternate course with a
smooth yarn of the same colour.

Kennedy-Sloane!*2% tabulated the following yarn linear densities for V-bed
knitting:

TABLE 95429
YARN LINEAR DENSITIES FOR V-BED KNITTING
5 Gauge 7 Gauge 10 Gauge
Coarse R 295 tex/2 R 177 tex/2 R 98 tex/2
Medium R 222 tex/2 R 127 tex/2 R 80 tex/2
Fine R 177 texj2 R 98 tex/2 R 68 tex/2
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For 6 gauge R177 tex/2 and for 8 gauge R 98 tex/2 yarns appeared suitable.

An optimum tightness of 13.5 for the rib and cardigan structures and 11.6
for the plain single jersey were suggested.

Hunter et a/529 found that fibre diameter, rather than fibre length, had the
main effect on 1x1 rib knitted fabric properties, with fabric thickness, drape
coefficient, stiffness and air-permeability increasing with increasing fibre dia-
meter,

Goen®®8) reported an the properties of mohair/cotton (10 to 40% mahair)
fabric knitted without much difficulty into 1x1 rib on a V-bed and circular machi-
ne, it being found that the 40/60 mohair/cotton blend when dyed with an acid
dye, produced a stylish heathered effect for a knitted sweater fabric!581), Bur-
sting strength decreased with increasing mohair content. Goen”%3 and Goen
and Lambert!$63682) ronqarted on the knitting of wool, mohair {(31um and 30mm)
and cotton yarns, using alternate cones of each type on a circular knitting ma-
chine, to produce a heathered effect after dyeing. The fibres were processed
into 33 tex mohair and mohair/wool yarns which were knitted into 1x1 La Costa
knit fabric on an 18 gauge {npi) circular machine. The heathered effect so pro-
duced was not as sharp or attractive as that produced by an intimate blend.

Georgievi®? discussed the quality and use of mohair and other knitting
yarns, and also reviewed various unconventional spinning systems, such as
Novacore and Parafil.

Fried82 reported on the laying in on circular single jersey machines invol-
ving mohair yarn producing pile and brushed surfaces. The physical propertiex
of single jersey fabrics knitted from 80/20 mohair/wool, 60/40 mohair/woo ,
40/60 mohair/wool and 50/50 mohair/sitk have been compared 726},

Hunter et a/’18! undertock a comprehensive investigation into the effects
of mohair fibre properties on knitted (1x1 rib and plain single jersey) fabric
properties. Using multiple regression analyses, they isolated and quantified the
effects of the various fibre properties on knitted fabric properties such as pill-
ing, drape, stiffness, bursting strength and washing shrinkage. They presented
regression equations whereby the effects of changes in the various fibre prop-
erties can be calculated and predicted, illustrating some of the main trends
graphically {see Figs 71 to 73). They found that for the knitted fabrics, fibre

EFFECT OF MOHAIR FIBRE PROPERTIES ON FABRIC PROPERTIES
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diameter tended to be far mare important than fibre length in explaining the
variations in the fabric properties, with pill rating {ie pilling decreased), drape
coefficient and stiffness all increasing with an increase in mean fibre diameter,
the reverse being true for bursting strength and washing shrinkage'716),

Robinson and Shorthouse”29 reported on development work aimed at
producing mohair yarns suitable for machine knitting into plain single jersey
fabrics free from cockles. Friction spun yarns showed considerable promise
and a 300 tex mohair blend yarn, comprising an outer sheath of mohair and a
bi-component core of a woollen spun yarn and a polyester filament {textured)
yarn, was subsequently developed. The yarns were knitted on a 5 gauge flat
bed machine into single jersey. The knitting performance of these yarns was
satisfactory and the garments were free from spirality and cockling and had
good cover and excellent dimensional stability29,

The availability, properties and applications of various types of knitting
yarns, including mohair, have been discussed730,

A BTTG report™®®! to the IMA lists the various mohair yarns {blends, yarn
counts etc) used in knitting (hand, domestic, hand machines, commercial hand
flat machines and commercial powered rectilinear machines} of various
gauges. For fully-fashioned knitting, the following finishing route is given:

Make up garment -> Solvent Scour (optional) -> Brush -> Frame and
Steam Press to size.

For “Cut and Sew” garments, finishing is as follows: Brush fabric {as re-
quired) -> Steam Retax fabric -> (perhaps Solvent Scour and Relax) -> Cut and
Make up Garment «> Finish Press.

Jacobsen et af297® recently investigated the psychophysical evaluation of
the tactile qualities of hand knitting yarns {including machair} in ball and fabric
states, applying various objective measurement techniques {eg KES-F3 com-
pression).
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22.2 Co-We-Nit

Work was carried out at SAWTRI over a number of years(200.
215227.279,231,232.234.236 246) tg explore the potential of the Co-We-Nit techniques
{Raschel-fall plate warp knitting and inlay} for producing mohair fabrics suitable
for various end-uses. Many new and attractive Co-We-Nit fabrics, such as soft
furnishings, curtaining {particularly sunfilter types of fabric}, men’s shorts and
jackets, ladies dress-wear and coatings®*®, in mohair {coarser grades), were
produced which had good dimensional stability.
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CHAPTER 23

DYEING AND FINISHING

23.1 General

Dyeing and Finishing represent crucial stages in the production of mohair
products of the outstanding quality and appearance associated with items
bearing the labe! mohair. Although the dyeing and finishing of mohair are
similar to thase used for wocl, there are certain differences {eg mohair does not
mill easily)@® and special precautions are Eften necessary for monhair, particu-
larly so as to preserve its ustre, brilliant colours and other desirable properties.
Although a vast literature exists on the dyeing and finishing of wool, much of
which is applicable to mohair, there is not much literature available on the
specialised knowledge (conditions and procedures) required for the dyeing and
finishing#?42 of mohair products, most of such knowledge being a well kept
secret.

In 1960 Villers'® summarised the available knowledge on the dyeing and
finishing of mohair and gave details of the lustre and general finishing of mo-
hair fabrics, including plush, plush-type imitation furs (eg cut-pile Astrakhans)
raised-pile imitation furs and hair inter-linings. A process for the embossing of
mohair has also been described in a patent®®23), Top dyeing has been the traditi-
onal route for mohair®?® and is considered to lead to the production of hand
and machine knitting yarns which are softer, more attractive and with a longer
pite’® Mohair can, however, be dyed in sliver (top), yarn or fabric form. In
sliver {or slubbing) form, pressure dyeing can be employed and it has been
shown that mohair fibres which are trapped or bent can be damaged, leading to
fibre breakage during subsequent mechanical processing'?*3), the short broken
fibres can also cling to drawing roller rubbers. Konda et a/237 found indications
that mohair scales are covered by a very thin membrane that has little affinity
for dyes and postulated that mechanical processing could cause gaps in the
scales of mohair thereby facilitating dyeing.

Acid and reactive dyes are often used to dye mohair®>33), Hill and Bell(16,
{guoted by Kidd*!®), reporting that acid dyes tended to be faster to washing
when dyed on mahair than when dyed on wool. Industrial experienice with
solvent dyeing showed that mehair dyes more readily than Lincoln wool#18),

When Kriel et a/*5% compared the cyeing behaviour of wool {20.7um)
mohair {26.8 and 37.7um) and kemp (67.5um)}, large differences in the rate of
exhaustion were often observed, although the final exhaustion values generally
differed only slightly. Differences in the rate of exhaustion depended upon the
particular dyestuff used. In some cases, the rate of exhaustion of the finer
mohair was similar to that of the wool and much higher than that of the coarser
mohair while in other cases the dyeing behavicur of the two mohairs was
similar, with a much lower rate of exhaustion than in the case of the woal. Tne
mohair tended to dye to a deeper shade than the wool. They concluded that
when dyeing blends of a 64's woo) and BSFK (Kid) mohair, the dyestuff should
generally be distributed approximately evenly between the two types of fibres
but the mohair will be hypershaded (ie have a greater apparent depth of shade).
They found that the dye exhaustion curves of kemp and BSH {37.7um) mohair
coincided completely, although the kemp did not have the same depth of shade
as BSH or BSFK mohair dyed with the same concentration of dyestuffiss,
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Swanepoel189 investigated the dyeing behaviour (rates of dyeing and
dyed appearances) of woo!l and mohair, both ranging in diameter from 21 to
30um. Differences in depth of shade and the rate of dyeing of woo! and mohair
differed from one dyestuff to another, although the trends were similar for all
the dyestuffs. The rate of dyeing of mohair exceeded that of wool of the same
diameter, with finer fibres dyeing more rapidly than coarser fibres. The depth of
shade of the mohair was greater than that of the wool of the same diameter and
containing the same concentration of dyestuff, this being ascribed to the differ-
ences in the surface structures of the two fibre types, {ie the more lustrous
nature of the mohair fibre surface®®®). Far both wool and mohair, the depth of
shade of fibres containing the same concentration of dyestuff increased with
increasing average fibre diameter. According to Veldsman'20l, mohair dyes
more rapidly than wool of similar fibre diameter, because of its greater ratio of
ortho-cortex, and also appears darker for the same dye uptake, because of its
higher lustre. Swanepoell*?!} summarised the current knowledge in the dyeing
behaviour of kemp fibres in mohair.

Roberts and Gee**l) compared the dyeing behaviour of mohair with that
of Carriedale wool! of similar diameter. The rate of dyeing of the mohair was
found to be greater than that of the Corriedale wool (see Fig. 74), this conclu-
sion being in line with that of Swanepoe](88), |n addition, the equilibrium ex-
haustion was found to be higher in the case of the mahair. When mohair and
the Corriedale woo! were dyed to the same nominal depth of shade, differences

e,

10y L —
P L L

* i
* —— MOHAIR / - 3 —- | S—
— C e LR
- — ¥
. — — == ——WwWOOL //

~ - ——— =
50 / * = T Tasd

— »

o0

Yo IEXHALSTION

40

AT POINT A EN TIME, THE TEMPERATURE WAS AT THE
MAXDUM OF 55 € OR 100 C AND WAS MAINTAINED
AT THIS TEMPERATURE THEREAFTER

50 100 150 200
TIME {MIN)

Fig. 74 Rate of Exhaustion of Reactive Red 84 (Lanasol Red 6G) at 1 per cent {omf} on
Mohair and Corriedale Wool 441,

197



in apparent depth of shade were very small when assessed bath visually and by
an instrumental technique. It was speculated that the frequently claimed great-
er depth of shade obtained on mohair relative to wool was caused by the
greater lustre of mohair relative to that, for example, on merino wool and that,
when this iustre difference was absent, the apparent strength difference falls
away. The instrumental method gave results which supported the visual as-
sessment.

Roberts®’2 compared the wet (washing, rubbing and acid and alkali) fast-
ness properties of mohair and Corriedale dyed with dyes from the acid level-
ling, 1:2 premetallised and reactive classes to three different depths of shade.
They were generzally similar, with those of mohair marginally better in some
cases.

Galek!™® discussed the dyeing of hand knitting yarns containing mohair,
dezaling with pre-scouring {eg scouring between tapes in a four bath continuous
scouring machine at 40°C), bleaching, dyeing and finishing. The residual oil and
grease content of the yarn prior to dyeing should be about 0.3% {often it is
about 3% prior to scouring}. Bleaching such yarn, if required, would be either
by the oxidative (hydrogen peroxide at 40°C) process or the yarns can be softe-
ned after dyeing by the reductive {sodium hydra-sulphite at 85°C} process. To
achieve a very high leve! of whiteness, a reductive bleach can be followed by an
oxidative bleach together with a fluorescent brightening agent. Because of its
uniform physical make-up, mohair does not present any difficulty during
dyeing. Dyes usually include equalising acid, premetallised, weakly acid, and
chrome dyes, depending upon the shade and depths required. Mohair yarn can
also be dyed in its brushed (raised) state. Brushed mohair/nylon varns give no
problems when dyed to medium and heavy shades, but pale shades require a
blocking agent as in the case of woal/nylon blends®®S). Skalmierska and
Jurek®79 discussed the hank dyeing of acrylic/mohair yarns.

Van Rensburg®®22 compared the light fastness {fading) of dyes on keratin
fibres {mohair, Corriedale, Falkland and merino wool) and found no relation-
ship between lustre and lightfastness, the lightfastness rating or rates of fading
being similar for the different fibres.

Veldsman®!9 {quoting work by Barkhuysen and Van Rensburg) stated
that, using liquid ammonia as a salvent, mohair can be dyed within a matter of
5 seconds.

Barkhuysen and co-workers?712713 compared the dye fixation obtained on
mohair by means of radio frequency (RF}, exhaust and pad-steam techniques
respectively. They found the fixation to be highest for RF. Practically no fibre
damage could be detected during RF dyeing, with the fibre strength and guality
{eg lustre} of mohair not being impaired. Energy saving of close on 80% could
be achieved by using RF dyeing rather than conventional dyeing. RF drying
(Fastran) has also been applied to mohair, the drying temperature nat exceed-
ing 60°C®27) The following table”® jliustrates the advantages to be gainad
from RF dyeing {Table 96).

Van der Wait and Van Rensburg725 showed that wool and mohair fabrics
could be successtully dyed with metal-complex and reactive dyes using a foam
applicator, with level and fast dyeings being cbtained with wet pick-ups as low
as 20%. Ostervold”® described a machine for the vacuum impregnation of
mohair/woaol and other fabrics which enables wet pick-up to be reduced during
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TABLE 96(793)
CONVENTIONAL VERSUS RADIO FREQUENCY DYEING*

Aqueous RF
(100°C) (1800°C)
Treatment Time (min) 90 35 (only 5 mins exposure
to RF)
Dye fixation (%) 9 96
Alkali Solubility (%) 14,5 13,8
Urea Bisul. Solubility (%) 51 48
Lustre Value 68.8 96,9
Spinning Potential
{MSS, r/min)
92 1ex 2320 9400 9900
44 tex Z460 6300 8400

® Unpublished work by F.A. Barkhuysen & A P.B. Maasdorp

dyeing and finishing, Needles and Wasley®?93 reported on the dye {riboflavin)-
sensitised graft photo-polymerisation of monomers (acrylamide and methyl
acrylate) onte mohair and other fibres. The solvent dyeing and finishing of
mohair and other fibres have been described in various patents®*28, The IWS
pad-batch process for the cold dyeing of woel and mohair has been descri-
bed®71, Graham®®3D reporting its use for dyeing waol and mohair tops to pale
and medium depths. The use of short liquor to goods ratios for the dyeing and
finishing of wool and mohair fabrics has been discussed®3®. Hayes®17) has
described the transfer dyeing, using reactive dyes, of mohair sweaters to obtain
intarsia effects, (see also Ref.1#%8)_ Ingle(17%) investigated the effect of solvents
in the printing of mohair and nylon.

According to work done by Gandhi™¥, (quoted by Kidd“'®) anpd
Onions®® mohair is set more readily than wool, Onions®® stating that the rela-
tive ease with which mohair sets, accounts for its use in curled pile rugs and
simulated Astrakhan fabrics. Grenner and Blankenburg25d investigated the
chemica!l setting, and associated damage, of crinkled mohair and wool yarns
and found that a good degree of set couid be obtained by beiling for one hour
in a pH range of 4 to 6. This was, however, associated with a relatively high
fibre damage in the case of the mchair. Reducing the setting time to 30 minutes
led to an improvement in setting with tess fibre damage. Setting and dyeing
could be combined into one process93). Guirgis and Onions (quoted by Leeder
et alt%89)}) investigated the setting of mohair, wool and human hair.

Hunter et a/**® investigated the effect of liguid ammania treatment on
mohair fibre physical properties. Mohair was treated in liquid ammonia for
different periods of time, and the effect of both fibre linear density and length of
treatment an fibre supercontraction, tenacity, initial maduius, friction and ex-
tension at break, were deterrnined (Fig. 75). it was found that, on average,
super-contraction, extension at break, fibre linear density and with-scale fricticn
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increased with increasing time of treatment, whereas the fibre tenacity and
initiai modulus showed the reverse trend. Prolonged treatrment in ammonia
introduced some crimp in the fibres, particularly in the finer fibres, but reduced
the tustre of the fibres and also caused some yellowing,

Roberts*34 investigated the effects of processing conditions, such as dry
heat, steam, aqueous treatments of different pH and oxidising agents, on the
mohair fibre (Young Goats) in terms of mass loss, yellowing and urea-bisulphi-
te solubility. He compared the results with those obtained on a Corriedale wool
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of the same mean fibre diameter {32um). He found that the mass loss arising
from aqueous treatments was greater for mohair than for wool but there were
no great differences in terms of the tendency to yellow, Urea-bisulphite chan-
ges indicated that mohair was modified less than the wool under milder condi-
tions but more under more severe conditions®3#, the higher ortho-cortex con-
tent of mohair possibly being responsible for the observed differences. {Urea-
bisulphite solubility of keratin fibres is generally decreased by heat and alkali,
while it is increased by acids and ox;das:ncj; agents, higher vafues being associa-
ted with higher ortho-cortical contents}®3. Yellowing in a weak alkaline soluti-
on depended greatly upon the temperature, increasing greatly at temperatures
above 50°C. Some of the results are illustrated in Figs 76 to 8114349,
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Fig. 81 Effect of Temperature of a Two Hour Aqueous Treatment at Various pH Values
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Veldsman stated°D that the finishing procedure of light weight wool/mo-
hair fabrics is a highly secretive affair and it would appear that reputed firms
have constructed special machines {or techniques) to accomplish a highly ius-
trous, resilient cloth. The following sequence of finishing aperations was found
to give a commercially acceptable fabrici2V:

' Crabbing at the boil

Piece scouring (open width, if at all possible)

Steaming and brushing

Shearing {latter two operations can be repeated, if deemed neces-
sary)

Blowing {decatising)

Hydraulic pressing

Autoclave setting (KD Process).

Schumacher-Hamedat ef 2/8%%, Knott®®"®, Bereck®8, Sanchez and
Guillen'®®" and Cegarra et a/*7% reported on methods of depigmenting animal
fibres.

it has been mentioned051 that harshness in mohair may be assoclated
with low copper levels {ie copper deficiency). Swanepoel and Veldsman!2%8)
described a method of decreasing the roughness (scratchiness) of coarse wool
or mohair fabrics by means of an ethylene glycal bisulphite or a polyvinyl
alechol-bisulphite process. Maasdorp and Van Rensburg'®*? investigated the
pricklinass of wool and mahair fabrics using a scanning electron microscope to
study the surface fibres. They confirmed that the subjective ranking of prickli-
ness increased as fibre diameter increased, and was related to the presence of
coarse surface fibres.

Yin'®25} investigated the effectiveness of two synthetic pyrethroid moth-
proofing finishes on mohair fabrics. Rivett and Logan'®®® and Knott and
Belly'51a) discyssed the moth-proafing of speciality animal fibres.
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The singeing of mohair fabrics(1%6% and the drying of mohair {Smith quo-
ted(1963)) have been discussed. Ahmad®@? investigated rates of sorption of a
number of organic solvents and reagents by mohair and their effect on the
mahair fibre mechanical properties. He found that the imbibition values of Lin-
coln wool were slightly greater than those of mohair for all the reagents stu-
died. The mohair fibres were weakened (as revealed by work to break) when
they were immersed in the various reagents.

O’Connell et a/®% investigated the durable press treatment of mohair/
polyester/rayon blend fabrics {230g/m) for use in men’s slacks. The treated
fabrics, and garments, were stable and smooth following machine wash and
tumble drying. No shrink-resist treatment was necessary to stabilise the fabric
to washing shrinkage. They®3°® suggested that blends of mohair/polyester and
rayon produced excellent menswear slack material, particularly when given a
durable-press treatment. Van Rensburg®®d investigated the durable press
treatment of a cotton{warp)/mohair blend (RWCS weft} fabrics, by means of
DMDHEU and melamine resins.

Various articles07.638) gaye details of machinery suitable for the dyeing
and finishing {including scouring) of fabrics containing mohair while others
discussed®”®! the finishing of mohair and mohair blend fabrics and the achieve-
ment of durable press {DP) mohair biend fabrics®395),

23.2 Light Degradation

Mohair is widely used in curtains and rugs, articles which can be subjected
to considerable exposure to light during use, but it generally stands up well to
such exposure. Van Rensburg#? investigated the degradation of woven and
knitted mohair fabrics by sunlight and ultra-violet light. Results obtained after
ultra-violet degradation did not always agree with those obtained after sunilight
degradation. The best protection against sunlight degradation was obtained by
the application of a polyacrylate pigment binder, an ultra-violet light absorber,
or certain dyes. Degradation was assessed in terms of changes in fabric burst.
ing strength and whiteness.

Photo-chemical degradation of mohair appears to be similar to that of
wool® although Bruwer and Tait®2 concluded that wool and mohair fabrics
behaved somewhat differently to UV exposure {Xengtest).

23.3 Felting and Shrink-Resistance

Mohair has little tendency to felt or shrink during washing, this being
largely attributable to its relatively smooth and unpronounced scale strue-
ture'®. Nevertheless, if washed for prolonged periods or under severe condi-
tions, mohair articles will felt and shrink. Onions®® found a washing shrinkage
of 33% for a woven wool fabric and 2% for a comparable mohair fabric, with
carresponding values of 23% and 6%, respectively, for knitted fabrics.

Although mohair does not felt easily it can mill sufficiently to give a full
cloth with a warm finish@2®, It can also take permanent pleats. Thorsen and
Kodani'5® used a corona discharge method on wool and mohair tops to im-
prove shrink-resistance. This also increased the sliver cohesiveness (drafting
force). Den Heijer{!2® investigated the conditions necessary in the Aachen fejt-
ing test in order to produce maximum differences in the felting rate of various
blends of wool and mohair in top form, a pH 1.5 being considered best for this
purpose, It was found that the addition of as little as 20% of Kid mohairto a 64’s
quality wool reduced the felting shrinkage of knitted fabric considerably, with

203



the decrease in felting shrinkage decreasing with increasing mohair content.
Greavu and Simion®%€) reviewed some of the factors which affect the felting
{Aachen felt bali and other) of various animal fibres including mohair. Residual
fatty matter had an effect on felt ball density, felting being lower when the
fibres were cleaned. Mitchell®2U reported on the felting of machine knitted
moehair fabric {eg by washing and drying) 1o achieve special effects. Turpie5
suggested the use of a gaseous chlorination treatment to eliminate any felting
propensity in mohair. Pittman®@5® found the critical sutface tension (CST) for
untreated wool and mohair to increase when the relative humidity was low-
ered, from about 26 dynes/cm for mohair to 45% RH to about 33 dynes/cm at
0% RH, due to the removal of surface water. He also discussed the effect of
surface water on the polymer coatings for mohair and wool®%9, The CST of
Corona treated mohair was 33 dynes/cm at both relative humidities.

23.4 Flammability and Flame Retardant Treatments

Keratin fibres, such as mohair, have traditionally been regarded as being
safe from the point of view of flammability. Mohair may be ignited if subjected
to a sufficiently powerful heat source, but will normally not support combustion
and will smoulder for only a short period after the heat source has been re-
moved. This can be ascribed to the high ignition temperature, low heat of
combustion and low flame temperature of the fibre. The natural flame-resis-
tance of mohair is connectad with its chemical and morphological structuret?s?,
Mohair was also ane of the few fibres which met most of the earlier require-
ments for flarme retardancy for contract markets (eg office furniture, hotels and
theatres(1%38)}, Nevertheless, although, like woal, mohair does not burn easily, it
cannot be regarded as completely flame resistant, and flame-proofing is
necessary for it to conform to modern specifications!388 for flame resistance.
Traditional high-density mohair and wool carpets were acceptable without
treatment but fashionable long-pile low-density structures were classed as haz-
ardous, unless specially treated®57),

Due to their inherently flame-retardant nature very little research was
done on keratin fibres before 1970. In 1971, however, legislation was intro-
duced in the USA requiring all carpets to pass a flammability test, called the
tablet test. Van Rensburg®57 discussed the flame retardant treatment of mahair
fabrics with titanium and zirconium salts according to certain IWS patents, as
wel! as with a commercially available titanium-antimany complex and reparted
an the effect of three different flame-retardants: titanium tetrachloride, zirconyl
chlaride and a titanium-antimony complex on the Limiting Oxygen Index {LOl}
value, degree of whiteness and certain mechanical properties of mohair fabrics.
He found the LOI of untreated mohair fabric to be 24, some of the treatments
inceasing it to above 32 (27 generally being regarded as the minimum required
far a fabric to pass the vertical flame test). The flame retardants did not appear
to affect the mohair fabric physical properties adversely, titanium chloride pro-
ducing the highest LQ! values but discolouring the fabric. Titanium antimony
caused less discouloration (giving a creamish colour) but did not increase the
LOI as much as titanium tetrachloride. Zirconium containing flame-retardants
had the smallest effect on fabric whiteness®®?, zirconium chloride {together
with 4% citric acid} gave acceptable flame retardancy, which was fast to was-
hing, with acceptable colour.

204



Veldsman!5t®) stated that the THPOH/Ammonia process of
Van Rensburg%® could be used for mohair, the peroxide used in the final
stages bleaching the mohair and giving it a softer handie,

It was also reported®%@ that wool and mohair upholstery fabrics were
generally sufficiently flame resistant to meet moderate flammability tests such
as DOCFF 1-70, DOCFF 2-70 and the Motor Vehicle Standard number 302. These
fibres can be ignited, however, if they are exposed to a high temperature heat
source, and they do support combustion under bone dry conditions. Consequ-
ently, fabrics composed of wool and mohair did not pass the flammability test
for children's sleepwear, nor did they meet Federal Aviation Authority (FAA)
standards for airworthiness of upholstery fabrics. A 50/560 mohair/Cordelan fa-
bric survived a three-second and twelve-second ignition vertical flame test un-
der bone dry conditions, bath initially and after a four-hour boil test which
approximated fifty home launderings and was used as a screening test for 50
washings. These results showed that the 50/50 mohair/Cordelan fabric would
pass both the DOCFF 3-71 test for children’s sleepwear and the FAA standards
for compartment interiors(632,

By blending mohair with certain synthetic fibres or cotton, the problem of
flammability could become more serious because these latter fibres often burn
easily in the untreated stata®%®,

Fittig®®® reported on the burning behaviour of mohair, cotton, acrylic and
polyester furnishings (upholstery). He!693 compared the flammability standards
and draft standards for furnishings in various countries giving a table of stan-
dards. Tests were carried out on pile and flat woven fabrics, and recommenda-
tions were given for reducing flammability of mohair and other fabrics.
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CHAPTER 24

FIBRE IDENTIFICATION AND BLEND ANALYSIS

24.1 Introduction

It is for various reasons {eg for labelling and Mark Certification purposes}
important to be able to distinguish between mohair and other animal fibres and
to be able to quantify the composition of a sample {be it raw fibre, top, yarn or
fabric) which reportedly contains mohair {in any proportion), particularly where
the mohair is blended with another animal fibre, such as wool. It is hardly
surprising, therefore, that considerable research effort has been directed over
the years, but more particularly since the early 1980°s, towards deveioping
reliable methads for distinguishing between mohair and other animal fibres,
for accurately quantifying the composition of blends of mchair and such fibres
and for verifying that a sample purported to be pure mohair is in fact so.

Wilkinson{t®03) hriefly summarised the papers dealing with fibre identifica-
tion, presented at the Second International Symposium on Speciality Animal
Fibres in Aachen in QOctober, 1989. He pointed out that the list of possible tach-
niqgues was quite long, but shortened if restricted to rapid, inexpensive and
internationally accepted methods, shortened further if restricted to fibre mix-
tures of unknown ocrigin in which suspect contaminants are in low proportion,
shortened even further if the fibres or fabrics have been subject to pretreat-
ments and probably obliterated if all the re-strictions are imposed.

Some tool and targets are listed in Table 97(1008)

TABLE g97(1005)
FIBRE IDENTIFICATION TOOLS AND TARGETS*

Tool Relerence Target

1. Microsacopy; light 1,2 fibre dimensions
transmission and 1,2 ellipticity
acanning electron, 1,2 surface features
image analysis 1 pigment distributien
1 medullation
1 cortical segmentation
2. Chromatography, 1,2 protein compositicn
electrophoresis
3. High pressure liquid 1.2 external and internal
chromatography, lipidas
gas chromatography
4. DNA hybridisation 1,2 cell nuclear remnants

*1: First international Symposium on Speciality Animal Fibres.
2: Second International Symposium on Speciality Animal Fibres.
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Greaves©7% has reviewed the various methaods of fibre identification and
guantitative analysis of fibre blends. Hamlyn et al195%) gave the following tabte
(Table 98} of methods which have been proposed for the qualitative and quanti-
tative analysis if keratin fibres.

