
A review of its 
properties, 

processing and 
applications 

by L Hunter 



MOHAIR: A REVIEW OF ITS 

PROPERTIES, PROCESSING 

AND APPLICATIONS 

b y  

L Hunter PhD CText FTI 

CSlR 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 storaae and retrieval svstani. without oermission in writina from the 

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 

International Mohair Association 
Mohair House 
68 The Grove 
llkley 
West Yorkshire 
LS29 9PA 
England 

OT 

The Textile Institute 
International Headquarters 
10 Blackfriars Street 
Manchester M3 5DR 
UK 

ISBN 0 7988 3717 9 

Jointly published by. 

CSlR Oision of Textile Technofogy 
!ntema6oMI Mohair Associatim 

The Textile In?Litute 

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



CONTENTS 
Page 

1 .INTRODUCTION .............................................. 1 
1.1 Preamble ............................................... 1 
1.2 General Background Characteristics 

and Properties ........................................... 1 
1.3 Historical Background ..................................... 6 

2 . MOHAIR FIBRE GROWTH AND PRODUCTION ..................... 8 
2.1 General ................................................. 8 
2.2 Effect of Angora Goat Age ................................. 10 
2.3 Effect of Nutrition and Season ............................. 12 
2.4 Secondary and Primary Follicles ............................ 13 
2.5 Weathering .............................................. 15 

3 . MOHAIR PRODUCTION IN VARIOUS COUNTRIES .................. 17 
3.1 South Africa ............................................. 17 

3.1.1 introduction ........................................ 17 
3.1.2 Properties of Cape Mohair . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

3.2 United States of America .................................. 25 
3.3 Turkey .................................................. 26 
3.4 Australia ................................................ 26 
3.5 Newzealand ............................................ 27 
3.6 United Kingdom ......................................... 28 
3.7 Argentina ............................................... 28 

4.CASHGORA .................................................. 29 
5 . MOHAIR GREASE AND OTHER FLEECE CONSTITUENTS . . . . . . . . . . . .  32 
6 . OBJECTlVE MEASUREMENT .................................... 38 

6.1 General ................................................. 38 
6.2 Sampling for Objective Measurement ....................... 40 

7 . FINENESS AND CROSS-SECTION RELATED PROPERTIES ........... 41 
7.1 General ................................................. 41 
7.2 Vibroscope Measurements of Mohair Fineness ............... 45 
7.3 Fibre Cross-sectional Shape ............................... 45 
7.4 Fineness Relationship of Grease Mohair. Card 

Sliver and Top ........................................... 45 
8 .STAPLE LENGTH AND STRENGTH ............................... 46 
9 . QUALITY AND RELATED CHARACTERISTICS ...................... 48 

................................................. 9.1 General 48 
9.2 Classing and Quality ...................................... 49 
9.3 Style and Character ....................................... 50 
9.4 Grades ................................................. 52 
9.5 Spinning Limits and Quality ............................... 54 

10 . FIBRE PHYSICAL AND RELATED PROPERTIES ..................... 57 
10.1 Single Fibre Tensile Properties ............................. 57 
10.2 Fibre Bundle Tenacity Properties ........................... 70 
10.3 Fibre Bending Stiffness ................................... 71 
10.4 Fibre Friction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71 
10.5 Moisture Related Properties ................................ 72 
10.6 Scale Pattern ............................................ 78 



Page 
10.7 Lustre .................................................. 81 
10.8 General ................................................ 83 

..................................... 11 . MEDULLATION AND KEMP 88 
.............................................. 11.1 Introduction 88 

11.2 Occurrence and Growth of Kemp and 
Medullated Fibres ........................................ 90 

11.3 Physical and Mechanical Properties ......................... 93 
.................................... 11.4 Geometrical Properties 95 

11.5 Chemical and Physical Nature of the Medulla ................. 96 
11.6 Dyeing Behaviour ........................................ 96 
11.7 Measurement of Kemp and Medullation ..................... 99 

........................................... 11.7.1 General 99 
11.7.2 Medullameter Test .................................. 100 
11.7.3 Coarse Edge ....................................... 103 
11.7.4 Other Tests ........................................ 104 

11.8 International Kemp Round Trials ............................ 105 
11.9 Ways of Reducing Kemp Levels and Appearance .............. 105 

11.9.1 General ........................................... 105 
11.9.2 Mechanical Removal of Kemp ........................ 106 

12 . FIBRE CHEMICAL . MORPHOLOGICAL AND RELATED 
STRUCTURE AND PROPERTIES ................................. 109 . . .  ~ ~ 

12.1 General ................................................. 109 
12.2 Nature of Mohair Cortex .................................. 112 
12.3 Ctystallinity ............................................. 116 
12.4 Small (Low) AngleX-Ray and Related 

Studies of Mohair ........................................ 119 
12.5 Thermal and Thermo-Analytical Studies ..................... 121 
12.6 Amino-Acid Composition .................................. 124 
12.7 Sulphur Content ......................................... 129 
12.8 Certain Chemical Related Properties and 

Treatment Effects ........................................ 133 
12.8.1 Sensitivityto Acids and Bases and Urea-Bisulphite 

.............................. and AlkalineSolubilities 133 
12.8.2 Supercontraction ................................... 135 
12.8.3 Resistance to Micro-Organisms ....................... 135 
12.8.4 Birefringence ....................................... 135 
12.8.5 General ........................................... 136 

................................. 13 . SCOURING AND CARBONlSlNG 138 
13.1 Scouring ................................................ 138 . . .............................................. 13.2 Carbonwng 140 

......................... 14 . MECHANICAL PROCESSING INTO YARN 142 
15 .ARTIFICIAL CRIMPING ......................................... 160 
16 . CORONA TREATMENT ......................................... 161 
17 . FANCY (NOVELTY) YARNS ..................................... 163 
18 . REPCO-WRAPPED CORE-SPUN YARNS ........................... 1G7 
19 . DREF FRICTION SPINNING ..................................... 170 
20 .YARN PROPERTIES ............................................ 171 

................................................. 20.1 General 171 



Page 
................................................. 20.2 Friction 171 

........................................ 20.3 Bending Stiffness 173 
................................... 20.4 Diameter and Hairiness 174 

..................... 21 .WEAVING AND WOVEN FABRIC PROPERTIES 179 
21.1 General ................................................. 179 

....................... 21.2 Woven Fabric Objective Measurement 185 
21.3 Wrinkle Recovely ........................................ 186 

.................... 22 . K N l n N G  AND KNITTED FABRIC PROPERTIES 190 
22.1 General ................................................. 190 
22.2 Co.We-Nit ............................................... 195 

....................................... 23 . DYEING AND FINISHING 196 
23.1 General ................................................. 196 

........................................ 23.2 Light Degradation 203 
.............................. 23.3 Felting and Shrink-Resistance 203 

23.4 Flammability and Flame Retardant Treatments ............... 204 
24 . FIBRE IDENTIFICATION AND BLEND ANALYSIS .................... 206 

24.1 Introduction ............................................. 206 
..................................... 24.2 Microscopic Methods 207 

24.2.1 General ........................................... 207 
24.2.2 Scale Length ....................................... 208 
24.2.3 Scale Height (Thickness) ............................. 209 
24.2.4 Multivariate Analysis ................................ 218 

24.3 Image Analysis .......................................... 219 
24.4 Fibre Friction Method ..................................... 220 
24.5 Tensile "Modulus" ....................................... 221 

................. 24.6 Amino-Acid Analysis of Formic Acid Extracts 221 
24.7 Electrophoretical Techniques (Page) ......................... 222 
24.8 Internal and External Lipids ................................ 225 
24.9 DNA Hybridisation ....................................... 227 
24.10 General ................................................ 230 

............... 25 .THE INTERNATIONAL MOHAIR ASSOCIATION (IMA) 231 
26.MOHAlRMARK ............................................... 233 
27 . MOHAIRLABS ................................................ 234 
28 . MOHAIR APPLICATIONS AND END.USES ......................... 235 

28.1 General ................................................. 235 
28.2 Mohair Product List ....................................... 242 

29 .REVIEWS. BIBLIOGRAPHIES AND BOOKS ......................... 246 
29.1 Reviews ................................................ 246 
29.2 Bibliographies ........................................... 247 
29.3 Books .................................................. 247 

ACKNOWLEDGEMENTS ........................................... 247 
................................ THE USE OF PROPRIETARY NAMES 247 

REFERENCES .................................................... 248 



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 waw), smooth and naturallv 
lustr&s fibrewhich can be dyed to deep, brilliant andfast colours, but can also 
produce high fashion muted tones with equal distinction(553). The predominant 
natural colour of mohair is white although there are also occasionally brown, 
black and pink ired) varietiesM7), the coloured fibres containing pigment (main- 
ly melanin) in the cortex"". The Angora goat has developed a single coat of 
long lustrous fibres, having lost the tendency to m o ~ l t ( ~ 5 ~ ) .  with good quality 
mohair virtually free of m e d ~ l l a t i o d ~ ~ ~ )  and kemp. The average mohair fibre 
diameter ranges from below 24pm for Superfine Kids to over 40prn for Coarse 

Mohair is considered the main speciality (or rare) animal fibre(*- (see Fig. 
1 m 1  and has the highest production (see Table of speciality animal 
fibres, although i t  represents less than 0.05% of the total world fibre produc- 
tion~l.nE.IOnl. 

S ~ c i a l t y  Ib ir  Fi lxn 
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*See omar d o n s  for more detailed Infarmation 



TABLE 1(wa58978) 
THE WORLD PRODUCTION OF RARE FIBRES (1987) 

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("). with Table 2 showing the annual production of mohair worldwide. 