TABLE 98{:059
METHODS PROPOSED FOR THE ANALYSIS OF KERATIN FIBRES

Reference
Amino-Acid Analysis 985
Ecale-~Height Measurement 742
Image Analysis 963
PAGE Analysis of Extracted Proteins 905
Internal- and External-Lipid Analysis 852
DNA Fibre-Profiling 892,975

A similar list was given elsewhere'32, Each of these will now be dis-
cussed:

24.2 Microscopic Methods

24.2.1 General

The first methods relied upon the use of a light microscope to examine the
surface scale appearance {prominence, pattern and frequency of scales) of the
fibre {eg fibre profite) 17% and then to classify the fibre as mohair or wool
depending upon a subjective assessment of the nature, frequency and promi-
nence of the scales. These eventually led to the modern scanning electron
micrascopic (SEM) methods. Scheepers'74, for example, reported on ways of
distinguishing mohair from other animal fibres and suggested that the fibre
profile was a reliable means of identifying mahair from wool, although he did
not recommend the method for routine quantitative analysis of mohair/wool
blends. It has been stated® that experts were able to detect the presence of
wool, even lustre B.A. Wool, in good quality mohair by hand and eye, provided
the wool content was 25% or more.

Satlow et a/ 428 investigated microscopic and other ways of identifying
and quantifying different types of animal fibres, including mohair, and de-
scribed a histo-chemical method of doing so, but this method had limitations,
particularly for dyed fibres74, Round Trials held during the 1970's indicated
that inter-laboratory agreement was rather poar when the light microscope
method was used to determine the lend composition of woolfmohair
blends(1938) Nevertheless, Kadikis®!® contended that light microscopy could
be used by an experienced operator to obtain accurate fibre and fibre blend
identification, an experienced analyst being able to recognise and distinguish
not only wool from speciality fibres but also between speciality fibres them-
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selves. He stated that generally each fibre that may be present in a biend can
be identified because each fibre has its own unigque set of identifying character-
istics, such as scale shape, scale location, distance between scales, changes in
fibre diameter, distribution of pigmentation and in some cases fibre medulla-
tion. He went on to state®®!9 that often it was necessary to identify severat of
these characteristics in a single fibre before a positive identification can be
made. Recently, Wartmann and Wortmann1973 again concluded, however, that
the SEM method was far superior to light microscopy for wool/speciality fibre
blend analysis, particularly in the case of wool/mohair and woocl/cashmere
blends.

From the various papers presented at the Second International Sympo-
sium on Anirnal Fibres held at Aachen in 1989, Wilkinson*®% summarised var-
ious aspects of the microscopic techniques as foillows:

Examination of the surface features of fibres, which include scale shape, scale

frequency, scale overlap and scale thickness, is a simple, direct procedure. The

light microscope has a lower magnification and resoclution than the more ex-
pensive and slower electron microscope.

The limitations of Microscopy are(1903;

{a} Natural pigmentation and added dye mask the features.

{b} The features vary along each fibre, between fibres from the same animal
and between fibres of the same type grown in different localities.

{c} Thefeatures are cbscured or removed by weathering.

{d) I1dentification is too subjective.

{e) Thereis not full agreement on the extent to which {a)-(d} apply.

{f)} Fibre terminology is not agreed. The strict definition applied by some
countries to a particular fibre type means for example that white Iranian
cashmere is cashmere in Europe and not cashmere in USA,

By assessing and/or measuring a number of surface features, it seems
possible to be reasonably accurate in identifying straight speciality fibre lines
and some simple fibre mixtures; in the latter case especially if the operator
already knows the types of fibres being sought(1098),

The light microscope method of fibre identification is increasingly being
replaced by the scanning electron microscope (SEM) method which is based
upon differences in the scale thickness {or height) between fibres such as mo-
hair and wool for example. One laboratory ¢laims a high success rate with the
scanning electron microscope in identifying cashmere, mohair, camel, Hama
and yak fibres over an 8 year period. An Interlab Trial illustrated that with
practice, operators could successfully identify the proportion of wool and mo-
hair in mixtures. Wool/cashmere mixtures were more difficult to quantify, but
there is disagreement between laboratories on these points and indeed on
which type of microscope is the preferred tool't®3}, Various forms of data han-
dling improve discrimination, but the future would seem to lie with image pro-
cessing and analysis and a very large databank for reference and comparative
purposesi1®98), This method is discussed later.

24.2.2 Scale Length*
One of the earliest attempts to arrive at a more objective method was
based upon reported differences in the scale frequency/length of mohair and

wool, as viewed in a light microscope, and various waorkers investigated
this36128),

*See Also “SCALE PATTERN™.
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Although the scate frequency {per 100um} was at one time used as a basis
for distinguishing between wool and mohair {(eg ASTM D276-72), that of wool
being taken as above 5.5 and that of mohair below 5.5, subsegquent work showed
that scale frequency was not a reliable means of distinguishing between
wool and mohair. According to early work, by Skinkle™'® for example, the scale
length of mohair fibres was generally above 18.5um and those of wool below
17um and he concluded that if in practice, a scale length of 17.0 to 18.0um is
found, the fibre is most probably wool, confirmed by calculating S¥D {(where $§
is the scale length in um and D is fibre diameter in pm). If $¥Dis below 140 the
hair is wool. If a value for S of between 18.0 and 18.5 is found, the fibre is most
probably mahair, this is confirmed if 3D is above 160. Von Bergen{1734202) 5154
stated that the scale length for wool is generally around 10pm {8.5 to 10pm)©78)
and that of mohair around 20um (ie 5 per 100um}, although the scale length
values for the long wools and beard hairs of carpet wools are generally similar
to those for mohair. Klenk®® also advocated the use of S¥/D for distinguishing
between wool and mohair.

In contrast to the above, Mahal et a/2® found that S varied from about
10pm to about 40um for wool, with an average of about 15um and felt that the
scale length {frequency) criterion was not reliable for distinguishing between
wool and mohair. Wildman®®® atso conciuded, that neither scale length nor §3D
was reliable for distinguishing between wool and mohair. The foregoing con-
clusions were supported by Langley and Kennedy®™*?) who found that, in the
case of their samples, Buenois Aires wool had longer scale lengths (19.4pm)
than mohair {14.7um) and also larger $¥/D values. It was also reported®7® that
Texas mohair had a relatively high scale frequency®®3 and higher than that of
Argentinian lustre woo!85978) Kusch and Stephani®*!} also pointed out that,
due to breeding, mahair can also have a high scale frequency and this parame-
ter therefore cannot be used to distinguish between wool and mohair.

Mohair is generally more even in profile than either cashmere or camel
hair fibres®?, the cashmere fibres having broader, thicker and shorter scales
than mahair, cashmere having scales which are, on average, 85% of the lengths
of those of mohair but which are thicker, wider and have distinct margins(347),

24.2.3 Scale Height (Thickness)

It is widely recognised that the scales on mohair fibres are generally less
prominent {ie flatter or thinner) than those on woo! (see Figs 82 1o 84) and that
it was largely this (together with the generally lower frequency scales} which
was responsible for the characteristic lustre and smocthness of mohair and
used to distinguish between the light microscopic profile of wool and maohair,
although the operator needed considerable experience to be able to do so
reliably.

It was the difference in scale height or thickness 4 (see Figs 85 and 86}
which eventually led to the SEM method of distinguishing between mohair and
wool and of quantifying blends of mohair and wool {even lustre wools). This
method is presently, probably the most widely used for quantitative blend
analysis of mohair/waool blends. Within this context it is important to note that
the subjective method of fibre identification, based upon the microscopic (ie
magnified) fibre profile, and the SEM method, are essentially based upon the
same premise {viz scale prominence), although the subjective method depends
upon the experience and expertise of the operator and tends to suffer from the
disadvantages associated with subjective methods.
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Fig. 82 Typical Scale Structures Of Wool as Viewed by Means of a Scanning Electron
Microscope (SEM}(862),

Fig. 83 Typical Scale Structures of Mohair as Viewed by Means of a Scanning Electron
Microscope (SEM)(862)
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Wool Fibres: (a) 1400x* Mohair Fibres: (c) 1400x
(b) 3300 (d) 3300x

Fig. 84 Scanning Electron Micrographs of Fibres Showing Scale Structures: All Magnifi-
cation Values Refer to the Original magnificationf803.81€)

Fig. 85 The Magnified Scale as Viewed by Means of a Scanning Electron Microscope
{SEM)(#62)_
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Fig. 86 Scale Height (Thickness), h, of a Fibre®93.816)

In one of the first studies {in 1958) relevant to the use of the scale height
{or thickness) methods for differentiating between mohair and wool, Oster and
Sikorski®® showed that the scale thickness of merino wool is of the arder of
1pm and that of mohair of the order of 0.4um. Dobb et a/®¥ were among the
earliest to observe that differences in scale height {distal edge) measured by
electron microscopy could be used to distinguish between wool and maohair.
Nevertheless, it was not until about 1980 that Kusch et /512 used the differen-
ce in cuticular scale height, as measured by SEM, to distinguish between wool
and goat hair.

Kusch and co-workers'497.512562595.614.641} wore amongst the first to pro-
pose and use the SEM measured scale heights to distinguish between wool and
various animal fibres, such as mohair, and to quantify the blend composition of
such fibres. The scale thicknesses were measured at a magnification of 25 000
and the fibre diameter at a magnification of 1 000, fibres with a scale height
greater than 0.6um being classified as wool and those with a scale height
smaller than 0.5um as mohair?311038) |n essence, the SEM method is based
upon the fact that mohair scales are generally, but not always (as will be dis-
cussed later), thinner (ie have a smaller height or thickness) than those of wool,
having an average thickness (height} of around 0.4 to 0.5um, (0.2 to 0.4,m)90Y,
while those of wool, including lustre wogls (such as Buenois Aires), have an
average thickness {(height) of around 0.8 to 1.0pum {0.6 to 1.1xm)
(65.94.692.743.842.895901), Kysch and co-workers®14541} found that the scale height
for wool ranged between about 0.7 and tum, for mohair around 0.52m or less,
for Aipaca around 0.25em and for cashmere between 0.35and 0.3%um.

Wortmann and Arns(842862879) coneluded that the scale heights of special-
ity animal fibres rarely exceed 0.5um, (generally 0.2 to 0.4um}®3 while these
of wool rarely fall below 0.5um, (generally 0.6 to 1.1zm)®43 these rare occur-
rences being of little consequence in the application of the scale height method
far analytical purposes. They found the scale height for the samples of wool
they tested to range from 0.4 to over 1.0um and that of the mohair samples
they tested ranging from just over 0.1 to just aver 0.5um.
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The foilowing system of fibre classification according to the SEM method
was given by Phan et 2/(899),

|ru:n fibre mamplae

metn diametin

» 16 - 1hm > 5y
mupar fine wool, T Iranian cashmers, wool -r moheir, waol
cashmsce, ¥icunk yak haiy, <camgl hairc 1lama, alpaca
cashqore
mean socle height mean seale keight mean yoale kedght
=0.4m =0.4m xO.4m = 0.Bm = Oum = C.4m
— e — | —
Cashhere super fine Iranian cashmers, wool mohalr woal
vicuna .l Ivoﬂl Iy“ halr, camel hal.rl ;‘i lllm. alpaca -
cashgore
mean scale frequescy mpax scale frsquemtys
= =8 >9 ~5-12 55 dcale pafteras
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typieal irale peiians
fuu;an rabbit niﬂ Iranian cuhnul! [eml hnr] casbqorg
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Fig. 87 Classifying and Characterising of Speciality Fibres by Means of SEM(€95),

TABLE 98(893901)
DATA OF SPECIAUTY FIBRES EXAMINED BY MEANS OF SEM
Fibrs type Murber of Yooer of L3 or mean scale Srecuency
sapies checked fiores an v | T oawaE o
Vieuna 1 221 0.4 2.1 22 AR
Angora rabhit 20 FAL-T) 12.3 5.4 a4 not measured
Cashzmare 63 E335 14.1 3.5 23 5 -8
Iranian cashnere 12 128G 16.% .4 28 5 -1
Cashgora 2 <09 1.8 a.2 15 & -7
Caxel hair k3] i3s3 18.9 7.3 37 6 - 4
Yak hair 10 a5y 18.8 .5 34 9 - 10
Alpaca 12 33e0 25.1 8.9 iz A4
Llams 14 is7eo 7.3 16,4 Kk 1G
Mchaixr 61 6615 1.9 3.5 h L] € -7
d : mean diameter
5 ¢ standard deviation
CV : coefficient of variaticn
Kim-F3 FHAN Table I :
et al. Date of spectalty fibres examires by means of SEM DW’
5P5 '87 ————
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Phan et af®®® surmmarised the resuits obtained over the previous five
years at the DWI on the application of the SEM scale height method to the
identification and blend determination of animal fibres.

Phan and co-workers®5% presented Table 98 summarising the results of
tests carried out over an extended period of time at DWI.

Wortmann et 2/5%) djscussed the quantitative analysis of blends of wool
and speciality animal fibres, such as mohair, by the SEM scale height technique
and they presented the following summary of their results (Fig. 88).

Scale Heightpm
E 1 02 0.3 04 0s 06 0.7 o8 09 10 1% 12 13

HOHAIR WooL
CAPKID 13 P e S—
CAPYOUNG (T3 — . T
CAP ADLT T T3 NEUSEELAND 372pm
TEXAS KiD 1 N T CAP A 189pm
TEXAS YOUNG .y . —p—y AUSIRAL” 322m 155
TEXAS ADULT (1 T AUSTRAL 3S3um 3
T
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——— CAP 235pm
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AFGHAN ’ o s .
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AN S I v S
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’ URUGUAY 205um
ALPAKA —r— W M
AUSTRAL  21Zpm
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Ualﬂﬂilﬂl-ﬁﬁzmﬂﬂlﬂllfz‘ﬁ
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Fig 88 Summary of the Results of the Scale Height Reading Measurements on 18 Woals
and 14 Speciality Fibers as Box-and-Whisker Plots®01),
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Various other workers, including Turpie”55, Weideman and co-
workers(692.793.803.816.855.900), reported on the scale thickness (height) of mohair
and wool fibres from various origins, showing that there was some overlap in
the scale height distributions of wool and mohair {see Fig. 89){89 and that,
unless special care is taken, certain potential pitfalls and sources of inaccuracy
could occur in the application of the SEM method. They found that the mean
scale height of their mohair samples was below 0.6xm and that of wool gener-
ally above 0.7umt93) They reported®93:200) that individual scales on wool fibres
could, however, vary frorm as low as 0.26 to about 1.8um, while thase far ma-
hair could vary from about 0.12 to 1.0um. They concluded that a sample could
be classified as pure mohair if no scales exceeding 1um were observed, where-
as if a sample contained scales in excess of Tum it cauld not be classified as
pure mohair. They found the average scale height of 21 mohair samples to be
0.5um (standard deviation = 0.12um) and that of the 11 lustre wool samples ta
be 0.97um (standard deviation = 0.25.m)%09),

12001
1000+ e
1 ' i i
RO
At - -~ Mahair (21 samples, 4200 measurements)
fon ;
 sook J ! E\ o — Lustre Woels (11 samples, 2200 measurements)
s [
3 ! H : !\ '
= et
S eoof R
E - L_: p
E y N
S _.. u
=z T 1
400t Cy 3
L]
E
]
]
200
£
T 1 Mmooy — i
0,2 0,4 0,6 6,8 1,0 1.2 1.4 16 1,8 2,0

Scale thickness (height) (micron)

Fig. 89 Scale Height Distribution of Wool and Mohairl818),

Sagar et a/'%) gtated that, for the SEM method, the fibres have to be
thoroughly degreased and that scale heights vary considerably along the same
fibre, eg from 0.27 to 0.82um for fine wool, thus lending support to the results
reported by Weideman et a/ as discussed above. Freddie and Mainfreni®®o9
found the average scale heights of wool to range from 0.67 to 0.75um, that for
mohair from 0.36 to 8.3%xm and that for cashmere from 0.37 tc 0.49m.

Taking all the results into consideration, therefore, it appears that the ave-
rage scale height of wool is around 0.8uum while that for the various speciality
fibres is about 0.4um®®8), although there is some overlap in the heights of
individual scales.
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Kusch and Stephani'®#! reviewed and pointed out the various drawbacks
of certain techniques proposed for the gquantitative determination of animal
fibres in blends with wool and synthetics, discussing the SEM Method in detail.

Phan ef alt89% stated that even chemically treated wool retains some sur-
face scales which could be used to identify such fibres as wool, and Kusch and
Arns(362.594.585.614) dascribed the application of the scale height method to both
untreated and chemically treated fibres. ’

As already mentioned, considerable work has been carried out, particular-
ly at the Deutches Wolforschungsinstitut {DW!), by researchers such as Kusch,
Wortmann, Arns and co-workers512. 562553.614743.762.842.501) t4y develop and pro-
mote the SEM method of distinguishing between mohair and wool and of fibre
blend analysis!729.730.743.762) Hicker98) summarised the methods of analysis of
animal fibres at DWI. He concluded that the SEM scale height method provided
a reliable means of distinguishing between wool and mohair{®®), Details of the
SEM method for quantitative blend analysis were given by Wortmann and
Arns?42 Wortmann®?3) reviewed the “state of the art’ relating to the SEM anal-
ysis of wool/speciality fibre blends, presenting results of Round Trials. He con-
cluded that given a certain amount of experience and dedication of the testing
laboratory, the SEM analysis could be regarded as a reliable tool for blend
analysis at all stages of processing. in 1986 DWI| submitted a draft method?31:
293} entitled “Method for the Analysis of Blends of Wool with Unmedullated
Speciality Fibers by Scanning Electron Microscopy”, to the Speciality Fibres
Working Group of the IWTO.

The formula of Wildman®9 is used® for determining the mass composi-
tion of blends when applying the SEM method {see below}, the subscripts w
and s referring to wool and specizlity fibres, respectively, and w refers to the
mass (weight)} fraction {ww being that of wool).

n (52 +521
W - W W W (1)
v n (32+4s%) + n (3% +89)
w W W g =] a
and
ws-]_—ww veaa (2)

where n in each case represents the number of fibres found for a given component
and d and s are the mean diameter and the related standard deviation respectively for
a given companent.

The SEM method is presently regarded as one of the best for the routine
quantitative analysis of blends of mohair and wool'®®9, having an accuracy of
better than 5% (see Fig. 90743}, the mean confidence limits for the SEM meth-
od being reported to be about 3.6% 01}, Wortmann and Arns?73%752) a|so report-
ed on the accuracy of the SEM method and reported a mean absolute error of
1% for the blend composition of wool/mohair blends. Wortmann and
Freddit®® also reported on Round Trial results for blend analysis of mohair/
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Fig, 90 Accuracy of SEM Blend Analysis'7 4%,

wool blends using the scanning electron microscope technique, the results
generally being within or just outside the 95% confidence limits.

The various methods of analyses of fibre mixtures and the results of inter-
laboratory round trials have been discussed®¥, a question mark being placed
on the accuracy of blend determination of intimate mixtures of woo! and hair
fibres. The accuracy of the scanning electron microscope method was, how-
ever, illustrated for various blends of wool and animat fibres including mohair
by Wortmann et 2/938), therehy questioning statements made in two previous
articles(833838)_|n response Schiavone(®3%3 stated that the EEC Warking Group
had, after inter-laboratory round trials, concluded that the SEM method was not
suitable for standardisation on the basis of the present instructions, extensive
experience in carrying out the test and further specifications of the equipment
being considered necessary. Nevertheless, Wortmann!'®3®, recently again re-
ported the results of Round Trials involving the quantitative analysis of wool/
mohair blends by means of the SEM scale height (at the distal edge) technique.
Good agreement was found between the different labaratories, the major error
being the random error inherent in the microscopical approach to fibre analy-
sis. The difference between the nominal blend composition and that found by
the laboratories ranged from 0 to about 6%, with the 956% confidence limits for
a 50/50 blend being about 4%.

Phan et /895 concluded that to facilitate the characterisation and analysis
of fibre sampies, the following parameters should be taken into consideration:

- Cuticle scale height {the mast important).

- Mean diameter and coefficient of variation.

-Mean scale frequency.

- Scale appearance.

Sich(990:2021} rengrted on the use of both the scanning electron microscope
(SEM) and the light microscope for differentiating between certain animal fi-
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bres and concluded that there are times when both are necessary in order to
make a reliable identification, for example when severe fibre surface damage
precluded the accurate measurement of scale height. He summarised the capa-
bilities of the two microscopic techniques in Table 99999, the SEM being ideal
where identification by means of surface characteristics is possible while the
light microscope is preferable where internal fibre structural features {eg col-
our, pigmentation, medulla, vacuoles) need to be cansidered. Sich®% ¢conclud-
ed that both microscopic techniques were required to reliably and consistently
identify mohair fibres, the SEM being used to identify the surface scale struc-
ture while the light microcope is used to identify the presence of vacuoles (air
filled pockets) and medullation. Sich®#® showed some SEM photographs of
machair fibres which exhibited scale structures quite urnilike the traditionally ac-
cepted scale structure of mohair, this lends support to the work and views of
Weideman, Turpie and co-workers.

TABLE 99(990)
COMPARISON OF SCANNING ELECTRON MICROSCOPE (SEM) AND LIGHT
MICROSCOPE (LM) FOR FIBRE IDENTIFICATION

Scanning Electron Light
Mi¢roscope Mieroscope

Topography + -
Profile Edge - .
Interior:

Color 0 .

Pigmentation 0 +

Hedulla O +

YVacuoles 0 .
Refractive Index 0 +
Birefringence Q +
Staining Techniques o +
Complete Fider

Length Examination - +
Manipulation During

Examination - +
Sample Preparation - +
Speed of Examination - +

One of the problems of SEM lies in reliably distinguishing between differ-
ent rare {or speciality) fibres, such as between llama and mohair®3 and it is
troublesome to distinguish microscopically between fine pigmented samples of
cashmere and mohair®¥!, Because of this, attention has been devoted to mod-
ern analytical techniques such as nucleic acids {DNAY873), 1ipid!®® and pro-
1gini597.689.773) znalytical methods.

24.2 4 Multivariate-Analysis

The bivariant log-normal distributions (of fibre diameter and scale fre-
quericy) can be used to distinguish between mohair, cashmere and cash-
gora®8 and the bivariate microscopical characterisation of speciality animal
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fibres has been discussed by Phan et a/8%), Phan et a/®59 applied the bivariate
micrascopic technique, involving fibre diameter and scale frequency, to charac-
terise mahair and llama fibres, while Wortmann et /881 described the appli-
cation of the bivariate distribution {log-normal} of the scale frequency and fibre
diameter to characterise cashmere, mohair and cashgora fibres, the scale fre-
quency of mohair ranging between about 5 and 10 per 100um, virtually inde-
pendent of diameter. Schnabel et /1959 reported that the bivariate distribution
of diameter and scale frequency, determined by means of a light microscope,
enabled mohair and wool to be accurately distinguished in their blends.

Teasdale®®8 reported on the application of multivariate analysis to char-
acterise and identify animal fibres using, the diameter and scale frequency of
wool and mohair for purposes of illustration. He®®® applied multivariate analy-
sis, using diameter, and scale frequency and diameter and medulla diameter to
the characterisation and identification of mohair and wool. For mohair he
found®9%® gcale frequency to be independent of mean fibre diameter. He found
that mohair fibres had low scale frequencies, below about 7 per 100um, particu-
larly for the finer mohair, where-as that of wool decreased from about 10 per
100um for a diameter of about 16um to less than 6 for a diameter of about
35.m%), Hermann et a1987.1998) concluded that to discriminate between fi-
bres which are very similar, eg BA wool and mohair, a biased form of discrimi-
nant analysis or a cluster analysis, with the use of three variables (fibre
diameter, scale frequency and scale form) can successfully be applied using a
light microscope.

24.3 Image Analysis

Robson and Weedall®®V reported on the application of image analysis of
the cuticular scale patterns of speciality animal fibres to facilitate fibre identifi-
cation and blend analysis. They described®83 a system of fibre measurement,
including fibre scale and cross-sectional shape and dimensions and also a de-
scription of scale patterns from SEM images using image processing and analy-
sis technigues. They measured scale dimensions, scale shape, scale arientation
and scale-scale interaction as detailed in the table below{1001);

TABLE 1001004
GROUPINGS OF SCALE PARAMETERS MEASURED

Grouping Parameters

Dimension Area, Perimeter
Scale Interval, Aspect Ratio

Shape Circularity, Rectangularity,
Percent Fill, Bending Length

Interaction Number of contacting scales,
Average Contact Length

Orientation Angle of scale lie
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24 .4 Fibre Friction Method

One of the consequences of the differences in the surface scale structure
of wool and mohair is a difference in the single fibre friction, more particulariy
against-scale friction of woo! and mohair@22%8), This has been explored by
various workers to distinguish between wool and mohair,

Smuts and Slinger2%® developed a method®16318), hased upon the
against-scale friction of single fibres, of distinguishing between mohair and
wool, the friction of mohair being significantly lower than that of wool when
tested against an ebonite rod.

Smuts et af51% faund that the frequency distribution curve of the single
fibre friction of a diverse range of mohair was displaced from that of wool,
although some overlapping occurred (see Fig. 91).
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Fig. 91 Scaled Distribution Curves of Fibre Friction for Mohair and Wool and the Frac-
tional Chances of Being Mohair(319),
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For fibres in the undyed and unprocessed state, the differences between
the wool and mohair fibre friction were more distinct than for fibres which were
removed from finished fabrics. The frictiona! force increased slightly with in-
creasing fibre diameter and crimp. A method was described whereby a fairly
accurate estimate of the blend ratio of fabrics could be made on the basis of
single fibre friction®®19). There was & good correlation between the against-scale
friction of dyed undyed fibres, for both wool and maohair, although dyeging gen-
erally increased the fibre friction. Weideman and Smuts®2 showed that mo-
hair and wool against-scale friction was correlated with scale thickness {height),
with the latter differentiating better between wool and mohair than the former,
The average against-scale friction (i) was 0.42 for mohair and 0.53 for wool.

Landwehr®4#4) syggested using “’scale engagement” {fibre-againstfibre
“against-scale” frictional peaks) in water and air, together with fibre diameter,
to distinguish wool from mohair. The number of frictional peak values exceed-
ing the normal force values for mohair were lower than those for woo!, in either
air ar water or both, with the values for Kid mohair higher than those for Adult
mohair. Solvents affected the resutts, with mechanical processing (action) also
possibly having an effect.

Although the fibre friction method appears to be suitable for determining
the mohair content of mohair/wool blend fabrics it has several disadvantages. It
is time-consuming and tedious, the surface characteristics of the ebonite cap-
stan rods change constantly, necessitating a regular calibration procedure and
various factars such as fibre linear density, fibre type (within angd between
breeds), and finishing variables, can affect the results to some extent®19, Fur-
thermore, it is difficult, if not impossible, to measure the friction of very short
fibres (eg from velours).

24.5 Tensile “Moduius”

Lopez and Pons®®32 reported on the tensile properties of mohair and wool
and also on the differences in the elastic moduli of the two fibres. Viga et a/510)
and Vigo and Barella'*™® studied the initial modulus of mohair and wool, for
elongations between 2.5 and 8%, showing that in the Hookean region the
modulus of mohair was generally greater than that of wool. The clearest dis-
tinction appeared to occur at an elongation of 6% where the modulus for wool
was less than 0.95 cN/dtex and that for mohair was greater than 0.95 cN/dtex.
The use of this criterion for wool/mohair blend analysis was considered.
Subramanian et af?% investigated the use of the stress at 2.5% extension
(strain) to distinguish between wool and mohair. There was a fair degree of
overlap between the wool and mohair values, this becoming greater as stress
was measured at higher strain (elongation) values?®), Thus a limiting value
(criterion} of 0.85 gfidtex was used for the finer fibres, a value of 0.55 gf/dtex
applied to the coarser fibres {over 10 dtex), the higher values applying 10 mo-
hair.

Bendit!*19 questioned the application of the terms “initial” moduli, “mo-
duli* or Hookean region to the initial part of the stress strain curve for keratin
fibres, stating that observed differences in the crimp of wool and mohair could
be responsible for the observed differences in their “moduli’.

24.6 Amino-acid Analysis Of Formic Acid Extracts

The proteins extracted from wool {and mohair) by formic acid are as-
sumed to be largely (but not solely} derived from the interceflular materia!
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{cement) of the Cell Membrane Complex {CMC}{1978), Bauters#34589714) gnd
Bauters and co-workers524525.536540568.574) gt [TF proposed the use of differ-
ences in the protein composition {amino acids, glycine and tyrosine) of the
formic acid extracts of wool and mohair for characterising mohair fibres and for
determining the blend composition of a wool/mohair blend {in the grey and
dyed states), the extract of mohair being richer in the proteins glycine and
tyrosine?19, Two fractions were separated from each of the formic acid ex-
tracts, the one being soluble in water, the other insoluble, the latter being char-
acterised by a high tyrosine content, its proportion in the mohair extract being
higher than in the woo! extract. It was concluded that the same category of
proteins was extracted frem mohair by formic acid and aqueous propanol. The
amino-acid composition of the fraction insoluble in water of formic acid and
aqueous propanol extracts of mohair was similar. Bautars!® cancluded that
the proteins extracted with formic acid did not only come from a single mor-
phological element, such as the cell membrane complex714,

The chemical method proposed by the ITF-NORD, was improved through
more information about the actual materials in the blend and by the determina-
tion of two parameters, the fineness of the fibre and amount of proteins in the
extract (540568573 gy, dies7¥), showed that longer extraction times gave better
differentiation between wool and mohair with respect to extracted proteins.
The formic extract method is, however, not considered suitable®41.909 fgr
chemically treated (eg dyed, bleached or chiorinated) samples. The SEM meth-
od was considered more suitable®®, provided some cuticutar cefls remained
on the fibres after any treatment.