Mohair has low flammability, felting and pilling and good durability, elas- 
ticitv. 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 retease), insulation and 
comfort. Its good insulation, makes mohair fabrics lightweight and warm in 
winter, comfortably cool in summer(556) (this also being a function of the fabric 
and garment construction). It blends well with other fibres (5U). More than 50 
years ago(L"J it was reported that because of the relatively smooth character of 
mohair fibre, mohair soiled less easily and could be cleaned more easily than 
other fibres. 

Mohair's good lustre, smoothness, low friction. low soiling. good soil 
shedding and low felting are all related to its surface scale structure (faint pat- 
tern of scales), the scales generally being thin (unpronounced or flat) and rela- 
tively long. 





Fig 2 Comparative Scale for Fineness of Keratin Fibres for Textile ~sebrn)(~'a. 

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 apparel applications and has proved to be virtually unsur- 
passed in many non-apparel applications, sdch 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(1w1. 

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

9 10 I5 PO 2 5  30 4 0  5 0  60 7 0  

Kettle and Wri$MOl8) gave the following comparative figure (Fig. 3) for the 
diameter ranges of various goat fibres: 

I ' ' ' ' I " ' ~ ~ ' ~ " ' ' ~  8 I ' 
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Fig 3 Diimeter Ranges of Goat Fibreso's. 

4 

I 



Wo~dward('~"* listed the following as the main distinguishing characteris- 
tics of mohair, which is among the most versatile of natural fibres(lm6): 
Non-Flammability: 
Mohair is almost non-flammable. When exposed to a naked flame, it burns 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 mohaifs 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 
curledpile rugs and imitation Astrakhan ~ g s .  

Lustre: 
Mohair's famous lustre 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. From its dyeabi- 
lity has come the name The Diamond Fibre. 
Soiling Resistance: 
Because dust does not rest on mohair's slippen/ 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 felting 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 yams make up into fabrics which are noted for coolness, 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. 

Len* 
Prized as a textile fibre because of its length, mohair fibre averages about 



300mm for a full vear's urowth lie 25mm oer month). and 150mm when the 
animals are shorn bi-annoally. a oh air up to'900mm long can be produced over 
three years from animals as they do not shed the fibre easilv. orovided soecial 
attention is paid to tying up the fleece. Such exceptionally fibres are used 
to make women's switches, doll's hair and theatrical wigs. 

In 1967 the following mohair emblem was adopted internationally(4u). 

- , . . ~  
International Mohair Emblem 

Various a~ic~es(91.99.179JDIJ09,UO.4VYb,%7.76777977806BO77809,8U,871,87Z883,937. 

~l.gs*9n.'~provide general background information on mohair, its production, 
properties, marketing and relatedapplications. 

1.3 Historical Background - 
Mohair, one of the most ancient f~bres known to mar~(~ '~ 'and referred to in 

biblical times"5546.553YL0.883), is the f bre i'e the coat) from the Angora goat. The 
word mohair is derived from the Arabic word "Mukhayar" (also spelt Mak- 
hayad-), and M ~ k h a y a @ ~ ~ ) )  stated to mean, "best of selected fleece"('0z7), 
select "silky goat-skin cloth"(3m), cloth of bright goat haidSa3' or hair 

The Angora goat (Capra hircus aegagrus)('03z) 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 Asia(37" and 
certain types of Himalayan goats(3". (Richteri~h"~~), 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- 
lieved to be closely related to the Cashmere goat, whereas the domestic goat 
Capra hircus is descended from the genus Capra aega rus) The Angora goat B .  tends to thrive in areas of low rainfall and humidity36). 

The exact origins of the Angora Goat are unknown(8g). The animals are 
believed to have originated in the Asian Himalayas (Asia Minor)lz5J (Highlands 
of ~ i b e t ( ~ ~ ~ . ~ " ) )  but later migrated to Ankara (known in Ancient as 
Ancyra, the province of Phrygia i n  Asia in Turkey from whence the 
name Angora was derived(376), the angora goat emerging in Turkey after the 
Middle Ages(-) (at least the 13th or 14th Records of the Angora 
goat dating back to the 11th. 12th and even 14th centuries BC have been unco- 
veredc8". 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 

was used to make fabric to dress the altar"(883), their fleeces being 
woven into altar cloths and curtains for the Tabernacle""-580). 

The Angora goat is regarded as being unique amongst goats, in growing 
fibres not widely different in diameter from the primary and secondary folli- 
cles('-). with some primaries producing coarser medullated fibres. The Ango- 



ra goat, unlike other goats, can therefore for all practical purposes be regarded 
as a single-coated animal(8u.1w5), and unlike cashmere goats, the Angora's 
fibres grow continuously throughout the year('-), and the fibres are not shed 
ilnn,,all\r -. . . . - -, , , . 

In Ankara the birth of the mohair indust took place (Turkey being the first 
country to supply mohair as a raw materia?% after the animals had trekked 
thousands ofkilometres on a journey from Turkestan, the journey beginning 
during the 13th century(-). In 1550 a Dutchman found the Angora goat in 
Angora (Turkey) and recognised the exceptional qualities of the fleece(-), a 
pair of goats being sent to the Holy Roman Emperor Charles V in 1554(--). 
Rvder('wu stated that the first Euro~ean record of the Anoora was made bv 
 elo on and Tournefort (1654) in his ~evant  Voyage wrote thaithe finest goats ik 
the world were bred in Ana~ra('@'~). Tournefort. a French botanist. reDorted in 
1653, that "the Angora dazzled with theirwhiteness 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(-), with the export of unprocessed mohair being forbid- 
den by the S ~ l t a n ( ~ ~ " ~ ~ ) .  In 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(=). In 1820 there occurs the first authentic record 
of the export of a few bales of mohair fibre from Asia Minor to E~rope(~Z~1. In 
1853 mohair spinning was started in England. 

When mohair first reached Europe, wigrnakers appreciated its quali- 
ties(37"964.1Wa. The first raw mohair reached Europe in 1820. Mohair goods 
were first manufactured in England in the 19th century(zu), a cloth containing a 
mohair weft across a cotton warp being much in demand in 1883(233). 

The first Angora goats to leave Turkey went to South Africa in 1838(=5.-), 
(during the jouriey, involving a cargo of 12 buck and one doe, the latter gave 
birth to a male kid) ml. Only in 1865 did mohair exports from the Cape to the 
United Kingdom reach any magnitude@). Angora goats (7 does and two 
buck)(553) arrived in the USA around 1849(ZU7"Y6.553.567m). Angoras were in- 
troduced into Australia durino the 1850's and 1 8 6 0 ' ~ ( ~ ~ ~ )  11832 has also been 
mentioned(376)), but received iittle interest, a new "mohair. industry" being es- 
tablished in about 1970(5s1. Anoora ooats were introduced to Britain in 



CHAPTER 2 

MOHAIR FIBRE GROWTH AND PRODUCTION 
2.1 General 

Mohair grows about 25 mm per month(3g"70.956) and Angora goats are 
generally shorn twice per vear in South Africa and the USA and once in Turkev 
and Lesotho, although high levels of nutrition could necessitate more frequeni 
~hear ing(~~a ' "n  (annual shearing can lead to coning in the middle of the sta- 
ple(984)). Young and Adult goats produce about 2 to 2.5kg of greasy mohair per 
6 months, while rams generally Droduce considerably Anaora 
rams normally produce more and coarser hair than ewed7", the average mass 
of the fleece of an adult Angora ewe being about 2 to 2.5kg at each shear- 
ing(165). 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(456). In one study it was 
foundcg5n that, on average, Kids produced about l . l kg  of greasy mohair per 6 
month growth while Young Goats and Adults produced about 2.lkg per six 
months. The overall averages for all the goats in the study was found to be 
about 3.7kg per 12 month 

It appears that the Angora goat is very efficient in converting feed into 
fibre(279) and more affective than woolled sheep(u5,728), whereas sheep are 
more effective in converting feed into body mass. Shelton and Bassedu5' dis- 
cussed the bioloav and efficiencv of animal fibre oroduction for Anaora aoats 
and sheep, and reborted that the Angora goat produced more fibre;" reit ion 
to its size than Ramboudlet shee~, also Droducina it more e f f ~ c i e n t l v ~ ~ ~ ~ ~ ' .  
Owing to the metabolic priority for mohair production, mohair does k t  devel- 
op a break in the fibre during severe under-nutrition to the same extent as 
w o ~ l ~ ~ * .  Nevertheless, under-nutrition does reduce body growth, mohair ro i= - duction rate and fibre diameter so that a finer lighter fleece is produced '28). 

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 upon the nutritive value of 
feedpZ8). 

Fleece mass in Angora goats increase with age, up to about 4 years (see 
later), mainly due to the fibres becoming coarser (lW2). Greasy fleece mass has 
a hereditability of 0.4 (ie 40% is controlled genetically, the rest being due to 
factors such as feed), with staple length having a hereditability factor of 
0.8(Y1.1W2). Fibre diameter has a hereditability of 0.2(u1), It being very sensitive 
to changes in nutrition and to the age of the animal. 

Miiftii~gli(~') found that fibre length and fineness were positively influ- 
enced by feeding and age, particularly before the goat reached adulthood. Fibre 
diameter can increase with age from about 24pm for the first shearing (ie Kids) 
to about 46pm for strong A d ~ l t s ( - . ~ ~ ~ ' ~ ~ n .  Staple length shows very little 
change with age, being about 20 to 25 rnm per r n ~ n t h ( ~ ~ " ' ~ ~ n .  Mohair produc- 
tion reaches an economic peak at approximately 18 to 24 months of agema). 

Tucker et afiSs1) gave the following comparative table for the factors which 
affect fibre growth (Table 3). 

D e l p o r t ( ' 7 s ~  and E r a s ~ n u s ( ~ ~ ~ )  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. 



TABLE 3 (6911 
THE MAlOR PARAMrnRS AFFECTING FIBRE GROWTH 

Goats Sheep 

Parameter Cashmere Angora F i n e  Merino Scot t i sh  
Blackface 

S/P rario 7 - 9  7 - 9  1 5  - 25 3 

~ o l l i c l e s / m m ~  20 20 50 - 85 7 - 9  

Fibre diameter 
(P) 
- primary 50 - 150 30 - 40 1 5  - 23 70 - 95 - secondary 10 - 20 30 - 40 15  - 20 22 - 35 

Medullaticln 
- primary + +,- + 
- secondary - - ? 

Fibre length 
(mm) 
- primary 50 - 150 25 mmlmth. 
- secondary 20 - 80 25 mmlmth. 

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 
(93.U" it being 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 4"" 
CURVATURE AND DIAMETER VALUES OF SEVERAL DIFFERENT WOOL FIBRES 

(BROWN AND ONIONS) 

- 1  
Flbcr Mean Curvature ( c m  ) Mean Dlamfter 

Wet ry (Micronm) 

Wh i te  Alpaca 2 .0  8 .4  30.2  
Fawn Alpaca 1 .2  6 . 0  1 0 . 0  
Lincoln 2.4 5 .0  36.0  
Mohair 1 . 2  1 .4  4 3 . 6  
Cashmere 6 .8  12.7 13.8  
Southdown 18 .8  32.0  2 3 . 8  
Corriedalc  1 0 . 0  16.4 27 .7  

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

Details of Angora goat farming, husbandry etc can be found in various 
s o u r c e ~ ( ~ - - 9 ~ ~ .  



2.2 Effect of Angora Goat Age 
According to Van Der Westhuysen et al(399Z5U.728), the age of the goat is 

probably the most 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 medullated fi- 
bredw). From about three to six months the goats shed their birth coat, as the 
fibres increasingly grow from the secondary 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(ffi'683,728Jozn, while they attain their maximum fibre diameter at an age 
of some 5 years or Jones et dl3) found that the maximum 
diameter of mohair was reached at 8 years of age while Davis and BassetP* 
mentioned that an increase in fibre diameter was found at each shearing(lW). 
Good mohair can be obtained from goats up to eight years old(279.10zn. Duer- 
den and Spencer(@ and Ventera21 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 years)(13,66"7". 

Kids normally produce mohair with a diameter of 28pm or finer (7 or 8 
Bradford count) at their first shearing, approximately 29 to 30pm (6's count) at 
the age of one year (second shearing), and 31 to 34pm (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 over 46pm (4's. 3's and 2's counts) with 
increasing ageaz*. 

Goats are classed as Young Goats up to the age of 3 years in Turkey but 
only up to 18 months in South Africa(165). 

According to Van Wyk and associates(64) (quoted by Von Bergen(M2)) mo- 
hair diameter varies as follows with the age of the goat. 

TABLE 5(64) 
CHANGES IN FIBRE DIAMETER WlTH AGE OF GOAT 

Agc ol animala Jansenville Somenet East Cradock 
(yean) Grades fiber (p) fiber (rr) fiber (r)  

'/ 2 S K  26.2 27.9 26.9 
1 WK 30.8 32.2 31.2 

At shearing time. 



Van der  Westhuysen et a1(5".772) gave the following figure (Fig. 4) Illustrat- 
ing the effect of goat age. 

1 I I I ! 1 1 1 1 I I 
0 1 3 4 S 6 7 8 9 1 0 1 1  

AGE (YEARS) 

Fig 4 The Effect of Age on Fleece and Fibre Characteristics in the Angora  oat(^'''. 

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

Age (years) 

Fis 5 The Influence of Angora Goat Age on Fibre ~roduct ion(~~*.  



Fibre Diameter (urn) 

Age (years) 

Fik 6 The Influence of Angora Goat (Doe) Age on Fibre Diameter(669). 

2.3 Effect of Nutrition and Season 
Mohair qrowth shows a seasonal effect, orobablv as a result of changes in 

the day lengih, even when the goats are keptbn a constant diet(78*).   ore fibre 
is grown in summer than in winter, this being a seasonal cycle controlled by 
day-length, nutrition affecting the seasonal grgwth cycle but & cannot eliminate 
it entirely. Angora goats can grow up to 1.7 times more mohair in Summer than 
in Winter(-9"1wz), fibre production tending to increase with increasing tem- 
perature and lenath of d a ~ ( ~ s ) .  with lactation and low nutrition having the 
apposite effect. l h ~ o u t h  Africa as well as Texas, the winter mohair tends to be 
shorter, finer and less kempy17ss). Reproduction generally suppresses the rate 
of mohair growth, with the demands of lactation more pronounced than those 
of body mass, mohair production and fibre diameter generally 
decreasing during lactation. Adult bod; mass is correlated with mohai; produc- 
tion and fibre diameter(7za. 

Some spontaneous loss of hair (shedding) can occur, mainly towards the 
end of winter, possibly aggravated by shearing during the wrong time of the 
year but this is a raritv in well-bred Ansora ~ o a t s ( ~ ~ " .  In late winter. it can 
sometimes occur that up to 25% of the hair foiiicles become inactive, while in 
old animals more of the hair follicles can become inactive(785). hairs in inactive 
follicles being shed as the growth of the replacement hair commences in 
spring. This can cause fleece coning (felting)(7", the shedding of fibres, which 
intermingle with others which do not shed, results in a matted zone which is 
known as cottingt6). Hair loss owing 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 Lat~drnan('~) studied the effect of supplementary nutri- 
tional energy levels on mohair fibre diameter and length, showing that higher 



levels increase fibre diameter and length. The high nutrition group sometimes 
had a fibre diameter as high as 5.8wm coarser than the control group at the 
third shearing. Differences of as much as 4 p n  or even more, between ihe fibre 
root and tip were observed(v5) for the third shearing. Stocking rate can have a 
large effect on fibre diameter(784), differences of up to 4 p n  being observed for 4 
year old goats razed at 7.5 compared to 12.5 goatdha. An investigation by 
Hurton eta! (aa7?indicated that "fine" and "coarse" goats responded similarly 
to changes in range-land environment. It has also been reported that improved 
oasture can increase fibre diameter from 26 to 38um (McGrecor auoted bv . -~~~ 

kyder('85)). Calhoun et a P Q  showed fibre diameter'to bk positively correlated 
with body mass and actual digestible enerav intake. Bassett et a/(549)and Shel- 
ton et at1" (quoted by ~ a ~ h o u n  et a1(886Ti reported that mohair growth re- 
sponds dramatically to additional dietary protein or supplementation with a 
rumen-protected form of the amino-acid menthionine. Stewart et aP78) 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(loM) investigated the effects of nutrition on 
certain mohair quality traits, finding a difference of 9pm or 30% (30.7 vs 
39.7gn) between the low nutritional and the high nutritional level groups. The 
mass of the mohair produced by the high level nutritional group was almost 
80% oreater than that oroduced bv the low level nutritional orouos with the 
form& also producing ko re  kemp and a higher fibre density.?he;e appeared 
to be no siunificant effect of nutrition on mohair stvle and character. althouoh it 
was stated-that style and character were affected differently by nutiition. ltwas 
concluded that style and character cannot be regarded as one combined oualitv 
but must rather b e  judged as two separate qualities. 

Recently, Badenhorst et a/(loS8) 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 40pm), fleece mass (2.1 
to 3.7kg), "fleece density" and character, style and character being influenced 
differently 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, namelv priman, (P) and secondarvwm 
(S), and their ratio W~ra t io ) ,  the Angora having a skin follicle structure almost 
indentical to sheep (with an SIP 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"m. ("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)(977). The secondary follicles 
show little siun of develo~ment in the first week of the kid's life. but durinu the 
next two weeks follicle maturity is very rapid. By the time a well fed kid is Gx 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 more of the finer secondary follicles than 
primaries, it follows that the plane o f  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 



coming into production) are critical. If insufficient food is provided at these 
stages, the lifetime fibre production will be affe~ted(~m. 

TiffanyCastiglioni? reviewed the follicle and fibre development for 
kemp and mohair. The prlmary follicles are those that appear first and begin 
oroducina fibres earlv in foetal development. the secondan, follicles occurring 
=t a laterita e of foetal development and may not begin fibres unta 8 after 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 folllcles (a central and two laterals) (y1.y3.9"), although occa- 
sionallv two. four or five ~ r i m a r v  follicles are Dresent. In well bred-Angora 
goats. the limited numbers'of kemb and heterotype fibres present are prodiced 
bv the priman, follicles and the mohair by the secondan, f o l l i ~ I e s ( ~ ~ ~ .  In less 
well-bred flocks, gare (a heterotype medullated fibre) can-also be produced by 
the secondaw folliclesi388). Accordrng to Margolena('"). Angora goats usually 
produce no medullated fibres from lateral primary follicles a i d  sometimes pro- 
duce incomplete medullated fibres from central prirnary follicles. The kemp 
content of the coat tends to reflect the SIP ratio. A high SIP ratio has been bred 
into Angora goats for increased growth of the "undercoat", it having a moder- 
ately high hereditarycoefficient of 0.52 (Yalcin and co-worker$ quoted by Tiffa- 
nyCa~tiglioni(~65)). It has been stated that in the Angora goat the secondary 
fibre Dooulation has been develooed to such an extent that i t  virtuallv masks 
the p&nary f~bres. The Angora goet has about 10 to 15 folllcles per rnm; and an 
SIP follicle ratio ranaina between about 6 and 10. The Anaora aoat is a "one - 
coat" animal@", wiin the diameter of fibres from primary and secondary folli- 
cles not so verv differentIw5). althouoh Yalcin eta/iouoted in Ref. 1765)) reooned 
a high negati;e correlation betwe& SIP ratio and mean fibre diameter, the 
latter decreasing as the former increased. At birth, the ratio of secondary to 
primary (SIP) fibre producing follicles is reported to be about 2.3:1 for South 
African Angora goats('63) and about 2.6:l for Texas Angora This ratio 
increases for about three to four months until the final SIP ratio of 6.5:1 to 8.3:1 
is reached for Texas animals(lW and 9.1:l (8.6:1 after three months) for South 
African goats(1W). Some follicles become non-functional with agemsl. 