247 Electrophoretical Techniques (Page)

Protein fractionation, using different electrophoretical techniques, such as
two dimensional polyacrylamide ge! electrophoresis in the presence of sodium
dodecyl sulphate {2-D-SDS-PAGE) described by Marshalt and Gillespie!*29, for
the identification of animal fibres, has been extensively investigated by various
workers. Polypeptides from a number of anima! fibres have been resolved suc-
cessfully, using either one- or two-dimensional polyacrylamide gel electrophor-
esis in the presence of sodium dodecyl sulphate (ie 1D or 2D-SDS-PAGE). Us-
ing, for example, radio-labelled polypeptides, speciality fibres can be resolved
utilising charge in the first dimension, followed by molecular weight in the
second dimension{®85.1023) The proteins of fibres are dissolved, chemically held
apart, by, for example, S-carboxymethylation {SCM), and fractionated on the
basis of molecular weight or electric charge. The number, position and concen-
trations of the fractions are compared with standards or with authentic sam-
ples. The abovementioned are powerful tools for protein studies.

Speakman and HornU% dissolved different animal fibres in alkali reduc-
ing gels and the resulting solutions were examined by polyacrylamide-gel elec-
trophoresis in the presence of sodium dodecyl sulphate (SDS-PAGE) whereby
up to seven classes of polypeptide could be separated and molecular weigits
determined. The differences between the molecular weights of the polypep-
tides {particularly in the first group having molecular weights between 55 000
and 35 000) could be used to distinguish between certain animal fibres (eg
merino wool, mohair and cashmere}, after SDS PAGE, the bands from these
polypeptides being intensely stained by Coomassie Blue and sharp.

To differentiate between proteins {polypeptides) extracted from the fibres
of different species of animal fibres, notably between goat and wool fibres,
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extensive electrophoretical {(SDS-PAGE) studies were carried out on S-carboxy-
methylated hair proteins {SCM-proteins){121.248.283.286,312,
420,421,541,563.641,6432,645,686,685,744,794.795.796,820,863, 922,985,992,998)_ Densitometric
evaluations of the protein patterns are usually used®®, The protein pattern
may, however, be significantly modified by chemical modification of the fibres
{eg finishing and weathering). The British Textile Technology Group (BTTG)
represe)nted 239} their chemically based method of fibre identification as follows
(Fig. 92).

[ FIBRE SAMPLE |
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{polypeptide extraction)
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CHEMICAL BAR-CODES

Y
Match bands with reference

sample for
FIBRE IDENTIFICATION

Schematic representation of specisiity fibre
identification procedure,

NATURAL FIERE CHEMICAL BAR-CODE
{e.g. wool, cashmere, mohair}

<& a2
0y )
e » -
- & &

|

Y

Unknown fibre has
bar-code for cashmere

Speciality fibre Identification technique.
Fig 92 Schematic Representation of Speciality Fibre ldentification Procedure939),

The two-dimensional SDS polyacrylamide gel electrophoresis {2-D-SDS-
PAGE)(#17:421,541563.641.643.689.600,696795861, 905922) (gq electrophoresis without

SDS (sodium dodecyl suiphate} in the first dimension method followed by elec-
tropharesis with SDS in the second dimension) method showed particular
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promise, for differentiating between various animal fibres, although it is expen-
sive and time consuming'®63992) Mainly, for this reason, Wortmann and other
workers(247,313,421.541,775,790,795,863,854,904,905.924,970.979.980} investigaied the use of
the relatively simpie one-dimensional electrophoretical method (proteins sepa-
rated according to differences in their molecular weights) to distinguish be-
tween, certain animal fibres.

If proteins are extracted (as S-carboxymethylated derivatives ie SCM} from
hairs {fibres) of different genetic origin, and separated in an SDS-containing
one-dimensional polyacrylamide ge! {1D-SDS-PAGE) according to the molecu-
lar weight, patterns are obtained which show differences in the number and
arrangement of the protein bands#21794795796998) o “5nots””, Wortmann and
co-workers showed®63869) that the 1D-SDS-PAGE method could be used to
discriminate between, for example, mohair and llama fibres and could also be
used in combination with other methods, such as lipid analysis, SEM and tight
microscopy®®®. Chemical modifications of the fibres, by industrial finishing {eg
formaldehyde treatment), affected the appearance of the electrophoretic pat-
terns but only reducing the resolution of the protein pattern in cases of severe
fibre damage'®837382884), The main analytical problem was the extremely low
extractability of chemically modified or severely weathered fibres!®83803) (rg.
duction followed by carboxymethylation being more sensitive than reduction
a|one)(795.863)_

According to Wortmann et 2/5%% the relatively new simple one-dimension-
al electrophoretical fractionation of isolated hair protein usually shows a lower
resolutian for the separation of proteins compared to the more time consuming
two-dimensional procedures(®43689) hut can detect differences between the hair
protein patterns of various animatl fibres of textile relevance?867%8), A method
was devised@95853) for distingquishing between llama and mohair. In addition to
the separation of SCM hair-proteins, results of SDS-PAGE and of isolectric fo-
cussing of non-derivated proteins have been described?74789, Speakman and
Horn799 showed that if the proteins are electrophoresised in the reduced form,
the 1D-PAGE technique can distinguish between muerino woal, mohair and
cashmere but not between mohair and alpaca. Carracedo et a/’’, using a
similar procedure in conjunction with isoelectric focussing, concluded that the
technique can differentiate between two different animal species. Laumen et
a8 standardised the 1D-SDS-PAGE method, which enabled separation be-
tween the SCM proteins from mohair, llama, cashmere and yak as well as their
btends. Laumen et a/879%79) 3i50 described the use of computers in the objec-
tive analysis of protein patterns produced by means of 1D-SDS-PAGE of SCM
proteins. Reference proteins, with well-known molecular weights, enable the
patterns to be standardised and the accuracy is improved by performing all
experiments under standardised conditions. They discussed the results of ap-
plying this technique to the separation of mohair, ilama, cashmere and yak
proteing and their blends®29970979) |t was concluded that the standardised 1D-
SDS-PAGE delivers semi-quantitative predictions for each composition of lla-
ma/ mohair blends.

Marshall et af®%3), ysing acidic gels, showed that the 2-D-PAGE tech-
nigues, can distinguish between mohair, wool, alpaca and camel, the main
differences being in the high-sulphur proteins. Kusch and Stephani®? aiso
concluded that acidic gels were more useful for this purpose but used atkaline
gels for mohair/ wool biends while Stephani and Zahn®% used alkaline gels for
anatysis of speciality fibres and their blends.
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Tucker et af®3 concluded that 2D-SDS-PAGE procedures can distinguish
between wool and goat fibres while one dimensional technigues can distin-
guish between merino woof, mohair and cashmere,

Tucker et a®22 used the 2D-PAGE technique, {alkaline gel in the first
dimension and SDS in the second dimension}, to compare the proteins of fibres
from individual goats. They concluded that the 2D-PAGE technique, using
either acidic or alkaline gels, does not unequivocally differentiate between
cashmere, mohair and cashgora fibres, {ie between different goat fibres) al-
though it does differentiate between wool and goat fibres22%92), It can only
distinguish unequivocally between cashmere and mohair fibres when used in
conjunction with transmission electron microscopy and lipid analysis.

Marshall et /329 reported on the use of the enhanced detection sensitivity
of silver stained SDS-PAGE patterns for distinguishing between the proteins of
wool and speciality fibres such as mohair.

Stephani and Zahn®®9 concluded that by making use of the spots on the
electrophoretic pattern (gel electrophoretic analysis) of radio labled keratins
which were specific for hairs of different taxonomic origin, blends of animal
fibres could be qualitatively analysed. Semi-quantitative statements about the
blend ratios were possible by means of densitometric measurements of the
hair type-specific spots on the flucrogram.

248 Interna!l and External Lipids

Lipids are found inside mohair and other animal fibres {called intern |
lipids which fargely originate from the CMC) and also on the surface {extern.l
lipids deposited on the fibre surface from the sebaceous glands {grease) or
sudoriferous glands){1978), the main components of the internal lipids being free
fatty acids, cholesterol, triglycerides and wax esters810),

Fatty acids in degreased {ie surface grease removed) wool {and mghair}
can be divided into free fatty acids {a lipid fraction containing palmitic, stearic
and other acids, collectively referred to as internal fatty acids} which are extract-
able with organic solvents and thought to be located in the CMC, and bound
fatty acids which can only be extracted readily with alcoholic alkali treat-
ment?401972} The free fatty acid compositions and ratios of the internal lipid
fractions have been used to identify different animal fibres.

Wojciechowska et afl198% jndicated that the changes in the external lipids
depended, both qualitatively and quantitatively, on the position along the fibre
where they are sampled.

Tucker et a/'*%? reviewed the chemistry of speciality fibres and the work
done on the composition of internal lipids, stating that the fine speciality animal
fibres, such as mohair, consist mainly of protein, water and internal and exter-
nal lipids. Together with proteins, the cell membrane lipids {ie internal lipids)
are the main components of the cell membrane complex (CMC)®8%9), the latter
forming a network (continuous phase) throughout the whole fibre, thus contri-
buting to cell cohesion. Similar to weathering, textile finishing causes a change
in the lipid composition of keratin fibres®®®._ Lipid analysis, for fibre discrimina-
tion, was considered to be confined to untreated samples but could be regard-
ed as complimentary to other analytical techniques such as PAGE and SEM{®49),
High Pressure Liquid Chromatography {HPLC) and Gas Chromatography (GC)
technigques are used for studies on the external and internal lipids on or in the
fibres{1005 Wool generally has the highest external lipid content, with the low-
est saponification value. Fractionation of external lipids from various fibre
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types shows some significant differences, but there is wide variation within
each fibre type. The quantity of external lipid {surface grease} was found to be
much higher for woot {15.7%} and yak {12.3%) than for mohair {5.1%). Internal
lipids, derived it is believed from the inter-cellular cernent holding the cortical
cells together, tend to show similarities across fibre types1005),

Rivett et a/8528%8) and Logan et a/(%39 used a combination of modern ana-
tytical techniques, particularly HPLC and GC, to examine the lipids extracted
from the intercellular regions of various speciality animatl fibres and reported
on the use of sterol and fatty acid compositions of different animal fibres, such
as wool and maohair, as a means of fibre identification. They found that choles-
terol, demosterol, palmitic, stearic and oleic acids accounted for the majority of
the lipids in these fibres!852) They concluded that HPLC sterol and GC fatty acid
analyses could be a useful additional procedure to the conventional methods-
for distinguishing between various animal fibres and presented the HPL.C anal-
ysis, in the form of comparable profiles, as a means of distinguishing between
protein fibres from different origins. Rivett et a/t#528%) showed that, according
to their sterol analysis, cholesterol and demosterol were the major sterols in the
internal lipids of wool and goat fibres; with the ratio of cholesterol to demos-
terol being about 2:1. The sum of palmitic, stearic and oleic acids accounted for
the bulk of the fatty acids present in the solvent extract. Nevertheless, where
cashmere and crossbred fibres had between 5 and 10% of linoleic acid, mohair
only contained traces. Mohair on the other hand yielded relatively high levels of
oleic acid{eo8),

Logan et af®3% showed that cashmere and cashgora contain & to 10% of
free linoleic acid where-as mohair only contains trace arnounts and that this
could be used to distinguish mohair from cashgora and cashmere when the
fibres have not been scoured or chemically treated. It was suggested that, the
ratios of palmitic: linoleic, stearic: linoleic and oleic:linoleic could be used to
differentiate mohair from cashmere and cashgora(®®2,

Kérner and Kalkbrenner®@!2 carried out detailed analyses of the cell mem-
brane lipids of various animal fibres, including mohair, and reported that the
lipid composition of all the fibres analysed was rather similar to that of wool,
consisting mainly of sterols, free fatty acids, ceramides, cerebrosides and cho-
lesterol sulphate. Kérner!84® used chromatographic techniques, such as thin
layer chromatography (TLC) and gas liquid chromatography (GLC), to study the
internal lipids of speciality animal fibres and according to him lipid analysis, as
a means of identifying different animal fibres, should generally only be applied
to untreated fibres. Using thin layer chromatography Koérner®% found the
qualitative lipid compositions of mohair, yak, alpaca and cashmere to be similar
and also similar to that of wool, with cholesteral, free fatty acids and polar
lipids being the main components. Triglycerides and cholestery! esters and
some unidentified products were present in minor amounts. The polar lipids of
all the samples consisted mainly of ceramides, cerebrosides and cholesteryl
sulphate.

Although it was initially suggested that the ratio of cholesterol to desmos-
terol could be used to distinguish between various speciality animal fibre types,
such as woo!, yak and goat fibres, analysis by Tucker et 2/(9921008) and Logan et
a/®29, of a large number of wool and goat fibres, showed that the ratio was too
variable, ranging from 1.7 to 2.6 for woo!l and from 1.8 to 2.7 for goat fi-
bres!®309921008) Theay investigated the free fatty acid composition and found
that palmitic, stearic and oleic acid accounted for 82 to 97% of ali the free fatty
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acids present, with that for mohair being 96%. Mohair extracts contained more
oleic acid than the cashmere or cashgora, while the latter two contained more
linoleic acid (5 to 10%) than mohair (less than 2%). It was suggested that the
differences in the linoleic acid contents of the extracts, and the ratio of free
palmitic to linoleic acid, could be used to distinguish mohair from cashmere
and cashgora, even for soap scoured samples. Negri ef a/1%972 found that
bound and free fatty acids in degreased woal fibres were affected to varying
degrees by processing treatments (eg scouring and dyeing).

24.9 DNA Hybridisation

Deoxyribonucleic acid (DNA) is present in the nuclei of living celis1909)_
is the ‘genetic blueprint’ and unique toe each individual. If the DNA of known
origin hybridises {binds) with, or matches, DNA from an unknown source, iden-
tification of the unknown source is, in theory, absolute. DNA is present in all
cells of the living animal, trace quantities remaining in the hair bulb and shaft
during the growth of the keratin fibre®*®, DNA exists in the keratinised dead
cells of the fibre within the nuclear remnants, but the extent to which it is
modified or degraded, {eached out or irreversibly trapped is not accurately
known!190%) Sensitive recovery and detection procedures were developed to
isolate these residual DNA components and chemical probes to characterise
the DNA fragments®%9, It was concluded@62998) that there appeared to be two
different kinds of DNA storage compartmenits, one which is easily accessible by
chemical pre-treatments and another which is less accessible and which may
hold the most potential for fibre analysis.

Kalbé et a/843875892) for the first time described the preparation of DNA
from animal fibre shafts, concluding that the species of the fibre/hair shafts
could be exactly identified by DNA hybridisation experiments and that the iso-
lated DNA allowed new possibilities of identifying species. Meyer-Stork et
al®49 reported on their work dealing with the isolation of high molecular weight
DNA (1.4 x 107 Dalton, 20 000 base pairs} from hair shafts, which allows the
species identification of the hair samples investigated. Berndt et /%97 and
Kalbe et af®%? investigated the use of DNA analysis to distinguish between
different types of animal fibres, and to characterise different fibre blends, such
as alpaca/mohair. Sagar et a/'%8% concluded that the identification of residual
moclecular genetic material eg {DNA} was the most promising way forward.

With respect to DNA-based speciality fibre analysis, Nelson et a/(1009 rg_
ported on an extraction procedure which resulted in the isolation of purified
DNA in only one working day and also improved the guantity of DNA extracted.
They stated that recent advances in molecular biology, may provide tech-
niques, based upon the analysis of DNA, for the identification of animal fibres
and the quantificaticn of blends of such fibres. Prohlem areas in terms of quan-
titative analysis included the effect of chemical processing (eg scouring, bleach-
ing and dyeing) and light damage on DNA levels1%® Hacker®8 pointed out
that the amount of DNA present in the fibre can be reduced by heat treatments,
and by chemical treatments such as oxidation and reduction process.

Berndt et 2/%9) also discussed the progress and limitations of the DNA
analysis technique for fine animal fibre identification. They gave the following
steps in the DNA isolation, purification and hybridisation {Fig. 93). They
stressed, however, that external influences, particularly thermal treatment and
chemical treatments, such as oxidisation and reduction, reduced the amount of
DNA naturally present in keratin fibres. Although the DNA is never reduced to
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zero, a quantitative determination may no longer be possible. They concluded
that the answer to speciality animal fibre analysis lies in cloning probes which
are more specific than the probes available, enabling one to distinguish be-
tween sheep and the different breeds of goats as well as between camel and
the different genotypes of cameloids. They also concluded that there was a
question mark, however, as to whether chemically or thermaliy treated fibre
blends may ever be analysed quantitatively and that the concept of the two
different compartments containing DNA, one easily and the other one less easi-
ty accessible, had still to be proven.

(1" day) l
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2™ day) l {dot-blat)
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i
;
Th
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Fig 93 The Steps of DNA isolation Purification and Hybridisation®%9,

Hamiyn et 2/979) discussed the application of molecutar biology (applied
molecular genetics) to animal fibre identification and reported preliminary re-
sults on the recovery and analysis of DNA from natural fibres. High molecular
weight DNA was isolated from various samples of speciality animal hair fibres,
the DNA being readily recoverable from both hair shafts {cryogenically milled)
and from isolated cuticles using standard molecular biology technigues. The
DNA so isolated was characterised by dotblat hybridisation probing®78, Their
basic procedure is illustrated in Fig. 94978 and involves spotting the sample
DNA directly onto a membrane prior to hybridisation with a labelled DNA
probe. They listed various problems (Table 101} which at that time needed
solving before the new technology coultt be exploited by the speciality fibre
industry.
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Fig. 94 The Basic Sequence of Events far the Analysis of DNA by the Dot-Blotting
Technique(975'1°591.

TABLE 101078
CURRENT LIMITATIONS OF DNA HYBRIDISATION TECHNOLOGY

A. Requirements for non-radioactively labelled probes
B. Unable yet to distinguish closely related species

C. Need to quantify DNA hybridisation

D. Reduce length of time required for analysis

E. Characterisation of very low levels of DNA

Hamiyn et a/19%9) stated that the isolation of high-molecular-weight DNA
from animal hair shafts®92100% had encouraged investigations into the poten-
tiat application of DNA hybridisation techniques to the identification of special-
ity fibres at the species level(845975) They(19%9) gave the sequence of events for
the analysis of DNA by the dot-blotting technique. A major limitation of the
DNA hybridisation technique®%%, in relation to speciality fibre identification at
the time, was the absence of a specific DNA sequence which allowed differenti-
ation between DNA obtained from a sheep and that obtained from a
go0at{962.195%) Hamlyn et a/19%9 reported on the identification of a sheep-specific
fragment of DNA that can be used to distinguish between DNA samples extract-
ed from wool and cashmere/mohair05%,

BTTG has been studying the application of highly species specific DNA
praobes {oligonucleotide}(1979.3983) 1o jdentify goat fibres.
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24.10 General o

Lupton and Loughlin®®® investigated the use of different dyes to dis-
tinguish between wool and mohair, and although some contrast between the
dyed wool and mohair was observed, they concluded that it was not a suitable
way of distinguishing between the two fibres.

Hudson et af818 discussed the application of high performance liquid
chromatography {HPLC) to the identification of different types of keratin fibres
{eg wool, mohair, cashmere and rabbit hair), NMR being used to authenticate
each peak on the chromatogram where possible. Although the same compo-
nents may be present in most samples, their ratios were generally different.

Tucker et a/861 examined a range of speciality fibres, eg mohair, cash-
mere, Yak and camel, by means of transmission electron microscopy (TEM),
scanning electron microscopy {SEM) two-dimensional electrophoresis {2D-
PAGE), and amino acid analysis {AAA). They discussed the potential and limi-
tations of each of the techniques, and stated that 2D-PAGE could be used to
distinguish between wool and goat fibres.

Sagar et a/9®5) discussed the applicability and limitations of the various
techniques, such as optical and scanning electron microscopy and optical and
infrared spectroscopy, proposed for fibre identification. They concluded that
optical reflectance spectroscopy was untikely to be a viable technigue for dis-
criminating between speciality fibres while Fourier Transform Infrared Spectros-
copy {FT'R) in the reflectance mode may provide the basis for a fibre fingerprint
technigue. They also investigated the HPLC technique for amino-acid analysis.
They concluded that HPLC analysis of amino-acids by pre-column derivatisa-
tion or by using an alternative to the normal ultraviolet detection system {eg
mass or infrared detectors) appeared to be a possible proposition requiring
more method development. It would, however, necessitate the creation of a
targe database, such an approach would lead to a probability analysis. Recent
developments in HPLC column technology had introduced the possibility of
analysing extracted proteinaceous material without the need for hydrolysis to
amino-acids.

Spilhaus®9 summarised the regulation and enforcement of fibre content
labelling requirements for luxury fibre, fabric and garments in the US, the term
wool including from the fleece of sheep or lamb, hair of the Angora or Cash-
mere goat and may inctude Camel, Alpaca, Llama and Vicuna.

Various papers discussed the identification of animal fibres and the analy-
sis of their blends(575.641.766.840.857.939.958) i) general.
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CHAPTER 25

THE INTERNATIONAL MOHAIR ASSOCIATION (IMA)

The International Mghair Association {IMA) was formed on 21 November
1974 for the purpose of promoting the use of mohair”*®), protecting its mem-
bers against unfair competition and trade malpractice and to ensure the main-
tenance of the highest quality standards associated with this luxury fibre©03,
Members come from agriculture, commerce and industry, and the IMA consists
of various product groups.

The most important functions of the IMA were reported196% to be the
promotion of mohair internationally, the collection and dissemination of market
information and the running and support of the Mohair Laboratories {(Mahair-
labs), and Mark schemes and labelling. All parties with mohair interests were
broughi together into a single organisation with the main purpose of promot-
ing the image of maohair and its uses, as a speciality textile fibre61%, The mem-
bership of the IMA is divided into two sections, viz Growers and Users. The IMA
created a forum for all parties to discuss their mutual interests and problems
and to exchange ideas, from which a very sound understanding resulted to the
benefit of everybody concerned. Much confidence and stability were engen-
dered through the advent of the IMA. This was apparent throughout the trade
right down to the growerl$¥%, In 1992 the IMA had 141 members from all the
corners of the globe (21 countries){!%% and spanning every phase of the textile
chain1%79_ The objects of the IMA are:

{a} To promote, advance, watch over and protect the interests of Members
owning, carrying con or interested in the trade or business of Growing, Trad-
ing in raw or Scoured Mohair, Combing, Spinning, Manufacturing or Dyeing
and Finishing of Mohair and other allied industries.

{b} To acquire, preserve and disseminate useful information and statistics relat-
ing to the production and stocks of Mohair and the sale thereof and to the
manufacture of Mohair goods and o other allied industries.

(c} To adept brands or marks indicative of standard specifications and to confer
on Members the right to use stich brands or marks an goods made in con-
formity with such standards.

{d) To watch over, protect and advance the interests of Members owning, wark-
ing or interested in such industries and trade and for such purposes to
propose, support or oppose any legislative or administrative measures
whatsoever affecting Members and to promote and protect the interests of
Members by combined action.

{e) To afford to Members all such assistance whether advisory, legal or other-
wise as shall appear fit and proper to IMA or to the Council.

{f) To promote, establish, co-operate with, become a member of, act as or - .

appoint trustees, agents or delegates, manage superintend, lend monetary
assistance to or otherwise assist any associations and institutions incorpor-
ated or unicorporated with objects altogether or in part similar to those of
IMA.

{g} To establish, strengthen, administer or contribute to any company or friend-
ly society or trade exhibition and generally to grant denations which may
seem 1o the Council or IMA conducive to the interests of IMA and its Mem-
bers.
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(h) To incorporate a company or companies and delegate 1o such company or
companies such of the powers of IMA as the Council of IMA shal! think fit.

{i} To do zll such things as may, in the opinion of the Council of IMA be inci-
dental or conducive to the attainment of the above objects.
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CHAPTER 26

MOHAIR MARK

The International Mohair Association {IMA} Mohair Marks {Labels) were
introduced in 1976, and in 1992 were registered in 21 countries, with the regis-
tration of 10 countries pendingt970),

A “Diamond Mark”, for woven fabric containing a 100% mohair weft was
introduced in 1988183 put subsequently dropped. Furnishing velours with
100% mohair pile, irrespective of the backing, come in for promaotion under the
Gotd Labe! system, the Silver Mark being allocated to goods with a minimum
pite content of 70% mohair. Finished woollen goods, such as stoles, blankets,
scarves etc with a minimum mohair content of 70%, have a Silver rating, while
ladies piece goods, for apparel manufacture, must contain a minimum of 25%
mahair to qualify for promotion*®9, A minimum of 70% mohair is required for
the IMA Gold Mark in hand knitting yarns®2®, with at least 40% for a Silver
Markis26)

The Fellowing Gives the IMA Rules for the Use of the Trade Mark (Label)

KNITTING YARNS/GARMENTS

Gold Label
Yarns containing 70% Mohair and above. Not exceeding 27 microns -
SUPERKID
Yarns containing 70% Mehair and above. Not exceeding 32 microns - KID
Yarns containing 70% Mohair and above. 32 Microns and higher -
MOHAIR

Silver Label
Yarns containing 40% Mohair and above. Not exceeding 27 microns -
SUPERKID
Yarns containing 40% Mohair and above. Not exceeding 32 microns - KID
Yarns containing 40% Mochair and above. 32 microns ‘and higher -
MOHAIR
Any other fibres constitute the balance in each case. Control is dependent
upon appearance and handie as weil as fibre composition. Micron toler-
ance is 2%2%.

LADIES FABRICS, BLANKETS, SCARVES ETC

Gold Label - minimum of 70% virgin Mchair by weight.

Silver Label - minimum of 25% virgin Mohair by weight.
In all cases, the balance of the fabric must be composed of natural fibres.
A tolerance of a maximum of 10% of other fibres in the fabric is permitted
provided such fibres are for reinforcement or visible decoration effects.

MENSWEAR FABRICS
Gold Labe! - qualities containing 50% or more mohair by finished weight,
or qualities containing at least 30% of Kid Mchair by finished weight - the
Kid Mohair conforming to the official IMA definition of Kid Mohair {ie
32um or finer).
Silver Label - qualities containing at least 26% Mohair by finished weight.
In all cases, the balance of the fabric must be composed of natural fibre. A
tolerance of a maximum of 10% of other fibres (but not man-made fibres}
in the fabric is permitted provided such fabrics are for visible decoration
effects.

233



CHAPTER 27

MOHAIRLABS

In order to achieve better and more consistent fibre diameter and length
test results worldwide, the IMA Mohairlabs Association was formed in 19884,
and now annually runs international inter-laboratory Round Trials on the basis
of which the right to use Mohairlabs stamps is awarded to those laboratories
which achieve the prescribed accuracy during the Round Trials®903).

Mohairlabs was formed with the following purpose, aims and member-
ship:

PURPOSE:

The purpose of the Association is not to conflict with already established
Textile Testing Associations {such as Interwoollabs) but recognises the need for
specialist knowledge and expertise necessary for accurate testing of Mohair,
due to certain fundamentat differences between Wool and Mgchair. The most
significant of which, is the much greater variation in fibre diameter inherent to
mohair,

THE AIMS:

The aims of the Association are:

1 To develop co-operation between member Laboratories with the view to
standardisation of test methods, in order to achieve correct and uniform test
results on mohair.,

2 To promote the confidence of all processors and users of maohair, in the
accuracy and integrity of Member Laboratories Test results.

3 To assist all interested parties in resolving disputes arising from differences
in test results.

4 To undertake to investigate and establish Standard Rules for any aspect of
mohair testing which may from time to time become necessary.

5 The method of application of the aims are defined in the Rules of the Associ-
ation.

MEMBERSHIP:

1 The Association shall be open to all suitably equipped Textile Testing
Houses, which have applied to, and complied with the entrance requirements
and who agree to abide by the Rules of the Association as administered by
the Technical Commitiee.