The SIP follicle ratio of Turkish Angora oats is around 8 to 10(291), while 
~he l ton"~]  (quoted by Ryded9")) and otherJzgl), reported that for South Afri- 
can Angora goats, the SIP 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 SIP fibre ratio increases from about 2 at birth to about 10 at 4 
months(u3), at this stage the primary follicles producing the coarse "guard 
type" hairs and the secondary follicles producing the fine and shorter "under- 
coat o r  down" type fibredS3l). According to Harmsworth and DayIsm, the SIP 
ratio for Angora goats is about 8.5. ~alcin"') (quoted by Ryded3'4) found that 
the SIP ratio for Angora goats ranged from 7.91 To 10.30 with a mean of 9.16. 

Clake and ~mith" '~)gave the following table (Table 6) of comparative data 
for mohair from different countries: 



TABLE 6[376) 

MEAN flBRE CHARACTERlSTlCS (=SE) DERIVED FROM SKIN SAMPLINGS OF 
ADULT ANGORAS IN AUSTRALIA. USA AND SOUM AFRICA 

- 
Cirovp No. and sex Sf P ral~o d ~ledullation 

of animals (!rim) (56) 

~ o r a t k a d ~ )  investigated the follicle density and secondan/ to primary 
(SIP) 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 gave the following table: 

TABLE 7") 
SECONDARY TO PRIMARY FOLLICLE (SIP) RATIOS OF VARIOUS BREEDS 

OR SPECIES 

Scottish Blackface Sheep 3-5 
Cheviot Sheep 4- 6 
Suffolk Sheep 5-7 
Hampshire Sheep 5-6 
Shropshire Sheep 5-9 

Corriedale Sheep 9-1 1 
Romney Sheep 5-6 
Polwarth Sheep 12-15 
Angora Goat 7-9 
Merino Sheep 20-25 

Frm 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 sunlight or weathering. especially during the summer 
months(2W. This damage (ie sunlight[* and other) has an influence on the 
dyeing property of the affected fibre parteoz). Mohair, by virtue of its open 
fleece structure, is more generally exposed to weathering than wool and its 
grease is therefore more oxidised than that of w00l["~~. 

Louw and Van Vfyk"n studied the reaction of the root, middle and tip 
portions of various types of mohair towards dyeing with acid milling dyestuff 
and towards a buffered solution of ninhydrin. A linear relationship between 



fibre diameter and dye absorption as well as thecolour developed with ninhy- 
drin was found. the extent of deviations from this straioht line beino a measure 
of the extent of weathering. Changes in the cystine an2 cysteine &tent 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 
mohair, alihough the latter weathered furtherdown the staple. A single linear 
relationship between fibre diameter and optical density of the "ninhydrin col- 
our" for undamaged wool and mohair was found@nfor the diameter range of 
18 to 40pm. Higher degrees of weathering were generally associated with low- 
er cystine (ie loss of disulphide) and higher cysteine (ie increase in sulphydryl 
content) The weathered tips adsorbed more dye and at a higher rate 
than the roots, 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 woo~(~n .  Weathering damage tended to ex- 
tend deep down the fibre, especially in the case of Kid mohair. 

Veldsmad7" 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 won1 or mohair tended to have a lower twotoohane content than - -~ ~ ~ ~ ~- ,. . - 

fine wool or mohair, with natural weathering decreasing the tryptophane con- 
tents of wool and mohair. Swane~oe l (~~)  investioated the su~ercontraction of 
sound and weathered mohair in'lithium bromhe, the weaihered tips were 
found to exhibit lower levels of supercontraction than the unweathered roots, 
the two-stage contraction being much more pronounced for the latter. 



CHAPTER 3 

MOHAIR PRODUCTION 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('56.5" in the 
world. The excellent quality of Cape Mohair makes i t  ideally suited to high 
quality application1958), eg high quality menswear and l a d i e s ~ e a r ( ~ ~ ) ,  fineness 
and length being important in both cases. Cape Mohair is the only clip that is 
prepared in the true sense of the worde18). In South Africa, mohair with more 
than 1% kemp is considered@=] to be crossbred fibre. Van der Westhuysen et 
a/(-) published a book on the Angora goats and mohair in South Africa, cover- 
ing the production of mohair and its classing, while U y ~ @ ~ a  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 & lngg~(~ '~ ) .  

The South African Mohair 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 ('-1, with 1972 the first year of its operatiodW7.'". Some 
97% of the South African mohair is exported(9", the marketing being the re- 
sponsibility of the Mohair Board, brought into being on October 1965 by moh ir 
 producer^('^^^), it being entrusted with the administration of the one-chanr,al 
marketing scheme. Its responsibility extends from when the mohair is 
"weighed inr'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 Wolexl 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 etc, but initiates 
and co-ordinates research and p r o m o t i ~ n ~ ~ ) .  In South Africa, no person or 
firm is entitled to trade with mohair (buy or sell, except through the Board), 
unless 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 1'". 

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%)im). Mohair is mainly produced in the Cape Province, more specifi- 
cally the Eastern Cape area. The annual value of the South African mohair clip 
was less than 100 million rand (30 million US dollars) in 1992, with that of the 
end-product about 2 000 million rand(1077). 

A large proportion 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 Goat 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 to 3.70kg in Texas or 2.25 kg 
in Turkey, 1.00 kg in  Argentina and 0.75 kg in ~esotho(w.  South African goats 
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have a relatively high SIP ratio(163), relatively low variation in the number of 
secondary follicles per follicle group@", relatively low percentages of follicles 
which become inactive with age(33n and a relatively greater depth of penetra- 
tion of the follicles into the dermis(lu3". 

The mohair from Lesotho is also marketed by the Mohair Board but is 
called Basutho Mohair and not Cape Mohair. Black(952) has described the mo- 
hair industv in Lesotho, the Angora goat in Lesotho producing about 1 kg of 
hair per animal per a n n ~ m ( ~ ~ ~ ) .  

3.1.2 Prooerties of Cane Mohair - -- - 

The lambing season is during JuneNuly and the kids are first shorn during 
JanuaryIFebruarv, this hair beina known as Summer Kid hair. The second 
shearing of the same animals tak& place in JulyIAugust and this is known as 
Winter Kid hair. The third shearing (two teeth), again six months later, is known 
as (Summer) Youno Goat hair. From the fourth shearino (four teeth). the hair is 
rated as ~ d &  hair ra). The first shearing includes quali&s such as super Sum- 
mer Kids (SSK) and Summer Kids ISK). The second includes Suoer 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 Februav 
(Summer hair) and in June t o  August (Winter the frequency of 
shearing. may vary from once every four months to once every eiaht months, 
dependkg on varibus economic, climatic and other SLce 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 better handha). while Summer hair i s  considered t o  be more 
dusty and perhaps slightly Gner. 

Van Wyk et a/(-) found that the SuDer Winter Kid hair was almost 5rrm 
coarser than the Super Summer Kid, and also had a clean yield of only 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 
Adult hair was about 2wm finer and l c m  shorter than the Summer Adult hair 
and was more uniform in fineness and length. The Winter Adult 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 
Venterc73 also found that Summer hair, over various parts of single fleec9s. was 
more variable i n  both lenath and fineness than Winter hair. 

~ r i b i n g e d ~ )  stated that, according to the work done at the South African 
Wool Textile Research lnstltute ISAWTRI). the Winter mohair was not markealv 
different from (inferior to) the s immer clip as had been widely believed. winter 
Adult hair aooeared to be more even in diameter alona the staple than Summer 
Adult hair(ai).'~inter hair was also generally whiter than the Summer hair when 
scoured(". oossiblv as a result of a lower degree of weathering. He concluded 
that there did not adpear to be sutficient justif;cation forthe wid; differentiation 
of the oast or for the retention of the desianations 'Wintef' and "Summer" in 
the fuiureim. 

- 
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Uy&W extended the work of Van Wyk et by using a larger sample 
population I1937 samples 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 6 p n  finer than Winter hair, while Winter hair tended to be, on 
averaoe. some 18mm lonaer than Summer hair. The arease content of Winter 
hair (6.6%) was also higher than that of Summer hair ( i . 4 ~ )  and the clean yield 
some 2.2% (absolute) lower. Similar trends, but of smaller maanitude in terms 
of absolute differences, were ohsewed for Young goats and-~dults. Uys(la) 
plotted mohair price against Bradford Count (fineness) as shown in the follow- 
ing graph (Fig. 7) and gave a table (Table 8)(1291 of average values for the sam- 
ples tested. 

p B.LENGTE/ 

LENGTH 

Fig 7 The Influence of Fineness on Mohair Price. for Different Lengths and in ~ o t a l " ~ ~ )  
(Same 30 Years Ago). 



The high price paid for the mohair 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 3 3 ~ m .  Young Goat hair was 33 to 
37pm('" and Adult hair over 37pm('". Mixed hair (MH) and Coarse hair (R)  
were on average over 43pn. with the Mixed hair slightly finer than the Coarse 
hair. He gave Table 9(lo4) as representative of the South African Mohair Clip at 
the time (ie some 30 years sgo). Good breeding practices have greatly im- 
proved the quality of South African mohair over the years. 

Uys(l8n 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 South African 

 TABLE^('^) 
AVERAGE VALUES FOR SAMPLES TESTED SOME 30 YEARS AGO 

TOTAAL . . . . . .  
TOTAL 3.6 566 5 1 2 1  10.1 . . . . . .  821 

'Percentage by number. 

TABLE 9('w 
AVERAGE COMPOSITION OF RAW MOHAIR SOME 30 YEARS AGO 

XU- ..*- -. ..... ...- 
I".. - 
I.*.- ..- A,.,* '.." 
7- 
,...a 

- 
Percentage by number. 

X) 



mohair clip at that time and showed the relationship between fineness, length 
and processing group on the one hand and price on the other hand. U ~ S ( ' ~ . ' "  
showed the effects of mohair length and stylelcharacter on price (Figs 8 and 9). 
In the fleece lines, clean yield varied from 60 to 92%. Fineness influenced price 
more for the long than for the short hair and more for fine than for coarse 
hair('"'], good length also being more important for fine than for coarse hair. 
The slight drop in price for the vely 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 (6pm) 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 (18rnrn) 
of the Winter Kids was ascribed to the bener 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 months(lM). Differences in grease content, between Summer 
and Winter Kids, were ascribed to the better feeding c~ndi t iond'~) .  

Fig 8 The Influence of Length on Mohair  ice('*^ (Some 30 Years Ago) 
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Fis 9 The Influence of Style and Character on Mohair Price for Different Fineness 
~ r a d e s ~ ' ~ ~ )  (Some 30 Years Ago). 

Uysll" 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 wool (Fig. 10(104)). The short fibres (below 25mrn) 
were ascribed to the presence of second-cuts during shearing and to short 
kemp(lo4). He stated that very strong hair, without style or character, should be 
avoided at all costs. 

Robie etafison 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 (q.~) and the bet;~ee~,-bale (ag) standard deviations for 
mohair base were as follows (Table 10): 



In a follow-up study. Gee and R~bie(~l ' '  studied the Winter clip. They re- 
ported that: 
1) The yield from Winter Kids was lower than for Summer Kids. 
2) Forthe Summer clip, Kids and Young goats had the same yield. 
3) The mature goats gave the same yield for winter and summer, the summer 

yield being lowerthan that for Kids and Young goats. 
4) The Winter Kids were slightly coarser than the Summer Kids, the reverse 

being true forthe Mature goats. 

Fig 10 Fibre Length Distribution of Mohair and ~ o o l ( ' ~ .  

TABLE l O ~ O ~  
STANDARD DNlATlON FOR MOHAIR BASE (%) 

"B 

3.27 

2.34 

4.13 

Mohair  c lass  

K i d  Mohair 

young Goat 

~ d u l t  Mohair  

"w 

1.22 

1.09 

2-03 



They presented the following table (Table 1 lo l l ) ) .  The "within bale" vari- 
ation for yield (expressed as mohair base) ( m )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 (Ow J for Kids (Winter and Summer) was 0.6pm and 
for Adults (Winter and Summer) it was 1.0 to 1.2pm, for Young goats it was I 
O.6pm in  Winter and l.Opm in Summer. The overall variation between bales 
was 1.9pm for the Winter clip and 1.4pm for the Summer clip. The above 
results agreed fairly well with the earlier observations of Van Wyk et a/rM). 

TABLE 11(311) 

SUMMARY OF OBJECnVE MEASUREMENT RESULTS FOR MOHAIR 

GROUP SmON I 
MOIIAIR BASE - % 

0.6 
73 1 2.2 35 1.0 1.4 
70 2.3 37 1.7. 

E r a s r n ~ d ~ ~ ~ )  reported on the various fleece, fibre and breeding properties 
which are recorded in  a South African mohair breeding scheme. 

Turpiew" gave Table 12 for the properties of mohair processed at SAW- 
TRI during the 1980's. 

TABLE 12~05)  
AVERAGE VALUES AND RANGES OFTHE VARIOUS MOHAIR PROPERTIES 

- 
I) lamrn ( p m )  

cv I%) 

supk kg* (mm) 

Mcdullati*" (5) 

Curb F 10 cm 

VM 1%) 

BANCE 

L U S  

m.11 

%I37 

0.1-28 

184.6 

0.1-1.7 

AYERACE VALUE 

33 

L( 

109 

1.0 

4J 

03  



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  ~ e b r u a i l ~ a r c h )  and the 
other Fall (shearins in A u o u s t / S e ~ t e m b e r l ( ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .  most of the mohair 
being produced in t i e  ~ o u t L ~ e s t e h  united States. 

In the USA, Angoras are largely concentrated in Texas, with smaller num- 
bers in New Mexico. Oklahoma. Michigan and other Statesl851). Texas oroduces 
about 96% of thetotal US mohair production, with the primary range being the 
Edwards Plateau in South Western Texa~(~"~ '1  (about 6 million Angoras on 
19.7 Million hectares)(lffi11 where the mild dry climate and hilly, bushy terrain 
are oarticularly well suited to their well being. Mohair in Texas is mainly grown 
in the area circumscribed by Uvalde, San ~nton io ,  Austin, Fort Worth aid San 
Angelo(gl). In Texas, mohair is sold through various warehouses in a free mar- 
ketwstem in which the oroducer has the final sav over the sale of his oroduct. 
~eve'rtheless the ~nited'states Department of A&~CUI~U~~(USDA)  adniinisters 
an incentive oavment scheme svstem. whereby an averaae orice for all mohair 
sold in that yka; is guaranteed for direct payment to prod&ers, hence the price 
of Texas mohair is supported (subsidised) if the market orice drops below the 
support price. The  oha air 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 offlces being located in 
San Angelo. Paschal("* reported on mohair production and promotion in the 
USA, production has also been discussed in another a r t i ~ l e ~ ~ ~ ] .  

The USA market has established various grades of product, based on sta- 
ple or "lock" characteristics, from the "ringlets" of the finest fleece to "flat" 
locks in which the curl is less pronounced and takes on the form of a wave(-). 
Classing is mainly associated with grading for fineness, with length also a crite- 
rion(-], with only 9 basic grades for mohair('0go). it being claimed 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(*Q, 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 37pn, kemp from 0.1 to 2% (defined and measured according to 
ASTM D2968-75 Part 33:606, kemp being fibres with medulla diameter exceed- 
ina 65% of the fibre diameterP1). Med fibres ranged from 0.1 to 1.1% kame 
method as for kemp fibres, but Med fibres havingiheir medulla diameter less 
than 65% of the fibre diameter) and veaetable matter ranaina from 0.1 to 1.5% 
for the samples tested(-'). 

Performance testing of Angora oats is undertaken at the Texas A & M 
Centre(lQ'). Recently L u p t ~ n  et a t a ,  discussed the performance testing of 
Angora goats in Texas and reported that during the 8 year period under consid- 
eration average clean mohair 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 about 69%. 40um and 150mm resoectivelv. with kemo - ~ - .  -.-~ .. ~ ~ ,~ 
(0.4%) also remaining approximately constant, but meddllation increasing from 
about 1.3 to about 3.390 (averaae about 2%1. Kemo content was not correlared 
with any of the measured characteristics except medullation, where the correla- 
tion was 0.33. 
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3.3 Turkey 
In Turkey there is normally only one clip per year(=), ie the goats (which 

are generally quite tame) are shorn once a year during May('OS6J (ie Spring). An 
official grading standard exists, with the hair normally sorted by exporters into 
First Kid. Best Average (Young Goat). Good Average (Fine Adult), Fair Average 
[Low Adult) and Mountain Konia [Mountain Hair about 31132pm). The clean 
scoured yield is about 70 to 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 i n  its unclassed state, although exporters do grad- 
ing before exporting 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. Muftiioglu and Orki~(~ ' l )  studied 
the oroduction and oualitv of mohair in Turkev and-oave average values for the 
various mohair character~stics at that time. ~ d r  exahple, cleanmohair content 
ranoed from 69 to 88%. the average vearlv fibre growth was 13.5 cm and aver- 
agecrimp was 3.2 pe; 10 cm. ~ k e ' a v e i a ~ e  fib;e diameter was 32pm. with 
average kemp and medullated fibres being 3.7 and 1.4%. respectively(571). 

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 1970[785'. In Australia, the 
Angora goats are mostly shorn twice a year('" lin the past, sometimes at 9 
months) and graded into standard qualities (various grades of Kids, Y o ~ n g  
Goats and Adults), depending upon quality and kemp content. Classers grade 
mohair into super, good and average style and character categories. Coning is 
classed into soft and hard ~ott("~'.  Pigmentation is severely ~enalised. Sta'ns 
must be skirted from the fleece, i t  increasing with increasing coverage and 
fleece wei htl"". The scoured yields are of the order 88 to 90% and the colour B good('056. Australian mohair is considered to be relatively fine and 
kernpy"u.-'-J i t  being reportedwlthat it needed to be 4pm finer than South 
African (Cape) mohair to be accepted in the same category. Kemp is resent to 
varying degrees, from FNF ifreehearly free) to very kempy cross-bred8". 

Harrnsworth"2J gave some details of Australian mohair as seen through 
the eyes of some Bradford merchants, while aspects of mohair production in  
Australia have been discussed by ~ t a ~ l e t o n ( * ~ ) ,  and others(9m1M9). According 
to ~tapleton"~l.-J and Gifford et al"'), as quoted by ~ t a p l e t o n ( ~ ~ J ,  Australian 
mohair has a yield of about 90%, a mean fibre diameter ranging from 24wm at 
the first shearing, 26pm at the second, 30pm at the third a i d  fourth shearing 
and about 33pm at later shearings, with the kemp levels about 2%. Fleece mass 
increases rapidly to the third shearing, reaches a peak at the f:fth or sixth shear- 
ing and then gradually declines showing some seasonal effect(8281. In Australia 
the maximum greas; fleece weights range from about 1.4 to 1.9 kg, at six 
months. 



Developing a mohair-producing flock from feral or milch females is stated 
to take at least five generations(8z8). Development of the Australian mohair 
industry is also discussed e l s e ~ h e r e ( ~ ~ ~ ~ .  