2 Membership of the Association does not imply full membership of the Inter-
national Mohair Association.
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CHAPTER 28

MOHAIR APPLICATIONS AND END-USES

28.1 General

The textile application of mohair goes back many thousands of years, the
fibre finding application in almost every conceivable textile end-use. Today up
to 80 to 90% of mohair consumption (especially Adult hair} can be affected by
fashion(t077,

It has been stated that mohair is an animal fibre possessing all the charac-
teristics of a divine creation®, and the presence of mahair in a material is
considered to lend elegance and quality to it®9%. Mohair(839 is sought after for
its comfort, it being warm in winter and coot in summer and highly durable. For
example, in lean worsted type lightweight tropical suitings, mohair is regarded
as a “cool” fibre, where-as in brushed articles, such as shawls, stoles, rugs,
sweaters and blankets, mohair provides warmih {bulk) without weight(667), Ve-
lours {also embossed) have always been one of the most popular outlets for
mohair. Mohair's characteristics of hard wearing durability, resilience {springi-
ress), moisture absorption, comfort, Justre and smoothness make it ideally
suited to many applications in apparel and interior textiles. Because of its gen-
eral smoothness and low static propensity {except under dry conditions} mo-
hair does not collect dust or soil very easily®® and is also easily cleaned {stains
are easily removed}i789),

Traditional “mainstays’” of maohair have been blankets, stoles, scarves,
travel rugs and hand-knitting yarns#3%), “fluffy look” ladieswear in fancy yarns,
tadies couture clothes and mohair velours for furniture®33. Mohair comes into
its own and is probably unequalled in brushed {(also called “candy floss” mo-
hair in certain cases) fabrics and plush and velour fabrics. As early as the
1870's, imitation furs, using mohair pile fabrics, were made®?9, and maohair
plush for upholstery was already popular by the 1890's. Mohair was used as
automohile upholstery and rugs, and as upholstery in railway carriages more
than 60 years ago®. and in 1924 America had all the automobile upholstery
made from mohair2%, Mohair pile furnishing fabrics were already very popular
more than 70 years ago®@. Before the second world war, “uncrushable’” mo-
hair velvet was already made.

Mohair noils were used in carpets miore than 60 years ago and they were
also blended with wool and other noils for the making of woollen cloths and
blankets®.

Mohair has traditionally found outlets in plush and pile fabrics (eg velours
in furnishings and upholstery), hand-knitting, men’s suitings, blankets and
rugs®4, garment linings8. its lustre, resilience, smoothness, hard wearing
and crease resistant properties makes mohair valuable for upholstery and any
pile fabric (eg plush, velvet and {moquettes)?39 and it is virtually unsurpassed
for general durability®¥, recovering very quickly after being crushed. The
smooth fibres do not allow dirt to collect readily, and stains are generally fairly
easily removed.

Mohair blends very well with other fibres and is usually used in blends. it
has been blended with many fibres317.633.674753.824547) such as woal (including
superfine merino and lambswaool} alpaca, ramie, linen, cctton {eg 90% Super-
Kids/10% long staple cotton}83%, silk, cashmere, mink and man-made (regener-
ated and synthetic), with wool being the most popular. Some firms have experi-
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mented with multi-fibre combinations, for example of alpaca, sitk, wool and
mohairt€). Mohair/silk blends combine lustre, softness and silkiness. One firm
even offered a maohairfwool/acrylic/polyester/rayon/cotton blend yarn(623),

More than 70 years ago a fine mohair singles yarn was twisted with a
singles cotton yarn, the cotton being removed by carbonising the fabric after-
wards(1-14),

The use of alginate, in combination with mohair, to produce a lightweight
fabric, was mooted as early as 194529 and mohair “tweed" yarns and “space-
dyed” yarns®®23 have been mentioned.

In the 1950's, blended fabrics were stated to be the rule, with Tex-air suits
in 50% mohair/50% wool - very successfuli*23. In the 1950's mohair was used
for fine dress goods and raised overcoatings in which loop yarns were used in
pile, with the brushed pile effect replacing drawn pite. Mohair was also used in
bouclé, knop and stub yarns®29).

The highest prices are generally paid for mohair used in apparel, particular-
fy fashion clothing, with that paid for fibres used in carpets and upholstery
generally much lower($84), the primary product price representing only between
2 and 5% of the value of the end-praoductl®”?_ Fashion interest in mohair has,
however, proved to be cyclical?6?, and the only way to counteract its effect on
the mohair industry as a whole is to increase the all-round versatility and end-
use application of mobhair.

Roorbach®®%} stated that, at one time, Europeans tended to put mohair
into everything from underwear, to outerwear to upholstery.

Van der Westhuysen{1%46} gave the following table {Table 102) far the appli-
cation of the different types of mohair.

TABLE 102(1048)
COMPOSITION OF THE MOHAIR CLIP AND APPLICATION

TABLE 1. COMPOSITION OF THE MOHAIR CLIF AND APPLICATION

Type of hair Fashion application % of Competings Comparative
. Clip  fibres noa fashion valee
1. Superfinc and fine Wide application in mens and Superfinc wool, cashmere,  Production is so limited that
kid . ladieswear — extremely 3 alpaca, Angora rabbi hair, it remaing relatively good.
(24-28 microa) sought-afier cfc.
2. Kid Finds application iz mens- and ladies-  §3 Finc wool Fair
(25-30 micron) wear — Sought-after.
1. Young goat Used in mens- and
{31-34 micyon) ladieswear and in houschold ¥3 ‘Wool and artificial fibre Limited
softs (upholstery),
Sought-afier when in fashion.
4. Fine Adult Application mainty in knitting
{34-36 micron) industry and brushed products 20 Wooi and artificial fibre Limited

(blankets, cic). Other applicatives
limitcd whes knining is not

fashionable.
5. Suong Adult Application only fn brushed
. products, expotsand 5 Lustre wool and artificial  Exoemely limited at price of,
{3740 micron} curtains. Alteraative application fibre oF lowes tham, Carpes wool .
limited.
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In the second half of the 1980’s the varicus end-uses of mohair were
givens? as follows:

TABLE 103067
MOHAIR CONSUMPTION

End-Uses Share (%)
Hand Knitting Yarns 65
Men's Suiting Fabrics 15 .
Women's Woven Accessories and Rugs 12
Woven Furnishing and Velours 8

Racently {1992), Van der Westhuysen1%77 stated that 70 to 80% of mohair
went into brushed knit-wear, 10% into ladieswear, 7 to 10% in home furnish-
ings, 7% into menswear and 1% into home industries, most of which are sub-
ject to fashion cycles. Mohair is increasingly being used in machine knitting,
this generally favouring the finer quality of mohair viz Young Goat and Kid953,
Very fine Kid mohair is processed on the woollen system for the production of
knitting yarns and velour for winter coats®®3®. Adult mahair finds applications
in the brushed look and especially in the hand knitting sector{i®46), {t was esti-
mated in 1983613} that something like 80 to 85% of the world supply of mohair
was used in knitting, about 20% of this being consumed in hand knitting. It has
been stated!®7Z that fashion in mohair hand-knitting yarns tend to go in cycles
of approximately six years.

During 1984, for example, textured effects in mohair were very fashion-
able, these including brushed, nubbed, tweeded, space-dyed and flat/shining
surfaces®0,

The finest mohair (Kid} is used principally in the hosiery and fine
tightweight suiting trades!*?® and occasionally for stoles®®, noil {short fibres
removed during combing) also being used in the case of the former428)_ Grade
3 mohair (English System of grading) is used ta make lofty open shawls and
scarves {coarser qualities tending to be used for shawls and blankets as well),
as well as hand knitting fancy-effect yarns, whilst Grades 2 and 3 mohair are
used to produce curly pile rugs®8428, Grades 4, 5 and 6 are used in consider-
able amounts, either in pure form as weft or blended with lustre and medium
crossbred wools, to make tropical suitings, generally as weft with a fine woa!
worsted warp. These qualities are also used to produce pile fabrics, traditio-
nally with cotten backing. Grades 4 and 5 are used for upholstery and for cover-
ing soft toys™®® etc. The lowest quality pieces are used in the production of
interlinings'®8.428),

Short and coarse mohair has limited applications and is generally used in
less expensive products?®®. Short mohair can be processed on the woollen
system provided it is not too coarse®®, Sanderson and Wilkinson{®88 jnvesti-
gated the characteristics, perfarmance and end-use of low quality crossbred
mohair, and certain other animal fibres, in blends with New Zealand wool.

Mohair noils are used in wool/mohair blend coatings and also in carpets,
blankets and hats and also found application in the hosiery trade!2€) Mohair
noils are used in woollen blends when tustrous fabrics are desired, for example
in apparel wear with surface effects.
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Some of the outlets/applications/end-uses of mohair are listed alphabeti-
cally in the next section and in some cases examples are given below: In uphol-
stery, furnishings, and drapes, for domestic, office, cars, trains and theatre
seats®¥, medium quality mohair {eg long Young Goats and fine Adults)281) can
be used®@,

Kienbaum{®*? gave the following table for the lower critical values for the
pile density factor Dp in worsted furnishing fabrics (Table 104}(342,

TABLE 104342
LOWER CRITICAL VALUES OF THE PILE DENSITY FACTOR Dp

{IN WORSTED)"

veival with pile alignment upright pile velvet

low normal Tow normal strong
pile yarn fibre crimp flora crimp
Cotton 29
Linen 29
Wwoal 2355 23 4TS 43 s
Mohair 2.55 475 -
Polyacrilonitrile 2.2 20 45 375 32
Polyamide 2.2 20 45 3.75 .2
Polyesisr 2.85 24 485 45 4.05

*Dp = Np x tex x 0.001
Np = number of pile loops/cm

Used in the interior and automotive markets, because of its hardwearing
nature, mohair velours and moguettes are still an important source of uphol-
stery(1927) Mchair velvet has also been permanently vulcanised to sponge rub-
ber to produce a special kind of carpet material for automaobiles309).

A popular use of mohair (often Kid}%31) js men's suitings, particularly sum-
mer and tropical {(Panama) suitings, generally in blends with wool {occasionailly
in ali mohair) but also in numerous comhinations with other fibres, somstimes
in intimate blends, but usually as weft® (often singles mohair weft and two-
fold fine wool worsted warp)(2534.88:89. 196785) hlands of Kids and Young Goats
also used®8), Mohair has a reputation for coolness®9, crispness, good wrinkle
recovery and good durability. Mohairfiwoal/ polyester blends have also been
used for tropical suitings%®, Another example is the “unstructured” suit in
30% Kid mohair and 70% worsted, a “Young looking’’ button-two style with
patch pockets and no lining#%9, One of the original men’s mohair fabrics was a
plain or semi-fancy piece dyed suiting sold in the early 1930°s!532 to countries
in South America. The development of the first yarn dyed mohair suiting com-
menced in 1950 and considerable quantities of such fabric have been scid
warldwide. In 1992 it was estimated that 70% to 80% of mohair menswear is
consumed in Japan97? where the fabrics were considered to be the most
adaptable to the hot and humid summerst939, secounting for between 10 and
12% of summer suit sales. Kid hair {often fine) is mainly used in Jlapan for
men'’s suitings, it being important that it is kemp freel!924, and a high quality
suiting fabric is produced from superfine Kid mohair®®_ One popular men's
suiting in Japan consisted of 60% Summer Kid hair and 40% superfine
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wool798, while another contained 60% Summer Kid hair, 33% superfine wool,
6% cashmere and 1% vicuna??8). Mohair has also found application in sports-
jackets*®® in worsted fabric {eg 50/50 wool/mahair), woollen jacketing {80/20
wool/mohair} and evening wear (mohair/wool barathea)®5?). In Japan, men’s
winter suitings have also been made in a 30/70 mohair/wool blend, using Adult
mohairt1024)

Mohair was quite popular in linings for clothes, such as suits (sometimes
combined with wool, cotton or rayon)2534202) dyring the Victorian era@,

Mohair also found a popular outlet in mens and ladies coats and over-
coats (woven and knitted; woollen and worsted®®? eg bouclé, velour, fleece
and worsted)3488202) with the shorter mehair types often being used in over-
coats®3480) Other examples include wrap-around coats, alpaca/mchair coats,
mohair/acrylic/nylon shaggy pile coats, coatings (knitted and woven) with short
brushed and short pile wool and mohair, also coats with brushed mohair on
both sides or mohair fleece on the face and woo! or cotton on the back®33,
Vonbergl!*V has discussed various structural possibilities.

Mohair has been used in various bed coverings, using for example a wool
and mohair worsted loop {fancy} yarn28) which was heavily raised on both
sides and piece-dyed@8, One firm used 27um mchair in a blend {33/70 mohair/
wool) with fine wool, to produce very fine and soft blanketst92%, A typical
mohair blanket construction in the USA was 75% mohair, 21% lambswool and
4% nylon®39, Mgohair blankets form one of the traditional end commodities
produced from the lustrous mohair fibre. Mohair blankets are characterised by
their low mass, soft and silky handle, excellent insulation properties and luxuri-
ous appearance. They reign supreme in a class of their own as high quality
blankets®®>9. Robinson et a/35? investigated three novel methods of producing
maohair blankets and compared them with the conventionat methed of weaving.
These three types of blankets could be produced on conventional equipment
utilising needle punching, warp knitting and weaving machines, respectively. In
the case of needle punching some patterning effects were obtained using
special scrims. In warp knitting, new designs and cellular effects were readily
obtained and in weaving the mohair was kept to one surface only so as to
produce a “non-slip”” blanket. Fibre retention in these blankets, measured in
terms of the single fibre withdrawal! force, and the results obtained on the
blankets produced by conventional and unconventional means, were also dis-
cussed. The blankets compared favourably with the traditional blanket.

Kid or Adult mohair {worsted spun) has been used for men's socks{193%),
while 25% mohair/75% acrylic mohair socks have been used for hiking, ankle
socks, girl's knee socks and socks for farmers{t®19, Mohair in socks is stated to
mitigate sweating and adours and to reduce the worst impact of wearing Wel-
lington boots. The socks are proving popular with People who wear boots con-
tinuously because of wet working conditions!1®14, Mohair/nylon {for reinfor-
cing) socks, including cushion {plush) soles, are also proving popular, particu-
larly for out-door, leisure and active wear (ie hiking, mountaineering and
sports}. Mahair socks, with cushion (plush) soles, were recently reported to be
very popular for sportswear!%81971) Mohair is stated*%7% to combine comfort
with high insulation and exceptiona! durability and to be less prone to trap
odour forming bacteria.

Leg warmers'®3® are produced from finer grades of mohair and in 40/60
mohair/acrylic)63d,
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Mohair has found application in wigs and switches for theatrical pur-
pgses‘a“-z"Z) and also as dolls wigs (it appears that the authentic Victorian porce-
fain doll had a wig of mohair). The length of fibre required is about 20cm.

Mohair has also found application in carpets, rugs, and mats {machine
and hand-made) with long or short pile, often with hand-block printed designs,
often comparing favourably with hand-made oriental rugs®3438), usually me-
dium quality mohair®® being used, kempy mobhair also finding application in
carpets®*, Mohair noils were used in carpets more than 60 years ago. Blends
of Lincoln wool and mohair were used in Australia to produce “Scottish” mo-
hair tartan rugs of loop yarn construction®®, The use of mohair in tufted car-
pets was mentioned®4?, it performing better with cotton and jute primary back-
ing, excessive fibre shedding sometimes tending to occur with a palypropylene
backing. Mohair is also used in Lesotho, for example, for hand-made carpets.
The hand-spinning of a two-ply, S-twist woaol core spun yarn with 80% lLesotho
mohair and 20% Cape Blend 700 tex "“Superfluffy’” yarn has been dis-
cussed”8). One Japanese firm produced carpets containing between 60 and
100% mohairll024},

In former years, mohair was used in interlinings (usually lower quality
mohair in bilends with ather fibres, such as coarse hair}2526) 3nd in machine
beltings and press cloths {usually in blends with wool and coarse camel
hair){@538),

Sweaters {eg 80/20 or 50/50 acrylic (bulked or unbulked)/mohair)€? qr
80/10/10 mohair/nylon/acrylic, also 70/30 polyester/mohair for golf sweaters.

Mohair has also been used in imitation Astrakhan, a long uncut pile fabric.
For this purpose the mohair need not be spun but can be warped as a roving®®8),
it being possible to use kempy and “mushy” mohair. Mohair yarn can also be
treated to form a permanent wavy appearance {curled yarn) which then can be
woven in @ manner to initiate fur fabrics, such as Astrakhan and other natural
animal pelts, fancy doubled mohair yarns, eg curled mohair yarns, having been
used for the pile of rugs, Astrakhans etc{192, Mohair was already used in imita-
tion animal furs (eg mohair Astrakhan) more than 60 years ago'>1¥, often fairly
short mohair and cut hair®® being used {eg wool undercoat with a mchair
nap}®8. In one example, 78%mohair/13%wool/9%nylon was used in knitted
jacquard animal skin patterns for fully lined jackets.

In the case of pile fabrics, the long lustrous pile is bound into the base of
the fabric (sometimes cotton yarn has been used as the backing or warp®3} and
can then be curled and embossed, by ingenicus construction and dyeing meth-
ods, to imitate furs and to produce materials which are not only attractive but
serviceable®4202, Usually medium quality mohair is used®@3.

In the case of ties {woven and knitted)®3%, once very popular in the
USARS, and very hard wearing and crease-resistant, the warp can consistof a
very high quality merino wool and the weft of mohair or mohair blended with
30 to 50% wool?9),

In ladieswear (brushed and unbrushed} eg skirts, capes, suits, jackets, tops
and dresses, blends involving Kid and Young Goat mechairl281458.460.484) haye
been used and sometimes mohair, in the form of a cut tep, has been blended
with wool to produce two-tone dyeing effects®®, Co-ordinates have heen pro-
duced in varicus blends {eg mohair/wool/nylon)®5® and leisure taps, evening
gowns*3® waist coats, skirts etc!®? and Kimono-look jackets'®2¥ have also
been produced.
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Mohair “Tweeds” have been produced (eg men’s jackets and ladies
tweeds), also soft mohair check tweeds as Chanel-type suits).

. For ladies suitings, @ mixture of Adult mohair and British wools has been
used to develop a tweedy type cloth for jackets and skirts for winter wear{1024,

Stoles and shawls are popularly produced from mohair loop and fancy
yarng!88.281484) in Victorian days loose textured shawls, made from mohair
{fine Kids) worsted yarn, often being worn with a lightweight silk shawl over
them29),

One firm used a 70/30 polyester/mohair yarn (R98 tex/2 and R74 tex/2) for
men'’s knitted golf shirts, the yarn being used in either natural or dyed {package
or skein) form@4,

Velours find application in upholstery {atso for vehicles)*727) fyrnish-
ingsf20934, curtainsi?9¥, seat covers”®®, drapes and bedspreads®*2, some-
times embossed®*42), Mohair velvet has also proved popular, generally consist-
ing of a mohair pile and a cotton ground.

Mohair has been used in special Weave Effects (herringbone designs,
ribbed diagonals, open basket weaves, spot effects, bouclé, three-ply, and three
dimensional designs)##2523) and pure mohair twill fabrics have also been pro-
duced. Mohair/Lycra has been used to produce a plush or suede surface.

Meckel®™ reported on the application and wear performance of mohair
and other fibres, in furniture upholstery.

Vogel'597 described the use of a mohair/fwool blend fabric, as a medical
textile in the metal industry. Thermal and physiclogical properties and wear
performance were studied and reported.

Vonberg!*V gave some details of various woven fabric structures in which
mohair and mohair blends were used.

Leather made from the pelt or skin of the Angora goat is useful for orna-
mental purposes and for the manufacture of gloves, purses, bookbinding and
novelties®®. Mohair {Angora) skins have also been used for Teddy Bears.

Koch et a/423479) made recommendations on the care of mohair velour
and ather types of fabrics with specific reference to dry-cleaning. Because of its
smoothness, mohair articles are generally easy to clean®®, Engelbrecht{1042
has discussed caring for and cleaning mobhair articles. He suggested that mo-
hair should be washed (pure soap flakes) in luke-warm water (avoiding high
temperatures and mechanical action), softeners may be used, spin-drying is
recommended but never tumble-drying, with drying flat, preferably not in the
sun. Dry-cleaning can also be used. A soft brush can be used to restore the pile,
with brushing taking place in the direction of the pile.

Stavridis and Speakman®® found that the “white spots” {light specks)
which had occasionally developed in mohair plush@39.3%1 ysed as upholstery
fabric, were due to the presence of tooped fibres in the pile, the looped fibres
being formed during spinning, singeing {gassing!} eliminated the problem. The
defect could be removed by damping the fabric and brushing it with a stiff
brush.

Grobler(1949 gstimated that the cost of the mohair fibre represented only
2% of the retail price of 28 mohair suit, the cost of the top would represent 4%,
that of the dyed yarn 9% and that of the fabric 37%. Various arti-
cl 85(14,88.36,3620220.28 1,309.409.425.442,484.508.523.551,624.630,653.697.763.798,822.899,934) re-

fer to mohair applications and end-uses.
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28.2 Mohair Product List

Accessories (hats, gloves, handbags, etc}

Airgun Darts

Airline Blankets

Ankle Socks {girls]

Artificial Hair

Astrakhan

Athletic Socks (hosiery}

Auto-textiles (floor caverings, carpets, boot liners, hoods, door trims, seats,
upholstery, panel shelf) Automobile Seat Covers

Bath Sets

Bath Mats

Bed Covers (eg bedspreads, biankets and rugs)
Bedspreads

Beltings and Press Cloths

Blankets

Blazers

Bloussons R
Bobby Socks

Boot Linings {auto}

Braid

Brilliantine

Bunting {flag cloth)

Candlewick (bedspreads and dressing gowns)

Capes

CarCoats

Cardigans

Carpet Tiles

Carpets, Rugs and Mats (Axminster, Wilton, Tufted, Needlepunched, Hand-
knotted, Knitted}

Casualwear

Cerernonial Robes

Chenilles (carpets, socks, etc)

Cloaks

Coats

Coffin Linings

Cords (and Tassels)

Crepon Goods

Curtains (damask, brocades, satins or velvet}
Cushion Covers

Decorative Trimmings (eg for coats, hats, shoes})

Dinner Jackets

Dolls Wigs

Domestic Textiles

Drapes/Draperies (automaobiles, aeroplanes, trains, buses, domestic, office and
industrial)

Draperies {furnishings}

Dress Suits
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Dresser Covers
Dressing Gowns
Duvets

Eiderdowns
Evening Gowns
Evening Wear

Fabric Art

Fabric Panels
Fabric Sculptures
Fake Furs

Fancy Yarns
Fibre Art

Fire Blankets
Flags

Fleecewear

Floor Carpeting (aircraft, automobiles and buildings)
Foot Muffs

Foot Warmers
Fringes

Fur {imitation)
Furnishings

Gilets

Gloves

Gowns

Golf Club Head Covers
Golf Shirts

Haif-hase

Hand Crocheted Articles {shawis, stoles, etc)
Hand Knitting Yarn

Hand-knotted Carpets

Handwear

Home Furnishings

Horse Blankets

House Slippers {felt}

Household Textiles

Imitation Furs
Infants Blankets
Ink-transfer Pads
Interlinings
Interior Panels

Jackets
Jerseys
Jumpers

Kelims

Kimono - 'Look’” Jackets
Knitted Jerseys

Knitting Yarn

Knitwear
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Ladieswear

Lamp covers (shades)
teg Warmers
Leisurewear

Linings

Mantie Cloths

Machine Knitting Yarns
Mats

Mens Suits

Menswear

Mops

Mourniing Secarves
Mufflers

Neck Ties

Neckwear

Needlepunched Carpets, Blankets, etc
Nets {laces and drapery materials)
Nightwear

Night Gowns

Novelty Yarns

Oriental Rugs
Qvercoats

Paint Rollers

Paint Brushes

Palm Beach Cloth
Panama Suits

Persian Carpets and Rugs
Pite Fabrics {upholstery, etc}
Plaids

Plush Fabrics

Panchos

Pram Hoods

Press Claths {eg filters}

Quilts

Raincoats

Residential Upholstery
Reversible Lining
Robes

Roller Brushes

3ugs {prayer, etc)
lunners (table, etc}

‘addle Blankets
carves
satter Cushions
‘atter Rugs
at Covers (cars, trains, planes)
awls
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“Sheepskin”’ Covers {real and imitation)
Sicilians
Skirts
Slippers
Smoking Jackets
Snow and Ski Gear
Socks
Soft Furnishings
Soft Toys
Soldiers Uniforms
Soft Furs
Sports Jackets
Sports Clothes {knitted)
Stoles
Stuffed Toys (pile fabrics, shaggy or cut)
Sweaters

Table Covers (eg cloths, mats and runners)
Tam-o-Shanters

Tapestries

Tapestry Yarns

Teddy Bears

Theatrical Wigs

Thigh-tength Cardigans

Ties

Toilet Covers

Track Suits

Travel Rugs

Tray Cloths

Trench Coats

Trimmings (for coats, dresses, shoes, etc)
Trunk Linings

Tunics

Tweeds

Tyre Cords

Underblankets
Underlays
Uniforms
Upholstery

Velours
Velvets

Waistcoats

Wall Covers

Wall Hangings

Wigs and Switches (eg for theatrical purposes)
Womenswear

Wraps
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CHAPTER 29

REVIEWS, BIBLIOGRAPHIES AND BOOKS

29.1 Reviews

Villers8?, in 1960 reviewed the processing and applications of mchair and
also gave a detailed list of common mohair fabrics and their weave structures
{over 200 structures given), including 100% mohair fabrics, the latter including
plain weave, cord effects, crépes, whipcord, twilled vesting.

Srivastava®® broadly reviewed mohair production, properties, processing
and end-uses, i .

Kidd®1® and Tucker et a/%%2 reviewed the chemistry of speciality animal
fibres other than wool, while the chemistry of various natural protein fibres has
also been reviewed™4¥, Veldsman'®1€ reviewed the chemical and physical
properties and processing of mohair and Broda and Wiochowicz®*? reviewed
the fine structure, molecular structure and chemical composition of mohair and
wool. Zahn®®# also reviewed the structure and chemistry of mohair while Spei
and Holzem%! reviewed the characterisation of fibre keratins, including mo-
hair, -
Work on mohair carried out at SAWTRI was reviewed on various occa-
siong!504.539.605.649.695699.710,74578L864), narticularly detailed reviews being given
by Veldsman in 1970191} and Turpie in 198505,

Kusch and Stephani’®*D published a comprehensive report on the quanti-
tative analysis of blends of mohair with wool and synthetic fibres, while Tucker
et af!"2) g)so reviewed various aspects relating ta fibre identification.

Wortmann et a/809 symmarised the various papers presented at the 1st
International Symposium on Speciality Animal Fibers, held at the German Wool
Research Institute {DWI) in QOctober, 1987 while Wilkinson(190%) priefly summar-
ised the papers presented at the second such Symposium held in October,
1989,

McGregor'®® briefly reviewed some of the work dane on the processing,
production and marketing of mohair.

Smuts®¥ reviewed work published on the wrinkling of wool and wool
blends, inciuding wool/mohair blends.

Bereck®%® reviewed the nature of the natural pigments found in animal
fibres, and the bleaching there-of, inciuding mohair. Knott®78 reviewed fine
animal fibres and their depigmentation,

Ryder'®®¥ reviewed the production and properties of goat fibres, such as
mohair around the world.

tn 1991 Hunter193Y priefly reviewed textile related studies on mohair dur-
ing the 1980's.

Smuts et 2/193% reviewed work done on the objective measurement {main-
ly by means of the Kawabata KES-F and the FAST systems) of fabrics, inciuding
a limited amount of work done on wool/mohair fabrics on the Kawabats sys-
tem.

Leeder et a/2%%9 have recently produced a fairly comprehensive review of
mohair and other goat fibres.

Various other reviews(469.646349.1040.1041) of reglevance, have also appeared
from time to time.
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29.2 Bibliographies

A reference list of articles on mohair has been given25®, Srivastava ef
a/309393) nhlished a bibliogtaphy on mohair, with Strydom®!? adding a num-
ber of additional references. Blankenburg and Teasdale®®>® published a Bib-
liography on Mohair and other speciality animal fibres in 1982. A bibliogra-
phy®é9 of publications on scientific, technical and commercial aspects of speci-
ality fibres, including mohair, and covering the period 1971 to 1987, has been
published.

29.3 Books

A textbook by Asquith®!® dealing with animal fibres including mohair has
been published. Van der Westhuysen et 2/533) published a book on Angora
goats and mohair in South Africa, and also reported briefly on the processing of
mohair.

Ryder”®) has published a booklst dealing with cashmere, mohair and
other luxury animal fibres. Uys®®73 has published a book on the history of mo-
hair in South Africa, covering the period from 1838 to 1988. A book by
Harmsworth and Day®”? describes the breeding and hushandry of sheep and
Angora goats and also outlines industrial techniques, such as scouring and
carbonising.

ACKNOWLEDGEMENTS

The author is indebted to the IMA and CSIR for part sponsorship of this
work and to Mrs L. Dorfling, of the CSIR Division of Textile Technology, for her
valuable assistance.

A special word of thanks is also due to my wife for the many fong hours
spent in typing, checking and preparing this review.