The following grading lines (Table 13) have been suggested (97* for Aus- 
tralian Mohair: 

TABLE 13(9nl 
AUSTRALIAN MOHAIR: SUGGESTED GRADING UNES 

For 
Kids 

small to medium 
.AAASFI( 
AASFK 
A.LAFK 
AAFK 

Young goats .a*AYG 
AAYG 

Adults rU4H 
A.4H 
AAASH 
AASH 

-sized herds, suitable lines for q a d i n g  are as follows: 
Superfine kids 23p over 150 mrn 
Superfine kids 23p 100 mm to 150 mm 
Fine kids 23-?ip over I50 mm 
Fine kids 23-27p 100 rnm to 150 mm 
Young goats 2i-3Op over 150 mm 
Young goats 27-30p 100 mm to 150 m m  
Adults 30-33p over 150 mm 
Adults 30-33p 100 mm to 150 mrn 
Adults 33p and coarser over 150 mm 
Adults 33fi and coarser 100 mm to 150 mm 

In  all cases, all very shon fibre should go to one line and be branded 'A mohair'. 
One line should be made of stain, which would carry the brand '%lohair Stain'. 

There is now a single classing standard for Australian('-) mohair. 
Recent infusions of new bloodlines from (South Africa and Texas) are 

stated(lo8') to be one of the most potentially beneficial events in the history of 
Australian Angoras. Reference has been made('-1 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- 

liab681, 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(- 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(1070). At the turn of 
this decade, New Zealand produced about 2% of the world mohair(lMn. 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 crossbred(1056). Bingham et aP961 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 
various articles~4928931995~, the mohairtending to be relatively fine, high yield- 
ing(768)and kempy (with only about4% having less than 2% but steps 
to rectify this. such as the use of imported low-kemp breeding stock and a 
dekemping process, were in progress (''-1. 



3.6 United Kingdom 
R ~ d e r ( ~ ~ ~ " ~ J ~ ~ ~ )  reported on the production of mohair in the 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)('-). Sorting is mostly done by the exporters, the scoured 
yields are approximately 75 to 80% with the colour good but the hair i s  relative- 
ly kempy(1056). In 1985 guidelines for the classing and types of mohair were 
approved by the Department of Agriculture for application in the entire coun- 
try(a6]. Other papers(a7.6Za629) also deal with mohair production in Argentina. 



CHAPTER 4 

CASHGORA 
Cashgora(a1'). shorn from the Cashgora goat(loZ3), 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, i t  being the progeny (Cashgora goat) 
of a cross between a male Anoora aoat (ram) and a female down-bearino icash- 
mere bearing) feral goat (th; fir; crossing producing the finest fib;es(%nl, 
which is Dredominantlv reared in New Zealand"9a1w3J02~. The Cashoora fibre 
(or hair) is the "down"~component of the fleece of the Cashgora and rs defined 
as being under 22pm. (18 to 23pm in Australia)('-1 with a length of 30 to 
90mm (or 40 to 60 rnm) ( '~~ ,  being shorn twice a year. It has to be dehaired (ie 
the down fibre has to be mechanically separated from the coarse hair)t6=n and 
has a low (gentle)(lw3) lustre and is soft and delicate to the t o ~ c h ( ' ~ ~ n .  Cashgo- 
ra is also described as a down fibre averaging between 18.5 and 22pm in 
diameter('". Cashgora is dehaired, using the same criteria as for cashmere, 
viz fibres coarser than 30pm are classified as guard hair(s17m"'), 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 mohairVs5). In Australia, the first 
cross between a female feral goat and a male Angora goat, is called Cashgo- 
ra(657), the fibre being considered to have some of the characteristics of both 
cashmere and m~hai r (~ 'n  (ie i t  is a cross between the Australia has 
four crossbred grades, the finest is classed as coarse cashmere and the coar- 
sest as kempy mohair. One of the Cashgora grades ranges from 19 to 2lpm and 
the other from 21 to 

In the Kid and Young Goat stage (up t o  2 years of age) the fleece of the 
Cashaora contains fibres which are similar to cashmere and also fibres which 
are o i the mohair type, both with lustre (G. Smith January, 1987). As the animal 
ages thereafter, the fine cashmere type fibres disa~pear and the fleece reverts 
t o  Superhe mohair in characteristk A Guard   air is always present. The 
mean diameter ranges from 19 to 24pm (CV 25%). although the range around 
each mean is fairly wide. Finer fibres are down to 12pm. with the coarser end 
running up to 45prn. The fibres are rnedullated in some cases, and the fleece 
has the same lustrous awearance of mohair, none of the fibres being crimped. 

Phan etatg71) discussed the morphological features of ~ a s h g o r c  showing 
that thev differed sufficientlv from those of Cashmere to allow the two types of 
fibres t o  be d~stin~uished.  everth he less, 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(-'. (See Figs 11 and 12). 

Phan et aP1-1 stated that the scale structure of Cashgora is more similar 
to that of mohair than to that of cashmere. Cashgora fibres ranged from a 
bilateral to non-bilateral structure, some resembling the bilateral structure of 
cashmere. others resembling the non-bilateral structure of mohair, with the 
majority being intermediate(=.-1. Bingham (quoted in gave corn- 
parative diameters for cashmere, Cashgora and mohair (see Fig. 3). 

New Zealand produces 95% of the world production of Cashgora(lM3). It 
accountsfor more than half the goat fibre exported from New Zealand, with the 
production during 1990/91 bein 140 000 kg(lom. (In 1988 New Zealand pro- 

200 OOOkg in 1990('". 
B duced 200 OOOkg C a ~ h g o r a ) ( ~ l .  Production of Cashgora was estimated at 
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Fig 11 Cashgora. ~ashrnere-~ike(~~~).  

F i g  12 Cashgora. ~oha i r -~ i ke (~~ ' ) .  

Friedlin(817a91), reported on the production and characteristics of New Zea- 
land Cashgora. New Zealand Cashgora has been defined(s5) as the down com- 
ponent from a two coated fleece (down and guard hair) having a mean fibre 
diameter between 17.5 (sometimes it can be as fine as 1 7 ~ m )  (817."1) and 
23pm, a standard deviation below 6pm. a CV of fibre diameter below 28% and 



less than 6% of fibres coarser than 30pm. It contains both orthocortex 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 whiteW4". New 
Zealand Cashgora fleece has also been defined(1012) as being under 22pm in 
mean diameter with a high down yield of 45% or more, staple length of 30 to 
90mm, yielding a fibre of low lustre or brilliance. which is soh and delicate to 
the touch. 

There are three types of Cashgora, ranging from the top end (18.5~m). 
marketed as "Ligne Or", the medium range 120pm) marketed as "Ligne Eme- 
rande" and the lower range (just below 22pm) marketed as "Ligne Sa- 
phir"(10231. 

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

17 to 18.5um 
19.5 to 2l>m and 
22 to 2 3 ~ m ( ~ ~ l )  
Cashgora is used in most articles of clothing (eg jackets, coats, scarves and 

stoles)@gs); with the exception of underwear and socks. The rest is all on the 
market. includino b l a n k e t ~ ( ~ ~ ~ ~ " l ) .  It is considered more suitable for the wea- . -~ ~- - ~ ~ .. 
ving trade for hijh-grade 1:ght weight suitlng iabr i~s(~~'1.  Albertin et com. 
pared the behaviour and propertiesof Cashgora and Cashmere d ~ r ~ n g  iinish~ng 
operations. 

Sh lomrn~~discussed the luxury fibres, such as Cashgora. from a buyers 
point of view. 

Tucker eta/(8991gave Table 14for the amino-acid composition of Cashgora 
and certain other speciality animal fibres. 

TABLE 14(8991 
AMINO ACID COMPOSmON (MOL %) OF SPECIALITY ANIMAL FIBRES 



CHAPTER 5 

MOHAIR 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 presenr), with the sweat 
(suint, the water soluble component) and grease (wax) combined, making up 
what is termed "yolk". The grease (wax) is secreted by the sebaceous glands 
and the sweat (suint) bv the sudiferous alands@'q. Other natural irnour~ties 
contained in mohair indlude sand and dzst (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(506). Australian mohair contains around 5 to 6% of 

Increased feed is thought to increase grease levels(1061). 
Tucker et a/(992) presented the following table for various speciality fibres 

(Table 15). 

TABLE 15m2) 
THE COMPOSITION OF RAW WHOLE FLEECES 

1 W e r  et al: 2 nupie; 3 ndrer et al; 4 - -; 
5 F u q d h  and Ieyva; 6 Villarmel 

The amount of wax (the purified form is known as lanolin) on mohair 
generally varies between about 4 and 6%(11°), wool containing 3 to 5 times as 
much. Mohair by virtue of its open fleece structure on the goat, is more expo- 



sed to weathering than wool and it could therefore be exoected that its waxwas 
more oxidised t6an that of wool(115), making it also more difficult to remove 
during scouring(u3). It had been suggested (CA Anderson quoted in Ref. (1'5)) 
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 mav be due to the hiaher surface activitv of the oxidi- 
sed wax or to the smaller percentage of wax normally found on mohair fib& 
fnr hnthNll5) . - . - - . . . . .  

l l ~ e 1 ~ ~ ~  compared the composition of mohair, karakul and merno wool 
waxes (Tables 16 and 17) and concluded that the moha'r and karakul waxes had 
the usual merino wax components in surprisingly similar proportions. 

TABLE 16(59J 
CHARACTERISTICS OF THE WAXES 

Wax content of the wool. % 
Saponification value 

(ma KOHlgm.) . . . . . -  
Acid "ah. . . . . . . . . . .  

. . . . . .  Hydraxyl value' 
lndine value . . . . . . . . .  
Aids. % . . . . . . . . .  
Unsaponi6able material. % ... 

TABLE 17(59) 
COMPOSITION OF THE UNSAPONIFIABLE FRACTION 

. . . . . . . . .  HyJroi;lrhuns 
... Urea complcaing alcohols 

. . . . . . . . .  "lsocholertcrol" 
Cholcsrcrol - - - . . . . . .  
Diols . . . . . . . . . . . .  
Unr~~olcedreridue . . . . . .  

Grove and Albertyn(116'U) modified the column-and-tray method of resi- 
dual grease determination on wool to make i t  suitable for mohair. The main 
changes involved cutting the mohair fibres to short lengths and blending them 
with fat-free cotton-wool. Subsequently(150) they showed that a laboratory cut- 
ting mill could be used to eliminate the cutting by hand. 

Mohair from Kids and Young Goats contains more grease than that from 
adults, with the grease content higher in winter than in summer@") and also 
higher towards the root (eg tip = 2.0%. Middle = 4.6% and root = 6.0%). Uys, 



quoted by Kriel(131), 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%. 

~riel("'1 published Table 18 for the chemical constants for mohair grease. 

TABLE 18(131', 
CHEMICAL CONSTANTS FOR MOHAIR GREASE 

Kriel(131' 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 al(691s2) gave the following comparative tables (Tables 19 to 21) 
based upon a limited number of samples. 

TABLE 19(691) 
THE ANALYSIS OF RAW WHOLE GOAT FLEECES 



TABLE 20(691) 
M E  ANALYSIS OF FIBRE FROM CASHMERE AND CASHMERWANGORA GOATS 

Sample No.  
Yielda H b r e  Dia. lbisr: Svrface Water I n t e r n a l  

and Type (2) (PI (2) Greased ~ o l u b l e s ~  Lipid.+ 
nean t SD (2) (2) (2) 

2-012. Aust. 
Cash. F leece  

2-012. Dam 

2-012, Guard 
H a i r  

3-436,  Aust. 
Cash./Angora 
Fleece  

3-436. Dam 

3-436. Guard 
Hai r  

71, Chinese 
Cash. F leece  

71. Dovn 

71, Guard Hair  

Chinese 1. 
F leece  

Chinese 1. Dovn 

Chinese 1. 
Guard Bair 

Chinese 2. 
Fleece 

Chinese 2. 
Dovn 

Chinese 2. 
Guard Ha i r  

woo1 

- - 

a Yie ld  from hand s o r t i n g ,  expressed on c lean  dry mass basis.  

Dir. by FFM. Of clean cond. f i b r e .  Expressed as percentage of 

(clean. dry f i b r e  + grease  + water oolublep). Expressed as percentage  

of (clean, d v  f i b r e  + i n t .  l i p i d s ) .  



TABLE 211~91) 
UNSAPONIFIABLE AND TOTAL FATTY ACID CONTENTS OFTHE GREASE 

SAMPLES 
- - - - 

Unsap. Content T o t a l  F a t t p  
Sample No. and Type 

(2) Acid ( X )  

2-012, Aust. Cash., Fleece 42 56 

2-012. Dovn 47 5 3  

2-012. Guard Hair  46 55  

3-436, Aust. Cash./Angora F l e e c e  40 55  

3-436, Do- 4 1  55  

3-436, Guard b i r  42 5 3  

71. Chinese. Fleece  44 54 

71, Down 47 52 

Chinese 1, Do= 51a 48  

~ o o l ~  4 5  - 50 50 - 55 

Mohairc 45 55 

a C h o l e s t e r o l  con ten t  26.0%. E.Y. Tru te r .  D. I l s e .  

Tucker et a P 2 )  gave the following table (Table 22) of values for the free 
fatty acid composition of surfacegreases. 

TABLE 22"" 
FREE FA l lY  AClD COMPOSITION OF SURFACE GREASES 

(mg/g DRY MASS) 

Tucker et a/(99a also gave the following tables of values (Tables 23 and 24) 
for the volatile and non-volatile fatty acids from the fleeces of Ausralian goats 
and sheep. They reported that the saponification values (SV) of the grease from 
the goat fleeces range from 129 - 153 and are significantly higher than that from 



wool, suggesting that the former probably contain lower molecular we;ght ma- 
terial than the esters in the latter. The iodine values IIVJ for cashmere. cashaora 
and Australian mohair fleeces were lower than those for wool and south kfri- 
can mohair(99z). 

TABLE 23(s2) 
VOLATILE FATPI ACIDS' FROM THE FLEECES OF AUSTRALIAN GOATS 

(+gig DRY FIBRE) 

k i d  % c3sbem 
A3918) 509718) 5291(8) 511310) 5712(0) 

~ i e t h y l  e ther  extractr grease 6apOnfie.i ard acids detennirrd as free 
acids. 
B h r c k ; D d o e  

TABLE 24(992) 
NON-VOIATILE FATTY ACIDS' FROM M E  FLEECES OF AUSTRALIAN GOATS 

AND SHEEP b g l g  DRY FIBRE) 



CHAPTER 6 

OBJECTIVE MEASUREMENT 
6.1 General 

The textile 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. It is therefore hardly surprlsing that considera- 
ble effort has been directed over the years towardsthe objective (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. 
6 )  Colour. 
7) Lustre. 
8 )  MedullationlKemp. 
9) StvleICharacter. 
yield, for example, is difficult to assess accurately visually to a level better 

than 2 to 3%(IoL6) and the ranid obiecive measurement of this imnonant pro- 
perty, particularly from a price point of view, is of considerable economic irn- 
portance. 

Douglas(-) discussed the advantages o f  Objective Measurement of rno- 
hair. He stated that the mohair top must achieve strict specifications to satisfy 
the spinning requirements, these include requirernentsfor: 

-Quantity of Top 
-Mean Fibre Diameter 
-Mean Fibre Length 
-Distribution (CV%) of Fibre Length 
-Max % Short Fibres less than 30mrn 
- Max % Dark Fibre Content 
-Max % Vegetable Matter SpeckContamination 
-Max % Entanolement (Neps) 
-Max Fatty ~ & e r  content. 
-Moisture Hegain, and specifically for mohair: 
-Max % kernp content. 
In addition, some spinners may have specifications which include:(840) 
- 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 rocessed efficiently. If specifications are incorrect. quality and productivity P fail Douelas1890) also stated that the impact of svnthetic fibres in the textile - 
industry necessitated that growers and Jsers of na1"ral fOres introduce objecti- 
ve snec~fication to define their orod~ct, synthetic fiores being manufactured to 
tighi tolerances and such that they easily meet rigid spffiific&ons. He conclu- 
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ded(m) that unless wool. cotton. mohair and cashmere are s~ecified thev are 
severe~y~disadvanta~ed from a processing point of view. He ;tressed that the 
variabilitv of natural oroducts. such as mohair. necessitated Drooer (re~resenta- . , 
tive) sa&ling and ahequate testing in order to obtain an accurate and reliable 
result. He re~eated the imoortance of clean vield. averaoe fineness (diameter) 
and kemp content in terms of mohair and value,-with length, strength. 
colour and lustre beina of lesser imoortance. A W A  Ltd commenced trials in 
mohair objective meagurement in dustralia in 1981. with the Angora Breed 
Societv, and orovide a core testing service for brokers and other fibre marketing 
organi;ations and a fleece measuring service for growers and breeders("~K 
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 l W O  
scoured yield basis(89"). This relates the tested yield to normal commercial 
yields for scouring greasy mohair. This yield is calculated from the Mohair Bare 
to include all vegetable matter, standard residuals of grease and dirt (which 
would normally be retained in commercial scouring), and allows for moisture 
reoain of 17% lvields of over 100% are therefore ~ossible). In addition to the 
foregoing, mid-side fleece samples, submitted b y  breeders, are washed and 
dried and a similar washina yield is c a l c u ~ a t e d ~ ~ ~ ~ ) .  The AWTA uses the airflow 
for measuring average fib;i diameter and the FDA when the fibre diameter 
distribution is also required. 

Gee(4g" reported on the objective measurement of mohair imported into 
South Africa during 1978. He gave the following table (Table 25) summarising 
his results: 

TABLE 25m3) 
MEAN VALUES FOR EACH TYPE AND VARIATION (0 )  BETWEEN LOTS 

BFM I - 
1 131 

BST 142 
BSDY 134 12 
BCM IU 
BLOX 131 14 
BGREY 130 

'Shirley Analyser Test 



The statistical distribution of wool and mohair length and fineness has 
been reported by ~ a r s a l o ~ ' ) .  

Bhalla et al('0221 reoorted on the ohvsical and chemical orooerties of Indian 
crossbred adult mohair. They found an average fibre diameier variability along 
mohair fibres ICVW) to be between 7 and 8%. comoared to 11 to 17% for the 
wools they tested:'~hey reported fibre lengthvariabilities ranging from15 to 
45%. with three out of the four woes of mohair havina a CV 15. 21. and 25%. 
They found the Wax (grease) contknt of their mohair to vary from 1.8 to 5.1%. 
Suint from 3.3 to 6.2%. Veaetable matter from C 6 to 2.5%. Ash content from 0.9 
to 1.5% and alcohol extraciable matter from 0.7 io 1.8%. 

6.2 Sampling for Objective Measurement 
Lineberry et al(3451 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 (a )  for fibre diameter and yield: 
Clean Fibre Yield Average Fibre Diameter 

ow 1.56% ow 1.3!iPm- 
ob 2.21 % ob 2.83pm 

It was calculated that a sampling precision of 1.0% yield of clean fibre 
could be achieved by taking 1 core from each of 24 randomly selected bags 
(from a consignment of 100 ba s), i f  two cores are taken per bale then only 20 
bales need to be sampled.  gee^"^^) investigated 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 509 of core material (10 
cores) from a bale could be regarded acceptable but not 2509. 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 l m m  in Hauteur and tail length. 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 l p m  change in diameter having a significant effect on 
price. It is therefore 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 lock is about 17% for mohair(gs)). A major step 
forward in improving and standardising the interlaboratory measurement of 
mohair fibre fineness occurred upon the introduction of the Mohairlabs Inter- 
national Round Trials and associated issuing of Mohairlabs stamps (see "MO- 
HAIRLABS"). 