THE USE OF PROPRIETARY NAMES

The names of proprietary products where they appear in this review are
mentioned for information only. This does not imply that they are being
recommended to the exclusion of other similar products.

247



web b

35.
36.

SoLEN om hwno

REFERENCES

Texus, Text. Rec., Vol.41, 97 {1923}

Barritt J and King A T, J. Text [nst, Vol.17, T386 (1926}

Hirst H R and King A T, J. Text. /nst, Vol.17, T296 (1926)
Hardy J I, Tech. Bufl. No. 35, U. S. Dept. Of Agric., Washington,
B.C., {1927)

Anon, Text Argus, Vol.4(222}, 14 {1928)

Duerden J E and Spencer M R, Bull. Dept. Agric., Union of 8.A.,
No.83, (1930}

Speakman J B, J. Soc. Chem. Ind., Vol.49, T209 {1930)

Anon, Text Argus, Vol.7 (June 6th), 436 {1930)

Barritt J and King A J, Biochem. J., Vol.25{(2), 1075 (1931)
Speakman J B and Stott E, J Text [nst, Vol.22, T339 (1831}
Speakman J B, Stott E and Chang H, J. Text Inst, Vol.24, T273
{1933)

Burgess R, J. Text Inst, Vol.25, T391 {1934}

Jones J M, Bull. Tex. Agric. Exp. Sta., No.516, (1935)
Bulay-Watson D, J. Bradford Text Soc., 33 {1938)

Dantzer J and Reehrich O, L7nd. Text, No.53, 6 {1936}

Skinkle J H, Amer. Dyest. Rep., Vol.25 (And Bull. Lowell 7ext. /nst.,
Series 40, No.2 (1936-37}), 620 (1936)

Von Bergen W, Amer. Dyest. Rep., Vol.26, 271 (1937)

Anon, Woo/ Rec., Vol.66 (Sept), 7 (1937}

Von Bergen W, Amer. Dyest. Rep., Vol.26, 271 (1937)

Meredith R, J Text. Inst, Vo!l.36, T107 (1945)

Meredith R, J Text /nst, Vol.36, T147 (1945)

Martin A J P and Mittefmann R, J. Text Inst, Vol.37, T269 (1946)
Stoves J L, Proc. Xith Intern. Congress of Pure and Appl. Chem.,
London, 5, 215 {1947}

Frishman D, Smith A L and Harris M, Text. Res. J, Vol.18, 475
(1948)

Stansfield Haigh S, J Text. Int, Vol.40, P794 (1949)

Maha! G S, Johnston A and Burns R H, Text. Res. J, Vol.21, 83
(1951)

Hamburger W J, Platt M M and Morgan H M, Text. Res. J, Vol.22,
695 (1952)

Mercer E H, Text. Res. J, Vol.23, 388 (1953}

Nicholls C H, Ph.D. Thesis, Leeds University, {1953}

Susich G and Zagieboylo W, Text. Res. J., Vol.23, 405 (1953)
Harris M, Handbook of Textile Fibers, 75 (1954}

Mauersberger H R, Matthews Textile Fibers, 6th Ed., New York
{John Wiley and Sons Inc.), {1954}

Tipton H, J. Text Inst, Vol.46, T322 (1955)

Von Bergen W, Matthews” Textile Fibers (Ed. M R Mauersberger)
6th Ed., 615 (1954)

Von Bergen W, Mafthews Textile Fibres (Ed. M R Mauersberger)
6th Ed., 688 (1954}

Wildman A B, Lund Humphries, Bradford & London {(Woo! Ind.
Res. Assoc., Leeds, England), 106 (1954)

248



Mercer E H, Text. Res. J., Vol.24, 39 (1954)

Ford J E and Roff W J, J Text Inst, Vol.45, T580 (1954)
Dusenbury J H and Coe A B, Text Res. J, Vol.25, 354 {1956}
Duser;bury J H and Jeffries E B, J. Soc. Cosm. Chem., Vol.6, 355
(1955

Dusenbury J H and Menkart J, Prec. Int. Wool Text, Res. Conf.
(Australia), Vol.F, F142 {1955}

Fraser R D B and Rogers G E, Aust. /. Biol. Sci, Vol.8, 288 {1955}
Lundgren H P, Proc. Int. Woo! Text. Res. Conf. (Australia), Vol.F,
200 (1955)

Ward W H, Binkley C H and Snell N S, Text. Res. J, Vol.25, 314
{1955)

Klenk H, Mell. Textilber.,, Vol.36, 425 {1955)

Nicolls C H and Speakman J B, J. Text. Inst., Vol.46, T424 (1955}
Burley R W, Nicholfs C H and Speakman J B, J. Text. Inst, Vol.46,
T427 (1955}

Ward W H and Bartulovich J J, Text. Res. J, Vol.25, 888 {1955)
Fraser R D B and MacRae T P, Text. Aes. J., Vol.26, 618 {1956)
Fraser R D B and Macrae T P, Text. Res. J., Vol.26, 618 (1956}
Wood W J, Text Ind, Vol.120(9}), 151 (1956}

Fraser R D B and Macrae T P, Text. Res. J., Vol.27, 379 & 384 (1957}
Klenk H, Textil-Praxis, Vol.12, 1071 {1957}

Stavridis J and Speakman J B, J. Text /nst., Vol.48, T362 (1957)
Haly A R and Feughelman M, Text. Res. J., Vol.27, 919 {1957)
Bamford G R E, M.Sc. Thesis, Rhodes University, Grahamstown,
(1958)

Louw D F and Van Wyk T P, SAWTR/! Techn. Rep., No.13, (1958}
Haly A R and Griffith J Text Res. J, Vol.28, 32 {1958)

lse D, S.A. Ind. Chem., Vol.12, 18 {1958}

Bell J W, Veldsman D P and Whewell C S, J Soc. Dyers Col,
Vol.74, 85 (1958)

Menkart } and Coe A B, Text. Res. J., Vol.28, 218 {1958)
Thorsen W J, Text Res. J., Vol.28, 185 (1958)

Simmonds D H, Text Res. J, Vol.28, 314 {1958)

Van Wyk T P, Kritzinger C C and Veldsman D P, SAWTR! Techn.
Rep., No.14, {1958)

Oster L and Sikorski J, Proc. Int. Conf. Electron Microscopy
{Berlin}, {1958)

Anon, Knitt. Quterw. Times, Vol.26(43), 11 {1958}

Kassenbeck P, Bull. /nst. Text. France, N0.83, 25 (1959}
Kritzinger C C, Angora Goat & Mohair J., Vol.1{2), 24 {1959)
Marincowitz G, Farming in South Africa, {Hrsg.) Dept. Of Agric.,
Pretoria, $.39., T25 (1959)

Von Bergen W, Text. Res. J., Vol.29, 586 {1959}

Anon, Hosiery Trade J., Vol.66(781), 74 {1959)

Venter J J, S.A. J Agric. Sci, Val.2{1), 119 {1959)

Veldsman D P, Chem. & Industr., July 4, 878 {1959)

Von Bergen W, Text Res. J, Vol.29, 586 (1959}

Anon, Text Ind, Vol.123(9}, 114 {1959}

Anon, S.A. Mohair Advisery Board {Hrsg.} Classing Standards for
S.A. Mohair, Fretoria, T24 (1960)

249



77.

78.
79.

80.
81.

103.

104.
105.

106.
107.
108.
109.
110.
111

112
113.

Appleyard H M, Woo/! /nd. Res. Assoc., Leeds, England {Book),
{1960)

Bajpai L S, Ph.D. Thesis, University of Leeds, {1980)

Perutz M F, Rossmann M G, Cullis A F, Muirhead H, Will G and
North A C T, Nature, Vol.185, 416 {1960)

Sikorski J and Woods H J, J. Text. Inst, Vol51, T506 (1960}
Turner J D and Woods H J, Structure de fa Laine, Institut Text. De
France {(Paris), 12 (1960)

Villters M, M.A. Thesis, Unversity of Leeds, (1960}

Dusenbury J H, J. Text /nst, Vol.b1, T756 (1960)

Kritzinger C C, Angora Goat & Mohair J., Vol.2{(1), 2 {1960)
Dusenbury J H, J. Text. Inst, Vol.51, T756 {1960}

Dusenbury J H, Summary Report: The Response of Wool and
Other Animal Fibres to Chemical Treatments, {TRI, Princeton)},
{1960}

Anon, Angora Goat & Mohair J, Vol.2{2}, 35 (1960}

Kritzinger C C, Angora Goat & Mohair J, Vol.2(2), 11 (1960)
Milimore R, Wool Rec., Vol.98 {July 22), 17 (1960}

Louw D F, Text Res. J, Vol.30, 606 (1960)

Krause K H, Thesis - Gdppingen, {1961)

Turner J D and Woods H J, Colfogue “Structure de ia Laine”, Insti-
tut Text. De France, {1961)

Brown T D and QOnions W J, J. Text Inst, Vol52, T101 (1961)
Dobb M G, Johnston F R, Nott J A, Oster L, Sikorski J and Simpson
W S, J Text. [nst, Valb2, Ti63 {1961}

Swanepoel O A, Text. Res. J., Vol.31, 618 (1961}

Anon, SAWTRI Digest, Vol.6(10), (1961)

Mdftiioglu S, Lalahan Zoot Arast. Enst. Dergisi Vol I, No. 34,
(1962)

Onions W J, Wool: An Introduction to its Properties, Uses and
Production., Ernest Benn, London, 216 (1962)

Venter A S Van G, Angora Goat & Mohair J., Vol.4{1), 43 {1962}
Hearle J W S, Text Manuf, Vol.88(1047), 91 (1962)

Haly A R and Swanepoel O A, Text. Res. J., Vol.32, 375 (1962}
Anan, Text Rec.. Vol.80(954}, 64 {1962}

Lundgren H P and Ward W H, “Ultrastructure of Protein Fibres”,
Academic Press, New York {R. Borasky, Ed.), 65 {1963)

Uys D S, Angora Goat & Mohair J, Vol.6(1}, 31 (1963)

Von Bergen W, Woo/ Handbook Vol.1, 3Rd Englarged Ed., 315
{1983}

Hearle J W S and Peters R H, Fibre Structure, Butterworth & Co
{and The Text. Inst.}, 14 {1963)

Felix W D, McDowall M A and Eyring H, 7ext. Res. J, Vol.33, 465
(1963)

Kagi B, Zeitsschrift fur die Gesamte Textil-ind., Vol.66(7), 550
{1964)

Barakat N and Hindeleh A M, Text Res. J, Vol.34, 357 (1964}
Kriel W, SAWTRI Techn. Rep., N0.29, {1964)

Perkin M E A and Appteyard H M, J. Text. Inst, Vol.b5, T396 (1964)
Uys D S, Text. Res. J, Vol34, 739 {1964)

Atkinson J C and Speakman J B, /. Text. [nst, Vol.55, T433 {1964)

250



114.
115.
116.
117.

118.

113
120.

121.
122.
123.
124,

125,
126.
127.
128.

129,
130,

131.
132
133.
134.
135,
136.
137.
138.
139.
140.

141.
142.
143.
144.

145,

1486,
147.

1438.
149,

150.

Krasney J F, Finaf Rep. Harris Res. Lab., U.S. Agr. Services, {1964)
Kriet W, SAWTRI Techn. Rep., No.33, (1964)

Grove C C and Albertyn D, SAWTR! Techn. Rep., No.36, (1964)
Crewther W G, Fraser R D B, Lennox F G and Lindley H, Adv. Prot.
Chem., Vol.20, 191 {19656}

Davis S P and Bassett J W, Bull. Tex. Agric. Exp. Sta., PR 2332, 27,
(1965}

Gandhi R S, Fh.D. Thesis, University of Leeds, (1965)

Gillespie J M, “Bjology of the Skin and Hajr Growth” (Eds. A G
Lyne and B F Short) {Sydney), 377 (1965)

Gillespie J M and Inglis A S, Comp. Biochem. Physiol, Vol.15, 175
{1965}

Kassenbeck P and Hagége R, Proc. Int. Woo! Text. Res. Conf
{Paris), Section 1, 245 (1965}

Kassenbeck P, Proc. Int. Wool Text, Res. Conf. {Paris}, Section 1,
115 & 135 (1965)

Kassenbeck P, Jacquemart 4 and Monrecq R, Proc. Int. Wool Text
Res. Conf. (Paris), Section 1, 209 (1965)

Koch P A and Satlow G, Faserforsch. Textiltech., Vol.16, 143 (1965}
Kriel W J, SAWTAI Techn. Rep., No.B0, (1965}

Kruger P J and Albertyn D, SAWTR! Techn. Rep., No.47, {1965}
Satlow G, Cieplik S and Fichtner G, Faserforsch. Textiltech.,
Vol.16(3}, 143 (1965)

Uys D S, Angora Goat & Mohair J., Vol.7(2), 7 {1965}

Swart L S, Joubert F J, Haylett T and De Jager P J, Proc. Int, Woo!
Text Res. Conf., Paris, Section 1, 493 {1965)

Kriei W J, M.Sc. Thesis, Potchefstroom University, {1965)
Nicholls B, Dipl. Thesis, Leeds University, {19658)

Grove C C and Albertyn D, SAWTRI Techn. Rep., No.56, (1965)
Grove C C and Albertyn D, Text. Res. J, Vol.35, 1127 (1965}
Crewther W G, Text Res. J, Vol.35, 857 (1965}

Cilliers W C, SAWTR! Techn. Rep.. No.72, {1966)

Cilliers W C, SAWTR! Techn. Rep., No.85, {1966)

Den Heijer Z M M, SAWTR! Techn. Rep., No.83, (1966)

Swart L S, University of South Africa, {1966)

Joubert F J, De Jager P J and Haylett T, Symp. Proc. “Die Skaap en
Sy Vag®, 235 {1966}

Vonberg H, Textil-Praxis, Vol.21, 264 {1366)

Kruger P J and Albertyn D, Text. Res. J, Vol.36, 112 (1966)
Kruger P J, SAWTRI Techn. Rep., No.71, (1966)

Margolena L A, Virginia J. Of Sci. (17) Ani. Abstr., Vol. 34:4), 32
(1966)

Kriet W and Grove C C, Text. Rec., Vol.83, 59 (1966)

King N E, SAWTR/ Techn. Rep., No.74, (1966)

Crewther W G, Fraser R D B, Lennox F G and Lindley H, The Che-
mistry of Keratins, Div. Of Protein Chemistry CSIRO Wocl Res. La-
boratories, Melbourne, Australia, 191 {1966)

Anon, ITF N.50-3833, France, {1966)

Crewther W G, Gillespie J M, Harrap B S and Inglis A S, Biopoly-
mers 4, 905 (1966}

Grové C C and Albertyn D, SAWTR! Techn. Rep., No.77, (1966)

251



151,

152,
153.
184,
155.

156.
157.
168.

159.
160.

161.
162.

163,
164.
165.

166.
167.
168,

169.

170.
170a.
171.
172.
173.
174.
175.
176.
177.
178.

179.

180.
181.

182.

184,
185.
186.
187.
188.

Krasny J F and O’'Connell R A, Amer. Dyest Rep., Vol.55, 481
{1966)

Thorsen W J and Kodani R Y, 7Text Res. J, Vol.36, 651 (1966}
Hunter | M and Kruger P J, SAWTR! Techn. Rep., No.84, {1966)
Fourt L, 7ext. Res. J., Vol.36, 899 {1966)

Kriel W J, Kupczyk J W M and Swanepoel O A, SAWTR! Techn.
Rep., No.87, (1966)

Kruger P J, Text. Res. J, Vol.36, 971 {1966}

Watson M T and Martin E V, Text. Res. J, Vol.36, 1112 (1966}
Shelton J M and Huston J E, Tex. Agr. £xp. Sta. Prog. Rep.,
No0.2399, (1966)

Appleyard H M, J. Royal Microscopical Soc. 87, Part 1, 1 (1967)
CSIROQ, Division of Text. Physics Wool Res. Laboratories, Rep. No.
SR1, 1 (1967)

Crighton J S, Happey F, Symposium on Fibrous Proteins, Austra-
lia, 1967, Butterworth, 409 {1967)

Denby E F, Division of Textile Physics Wool Research Laboratories,
Report No. SR1 {CSIRO), 2 {1967)

Dreyer J H and Marincowitz G, S.A. J. Agric. Sci, Vol.10, 477 {1967}
Gillespie J M, J Polymer Sci, Vol.C20, 201 (1967}

Hibbert T W, In Search of Mohair, Printed by Lund Humphries,
Bradford and London, (1967)

Hill S E and Bell J W, Proj. Rep., University of Leeds, Text. Dept.,
Reichman C, Wool and Synthetic Knitwear Handbook, 1 (1967)
Satlow G, Forschungber, Landes Nordrhein - Westfalen DWI
No.54, 1890, {1967}

Swart L S, Joubert F J and Haylett T, /. S.A. Chem. Inst, Vol.20,
132 (1967)

Barmby R S and Townend P P, Text Rec., Vol.84, 42 (1967)
Ingle R M, M.Sc. Thesis, Leeds University, {1967)

Barmby R S and Townend P P, Text Rec., Vol.84, 54 (1967)
Hunter | M and Kruger P J, Text. Res. J, Vol.37, 220 (1967)
King N £, Text. Res. J, V0l.37, 204 {1967)

Scheepers G E, S.A. Text, Vol.16{3), 563 (1967)

Bowring R and Slinger R |, SAWTR/ Techn. Rep., No.98, (1967)
Heideman G and Halboth H, Mature, Vol.213, 71 (1967)
Reichman C, Knitt. Quterw. Times, Vol.36{25), 5 {1967)
Bradbury J H, Chapman G V and King N L R, Symp. Fibrous Pro-
teins, Australia, 1967, { W G Crewther, Ed.) (Sydney) (1968), (1968)
Cook G J, “Handbook of Textile Fibres: | Natural Fibres”™, Merrow
Publ. Co., Ltd Watford, England, {1968}

Guthrie R E and Laurie S H, Aust. J. Chem., Vol.21, 2437 {1968}
King N E, M.Sc. Dissertation, Rhodes University, Grahamstown,
(1968)

Perkin M E A and Appleyard H M, J. Text. Inst, Vol.59, 117 (1968)
Slinger R | and Robinson G A, SAWTR/ Techn. Rep., No.115, {1968}
Spei M, Heidemann G and Halboth H, Nature, Vol.217, 247 {1968}
Spei M, Heidemann G and Zahn H, Maturwiss., Vol.55, 346 (1968)
Swart L S and .Joubert F J, Text. Res. J, Vol.38, 36 (1968)
Uys D 8, Angora Goat & Mohair J., Vol.10(1), 27 (1968)
Swanepoel O A, Text. Month {April), 84 {1968}

252



189.
190.
191.
192.
193,
194.

195.
196.
197.
199,

200.
201.

202.

203.
204.

208,
206.

208.
209.
210.
211

212

213.

274,
215,

216.

217.
218.
219,

220.
221,

222.
224.
295.
226.

227.
228,

Cilliers W C, SAWTR! Techn. Rep., No.111, (1968}

Griinsteidl E and Wilkelm C, Textil-Praxis, Vol.23, 826 (1968}
Swanepoel O A, SAWTR!I Bull, Vol.2{4), 8 (1968)

Anon, Spinner Weber Textilverediung, Vol .87(5), 435 (1969)
Beyer H and Schenk U, Kolloid Z. Polymere, Vol.233, 890 (1969)
Bradbury J H and C’Shea J M, Aust. J. Biol. Sei, Vol.22, 1205
{1969)

Carter H B, Onions W J and Pitts J M D, J. Text. Int, Vol.60, T420
{1969}

Cilliers W C and Turpie D WF, Angara Goat & Mohair J, Vol. 11{1},
7 {1969)

Frohlich H G, Textil-industrie, Vol.71(12}), 837 (1969}

Haylett T and Swart L S, Text Res. J, Vol.39, 917 (1969)

Miro P and Erra P, Bull Inst. Text. France, No.145, 349 {1969)
Olivier P. De W., Angora Goat & Mohair J, Vol.11(2}, 23 (1969)
Veldsman D P, From Mohair Fleece to Fabric, SAWTRI Special
Pubi, (1969)

Von Bergen W, Von Bergen’s Wool Handbook, Vol.1, 315 {1969)
Needles H L and Wasley W L, Text. Res. J, Vol.39, 97 (1969}
Swart L S, Joubert FJ and Strydom A J C, Text. Res. J., Vol.38, 273
{1969)

Turpie D W F, SAWTR!I Bull., Vol.3{1), 11 {1969}

Kruger P J, SAWTRI Tech. Rep., No.118, {1969)

Sidi J, Text Manuf, Vol.95(1132), 149 (1569)

Swanepoel O A and Veldsman D P, Text Month (April), 76 (1969)
Sidi J, Woo/ Text Industry, Vol.42, 31 {1569)

Cilliers W C, SAWTR/ Bull, Vol.3(2), 21 (1969)

Landwehr R C, Text Res. J., Val39, 792 {1969)

Cilliers W C. SAWTR! Techin. Rep., Vol.123, (1969}

Van Zyl W H and Kruger P J, SAWTA! Bu/i., Vol.3(3), 14 (1969)
Anon, Knitt. Quterw. Times, Vol.38(50), 64 (1969}

Robinson G A and Layton L, S.A. Text, Vol18(12), 23 {1969}
Ahmad N, Unpublished work, University of Leeds, Text. Dept.,
{1970)

Daobb M G, J. Text Inst, Vol.61, 232 {1970)

Grinsteidl E and Peter F, Mell. Textifber., Vol.51, 125 {1970)
Giirtanin N and Blankenburg G, Texti-Industrie, Vol.72{(10), 783
{1970}

Hibbert T W and Laycock H W, Bradford Text. Soc. J., 22 {1970)
Mird P and Erra P, Investigacion e Informacion Textil, Vol.13(3),
349 {1970}

Ryder M L, J Zoology, Vol.161, 335 {1970}

Shelton M and Bassett J W, Tex. Agri Expt. Sta. PR-2750, {1970}
Spei M, Stein W and Zahn H, Kolloid Z. Polymere, Vo0!.238, 447
{1970}

Spei M, Stein W and Zahn H, Kolloid Z. Polymere, Vol.238, 447
{1970}

Weclawowicz M, Technik Wiokienniczy, Vol 19(7), 199 (1970}
Robinson G A and Layton L, S.A. Text, Vol.19(1), 45 {1970}
Mahajan J M and Rathore K C, Wool & Woollens India, Vol.7{1-2),
30 {1970)

253



229.
230.

231

Robinson G A and Layton L, SA. Text, Vol.19(2}), 51 {1970}
Swanepoel O A and Van Rensburg N J J, Text. Res. J, Vol.40, 191
{1970)

Robinson G A and Layton L, S.A. Text, Vol.19{3}, 52 (1970)
Robinson G A and Layton L, S5.A. Text, Vol.19(4), 49 {1970)
Spencer J A, Text. Manuf, Vol.96, 144 (1970}

Robinson G A and Layton L, S.A. Text, Vol.19(5}, 68 {1970)
Kruger P J, SAWTR! Bull. Vol.4(2), 12 {1870)

Veldsman D P, Woo/ Rec., Vol.116 (June 19), 43 {1970}

Kondo T, Taga:va T and Horio M, Proc. Int. Wool Text. Res. Conf.,
Part Hll, 879 {1.70)

Thorsen W J and Landwehr R C, Text. Res. J/, Vol.40, 688 {1970)
Turner J H, Text. Manuf, Vol.96(1148), 308 {1970)

Heidemann G and Halboth H, Text. Res. J, Vol.40, 861 (1970}
Keller H R, Ray H D, Lineberry C T and Pohie E M, Text. Res. J.,
Vol40, 186 (1970)

Sidi J, Text. Inst. Ind., Vol.8(9), 253 (1970}

Slinger R | and Robie G J, SAWTR/ Bulf, Vol.4(3), 18 {1970}
King N E and Kruger P J, Text. Res. J, Vol.40, 865 {1970}
Slinger R |, PA.D Thesis, Univ. Of Part Elizabeth, Port Elizabeth,
{1970}

Veldsman D P, Angora Goat & Mohair J, Vol.12{2), 23 (1970)
Darskus R L and Gillespie J M, Aust. J. Bial. Sci,, Vol.24, 515 {1971}
Darskus R L and Gillespie J M, Aust. J. Biol. Sci., Vo!.24, 515 (1971)
Fraser R D B and Macrae T P, Nature, V01.233, 138 {1971)
Harding H W J and Rogers G E, Bicchemistry, Vol.10, 624 (1971)
Haylett T, Swart L S and Parris D, Biochem. J, Vol.123, 191 {1971}
Haylett T, Swan L G, Parris D and Joubert F J, App/l. Polymer
Symp., No.18, 37 (1971)

Hibbert T W, Woo/ Rec., Vol.119, 4 (1971)

Joubert F J, J. S.A. Chem. Inst, Vol.24, 61 {1971}

Pittman A G, Appl Polymer Symp., No.18 {Part 1), 593 {1971)
Spei M and Zahn H, Monatshefte Chem., Vol.102, 1163 (1971)
Spet M and Zahn H, Monatshefte Chem., Vol.102, 1163 (1971)
Swart L S and Haylett T, Biochem. J, Vol.123, 201 (1971)
Thorsen W J, Appl. Polymer Symp., No.18, 1171 {1971)
Kritzinger C C, Angora Goat & Mahair [, Vol.13{(1), 15 (1971}
Laycock H W, Woo/ Rec., Vol.119, 7 {1971}

Thorsen W J and Landwehr R C, Text. Res. J, Vol.41, 264 {1971)
Thorsen W J and Landwehr R C, Text. Res. J., Vol.41, 264 (1971}
Thorsen W J, Text. Res. J, Vol.41, 331 (1971)

Anon., /TF N.50-3878, France, (1971)

Grenner D and Blankenburg G, Texti-Praxis, Vol.26, 364 (1971)
Parisot A, /WTO Rep. No.4, Bestville, Maryland, {1971)

Turpie D W F, SAWTR! Buil., Vol.5(2}, 13 (1971)

Hunter | M, SAWTR! Techn. Rep., No.147, (1971}

Joubert F J, Makromolekulare Chemie fMACE), Nr. 146, 257 {1971}
Dobb M G and Sikerski J, Appl. Polymer Symp., No.18 {Part H), 743
{1971

Kondo T, Tagawa T and Horio M, Appl. Polymer Symp., No. 18
{Part ll}, 879 (1971)

254



273.

274.
275.
276.
277.
278.

279.

280.
281.
282,
283.
284.

285,
286.
287.
288,

289.
280.
291.
292,
283,
294.
295,
296.
297.
298.
289,
300.
301.

302.
303.

304.
306.
3086.
307.

308.

Kul A and Smith P A, Appl. Polymer Symp., No.18 {Part I}, 1467
(1971}

Spei M, Appl. Palymer Symp., No.18, 659 {1971}

Anon, Hebdo Blanchiss. Teintur, No.503, 8 (1971}

Hunter L, Unpublished weork, {1971)

Ip S Y, J Aust Inst Agric. Sci, Vol.37{4), 327 {1971)

Stewart J R, Shelton M and Haby H G, Sheep and Goat, Woo! and
Mobhair, Tex. Agric. Exp. Sta. PR-2933, 64 (1971}

Gallagher J 8, Sheep and Goat, Wool and Mohair, Tex. Agric. Exp.
Sta. PR-2932, 63 {1971)

Movylan F, Angora Goat & Mohair J., Voi.13(2), 17 (1971}
Hibbert T W, Angora Goat & Mohair J., Vol.13(2}, 13 {1971)
Banart R and Spei M, Kolfoid Z. Polymere, Vol.250, 385 (1972)
Day Th., Comp Biochem. Physiol, Vol.43B, 361 {1972)

Fraser R D B, MacRae T P and Rogers G E, Keratins, Their Compo-
sition, Structure and Biosynthesis. Charles C Thomas, Springfield,
lllinois, (1972)

Gallagher J R, Tex. Agri. Expt. Sta. PR-3028, 32 (1972)
Gillespie J M and Broad A, Aust. J. Biof Sci, Val.25, 139 (1972}
Hunter L and Kruger P J, SAWTR! Techn. Rep., No.159, {1972}
Lupton C J and King J A, Text. Res. Center, Texas Tech. University,
Texas, 1 (1972)

Tagawa T, Mori J and Kondo T, Sen-/-Gakkaishi 28 (14/570 nach} &
World Text. Abstr. 4 (Page 1424) (M), 170 (1972)

Thorsen W J, Proc. 11Th Cotton Ut Res. Conf. USDA, ARS, 72-92,
22 (1972)

Yalcin B C, Lelahan Zoot. Arast. Enst Dergisi, Vol.12, 22 (1972}
Ahmad N, Ph.D Thesis, Leeds University, {1972)

Grenner D and Blankenburg G, Textil-Praxis, Vol.27, 50 {1972)
Kruger P J, Angora Goat & Mohair J, Vol.14(2), 27 (1972)
Turpie D W F, Kruger P J and Hunter L, SAWTR! Techn. Rep.,
No.169, (1972)

Smuts S and Slinger R |, SAWTR! Techn. Rep., No.183, {1972}
Spei M, Kolloid Z. Polymere, V0l.250, 207 (1972)

Spei M, Kolloid Z. Polymere, V0l.250, 214 {1972}

Anon, /WTO Sub-Committee for Standardisation (Boulogne),
{1972)

O'Connell R A, Ingenthron W W, Ahrens F J, Russell HW, Pardo C
E and Fong W, Amer. Dyest. Rep., Vol.61(6), 68 {1972}

Onions W J, Townend PP, Ciegg P C and Srivastava TV K, J. Text.
inst, Vol.63, 361 (1972)

Townend P P, Wool! Rec., Vol.121(3284), 29 {1972}

Hunter L, Kruger P J and Wolfaardt C, SAWTR! Techn. Rep.,
No.170, {1972)

Teltow P, British Knitt. Ind., Vol.45(518), 53 {1972}

Anon., Text. Ind., Vol.136{9}, 95 (1972}

Pohle E M, Keller H R, Ray H D, Lineberry CT and Reals HC, U/SDA
Marketing Res. Rep., No.954, 3 {1972}

Robie G J, Slinger R 1 and Veldsman D P, SAWTR/I Bull,, Vol.6(3}, 9
{1972}

Anon, Wira News, No.21, 8 {1972}

255



309.
310,
311.
312,
313.
314,
315.
316.
37
318

320.
322.
323.
324,

325.
326.

327.
328.
329.
~330.
331
332
333
334.
335.

336.
337.

338.
339.

341.
342.
343.
344.
345.
346.

347.

Srivastava T V K, Ph.D. Thesis, University of Leeds, (1972}
Fraser R D B and Macrae T P, Polymer, Vol.14, 61 (1973}

Gee E and Robie G J, SAWTR! Bull, Vol.7{4}, 21 (1973)

Hardy D and Baden H P, Am. J. Phys. Anthrop.. Vol.39, 19 {1973)
Hardy D and Baden H P, Am. J. Phys. Anthrop., Vol.39, 19 {1973)
Kowsalewski P, Tech. WLOK, Vol.22, 268 {1973}

Swart L S, Parris D and Joubert F J, J. Chrom., Vol.78, 363 (1973)
Veldsman D P, Angora Goat & Mohair J., Vol.16(1), 31 {1973)
Anon., Wirk. Strick Techn., Vol.23(t), 22 {1973}

Olivier De W P, Angora Goat & Mohair J, Vol.158(1), 17 (1973}
Lai R S L and Onions W J, J. Text Inst, Vol.64, 175 {1973}
Miro P and Garcia-Dominguez J, 4 Soc. Dyers Cof, Vol.89, 137
(1973) 321. Anon. {IWS Nominee Co.}, BP 1429374, UK. Filling
27/06/73, Applic.24/03/73, (1973)

Anon, Textiltechnik, Vol.23(7), 392 {1973)

Anon {IWS Nominee Co. Ltd and Smithson Gledhill Ltd), BP
1474174, UK., Filling 17/07/73, Applic.18/05/77, (1973)

Anon. {§ A Woo! Board), BP 1465386, United Kingdom, Filling
19/07/74, Applic.23/02/77, (1973)

Darwish G A G, M.Ph. Thesis, Leeds Umversuty, {1973)
Shelton M J, Huston J E, Gallagher J R and Calhoun M C, Tex. Agr.
Exp. Sta. Prog. Rep., No.3189, {1973}

:Vlorris A (British Picker Co Ltd}, BP 01420323, /nst. Text. De France,
1973)

Mody R K, Woo! & Woollens India, Vol.10(9}, 16 (1973)
Bellwood L, Text. Panamericanas, Vol.33(10), 82 (1973)
Bellwood L, Text Panamericanos, Vol.33(11), 48 (1973}
Graham J F, Int. Dyer & Text Printer, Vol.150{10), 558 {1973)
Lopez Amo F and Pons J M, Bull. Sci. Inst. Text France, Vol.2(8),
263 {1973}

Spei M, Text. Res. J, Vo0l.43, 632 {1973)

Hadwich F, Mitt. Textil Industrie, Vol.80{12), 450 {1973)
Gillespie 4 M and Frankel M J, B. Comp. Biochem., Vol.47, 339
{1974)

Gorgol A M T, World Woo! Digest Vol.25(9), 135 (1974)
Margolena L A, ULS. Department of Agriculture Technical Bulletin
1495, (1974)

Anon, Text. Topics, Vol.11(5), 2 {1974)

Steinbach M, /nd. Textila, Vol.25(1}, 17 (1974}

Spei M, Mell. Textiber., Vol.55, 153 (1974)

Turpie D W F and Godawa T Q, SAWTAR! Techn. Rep., No. 213,
(1974)

Kienbaum M, /TB Weaving, 3/1974, 193 (1974)

Smuts S and Hunter L, SAWTA! Techn. Rep., No.215, (1974}
Robinson G A and McNaughtan D, SAWTA! Techn. Rep., No. 216,
{1974)

Lineberry C T, Ray H D, Pohle E M and Johnston D D, Text. Res. J.,
Vol.44, 393 (1974)

Ray H D, Keller H R, Lineberry C T and Pohle E M, Text Res. J.
Vol.44, 363 {1974}

Anon, Text. Res. Center - Text. Topics, Volll, No.10, (1974)

256



348.
349.
- 350.

351,
352.

353.
354.
355.
356.
357.
358.
359.
360.

361.
362.
363.
364.
365.
366.

368.
369.
370.
371.
372.
373.

374.
375.
376.
377.
378.
379.
380.
as1.
382.
383.
384.
385.

386,

Anon, Text. J. Aust., Vol.49(6}, 54 {1974}

Anon, Text. Aes. Center - Text. Topies, Vol.ll, No.10, 3 (1974)
Robinson G A, Layton L and Ellis R, SAWTR! Techn. Rep., No. 230,
{1974}

Anon, /TF N.50-4151, France, {1974)

Onions W J, Srivastava T V K and Townend P P, J. Text. Inst,
Vol.65, 493 {1974)

Anon, ASTM D2968-75, Part 33, 606 {1975}

Barella A, J Text /nst, Vol.B6, 358 (1975)

Darwish G A G, J Text. [nst, Vol.66, 204 {1975)

Greavu V and Simion V, Ind. Usoara, Ser. A., Vol.26(6), 263 {1975)
Van Rensburg N J J, SAWTR/! Techn. Rep., No. 243, (1875}
Joubert F J, J. S.A. Chem. Inst, Vol.28, {1975)

Leon N H, Text. Progr., Vol.7{1), (1975)

Makinson K R, Surface Characteristics of Fibers and Textiles, Part|,
ed. M J Shick, Marce/ Dekker Inc, New York, 109 [1975)
Parris D and Swart L S, Biochem. J. No.145, 459 (1976)

Spel M, Forschungsberichite Nordr. Westf No.2455, (1975}

Spei M, Westdeutscher Verlag Gmb H Opladen, No.2455, (1975)
Spei M, Proc. Int. Wool Text. Res. Conf fAachen), Vol.ll, 90 [1975)
Townend P P, Woof Rec., Vol.128{3363), 21 {1975)

Veldsman D P, Angore Goat & Mohair J., Vol.17{1}, 64 {1975}
Goldberg J B, Text. Americanos, Vol.35(1), 16 (1975)

Kulkarni V G, Text Res. .[, Vol.45, 183 {1975}

Robinson G A and Silver H M, SAWTR/ Bull, Vol.9(1), 15 {1975)
Strydom M A, SAWTAR! Techn. Rep., No. 246, {1975}

Anon, Rev. De la Industria Textif, No.129, 133 (1975)

Lupton CJ and King J A, The Ranch Magazine, Vol.55(9), 18 (1975}
Lupton C J and King J A, Ann. Prog. Rep. Text. Res. Cen. Texas
Tech. Univ.,, Nat. Fibers Food Protein Comm., Texas, 71 (1975)
Ryder M L, Text. Progr., Vol.7(3}, 1 (1975}

Turpie D W F, SAWTR! Tecnh. Rep. No. 266, (1975)

Clake W H and Smith | D, J. Aust. Inst. Agric. Sci, Vol.41, 220 {1975)
Crighton J S and Hole P N, Proc. Int. Wool Text Res. Conf.
{Aachen), VolH(B), 499 (1975)

Kassenbeck P, Marfels H and Meichelbeck H, Proc. Int. Wool Text.
Res. Conf. fAachen), Vol.ll, 162 (1975}

Meichelbeck H and Spei M, Proc. Int. Wool Text. Res. Conf
(Aachen), Vol.ll{B), 119 (1975)

Spei M, Proc. Int. Woo! Text Res. Conf f{Aachen) Volli(B), 90
{1975)

Anon, Amer. Soc. For Testing and Materials, Part.X, Part.33, 226
{1976)

Anon., ASTM Part.33, 624 (1976}

Carrick N, Knitt. World, No.6, 26 (1976)

Corbett J F, The Chemistry of Hair-Care Products, 4 S D C, Clairol
Res. Lab., Stamfard, Connecticut, USA., 285 (1976)

Landwehr R, Amer. Chem. Soc., Part 172 Nr.Cel, (San Francisco
USA), 18 (1976)

Niwa M and Kawabata S, J. Text. Mach. Soc. Japan, Vol.29, T171
(1976}

257



387.
388.
389,
390.

391.
392.

393.

394.
395.

396.
397.
398.
399.

400.
401.

402.
403.

404,
405.
4086.
407.
408.

410.
A11.

412.
413.

414.
415,

416.
417.

418.

419.

Seal R, Woo/ Rec., Vol.130{3380), 48 {1976)

Stapleton D L, Proc. Austr. Soc. Of Animal Production 11, 45 {1976)
Ansan R J, Queensland Agric. J. {QAGJ), Vol.102{1}, 85 {19786}
Thorsen W J, King J A and Landwehr R C, Text. J. Aust., Vol.50{10),
14 (1978)

Uys D S, Angora Goat & Mohair 4, Vol,18(1), 9 (1976}

Van der Westhuysen J M, Angora Goat & Mohair J., Vol.18{1), 37
(1976}

Srivastava T V K, Onions W J and Townend P P, J. Text. Inst,
Vol.67, 101 {1976)

Turpie D W F and Musmeci S A, SAWTAR! Bull, Vol.10{1), 26 {1976)
Turpie D W F, Marsland S G and Robinson G A, SAWTR! Techn.
Rep., No. 296, (1976)

Kelly | W, SAWTAR! Technical Report No.300, (1976}

Marsland S G and Turpie D W F, SAWTR! Buli.,, Vol.10{2), 33 (1976}
Bonart R, Proc. Int. Woal Text. Res. Conf. fAachen), Vol.!l, 97 (19786}
Spei M and Meichelbeck H, Cofl. & Palymer Sci,, Vol.254(6), 535
{1976}

Kennedy-Sloane B, Knitt. Times, Vol45(31), 37 {1976)

Thorsen W J, King J A and Landwehr R C, Aust Text. J, Vol.51(7),
16 {1976)

Lambert J M, Part ] Ann. Progress Rep. Text. Res. Centre Texas
Tech. Univ., Lubbock, 59 (1976)

Lupton € J and Loughlin J E, Ann. Prog. Rep., Natural Fibers and
Food Protein Commission of Texas, Text. Res. Center Texas Tech.,
69 {1976)

Swartl S, Joubert FJ and Parris D, Proc. Int. Wool Text. Res. Conf.,
{Aachen), Vol.li(B), 254 (1975)

Kennedy-Sloane B, Knitt. Times, Vol.45(43), 22 (1976}
Kennedy-Sloane B, Knitt. Times, Vol.45{41), 24 {1976)

Barella A and Vigo J P, Bull. Sci. Inst. Text. France, Vol.5{20), 335
(1976}

Van Rensburg N J J, SAWTRI Techn. Rep., No.332, (1976)
Anon, Wool Rec., Vol.130{3386}, 34 {1976)

Robinson G A and Green MV, SAWTR! Techn. Rep. No. 334, {1976}
Srivastava T V K, Onions W J and Townend P P, J Text Inst,
Vol.B87, 447 (1976}

Strydom M A, J Text. Inst, Vol.67, 456 {1976}

Asquith R S (Editor), Chemistry of Natural Protein Fibres, R S
Asquith, ed., Plenum Press, New York, London, {1977}

Asquith R S (Editor), Chemistry of Natural Protein Fibers, R S
Asquith, ed., Plenum Press, New York, London, 371 (1977)
Barella A and Vigo J P, Bull. Sci, Inst. Text. France, Val.5{20}, 335
{1977)

Bendit E G, Comments on IWTO Rep. No.5 {Annexe 4}, {1977}
Crockett C, fntegral Book for Spinning (German), Hoernemann
Verlag, Bonn D, {1977}

Kidd F, Other Animal Fibers, from “Chemistry of Natural Protein
Fibers™, R.S. Asquith (Editor), 371 (1977)

Lindley H, The Chemical Composition and Structure of Woaol, from
“Chemistry of Natural Protein Fibers®, R.S. Asq, 147 {1977)

258



449,
450.

451.
452,

453.

. Marshall R C and Gillespie J M, Aust. J. Biol. Sci., V01.30, 401

{1977)

. Marshall R C, Frenket M J and Gillespie J M, Aust. J. Zool., Vol.25,

121 (1977}

. Blackburn G H, /ndex of Thesis, ASLIB XXV, Part 2, Bradford Uni-

versity, (1977}

. Koch D, Bockelmann E and Kurz J, Aktuele FCR-Information,

No.276-287, (1977}

. Robinson G A, Marsland S G and Ellis R, SAWTR! Tech. Rep.,

No.335, {1977}

. Kennedy-Sloane B A, /ndex to Thesis N.4356, M.Ph., ASLIB, Vol.27,

Part 1, University of Leeds, (1377)

. Russell K P, Textiles, Vol.6{1), 8 (1977)
. Srivastava T V K, Onions W J and Townend P P, J Text. Inst,

Vol.68, 86 {1977)

. Anon., BP 1574630, U.K. (08/02/77), (1977)

. Anon., USDA, Marketing Bulletin, No.62, (1977)

. Goldberg J B, Text Americanos, Vol 37(3), 22 (1977}

. Mozes T E, SAWTRI Techn. Rep., No. 344, (1977)

. Turpie DW F and Mozes T E, SAWTR/I Techn. Rep., N0.343, (1977}
. Mozes T E and Turpie D W F, SAWTR! Techn. Rep., No.349, {1977)

Roherts M B, SAWTR! Techn. Rep., No.351, (1977}

. Anon, Wool Rec., Vol.132{3392), 36 {1977}
. Bareila A and Vigo J P, Investigacion e Informacion Textil,

Vol.20(2), 121 {1977}

. Patni P C, Arora R K, Gupta N P and Pokharna A K, /ndian Text. ./,

Vol.87(9), 179 (1977)
Anon., Ind. Text. France, 424 {1977)

. Turpie D W F and Hunter L, SAWTR/ Tech. Rep., N0.368, {1977}

Hunter L, Smuts S and Barkhuysen F A, SAWTR! Techn. Rep.,
No.372, {1977)
Roberts M B and Gee E, SAWTR/! Bull, Vol.11{3), 32 {1977}

. Anon, Indian Text J, Vol.87(1), 131 {1977}
. Anon., S.A. Text, Vol.25(10}, 13 (1977)

Anon, British Clothing MFR 11/77, 32 {1977}

Onions W J, Oxenham W and Townhill P A, J. Text. Inst, Vol.68,
376 (1877)

Robinson G A and Turpie D W F, Symp. New Develop. Fabric
Manuf., {1977}

Gupta B S and George W T, J. Appl. Palymer Sci. (Symposium 33),
225 (1978)

Philippen H, Sonderband, Haarwiss. Symp. Dtsch. Wollforschung-
sinst. 15t 135 {1978)

‘Shrikhande R G and Rathore R S, Wool & Woollens India, Vol.15(3),
56 (1978)

Stapleton D L, “The Australian Angora Goat and Mohair Industry”,
University of New England, NWS, (1978)

Stapleton D L, Ph.D. Thesis, University of New England, (1978}
Anon, Natural Fibers Economic Research, University of Texas, 121
{1978}

Hunter L and Smuts S, SAWTR/ Buil, Vol.12{1), 15 {1978}

259



455.
456.
457.

459.
460,
461.
482,
463,

464,
465.
486.
467,

469,
470.
471.
472,
473.
474,
475.

476.
a717.
478.

479.

Kelly | W, SAWTR! Techn. Rep., No.399, {1978}

Mozes T E and Turpie D W F, SAWTRI Techn. Rep., No.411, {1978)
Anon, S.A. Text, Vol.26{6), 11 (1978)

Pepper J, Woo! Rec., Vol.134(3404}, 43 (1978}

Raoberts S, Wool Rec., Vol.134{3404), 45 (1978)

Vigo J P and Barella A, IWTO Rep. No.5, Munich, (1978)
Hibbert T, Woo/! Rec., Vol.134(3405), 23 {1978}

Hird A C, M.Ph. Thesis, Leeds University, (1978}

Mozes T €, SAWTAR! Techn. Rep., No.422, {(1978)

Robinson G A, Cawood M P and Dobson D A, SAWTA! Tech. Rep.,
No.423, (1978)

Mozes T E and Turpie D W F, SAWTRI Bull., Vol.12(3), 11 {1978)
Van Rensburg N J J, SAWTR/ Techn. Rep., No.428, (1978)
Koratkar D P, Wool & Woollens India, Vol.15, 31 (1978)

Uys David, Woo! Rec., Vol.134{3408), 76 (1978)

Veldsman D P, Woo/ Rec., Vol.134{3408), 69 (1978}

Russel P, Colourage, Vol.25(23), 44 {1978)

Terblanche Etienne, Landbouweekbiad {24 November}, 60 {1978)
Rarella A, J Text Inst, Vol.69, 379 {1978)

Roberts M B, SAWTR/ Bull, Vo!l.12(4), 19 (1978)

Van Rensburg N J J, SAWTR/ Bull., Vol.12(4), 48 {1978}

Anon, Proc. Text. Conf, DWI 79, {1979)

Grobbelaar P D and Landman C M M, Kargo Agric., Vol 3{4}, 11 15
{1984

Hunter L and Smuts S, SAWTR! Techn. Rep. No. 434, (1979}
Mozes T E, Ph.D. Thesis, University of Port Elizabeth, {1979}
Schiecke H E, Wolle als textifer Rohstoff Schiele u. Schén, Berlin
(1979), (1979) .

Koch D, Bockelmann E and Kurz J, Information of the Year (1979},
Aktuetle FCR - Information, No.300-311, {1979}

Hunter L, Smuts S and Kelly | W, SAWTR/! Techn. Rep., N0.446,
(1979}

Bassett J W and Stobart R H, Texas A & M University Agricultural
{PR 3586), 105 {1979}

Fried E, Knitt. Times, Vol.48(12}, 38 (1979}

Smith R A, Knitt. Times, Vol.48 (Apri! 16}, 143 {1979)

Anon, Wool Rec., Vol.136({3416), 61 {1979}

Anon, Wool Rec., Vol.136(3416), 47 {1979}

Anon., /WS Nominee Co Ltd, BP 1546582, United Kingdom, {1979)
Mozes T E and Turpie D W F, SAWTRI Buli,, Vol.13{2), 43 (1979}
Turpie D W F, Hunter L. and Marsland S G, SAWTA! Bull, Vol.13(2),
27 (1979)

Bergmann H, Texti-Praxis, Voi.34, 774 {1979}

Spei M and Zahn H, Mell. Textilber., Vol.60, 523 (1979}
Bergmann H, Textil-Praxis, Vol.34, 1348 (1979)

Anon., GT 03 Inst. Text. De France, (1978)

Gee E, SAWTR/ Bull., Vo01.13(4}, 15 {1979)

Bauters M, /WTO Rep. No.4 Paris, {1980}

Carnaby G A, Wool Vol.7{1} (1973-1980), 29 (1980)

Fraser R D B and Macrae T P, Mechanical Properties of Biologica!l
Materials, Soc. Exp. Biol, London, (1980}

260



497.
498.
499.
500.
501,
502.

503.
504.
5065.
506.
507.
508.
509.
510.
bt

512.
513.
514.

515.
516.

517.
518.

519.
520.
521.

522,
523.
524,
625,
526.
527.
528.
529,

530.
531.

Kusch P, Arns W, Blankenburg G, Henning H J and Zahn H, IWTO
Rep. No.6, Monaco, {1980)

Parkin W and Blackburn G H, Proc. int. Wool Text Res. Conf (Pre-
toria), Vol.lll, 565 (1980)

Parkin W and Blackburn G H, Proc. Int. Woolf Text. Res. Conf. {Pre-
toria), Vol.lll, 665 {1980}

Robinson G A, Cawood M P and Dobson D A, Prac. Int. Wool Text
Res. Conf. (Pretoria), Vol.lV, 169 (1980)

Spei M, Jorissen K, Hack R and Féhles J, Kautsch. Gummi, Kunstst.
Vol.33(5), 345 (1280)

Zahn H, Fdhles J, Nienhaus M, Schwan and Spei M, Ind. Eng.
Chern. Prod. Res. Dev.,, V0!.13, 496 {1980}

Coetzer H H, Angora Goat & Mohair J, Vol.22(1), 5 {1980)
Turpie D W F, Angora Goat & Mohair J., Vol.22{1), 13 (1980}
Galek J A, Int Dyer and Text. Printer, Vol.163(4), 133 (1980)
Anan, Text Asia, Vol.11{(3}, 96 {1980}

Vogel H, Zentralblatt Duer Arbeitsmedizin, Vol.30(3), 75 {1980)
Percy A, Woo! Rec., Vol.137(3426), 49 (1980}

Roorbach G, Knite, Times, Vol.49{18}, 120 (1980)

Smuts S, Hunter L and Gee E, SAWTA! Techn. Rep., No. 457, (1980)
Vigo J P, Mas M and Barella A, Bull. Sci. Inst. Text. France,
Voi.9({34), 153 (1980}

Kusch P, Arns W, Blankenburg G, Henning H-J and Zahn H, /IWT0O
Rep. No.6, Monaco, (1980)

Shiloh Miriam, Hunter L and Smuts S, SAWTRA/ Techn. Rep.,
No.461, (1980}

Hunter L, Smuts S and Turpie D W F, Proc. Int. Wool Text. Res.
Conf. (Pretoria), VollV, 67 (1980)

Spei M, Proc. Int. Woo! Text. Res. Conf. [Pretoria), Vol.ll, 263 {1980}
Veldsman D P, Proc. Int. Wool Text. Res. Conf. (Pretoria), Vol.l, 195
{1980)

Anon, Selezione Tessile, Vol.20(10), 27 (1980}

Fohles J, Jarissen K and Spei M, Proc. Int. Wool Text. Res. Conf.
{Pretoria), Vol.ll, 152 {1930}

Hagege R and Connet J, Prac. Int. Woo! Text. Res. Conf. {Pretoria),
Vol.ll, 221 {1980}

Hunter L, Smuts S and Turpie D W F, Proc. Int. Wool Text. Res.
Conf. (Pretoria), Vol.lV, 67 (1980)

Mozes T E and Turpie D W F, Proc. Int. Wool Text Res. Conf.
{Pretoria), Vol.ll, 83 {1980)

Van Rensburg N J J, SAWTR/ Bulf, Vol.14(3}, 32 (1980}

Anon, Woo! Rec., Vol.138(3433), 69 (1980)

Anon., GT3/80/59 Inst. Text De France, {1980)

Anon., GT 1l/80/60, Inst. Text. De France Section Nord {ITF), (1980)
Knight A C, Woo! Rec, Vo01.138(3433), 65 (1980)

Raoberts S, Woao/ Rec., Vol.138(3433), 41 (1930}

Anon., ASTM D39971-81, Part 33, 792 (1981}

Mozes T E, Van Rensburg N J J and Turpie D W F, SAWTR/ Techn.
Rep., No.468, {1931)

Miller-Schulte D, Thermochimica Acta, Vol 461}, 9 (1981)
Sheiton M, Goat Production, Academic Press, London (Ed. C. Gall),
379 (1981)

261



532.
533.
534.
535.
536.
537.
538.

539.
540.

541.
542.

545.
546.
548.
549
550.
551,
562,
554,
555.
556.
557.
558.
559,
B61.

562.
563.

Smuts S, Hunter L. and Van Rensburg H L J, SAWTR! Techn. Rep.,
No.485, {(1981)

Van der Westhuysen J M, Wentzel D and Grobler M C, Arnrgora
Goats and Mohair in S.A., Printed by Nasionale Kogrante, P.E.,
(1981}

Hobson D A, J. Bradford Textile Society, No.1, 20 (1987)
Shelton J M and Bassett J W, Sheep and Goat Handbook, Vol.2,17
{1981)

Institut Textile De France Section Nord, GT XVI 81, 82 frist. Text.
De France, {1981)

Mozes TE, Van Rensburg N J J and Turpie D W F, SAWTAY Techn.
Rep., No.468, (1981)

Van der Westhuysen J M, Angora Goat & Mohair J., Vol.23(1), 33
{1981)

Olivier P De W, Angora Goat & Mohair .J, Vol.23{1}, 53 (1981}
Bauters M, Mazingue G and Ponchel P, Bulfl. Sci. inst. Text. France,
Vol.10(38), 67 (1981)

Gillespie J M and Marshall R C, “Hair Research”, Springer-Verlag,
Berlin, 76 {1981}

Hunter L and Smuts S, SAWTRI Bu/l, Vol.15(2), 18 (1981)
Guercan H A, Harmanciogiu M and Sternad V, Me/l Textilber,
Vol.62, 710 (19381}

Landwehr B C, Text. Res. J., Valh1, 618 {1981)

Smuts S, Hunter L and Van Rensburg H L .J, SAWTR! Techn. Rep,
No.482, (1981}

Anon, S.A. Text, Vol.29(10), 18 (1981)

Langley K D and Kennedy T A Jr, Text. Res. J, Vol.51, 703 {1981)
Mazzucheti G, De Michelis R and Innocenti R, Selezione Tessile
Val.21(11), 43 (1981)

Bassett J W, Baldwin J R, Calhoun M C and Stobart R H, 7ex, Agr.
Exp. Sta. Prog. Rep., No.3904, (1281}

Ryder M L, Woo/ Rec., Vo0l.140(3445), 33 (1981}

Spurling B, Woo! Rec, Vol.140{3445), 51 (1981)

Strydom M A, SAWTR/ Techn. Rep., No.488, (1981}

Anon, Knitt. Int., Vol.838, 88 (1981)

Anon., Foreign Agriculture Circular (US Dept of Agric.- Foreign
Agricuftural Service}, {1981)

Robinson G A, Hunter L. and Tavlor H, SAWTR/ Techn. Rep,
No.493, (1981}

Barella A, Manich A M and Hunter L, /WTOQ Rep. No.l, Venice
{June), (1982}

Barella A, Manich AM and Hunter L, SAWTR! Techn. Rep.. No. 507,
{1982}

Biankenburg G and Teasdale F, OW/ Literature Survey, Venice,
WTQ, (1982)

Feughelman M, J. Soc¢. Cosmet. Chemn., Vol.33, 385 (1982)
Fittig U, Proc. Text Conf. Aachen DWI 91, 414 {1982)

Harris L and Lupton C J, TRC Annual Report to the Natural Fibers
and Food Protein Commission of Texas, Voli, 315 {1982)
Kusch P and Arns W, Proc. Text. Conf. Aachen DW! 87, 386 {1982}
Marshall R C, J Forens. Sci. Soc., Val.22, 377 (1982}

262



564.
565.
566.

567.
568.
569.

570.
571.

572.
573.
574.
575.
576.
5717.

578.
579.

586.
587.

589.
590.

591.
592,

593
594,
§95.
586.
597.

598.

Metchette G, Shuttle, Spindle and Dyepot, Vol.14, 17 (1982}
Spei M, Coll. & Polymer Sci, Vol.260, 524 (1982)

Van der Westhuyzen Jd M, Proc. Il Int. Conf. On Goat Production
and Disease, Tucson, Ariqona, 264 (1982}

Anon., African Text. (Dec/Jsn), 12 (1982)

Bauters M and Ponchel P, /IWTO Rep. No.3, Paris, (1982)

:lan der Westhuysen J M, Angora Goat & Mohair J., Vol.23{1), 5
1982}

Smuts 5 and Hunter L, SAWTRI Techn. Rep., No.494, (1982)
Miftioglu § and Orkiz M, Lalahan Zoot. Arast. Enst. Dergisi, Vol.
XXH{1-4), 17 {1982}

Anon, African Text. {AprilflMay), 47 {1982)

Bauters M, Ind. Text, N0.1122, 427 {1982)

Bauters M and Ponchel P, /IWTO Rep. No.13, Venice, (1982)
Ceriani L, Ciapparella R and Rossi Maino M, /nst. Tec. Ind Di Busto
Arsizio, Vol.64, 13 {1982)

Gallico L, IWTO Rep., Venice/Paris, (1982)

Kienbaum M, /nt Text. Bull. Weaving, 2/82, 91 (1982)

Mozes T E, SAWTRI Special Publication, No.38, (1982}
Skalmierska J and Jurek M, Technik Wiokienniczy, Vol.31(5), 142
{1982}

Anon, WST Knitting Techric. Vol. 4, 208 (1982)

Goen 4 P, Annual Progress Report to the Natural Fibers & Food
Protein Comm. OF Texas, Vol.1, 121 (1982)

Gailimore D W, Woo/ Rec., Vol.141(3456), 25 (1982)

Maasdorp A P B, SAWTR/! Techn. Rep., No.504, (1982)

Anon, ASTM D2130-78, {1983}

Anon, Annual Book of ASTM Standards, Vol. 07.02, 631 {1983)
Barella A, Manich A M and Hunter L, /W70 Rep. No.l, Copen-
hagen, {1983}

Barella A, Manich A M and Hunter L, Revista de /a industria textil,
Vol.217, 22 {1983)

Barelta A, Manich M A and Hunter L, Ingenieria Textil, No.369, 49
(1983)

Bauters M, /WTO Rep. No.75, Paris, (1983)

Dimitrov M, Slavkov S, Raichev K and Kontev V, Tekstil. Prom.,
Vol.32{7), 316 {1983}

Fujiwara H, J Text Mach. Soc, Vol.36(3), 171 {1983}

Gillespie J M, The Structural Proteins of Hair: in “Biochemistry
and Physiology of Skin*, L A Goldsmith (Ed) Oxford, 475 {1983)
Karlsson J, Snippet. The Cashmere Newsletter” Meribourne,
(1983)

Kusch P and Arns W, Bettennrmagazin No.5, 10 {1983)

Kusch P and Arns W, /W70 Rep. No.10, Paris, {1983)
Maasdorp A P B and Van Rensburg N J J, Proc. Conf. Electron
Microscopy Soec. 54, Vol.13, 37 {1983}

Marshall R C, Gillespie J M and Klement V, Proc. 8Th Austr. Int.
Forensic Sci. Symp., (1983}

Anon., Int. Dyer, Vol.168(7}, 22 (1983)

Wentzel D, Abstract from Paper delivered at 1983 international
Ranchers’ Roundup at San Angelo (Texas USA), 15 {1983)

263



600.

601,
602.
603.
604,
605.
606.

607.
608.

609.

610.
611.

812,

633.

Zahn H, Altenhofen U and Wortmann F -J, “Wolle” in Ullmans
Encyclopddie der Technischen Chemig, Aufiage, Band 24, 489
{1983}

Anon., Africa 1 Text. (Dec'82/Jan'83), 36 (1983)

Anon., Zentralversand fuer Fachbereichstandards “Textil”, (1983)
Fittig U, Chemiefasern, Vol.33/85(1), 65 {1983)

Meckel L, Chemiefasern, Vol.33/85(1), 62 {1983)

Olivier P de W, Angora Goat & Mohair J, Vol.25(1), 37 (1983}
Smuts S, Hunter L and Frazer W, SAWTR/ Techn. Rep., No.509,
{1983)

Anon, Rev. De la Quimica Textil No.63, 103 {1983)

Bareila A, Manich A M and Hunter L, Ingenieria Textil, No.368, 9
{1983}

Bareila A, Manich A M and Hunter L, /ngenieria Textil, No.368, 9
(1983)

Spei M, Coll. & Polymer Sci, Vol.261{4), 375 (1983)

Van Rensburg H L J, Hunter L and Smuts S, SAWTA! Techn. Rep.,
No.515, (1983)

Anon,, African Text. (Apr/May), 25 {1983)

Anon, Wool Rec., Vol.142{3464}, 58 (1933)

Kusch P and Arns W, Melf. Textifber., Vol.64 (Vol.12E), 427 (1983}
Hobson D A, Wool Rec., Vol.142{3465), 49 {1983}

Vollenweider S, Int. Dyer & Text. Printer, Vol.168(7), 22 {1983)
Hayes A, Modern Text. Business, Vol.64{8), 12 (1983)

Pawell J W, Annual Progress Rep., Natural Fibres & Food Protein
Report Comm. Of Texas, TRC - Vol.ll, 39 {1983)

Barella A, Manich A M and Hunter L, Bull. Sci, Inst. Text. France.,
Vol.12{48), 43 (1983}

Barella A, Manich A M and Hunter L, /W70 Rep. No. 1, Paris, (1983}
Strydom M A, SAWTR/ Techn. Rep.. No.532, {1933}

Strydom M A, SAWTR! Techn. Rep., Na.533, (1933)

Fendel A, Knitt. Times., Vol.52{34), 27 (1983}

Roberts S, Woo!/ Rec, Vol.142{3468), 59 {1983}

Smith G A, Wool/ Rec., Vol.142(3468), 69 (1983)

Duga L, Proc. Regional Meeting Wool Sci, & Tecknol, Montevidea,
220 {1985}

Duga L and Somlo R, Proc. Regional Meeting Wool Sci. & Tecknol.,
Montevideo, 218 {1985}

Campbell E, Somlo R and Duga L, /DIA, suppl.39, 61 (1983)
Somlo R, Proc. Regional Meeting Wool Sci. & Tecknol., Monte-
video, 325 (1985)

Anon, America’s Text, Vol.12{11}, 54 (1983}

Anon, Woo/ Rec., Vol.142{3469), 14 (1983)

Spei M, Coll. & Polymer Sci, Vol.261{11), 965 {1983)

Anon, Women’s Wear Daily.,, Vol.146{115), 40 (1983}

Barella A, Manich A M and Hunter L, fnvestigacion e Informacion
Textil y de Tensionactivos, Vol.26{4), 189 (1983)

Barella A, Manich A M, Segura A and Hunter L, SAWTRAI Techn.
Rep., No.540, (1983}

Paulsen H C, Selezione Tessile, Vol.23, 18 {1983}

Anon., Textilia, Vol.LX({5}, 19 (1984}

264



638.
639.
640.

641.
642,

645,

647.

650.
651,

652.
653.
654,

655.
656.

657.
658.

659,
660.
661.

661a.
662,

664.

665.
666.

667.
668.

Barella A, Manich A M and Hunter L, /nvestigacion E Informacion
Textil Y De Tensigactivos, Vol.27(1), 1 (1984)

Broda) J and Wiochowicz A, Przeglad Wiokienniczy., Val.38{2/3), 62
{1984

Brown Rachel, The Weaving, Spinning, and Dyeing Book, 185
{1984}

Kusch P and Stephani G, DW/ 96(4983), {1984)

Maasdorp A P B and Van Rensburg N J J, Proc. Conf. Electron
Microscopy Soc. S.A., Vol.14, 165 (1984)

Marsk)lall R C, Zahn H and Blankenburg G, Text. Res. J., Vol.b4, 126
{1984

Spei M, Coll. & Polymer Sci., Vol.262(7}, 596 {1984)

Stephani G, Zahn H and Blankenburg G, /IWTQO Rep. No.13, Paris,
{1984)

Veldsman D P, Sen-i Kako., Vol.36(8), 33 (1984}

Barella A, Manich A M, Segura A and Hunter L, Bu/l. Sci. Inst. Text.
France., Vol.13{49), 19 (1984}

Barella A, Manich A M, Segura A and Hunter L, IWTO Rep. No.2,
Paris, (1984)

Qlivier P de W, Angora Goat & Mobhair J., Vol.26(1), 33 (1984)
Spei M, Progr. Cofloid & Polymer Sci, Vol.69, 154 (1984}
Smuts S, Hunter L and Lombaard Susanna M, SAWTR/! Techn.
Rep., No.b43, (1984}

Anon, Text Topics, Vol.12(7), 3 (1984)

Anon, Woo! Rec., Vol.143(3474), 49 (1984}

Bareila A, Manich A M and Hunter L, Revista de /a Industria Textil.
No.217., 22 (1984}

Roberts S, Woo! Rec., Vol.143{3474), 40 {1984)

Patni P C, Gupta N P, Arora RK and Singh U S, /ndian J. Text. Res.,
Vol.9(2), 77 {1984)

Ross T, Wool Rec., Vol.143(3476), 21 (1984}

Shorthouse C M and Robinson G A, SAWTR! Bull, Vol.18(2), 14
{1984)

Spei M, Coll. & Polymer Sci, Vol.262(6), 507 (1984)

Georgiev |, Tekstil. Prom., No.6, 264 (1984}

Malcik P, Textil., Vol.39(7), 234 (19384)

Knott J and Belly M, Proc. Text. Res. Conf, DW/ 33, 348 {1984)
Woodward J, Woao! Rec, Vol.143(3477), 39 (1984}

Goen J P and Lambert J M, Annual Progress Report: Natural
Fibers and Food Protein Commission of Texas {TRC) 1983-1984
Vol.l, 419 {1984}

Whyatt B G, Lupton C J and Harris L, Annual Progress Report: Natu-
ral Fibers and Food Protein Commission of Texas (TRC) 1983-1984
Vol.l, 539 {1984)

Barella A, Manich A M and Hunter L, J Text. [nst, Vol.75, 363
{1984)

Smuts S, Hunter L and Basson D D, SAWTR! Bull,, Vol.18(3}, 16
{1984}

Anon, Wool Rec., Vo0l.143(3480}), 135 (1984)

Carnaby G A, Kawabata S, Niwa M and Walls R J, WRONZ Report.
No.R119, (1984}

265



669.
670.
671.
672.
673.
674.
675.
676.
677.
678.
679.
680.
681.

682.
683.

685.
686.

687.
688.

689.
690.

691,
692.
633.

694.
695.

697.
698.
699.
700.

701.
702.
703.
704.

Anon, Llandbouweekblad (2 November), 54 {1984)

Anon, Woo! Rec., Vol.143(3481), 47 (1884)

Keighley M, Wao/ Rec., Vol.143(3481), 67 {1984)

Lelean B, Wool Rec., Vol.143{3481), 65 (1984}

Srivastava T V K, Textile Machinery Accessories & Stores.,
Vol.20(6), 26 {1984}

Keighley M, Woo! Rec., Vol.143{3482), 22 {1984)

Anon, ASTM D3391-85, 538 (1985)

Barella A, Manich A M, Castro L and Hunter L, /nvest, Inform. Text/
Tensioact, Vol.XXViil{4), 189 (1985)

Barella A, Manich A M, Castro L and Hunter L, Bufl. Sci. Inst. Text.
France, Vol.14{54), 49 {1985}

Barella A, Manich A M, Castro L and Hunter L, IWTO Rep., Paris
{Jan.), {1985)

Barella A, Manich A M, Segura A and Hunter L, /nvest. inform.
Textil Tensioact. Vol XXVI{1/2), 21 {1985)

Cizek J and Turpie D W F, Proc. /nt. Woo! Text. Res. Conf. (Tokyo),
Vol.ll, 137 (1985}

Gifford D R, Ponzoni R'W, Burr J and Lampe R J, Proc. Conf. Aus-
tralian Assoc. Animal Breeding and Genetics, Vol.4, 357 {1985)
Goen [ P, Text. Res. Centre, Texas Tech - University, (1985)
Grobbelaar P D and Hayward F C, Karaa Agric., Vo!3(7), 31 {1986}
Kingsbury E, Weoo/ - 1985 Annual, 6 (1985)

Manich A M, Barella A, Castro L and Hunter L, Bu/f. Sci. Inst. Text.
France, Vol.14{54}, 491 {1935)

Marshall R C, Gillespie J M and Klement V, J. Forens. Sci. Soc.,
Vol.25, 57 (1985}

Spei M and Hiskes R, Mell. Textilber., Vol.66, 579 (1985)
Stapleton D L, Mohair Production Science 2nd Ed. Res. Findings
on Mohair, D L Stapleton, Cudal, NSW., (1985}

Stephani G, Proc. Text. Conf. DW/ 97, 431 (1985)

Stephani G and Zahn H, Proc. Int. Wool Text Res. Conf (Tokyao),
Volll, 195 {1985)

Tucker D J, Rivett D E, Restall B J and Hudson A H F, Proc. Int.
Woo! Text Res. Conf. (Tokyo}, Volll, 223 (1985)

Weideman E and Smuts S, Proc. Electron Microscopy Soc. S.A.,
Vol.15, 51 (1985}

Wyatt B G, TRC Annual Report to the Natural Fibers and Food
Protein Commission of Texas, Voll, 375 (1985)

Anon, ASTM, D3992-85, 540 (1985)

Horn P, Angora Goat & Mahair, Vol.27(1), 66 (1985)

Stephani G and Zahn H, /W70 Rep. No.8, Paris, {1985)

Lyle D, American Drycleaner, 56 {1980)

Smuts S, Hunter L and Gee E, SAWTRI Techn. Rep., N0.560, {1585)
Anon, Woo! Rec., Vol.144(3487}, 48 {1985)

Manich A M, Barella A, Castro L and Hunter L, IWTO Rep. No.1,
Barcelona, {1985)

Marsal F, Rev. De la Industria Textil, No.228, 78 (1985)
Ostervold J A, Selezione Tessile, Vol.25 {No.5 Sup.), 29 (1985)
Roberts S, Woo/! Rec., Voi.144{3487), 25 {1985)

Turpie D W F and Cizek J, SAWTR! Techn. Rep., No.572 (And IWTO
Rep. No.9, Barcelona), {1985}

266



705.
706.
707.
708.
709.
710.
J11.

712

713,
714,
715,
716.
717.
718.
719.
720.

721.
722,

723.
724.
725.

726.
727.
728.

729.
730.
731.
732.

733.
734.
735.

Turpie O W F, SAWTR! Special Publication, Wol 69, {1985}
Spei M, Mell. Textilber., Vol.66, 456 {1985}

Hunter L, Braun A and Gee E, J. Text Inst, Vol.76, 289 (1985)
Stapleton D L, Woo! Technol Sheep Br., Vol.33(2), 70 (1985)
Subramaniam S, Phalgumani G R and Manjunatha B R, Indian
Text, [, Vol.95(10}, 81 (1985}

Turpie D W F and Hunter L, Angora Goat & Mohair J., Vol.27{2), 63
{1985b)

Zagorujko V A and Godsales-Ernandes G M, Tekhnol Tekstil.
Prom., Vol.166{4), 11 {19885}

Barkhuysen F A, Van Rensburg N J J, Garner E and Grimmer G,
Proc. Int. Symp. Fiber Sci, And Technol, Hakone, Japan, 212
(1985)

Barkhuysen F A and Van Rensburg N J J, Proc. Int. Wool Text. Res.
Cont. (Tokyo), VolV, 201 {1985}

Bauters M, Proc. Int. Wool Text Res. Conf. {Tokyo), Voll, 162
(1985}

Crighton J S and Hole E R, Proc. Int. Wool Text. Res. Conf. (Tokyo),
Vaoll, 283 {1985)

Hunter L, Smuts § and Gee £, Proc. Int. Wool Text Res. Conf
(Tokyo), Vol.ll, 105 {1985}

Hunter L, Smuts 5, Leeuwner W and Frazer W, Proc. Japan-Austra-
fia Joint Symp. On Obj. Measurement. Kyoto, 65 (1985}

Kettle P R and Wright D £, The New Zealand Goat Industry. The
Agric. Res. Div. Perspective., Ministry of Agric. And Fish., Welling-
ton, 23 (1985)

Moia G, Mell. Textilber., Vol.66, 625 (1985)

Robinson G A and Shorthouse P C M, Proc. Int. Wool Text. Res.
Conf. {Tokyo), Vol.lll, 226 (1985)

Spei M, Proc. Int. Wool Text. Res. Conf. (Tokyo), Vol.i, 312 (1985)
Strydom M A and Gee E, Proc. Int. Woof Text. Res. Conf. (Tokyo),
Vol.®, 75 (1985}

Umehara R, Shibata Y, Ito H, Miyamoto T and Inagzki H, Proc. /nt.
Weol! Text Res. Conf {Tokyo), VollV, 402 {1985}

Van Rensburg N J J and Maasdorp AP B, Proc. Int. Wool Text. Res.
Conf. (Tokyo), Voll, 243 (1985)

Van der Walt G H J and Van Rensburg N J J, Proc. /nt. Wool Text.
Res. Conf. (Tokyo), Vol.V, 221 (1985)

Anon., J Text Assoc., Vol.486(6}, 197 (1985)

Richterich P, Wopo/ Rec., Vol.144(3493), 55 {1985)

Van der Westhuysen J M, Wentzel D and Grobler M C, Woo! Rec.,
Vol.144{3493), 35 (1985}

Wortmann F J and Arns W, Mefl. Textilber.,, Vo!.14, 990 (1985)
Zahn H and Wortmann F J, Mell. Textilber., Vol.14, 941 [1985)
Wortmann F J, IWTO Rep. (Draft Method), Paris, {1986}
Bassett J W, Sheep and Goat. Woo!l and Mohair {1986, Research
Reparts), 59 (1986}

Bassett J W, Texas Agri. Exp. Sta. Progress Rep., No.4402, (1988)
Freddi G and Maifreni T, La Seta, Vol.1, 19 (1986}

Wortmann F J and Arns W, Proc. Text. Conf. (Aachen), DWI 99, 622
{1986)

267



736.
737.

738.
739,

740.
741.
742,
743.
744,
745,
746,
747.
748.

749,
750,

750a.

751,
752,
753.

Movlan, F, Austr. Angora Mohair J.,, Vol.3(1), 41 (1986)

Kettle P R and Wright D E, The New Zealand Goat Industry. The
Agric. Res. Div. Perspective., Ministry of Agric. And Fish. Welling-
ton, 23 {1986)

Gee E, Unpublished work, (1986)

Innocenti R, Demichelis R and Strobing, /stituto di Ricerche e Sper-
imentazione Laniera, O. Rivetti, Attivita di Ricerca, 1978-1986, 323
{1986}

Leeder J D, Woo/ Sci. Rev.,, No.63, 3 (1986)

Marshall T and Williams K M, Electrophoresis, Vol.7, 524 {1986}
Wortmann F -J and Arns W, Text Res. ., Vol.56, 442 {19386)
Wortmann F -J and Arms W, Proc. Text. Conf. Aachen, DW! 99, 622
{1986}

Wortmann G, Kérner A and Wortmann F -J, 'WT0O Rep. No.10,
Paris, {1986}

Turpie DW F and Hunter L, Angora Goat & Mohair J., Vol .28(1), 63
{1986)

Manich A M, Barelta A, Castro L and Hunter ‘L, Mell. Textilber.,
Vol.67, 106 {1986)

Manich A M, Barelia A, Castro L and Hunter L, Mell. Textilber,
Vol.67, 106 {1988)

AMBA President, Austr. Angora Mohair J, Vol.3(1), 21 (1986}
Paschal R, Woo! Rec., Vo0l.148(3498), 27 {1986}

Turpie D W F, Woo/ Rec., Vol.145(3498), 83 (1988)

Norwick B, Wirkerei & Strickerei-Techn., Vol.67, 1200 {1986)
Turpie D W F, Strydom M A and Cizek J, Proc. 2nd World Merino
Conf, Madrid, Vol.3, 234 (1986)

Batra H S, Sahni M S, Chand Lal and Patnayak B C, Indian Text. J,
Vol.96(8), 128 {1986}

Roberts S, Woaol! Rec, Vol.145{(3500), 57 (1986}

Spei M, Mell. Textilber., Vol.67, 418 (1986)

Turpie D W F, 13th Annual IMA Conf, |stanbul, (1986)

Turpie D W F, 13th Annual IMA Conf.,, Instanbul, (1986)
Turpie D W F, /WTOQ Rep., Oostende, (1986}

Van Aardt H J, SAWTA! Bull, Vol.20(2), 8 (1986)

Turpie D W F, Proc. Symp. “New Technologies for Text.” (Port
Elizabeth), 443 {1986}

Van Rensburg N J J, Barkhuysen F A and Maasdorp A P B, Proc.
Symp. “New Technclogies for Text.” (Port Elizabeth), 739 {1986)
Van der Westhuysen .| M, Angora Goat & Mohair J,, Vol.28(2), 35
{1986}

Wortmann F -J and Arns W, Text. Res. J, Vol.bg, 442 (1986)
Goen ) P, Annual Progress Report: Natural Fibers and Food Pro-
tein Commission of Texas (TRC) (Vol. I}, 35 (1986)

Hunter L, Smuts S and Gee E, J. Text /nst, Vol.77, 336 {1986)
Tiffany-Castiglioni E, Sheep and Goat, Wool And Meohair (Research
Report From Texas A&M Univ.), 60 (1986)

Gianollo A, Selezione Tessile No.10, 52 (1986}

Buxton A, Text. Outlook Int. (Nov., 1986), 67 {1986)
Macdonald R, Woo/ Rec., Vol.145(3505}, 41 {1986}

Roberts S, Woo/ Rec., Vol.145{3505), 49 (1986)

268



770.
771,
T72.

773.
774,

775.

776.
777,
778.
779.

781.
782.
783.

785.

786.
787.
788.
789,
790.
791,
792.

793.

794,
735,

796.

Smuts S and Hunter L, SAWTR/ Techn. Rep., No.509, {19886)
lLombaard A, Unpublished work, (1986)

Shorthouse C M and Robinson G A, SAWTR! Buil. Vol.20(4), &
{1986)

Baker R L, Premier Fibre News, Dec. 1987, 20 (1987)
Carracedo A, Prieto J M, Concheiro L and Estefania J, J. Forensic
Sei, Vol.32, 93 {1987}

Carracedo A, Prieto J M, Concheiro L and Estefania J, J. Forensic
Sci., Vol.32, 93 {1987}

Delport G J, Angora Goat & Mohair J., Vo!.29{1), 10 (1987)
Delport G J, Karoo Agric., Vol.3(8), 39 (1936}

Fujiwara H, J. Text. Mach. Soc. Japan, Vol.33(3), 78 {1987}
Gerhard M, Electrophoresis, Vol.8, 153 {1987)

Gerhard M and Hermes M, Electrophoresis, Vol.8, 490 (1987)
Hunter L, SAWTR/ Special Public. (WOL 78/}, 183 (1987)

. Maclaren J A, Text. Res. J, Vol.57, 87 (1987}

McGregor B, Austr. Angora Mohair J., Vol.4(4}, 33 (1987)
McGregor B A, Prac. IV International Conference on Goats, 1458
{1987}

Ryder M J, Cashmere Mohair and Other Luxury Animal Fibres, 9
{1937)

Ryder M L, Woa/ Rec., Vol.146(3513), 45 (1987)

Leeder J D, Woo/ Sci. Rev., No.63, 3 {1987)

Smuts S and Hunter L, /W70 Rep. No.3, Paris, {1987)
Snieckus M A, Threads, No.8, 66 {1987)

Speakman P T and Homn J C, J Text /nst, Vol.78, 308 {1987}
Spei M and Holzem R, Coll. & Polymer Sci, Vol.265, 365 (1987}
Trollip N G, Heinrich A and Van Rensburg N J J, Proc. Electron
Microscopy Conf. (8.A.), Vol.17, 159 {1987)

Weideman E, Gee E, Hunter L and Turpie D W F, \WTQ Rep. No.2,
Paris, (1987)

Wortmann G and Kémer A, ./ Can. Forens Soc., Vol.20, 144 {1987}
Wortmann G, Kérner A and Wortmann F -J, iIWTO Rep. No.10,
Paris, {1987)

Wortmann, G and Wortmann F -J, Proc. Text. Conf. {Aachen), DWI
101, 141 {1987}

Rambia M, Rev. De La /ndustria Textil, No.244, 24 (1987)
Engelbrecht J, Angora Goat & Mohair J., Vol.29{1), 53 (1987}
Erasmus G J, 4th Int. Conf. On Goats (Brasilial, 643 {1987)
Littte C A, Angora Goat & Mohair J., Vol.28(1}, 5 (1987)
McGregor B {Animal Research Institute, Werribee, Victoria), Austr.
Angora Mohair J., Vol.4{4), 39 {1987)

Smuts S and Hunter L, SAWTRI Techn. Rep., No.589, (1987)
Weideman E, Gee E, Hunter L and Turpie D W F, Angora Goat &
Mohair /., Vol.29(1), 43 {1987)

Gee E, Unpublished work, {1987)

Turpie D W F, /IWTO Rep., Rio de Janeiro, {1987)

Franck R, Text. Month, No.8, 33 (1987)

Kolodziej T, Przeglad Wiokienniczy, Vol.41(8), 296 {1987}
Anon., African Text. (Aug/Sept), 77 (1987)

Franck R R, Text Asia, Vol.18(9], 241 {19387)

269



810.
811.
812
813.
814,
815.
816.

817.
818.
819.

821.

845.

Gale D J, Logan R 1 and Rivett D E, Text Res. J., Vol.57, 539 {1987)
Hobson G, Austr. Angora Mohair J, Vol.4{4), 17 {1987)

Hunter L, SAWTR/! Bull, Vol.21(3), 14 (1987)

Hunter L, Angora Goat & Mohair J, Vol.29(2), 31 (1987}
Turpie D W F, SAWTR/ Techn. Rep., No.b97, (1987)

Turpie D W F and Cizek J, SAWTR/ Techn. Rep.. No.596, (1987)
Weideman E, Gee E, Hunter L and Turpie D W F, SAWTAR! Bull,
Vol .21(3), 7 {1987}

Friedlin R, Woo! Rec., Vo0l.146(3517}, 53 (1987)

Hudson A H F, Tucker D J, Rivett D £ and Logan R [, Chemistry in
Australia, 412 (1987)

Kadikis A, Text. Res. J., Vol.57, 676 {1987}

Marshall T, Covery C M and Williams K M, Biochemical Society
Transactions, 625th Meeting, London, 639 {19387)

Mitchell S, Threads, No.13, 66 {1987}

Roberts S, Woo! Rec., Vol.146(3517}, 41 {1987)

Ryder M L, Woo! Rec., Vol.146(3517), 44 {1987)

Anon., Woo! Ree., Vol.146{3518), 44 (1987)

Galuszynski S and Robinson G A, SAWTR/ Techn. Rep., No.599,
{1987)

Roberts E M and Teasdale D C, Austr. Angora Mohair J., Vol.4(5),
46 (1987)

Spei M and Holzem R, Me/l Textilber., Vol.68, 923 (1987}
Stapleton D L, Austr. Angora Mohair J., Vol.4{5}, 25 {1987}
Alvigini P and Bullio P, Revista Delle Technologie Tessifi, 5/88 RTT,
76 {1988}

Anon, 1988 Annual Handboak of ASTM Standards, 538 {1988)
Anon, 7988 Annual Book of Standards, 540 (1988}

Anon, ASTM D2130-88, Part 33, 382 {1988)

Anon., J. Text. Inst.,, Vol.79, 155 (1988}

Anon., Annual Report to IMA (South Africal (1988), (1988)
Ryder M L and Gabra-Sanders T, J Text /nst, Vol.79, 330 (1938}
Bellaton R, Francise Ch. and Merken V, Industrie Text, 1988,
No.11930, 717 {1988)

Btakeman N E, Lupton C J and Pfeiffer F A, Text. Res. J, Vol.58, B55
{1988)

Haori M, Kako Gijutsu (Osakaj, Vol .22(9}, 19 (1988}
Schumacher-Hamedat U, Knott J, Cegarra J, Gacen J and Blanken-
burg G, Proc. Text. Conf. fAachen) DWI 102, XX & 213 (1988}
Smith G A, Text. Technol. Int, 22 {1988)

Phan K H, Wortmann F -J, Wortmann G and Arns W, Proc. Text.
Conf. {Aachen), DWI! 102, vill & 83 (1988}

Wortrmann F -J and Atns W, Proc. Text. Conf {Aachen) DW! 102,
IX & 89 (1988)

Kawabata S, Carnaby G A and Niwa M, WRONZ Special Publ,
Vol.6, 92 (1938}

Kawabata S, Carnaby G A and Niwa M, Application of Math-
ematics and Physics in the Wool Industry, WRONZ 1988, 92 {1988)
Kalbé J, Kuropka R, Meyer-Stork L S, Sauter S L, Loss P, Henco K,
Riesner D, Hacker H and Berndt H, Biol. Chem. Hoppe-Seyler,
Vol.369, 413 (1988)

270



847.
849.
850,

851.
852.

853.

854.
855.

856.

857.
858.

853,
8e60.

861.

862.
863.
864.
865.
866.
867.
868.
869.

870.
871.

872.
873.
g874.
875.
876.

877.

Korner A, Proc. 1st Int. Symp. Speciality Animal Fibers {Aachen),
DWI 103, 104 (1988}

Leitz G m b H E, Texti-Praxis, Vol.43, 1075 {1988}

McCarthy B, W/RA News, 966 {1988}

Mevyer-Stork L S, Kalbé J, Kuropka R, Sauter S L, Hécker H and
Berndt H, Textilveredlung, Vol.23{9}), 304 (1988)

Phan K -H, Wortmann F -J, Wortmann G and Ams W, Proc. Text.
Conf. fAachen), DWI 102, 83 {1988)

Richterich P A, The Journal, Bradford Text. Soc, 19 {1988)
Rivett D E, Logan R |, Tucker D J and Hudson A HF, Proc. 1st Int.
Symp. Speciality Animal Fibres {Aachen), DWI 103, 128 (1988)
Ross T, Proc. 1st Int. Symp. Speciality Animal Fibers {Aachen),
DWI 130, 218 {1988)

Hunter L, Progress Repart to IMA (December 1988), {1988}
Weidemdan E, Gee E, Hunter L and Turpie D W F, Proc. Int. Symp.
Speciality Animal Fibers {Aachen), DW! 103, (1288}

Schenek A, Proc. 1st Int. Symp. Speciality Animal Fibers {Aachen),
DWI 103, 205 {1988)

Smith G A, Text Technol. Int, 22 (1988)

Smith G A, Proc. Ist Int. Symp. Speciality Animal Fibers {Aachen),
DWI 103, 8 {1988)

Smuts S and Hunter L, Unpublished Rep., {1988}

Sternotte A, Knott J and Van Parys M, Proc. 1st Int. Symp. Special-
ity Animal Fibres {Aachen), DW! 103, 228 {1988}

Tucker D J, Hudson A H F, Qzolins G V, Rivett D E and Jones L N,
Proc. 1stInt. Symp. Speciality Animal Fibres (Aachen), DW1 103, 71
{1988)

Wortmann F -J and Arns W, Proc. Text. Conf. (Aachen), DWI 102,
89 {1988}

Wortmann G and Wortmann F J, Proec. 1st Int. Symp. Speciality
Animal Fibres (Aachen), DWI| 103, 39 (19388)

Wortmann G and Wortmann F-J, Proe. 1st Int. Symp. Speciality
Animal Fibers fAachen), DWI 103, 39 (1988}

Wortmann F -J and Freddi G, /W70 Rep. No.6, Palm Beach, (1988}
Engelbrecht J, Angora Goat & Mohair J., Vol.30{1}, 30 {1988}
Hobson H B, Angora Goat & Mohair J., Vol.30(1), 21 (1988}
Turpie D W F, SAWTRAI Techn. Rep., No.601, (1988)

Wortmann F -J, Wortmann G, Koérner A and Hocker H, FIZ TECH-
NIK Informationsdienst {Aachen), DW], (1988}

Ryder M L, Woo/ Rec, Vol.147{3522), 29 {1988)

Alvigini P and Bullia P, Rivista delle Tecnologie Tessili, Vol .2{5), 76
{1988)

Uys D S, Cinderella to Princess: The Story of Mohair in South
Africa 1838 to 1988, (1988)

Berndt H and Hécker H, /IWTO Rep., Avignon (June), (1988)
Hunter L, Paper presented at IMA Conf, Cape Town, {1988)
Kalbé J, Kuropka R, Meyer-Stork L S, Sauter S L, Hocker H and
Berndt H, /W70 Rep. No.8, Avignon, {1988}

Trollip N G, Heinrich A and Van Rensburg N J J, Wool Rec.,
Vol,147{3524}, 53 (1988)

Turpie D W F and Steenkamp C, /MA Ann. Conf, Cape Town,
(1988)

271



878.
880.
881.
882.
883.
884.
885.
886.
887.
888.
889.

890.
891.

892.
893.
894.
895.
896.
897.
898.

899.

900.
901.
9062.
903.
904.
905.

9086.

Turpie D W F and Steenkamp C, /WT0 Rep. No.16, Avignon, {1988)
Wortmann F -J and Arns W, /WTQ Rep. No.2, Avignon, {1988)
Wortmann F -3, Kérner A, Wortmann G and Hocker H, /IWTO Rep.
No.1, Avignon, {1988)

Wortmann G, Wortmann F -J, Roes J and Phan K H, /WTO Rep.
No.4, Avignon, (1988)

Lupton C J, Lawford D, Blakermnan N E and Pfeiffer F A, Sheep and
Goat, Wool and Mohair {1988 - Research Reports), {1988}
f\non., Mohair - A Royal History - Mohair Care, IMA Pamphlet,
1988}

Anon, Wool Rec., Vol.147(3526)}, 10 (1988)

Halstead P, Woo!/ Rec., Vol.147(3526), 8 (1988)

Calhoun M C, Lupton C J, Kuhimann S W and Baldwin B C, Jr.,
Sheep and Goat, Wool and Mohair (1988 - Research Reports}, 53
{1988)

Huston J E, Halloway J W and Lupton C J, Sheep and Goat, Wool
and Mohair (1988 - Research Reports), 25 {1988)

Lupton C J, Fuchs T W and McCown C S, Sheep and Goat Wool
and Mohair (1988 - Research Reports); 47 {1988)

Pfeiffer F A, Lupton C J, Blakeman N E and Jenkins R F, Sheep and
Goat Wool and Mohair {1988 - Research Reports), 49 {1988)
Dougtas S A S, Austr. Angora Mohair J., Vol.5{4}, 19 {1988)
Friedlin R and Petit M, Proc. st int. Symp. Speciality Animal Fibers
fAachen), DWI1 103, 1 {1988)

Kalbé J, Kuropka R, Meyer-Stork L S, Sauter S L, Hacker H, Berndt
H, Riesner D and Henco K, Proc. st int. Symp. Speciality Animal
Fibres (Aachen), DWI 103, 221 (1988)

Marwood D, Austr. Angora Mohair J, Vol.5(4), 23 (1988)
McGregor B A, Austr. Angara Mohair J., Vol.5{4}, 21 {1988)
Phan Kim-Hd, Wortmann F-J, Wortmann G and Arns W, Proc. st
Int. Symp. Speciality Animal Fibres {Aachen), DWI 103, 137 (1988}
Rivett D, Logan R, Tucker D and Hudson A, Proc. 7st fnt. Symp.
Speciality Animal Fibers (Aachen), DW! 103, 128 (1988}
Sternotte A, Knott J and Van Parys M, Proc. 1st Int. Symp. Special-
ity Animal Fibres (Aachen), DWI 103, 228 (1988)

Teasdale D C, Proc. st Int Symp. Speciality Animal Fibres
fAachen), DWI 103, 23 {1988)

Tucker D J, Hudson AH F, Ozolins G V, Rivett D E and Jones L N,
Proc. 1stint. Symp. Speciality Animal Fibres (Aachen), DWI 103, 71
{1988)

Weideman E, Gee E, Hunter L and Turpie D W F, Proc. 1st Int.
Symp. Speciality Animal Fibres (Aachen), DWI| 103, 189 (1988}
Wortmann F-J, Wartmann G, Arns W and K-H Phan, Proc. 1st/nt.
Symp. Speciality Animal Fibres {Aachen), DWI 103, 163 {1988)
Harmsworth T B, Austr. Angora Mohair J., Vol.B(5), 9 (1988)
Romer W, Austr. Angora Mohair J, Vol.5{8), 19 (1988)
Wortmann G, Hosken P and Thomas H, /WTO Rep. No.2, Paris,
{1988)

Wortmann G, Korner A and Wortmann F -J, /WTO Rep. No.3, Paris,
{1983}

Anon., BTTG Confidential Report to IMA, {1989)

272



906a.
907.
908.

909.
0.
911.

912,
913

914,
915.
9186.

917.
918.
919.
920,
921.

922.

923.
924.

925.
926.
927.
928.

929.
930.

931.
932.
933.
934.
935.
936.

937.
938.

938a.
938,

Robbins C R, Chemical and Physical Behaviour of Human Hair,
Springer Verlag, 152 (1988)

Berndt H, Kalbé J, Kuropka R, Meyer-Stork L 5, Sauter S L and
Hacker H, Proc. Text. Conf. (Aachen). DWI 104, IV & 29 (1989)
Conway J F, Fraser R D B, MacRae T P and Parry D A D, “The
Biology of Wool and Hair”, Chapman and Hall, 127 (1989)
Freddi G and Mainfreni T, 7extifia, Vol.64(6), 71 (1988)

Haolzem R, Dissertation (1989} RWTH, (Aachen) (1989}
Kawabata S, Proc. 4th Japan-US Conf Composite Materials
{Washington D.C.), Thechnomic Publish. Co. Due. Lancaster, Penn,
253 (1989)

Koérner A and Katkbrenner U, Proc. Text Conf. {Aachen), DWI| 104,
73 (1989)

Nicoll G B, Bigham M L and Alderton M J, Proc. NZ Soc. An. Prod.,
Vol.49, {1989)

Smuts S, TexReport No.1, (1989}

Spei M and Holzem R, Mell, Textilber, Vol.70, E338 (1989)
K&érner A and Kalkbrenner U, Proc. Text. Conf. (Aachen), DWI 104,
73 (1989)

Spei M and Holzem R, Cofl. & Polymer Sci., Vol.267, 648 {1989}
Spei M and Holzem R, Mell. Textilber., Vol.70, 874 {198%)
Spei M and Holzem R, Cofl. & Polymer Sci., Vol.267, 549 {1989)
Tac X and Postle R, Text. Res. J., Vol.59, 300 (1989}
Townend P P, Smith P A and Lam A C H, Hollings Apparel ind.
Rev., Vol.6(3), 16 (1989}

Tucker D J, Hudson A H F, Laudani A, Marshall R C and Rivett D E,
Aust. J Agric. Res., Vol.40, 675 {1989}

Wortmann G, Unpublished work at DWW/, {1989)

Wartmann G and Wortmann F -J, Proc. Text. Conf. f{Aachen), DWI
104, 145 (1989}

Yin D, J. Text. Res., China Text. Eng. Soc., Vol.10(8), 377 {1989)
Yikse! B, Textil-Praxis, Vol.44., I} & 24 (1989)

Keightey M, Woo! Rec., Vol.148(3542), 46 (1989}

Baker R L and Parratt A C, Austr. Angora Mohair J, Vol.6(1), 14
{1989)

Cawood P, Austr. Angora Mohair J., Voi.6(1}, 4 (1983}

Loegan R |, Rivett D E, Tucker D J and Hudson A H F, Text. Res. J.,
Vol.69, 109 {1989)

Xiaoming T and Postle R, J. China Text Univ., No.2, 1 {1989)
Anon., Angora Goat & Mohair J., Vol.31(1), 5 (1989}

Cawood P L, Angora Goat & Mohair J, Vol.31(1), 75 {1989)
Outram E E H, Angora Goat & Mchair J., Vol.31(1), 84 {1989)
Cutram E E H, Angora Goat & Mohair J, Vol.31(1), 9 (1989}
Van der Westhuysen J M, Angora Goat & Mohair J, Vol.31{1), 17
(1989}

Van der Westhuysen J M, Angora Goat & Mohair J., Vol.21{1), 33
{1989)

Wortmann F J, Zahn H and Hocker H. J. Text. fnst, Vol.8Q, 617
{1989)

Schiavone R, J Text [nst, Vol.80, 619 (1989)

Anon, Text. Asia, Vol.20{4), 138 (1939}

273



940.
a41.
942,
943.

944.

45,
946.
947.
g48.
949.

950.
g51.

g52.
953.
954.
955.
956.
957.
958.
959.
960.
961.
962.
963.
as4.
965.
366.
as7.
968.

969.

970.
971.
972.

Anon., Austr. Angora Mohair J., Vol.6(2), 9 {1989}

Ryder M L, Woo! Rec, V0l.148{3534), 45 {1989}

Turpie D W F and Steenkamp C, WTO Rep. No8, Perth, {1989}
Turpie D W F, Steenkamp C, Lipke E E, Kritzinger N M and Lupton
C, IWTO Rep. No.9, Perth, {1989)

Turpie D W F, Steenkamp C, Lipke E E, Kritzinger N M and Lupton
C, WFOQ Rep. No.10, Perth, (1989}

Anan, Wool Rec., Vol.148(3535), 1 {1989)

Spei M and Holzem R, Mell. Textilber, Vol.70, E159 (1989}
Anon., Wool Rec., Vol.143(3536), 35 (1989)

Sykes K, Austr. Angora Mohair J., Vol.6(3), 19 (1989)

Von Franz Furkert, Wirkerei- und Strickerei-Technik, Vol.39, 644
{1989)

Anon, Knitt. Times, Vol58(8), 25 & 34 (1989)

Ahmed S, Samoon A H and Sahoo J, Wool & Waallens of India, 25
(19839)

Black J, Angora Goat & Mohair J., Vol.31(2), 81 (1989)
Childress J R (Bob), Austr. Angora Mohair J., Vol.6(4), 19 (1989}
Fouda | M, El-Farahaty K A and El-Tonsy M M, Text. Res. ./, Vol.b9,
506 (1989)

Horikita M, Fukuda M, Takaoka A and Kawai H, Sen-i- Gakkaishi,
Volas(9), 367 {1989)

Michau P P, Angora Goat & Mohair J,, Vol.31(2), 47 (1989}
Terblanche E le F, Angora Goat & Mohair J.. Vol.3(2), 37 {1989)
Van der Westhuysen J M, Angora Goat & Mohair J., Vol.3(2), 43
{1989)

Curiskis J I, Text Asia, Vol.20(10Q), 42 (1989)

Postle R, Text. Asia, Voi.20(10}, 59 (1989)

Roberts S, Woo! Rec., Vol.148(3541), 23 (1989)

Townsend A B, Neytzell-de Wilde F G, Buckley C A, Turpie DWF
and Steenkamp C, SAMSIG Symp. Dynamic Membrane Appli-
cations Update, Wilderness, (1989)

Robson D, Weedall P J and Harwood R J, Text. fes. J., Vol.59, 713
(1989}

Ryder N, New Scientist (16 December), 34 (1989)

Shelton M, Austr. Angora Mohair J, Vol.6{5), 26 (1989)

Smuts S, PhD Thesis, University of Port Elizabeth, (1989)
Albertin J, Soureni and Rouette H -K, Texti/-Praxis, Vol.45, || & 719
{1990}

Bereck A, Proc. 2nd Int Symp. Speciality Animal Fibers (Aachen),
bWl 106, 20 {1990)

Berndt H, Kabé J, Kuropka R, Meyer-Stork S and Hicker H, Proc.
2nd Int. Symp. Speciality Animal Fibres (Aachen), DWI 106, 269
{1990}

taumen H, Wortmann G and Wortmann F -J, WTO Rep. No.8,
Nice, (1990}

Phan K -H, Wortmann F -J and Arns W, Proc. Text. Conf. {Aachen),
DW! 105, 135 {1930)

Eruwer H P and Tait M, Research Report, Stellenbosch University,
1390}

274



973.

974.
975.

976.
977.
978.
979.
980.

981.
982,

983.
984,
985.
986.
987.
988.
289,
990.
991.
992.
993.
994.
995.
996.
997.

998.

Cegarra J J, Gacia D C and Cara M, Proc. 2nd Int. Symp. Speciality
Animal Fibres (Aachen), DW! 106, 231 {1930)

Greaves P H, Rev. Prog. Coloration, Vol. 20, 32 (1990)

Hamlyn P F, Nelson G and McCarthy B J, Proc. 2nd Int. Symp.
Speciality Animal Fibres {Aachen), DW! 108, 249 (1990)

Hamlyn P F, Nelson G and McCarthy B J, Proc. 2nd Int. Symp.
Speciality Animal Fibers {Aachen), DWI 108, 249 (1990)
Harmsworth T and Day G, Woo!/ and Mohair - Producing Better
Natural Fibres, (2nd Ed.), 95 (1990}

Knott J, Fine Animal Fibres and Their Depigmentation Process
{Comet Eurotex) {1990)

Lauman H, Wortmann G and Wortmann F -J, Proc. 2nd Int. Symp.
Speciality Animal Fibers (Aachen), DWI 106, 269 {1990)
Laumen H, Wortmann G and Wortmann F -J, Proc. 2nd Int. Symp.
Speciality Animal Fibres (Aachen), DWI 106, 269 {1990)
Lennox-Kerr P, Text. World, Voi.140(3), 38 {1990}

Rivett D E and Logan R |, Proc. 2nd Int. Symp. Speciality Animal
Fibres {Aachen) DWI 106, 165 {1990}

Robson D and Weedall P J, Proc. 2nd Int. Symp. Speciality Animal
Fibres fAachen), DWI 108, 121 {1930}

Ryder M L, Proc. 2nd Symp. Speciality Animal Fibers fAachen),
Dwi 106, 1756 (1990)

Sagar A J G, Calvert E, McCarthy B J, Nelson G and Sagar B F,
Proc. 2nd Int. Symp. Speciality Animal Fibres (Aachen), DWI 106,
147 {1990)

Yokura H and Niwa M, Text Res. J, Vol.60, 194 {1990)
Sanchez J C and Guillen J G, Proc. 2nd Int. Symp. Speciality Ani-
mal Fibres {Aachen), DWI 106, 221 (1920)

Sanderson R H and Wilkinson B R, Proc. 2nd Int. Symp. Speciality
Animal Fibres (Aachen}, DWI 106, 53 (1990}

Shlomm B, Proc. 2nd Int. Symp. Speciality Animal Fibers (Aachen),
DWI 106, 169 {1990}

Sich J, Proc. 2nd Int. Symp. Speciality Animal Fibres (Aachen),
DWI 106, 91 (1990}

Spilhaus K, Proc. 2nd Int. Symp. Speciality Animal Fibers
{Aachenj, DWI 106, 219 (1990}

Tucker D J, Hudson A H F, Rivett D E and Logan R |, Proc. 2nd Int,
Symp. Speciality Animal Fibers (Aachen), DW! 106, 1 {1990)
Wortmann F -J, Proc. 2nd int. Symp. Speciality Animal Fibres
fAachen), DWI 106, 113 (1990)

Zahn H, Proe. 2nd Int. Symp. Speciality Animal Fibres fAachen),
DWI 106, 195 {1990}

Batten G J, Proc. Int. Wool Text. Res. Conf. (Christchurch), Vol.li,
267 (1990}

Bigham M L, Bown M and Nicoll G B, Proc. Int. Wool Text. Res.
Conf. (Christchurch), Volll, 277 (1990)

Hunter L, Frazer W and Smuts S, Proc. Int. Woo! Text. Res. Conf.
(Christchurch), Volll, 289 {1990}

Héck?r H, Proc. int. Woal Text Res. Conf. {Christchurch), Volll, 374
{1930

275



999.
1000.
1001.
1002.
1003.
1004.
1005.
1006.
1007.

1008.
1009.
1010.
1011.
1012,
1013.
1014,
1015.
1016.
1017.

1018.
1019.

1020.
1021.
1022.

1023.
1024,
1025.
1026.
1027.
1028.

1029.

1030.
1031.

1032.
1033.

Lupton C J, Shelton M and Bigham M L, Proc. Int. Woo! Text. Res.
Conf. {Christchurch}), Volll, 284 (1990}

Nelson G, Hamiyn P F and McCarthy B J, Proc. Int. Wool Text. Res.
Cont. (Christchurch), Vol.ll, 385 {1990)

Robson D and Weedall P J, Proc. Int. Wool Text Res. Conf. {Christ-
church), Volll, 402 (1930)

Ryder M L, Proc. Int. Woo! Text. Res. Conf. (Christchurchj, Vol /ll,
241 {1990)

Springhall S, Woodward .J and Sinclair A, Proc. Int. Wool Text. Res.
Conf. (Christchurch), Vol.ll, 327 {1930)

Tucker D J, Hudson A HF, Logan R | and Rivett D E, Proc. Int. Wool
Text. Res. Conf. {Christchurch}), Vol.ll, 364 (1990)

Wilkinson B R, Proc. Int. Wool Text Res. Conf. {Christchurchj,
Vol.ll, 362 (1990)

Woodward J, Proc. Int. Wool Text. Res. Conf. (Christchurch), Vol ll,
334 (1990)

Woodward J, Proc. Int. Woo! Text. Res. Conf. {Christchurch), Vol.li,
322 {1990)

Anon, Angora Goat & Mohair J, Vol.32{1), 61 (1930}
Engelbrecht J, Angora Goat & Mohair J, Vol.32{1), 13 (1990}
Short A, Angora Goat & Mohair J., Vol.32{1}, 41 {1890)
Terblanche E le F, Angora Goat & Mohair J., Vol.32(1)}, 25 {1990)
Anon, Wool! Rec., Vol.149(3546), 37 {1990)

Millmore R, Woo/ Rec., Vol.149(3546), 45 (1990}

Anon, Woo!/ Rec., Vo!.149(3547), 16 (1990)

McGregor B A, Austr. Angora Mohair J., Val.7{2), 13 (1990}
Stapleton D L, Austr. Angora Mohair J, Vol.7{2}, 10 (1990)
Deutz H, Wortmann F-J and Hacker H, W70 Rep. No.7, Dubrovnik,
{1990)

McGregor B A, Austr. Angora Mohair 4, Vol.7(3), 13 {1990)
Niwa M, Kawabata S, Kurihara S and Carnaby G A, Proc. Int. Wool
Text. Res. Conf. (Christchurch), VolV, 350 {1990}

The Chairman, IMA, Austr. Angora Mohair J., Vol.7(3), 7 {1990)
Sich. J, Text. Chem. Col., Vol.22(8), 23 (1990)

Bhalla G L, Rawat J S, Hurana R K, Kumar A and Nigam J K, /Indian
Text. J, Vol.100 {Sept, 1990), 202 {1990)

Friedlin R, /nt. Text, No.716, 18 (1990)

Qutram E E H, Angora Goat & Mohair J,, Vo!.32{2), 59 {1980}
Spei M, Mell. Textilber., Vol.71, E410 & 902 {1990}

Turpie D W F and Steenkamp C H, /WTO Rep. No.1, Nice, {1990)
Anon., Text. View Mag.,, No.14 {Summer), 154 {1991)

Deutz H, Wortmann F -J and Hocker H, Proc. Text Conf. {Aachen),
DWI 107, 130 {1991}

Deutz H, Wortmann F -J and Hocker H, Proc. Text. Conf. {Aachen),
DWI 108, 327 (1991}

Halstead P, Austr. Angora Mohair J., Vol.B(3), 9 {1891)

Hunter L, Proc. 30th Congress South African Society of Animal
Production (Port Elizabeth), (1991)

McCarthy B, Textiles, Vol.20{1}, 6 (1991}

Phan K -H, Wortmann F -J and Arns W, Proc. Text. Conf. {Aachen),
DWI 108, 235 (1991)

276



1034.
1035.
1036.
1037.
1038.
1039.
1040.

1041.
1042,
1043.
1044.
1045,
1046.

1047.
1048.
1049.
1050.
1051,
1052.
1053.

1054.
1055.

1056.
1057.
10538,

1059.
1080.
1081.
1062.

1063.
1084.

1065.
1066.
1067.
1068.
1069.
1070.

1071.
1072.

Rivett D E, Woof Sci. Rev, No.67, 1 {1991)

Ryder M L, Woo/ Rec.,, Vol.150{3558), 33 (1991) _

Smuts S, Lee J and Hunter L, TexReport No.3, {1991)

Spei M, Mell. Textilber., Vol.72, E76 & 202 (1991)

Wortmann F -J, Text. Res. J, Vol61, 371 {1991}

Kulkarni V G, Text. Dyer & Printer, Vol .24{1), 31 (1991}

Becker J, Proc. 30th Congress South African Society of Animal
Production (Port Elizabeth), (1991)

Kach P A, lnst. Textiltechnik 40/1991, {1991)

Engelbrecht J, Angora Goat & Mohair J, Vol.33(1}, 42 (1991}
Grobler M C, Austr. Angora Mohair J., Vol.8(1), 27 (1931)
Grobler M C, Angora Goat & Mohair J, Vol.33(1), 7 {1991}
Russel A J F, Farmer's Weekly (8 March), 36 {1991}

Van der Westhuysen J M, Angora Goat & Mohair J,, Vol.33(1), 23
{1991}

Kirby J, Text. Asia, Vol.22(6), 141 (1991)

Spei M and Holzem R, Mell. Textilber., Vol.72, E174 & 431 (1991)
Stapleton D L, Austr. Angora Mohair J.,, Vol.8(2), 13 (1931}
Smuts S and Hunter L, S.A. J Sci, Vol.87, 378 (1991)
McDonald J W, Austr. Angora Mohair J., Vol.8{3), 15 {1931)
Meyer K, Austr. Angora Mohair J., Voi.8(3}, 8 (1891)

Hunter L, Frazer W and Smuts S, Mell. Textilber, Vol.72, 895 &
E359 (1991)

Zahn H, Mell. Textilber., Vol.72, E371 & 926 {1931)

Schnabel D, Wortmann G and Wortmann F -J, IWTO Rep. No.3,
Nice, {1991}

Nobs M, Private Communication., (1992)

Anon., ASTM Standards D3991-85 (Re-approved 1991}, 224 (1992}
Badenhorst M A, Diedericks P A, Schlebusch P A and
Kritzinger N M, Karoo Agric., Vol.4(4), 7 (1992)

Hamlyn P F, Nelson G and McCarthy B J, /£ Text Inst, Vol.83, 97
{1992)

Hunter L and Dorfling L, Report to IMA (unpublished), (1992)
May T, Mohair Austr., Vol 1{4), 27 [1992)

Turpie D W F, Steenkamp C H and Townsend R B, Wat. Sci. Tech.,
Vol.25(10), 127 {1992)

Badenhorst G, Angora Goat & Mohair J., Vol.34{1), 44 (1992)
Badenhorst G and Diedericks J, Angora Goat & Mohair J,
Vol.34(1}, 28 (1992)

Cawood P L, Angora Goat & Mohair J, Vol.34{1), 58 (1992)
Kritzinger N M, Angora Goat & Mohair J, Val.34{1}, 51 (1992}
Turpie D W F, Steenkamgp C H and Townsend R 8, Conf. Membrane
Technalogy in Wastewater Management, Cape Town, {1992)
Van Der Westhuysen J M, Angora Goat & Mghair J., Vol.34{1), 15
(1992}

Leeder J D, McGregor B A and Steadman R G, Rep. To RIRDC Text.
& Fibre Res. Inst. (TFRI), {(1992)

Anan., Mohair Austr, Vol.1{3), 18 {1992}

Ancn., Wool Rec., Vol.151(3573), 50 (1992}

Negri A P, Cornell H J and Rivett D E, Text. Res. J,, Vol.62, 381
(1992)

277



1073.
1074.

1075.
1076.

1077.
1078.
1079.
1080.

1081.
1082,
1083.
1084.
1085.

1086.
1087.

1088.
1088,
1080.

1091.
1092,
1093.
1094.

1095.

Wortmann F -J and Wortmann G, Text. Res. J, Vol.62, 423 (1992}
Bogusiavsky A, Botha A and Hunter L, Text Res. J, Vol.62, 433
{1992}

Jurdana L E and Leaver | H, Text. Res. J. Vol.62, 463 {1992)
Bryson W G, McNeil S J, McKinnon A J and Rankin D A, WRONZ
Communications No.C123, (1992}

Van Der Westhuysen J M, Angora Goat & Mohair J, Vol.34(2}, 14
{1992}

Jacobsen M, Fritz A, Dhingra R and Pastle R, Text Res. J, Vol.62,
557 {1992}

Nelson G, Hamlyn P F and Holden L, Text Res. J, Vol.62, 590
{1992)

Woijciechowska E, Pielesz A and Wiochowicz A, Text. Res. J.,
Vol.62, 580 (1992)

Anon., Mohair Austr., Vol.1{5), 21 {1992}

Anon., Text Ind Dyegest SA, Vol.11(12), 7 {1992}

Anon., Knitt. News, No0.285, 3 {1992)

Anon., Mghair Austr, Vol.1(5), 11 {1992)

Blankenburg G, Philippen H, Spiegelmacher P and Hahnen J, IWTO
Rep. No.3, Nice, (1992)

Clancy C, Mohair Austr., Vol.1(5), 3 {1992)

Herrman S, Wortmann G, Schnabet D and Wortmann F -J, IWTO
Rep. No.16, Nice, (1992}

Schiafer K, IWTO Rep. No.18, Nice, {1992)

Turpie D W F and Steenkamp C H, JIWTO Rep. No.7, Nice, {1992)
Turpie D W F, Steenkamp C H and Lipke E E, IWTO Rep. No.2,
Nice, (1992)

Anon., ASTM Standards D3992-85 (Re-approved 199171), 226 (1992}
Anon., ASTM Standards D2968-89, 783 {1992}

Hunter L, Dorfling L and Frazer W, Reports to /M4, {1992}
Boguslavsky A, Botha A and Hunter 1, M/R News, Vol 4{1), 10
{1993}

Hermann S, Wortmann G, Schnabel D and Wortmann F -J, Proc.
Text. Conf. {Aachen), DWI 111, 561 (1993)

278