Uys("* found that the Airflow method could be applied successfully to the 
measurement of mohair fibre diameter provided a specimen mass of 3.59 (as 
opposed to the 2.59 for wool) was used, with kemp and fibre length, within the 
ranges covered, having little effect on the readings obtained. Slinger and Ro- 
hie"=) 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 reater height clearance in the test chamber (32mm as opposed to 9 16mm)Qa. Ray et a P 6 )  found a correlation of 0.98 between Port-Ar airflow 
and projection microscope measurement of fibre diameter. ~ a d w i c h l ~ ~ ~ )  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. Schenekfa" 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 aflE37) described a computer supported sonic digitizer tech- 
nique for measuring the medullation of mohair. R~der('"~) discussed the Bit-pad 
measurement of fibre diameter and medullation. 

Smuts et a P @  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 resulted in a change of less than 0.5pm in the air-flow mea- 
sured diameter. Contrary to apriori  considerations, the degree of medullation 
had no apparent effect on air-flow measured diameter within the fairly wide 
range of levels k0.5 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 projection microscope mean diameter, the effects of CV 
of diameter and medullation, particularly the latter, being 

Hunter et al(707) studied the projection microscope measured diameter and 
variation in  diameter of some 852 samples of raw and scoured mohair and 380 
mohair tops. They found that, although standard deviation tends to increase 



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 UD to a mean fibre diameter of somewhere 
arcund 35@m after which the reverse occurred. For most practical purposes, 
however, the CV of diameter could be regarded as independent of mean fibre 
diameter, with an average value of appro~imately 27%. ihe 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 8.7@m, with more than 95% of the values lying between 6 and 12@m. They 
gave the following table (Table 26) of "average" (typical values) for CV of fibre 
diameter. 

TABLE 26(707) 
"AVERAGE" (TYPICAL) VALUES OF CV OF FIBRE DIAMETER 
CORRESPONDING TO DIFFERENT MEAN FIBRE DIAMETERS 

Mean Fibre Diametcr CV of Fibre Diameter 
(pm) (%) 

25 30 

Turpie and c o - ~ o r k e r s ( ~ ' z ~ l ~ * ~ ~ )  reported 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 little 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 also concluded that the FDA represented a reliable method for 
measuring mohair diameter, and a new cubic calibration procedure was pro- 
posed(-). Turpie et al(lWO) reported on differences between the calibrations for 
wool and mohair on the OFDA and FDA200, Blankenburg et a1(lm5) ascribing 
this to interaction between crimoiness and ellioticitv. with sniooet lenoth also 
playing a role. Blankenburg et &@"5) investig&ed ihe correl&ion of &e fibre 
ellipticitv (contour ratio). sniooet lenoth and embeddina medium with the mean 
fibie diameter (projection microscope) of mohair and wool, finding no correla- 
tion in the case of mohair. The ellipticity (ratio of major to minor axis) or the E 
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 etal(lwol 
when they attempted to measure wool tops by means of an OFDA calibrated 
using mohair, Turpie et finding that different calibrations are required 
for mohair and wool on both the FDA200 and the OFDA. The FDA system is 
applied in South Afiica for the routine measurement of fibre diameter and 
distribution of greasy mohair cores(lM8). 

Various ASTM and USDA test methods and standards for the fineness of 
mohair (greasy and top) and the assignment of Grade have been published 



over the years(308J81.-429.~ 584.832). The fineness measurement of some US 
commercial mohair top is given in Table 27(341. 

TABLE 27(341 
FINENESS MEASUREMENTS OF COMMERCIAL MOHAIR TOPS 

Gradar A ~ a w r  
( m i m a )  

Supor Lid 25.7 

32'. 30.0 
32.2 
34.0 

24'. 35.7 
LolsSeeond 41.4 

Phan eta/(" (quoted in Ref. (9781) gave the following comparative table of 
SEM measured fibre properties (Table 28(978)). 

TABLE 28(978)* 
DATA OF SPECIALITY FIBRES EXAMINED BY MEANS OF SEM 

2570 27 .5  

6615  1 : : :  

'From Phan et a!(895) 
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Phan et a/"") also gave another comparative figure (Fig. 2). 
Kritzinger(lm) 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 westhuysedU@ reported on fibre diameter distribution as affected 
by mohair age and type (see Fig. 1 ~ a ) ( ~ ~ ) .  

~ + d - m ~ A n n # o + o - - -  

Fig. 12a Variation in Fibre Diameter Influenced by Age and 1ypetu8). 
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7.2 Vibroscope Measurement of Mohair Fineness 
Barella and Vigo(w7.415~U6) found differences between wool and mohair in 

terms of inter- and intra-fibre linear density variability linversionsl as measured 
by means of a vibroscope. The inter- and intra-fibre variab~lity in linear density 
as well as the percentage of Cbres exhibiting inversions of linear dens:ty were 
generally 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 homoaeneous fibre assemblies. Hunter and 
Smuts(4u) showed that vibroscope l~near dens'ty for mohair agreed well with 
the values calculated from fibre diameter and dens~ty, the latter qenerally be~nq 
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'34) (usually 1.0 to 1.1('8), and rarely 
exceedino 1.212021. with that of wool often areater than 1.2('*. lower arades. 
grades oimohair fibres are stated to be less circiar'than the bette; 
arades"! Klenkl" cornoared the cross-sectional shaoe of various animal 
fibres, including rnohair.'~any fibres show black dotsoriitt le circles underthe 
microscope, which are caused by airfilled pockets or vacuolesl~.ZM! 

Fouda et abgY) used the diffraction from a He-Ne laser beam to measure 
~ - 

the dimensional parameters, transverse sectional shape and area of mohair 
fibres. Multiole beams were used to measure the refractive indices and birefrin- 
gence of mdhair. 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 aP'13" investigated the fineness relationship of 

grease mohair, card sliver and top, finding the average fibre diameter of the 
grease mohair about 0.6pm finer than that of the top, the card sliver fineness 
was on average 0.4pm finer than that of the top. They derived the following two 
empirical relationships: 

Grease Mohair Diameter (pm) = 6.58 + 0.9996 Top Diameter 
n = 69 ; r = 0.98 

Card Sliver Diameter (pm) = -0.24 + 0.99601 Top Diameter 
n = 110 : r = 0.99 



CHAPTER 8 

STAPLE LENGTH AND STRENGTH 
Turpie and co-workers(680.7M.705~751.757~815~ reported results for the staple 

length, strength and profile of mohair as measured automatically by means of 
the SAVVTRI Automatic Staole LenuthlStrenath tester. Usino the staole cross- . ~~~~ 

sec1:onal profile (taper diagrams) $d a t e c t k i q ~ e  of best trapeziums, they 
showed that the staple profile and length distr:bution could be used to oredict 
the fibre length distribution of the staple and the top. There was a reashably  
good correlation between mohair staple length measured manuallv and that 
measured by an  automat:^ staple len&h/streigth tester. An attempi was also 
made to relare staple profile 10 style and character. Figs 13 to 15 i l l~s t ra te  some 
of the results obtained by Turpie and co-workers. 

F i g  13 Machine Measured versus Manually Measured Staple Length for  oha air(^". 

Fig. 14 Mean Length of Top versus Mean Leneth Derived from Greasy Staple Dia- 
gramf705J. 
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Fig. 15 "Standardised" Grand Mean Profile for a Lot of Kid Mohair with Hauteur 
gram of the Top Produced from it ~uperimposed(~~~). 
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Pohle et 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 mohair 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 w o o l ( ~ 3 ~ .  

T~rp ie (~O~)  applied the SAWTRl staple lengthlstrength 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 mohair 
top length distribution, as well as possibly quantifying differences in mohair 
style and character (see Fig. 16). 

st-\'; , i-jT-; 
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2 
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Fig. 16 "Standardised Grand Mean Profiles Obtained from Various Styles of Adult 
  oh air('^^). 



CHAPTER 9 

QUALITY AND RELATED CHARACTERISTICS 
9.1 General 

The aualitv of mohair is described as a combination of stvle and character. 
freedom from kemp, lustre, handle, yolk and uniformity of' length and fine: 
ne~s( '~ '~) .  The Dresence of kemp is often the most undesirable quality characte- 
ristic of mohair. Mohair of lustre and handle, solid staple, uniform in 
length and practically free from kemp is defined as mohair of good quality(99). 
Handle is largely determined by fineness, althou h a soft natural yolk and olea- 
ginous dips also improve softness of handleta (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)(86'). 

Mohair characteristics of economic importance are(599.728) fineness (fibre 
diameter), length, style and character, contamination (kemp, coloured fibres 
and vegetablematter), 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 with length 
having a smaller, though still important, effect on price and processing than 
diameter. ~rov ided the mohair is not shorn shorter than about 75mm. ie not 
less thanabout 4 months growth (good staple length growth is considered to 
be at least 25mm Der month (y3), the average fibre lenath beina onlv about 
60% of the lock (staple) length, with a coefficiknt of variation of f i h e  length of 
40 to 70%, compared to about 20 to 25% for wool)(U3). 

Van Wyk et afl-1 correlated price differences with differences in clean 
yield, fineness and fineness distribution, weathering and length. According to 
Van der Westhuysen(-) quoted by M c G r e g ~ r " ~ ] ,  mohair price (averaged over 
a ten year period) decreased by about 5% for each lpn increase in fibre diame- 
ter. stabilisino at about 34um with a orice of about 55% of the maximum value 
(paid for 26& mohair). <rice was less affected by length, the maximum price 
beina  aid for about a 15cm staole lenath. Since there amears to be no benefit 
in p;oduction efficiency from ;hearing more than twice'per year, there is no 
economic iustification for shearina hair of under 75mm~28). 

~a jo r ' bu r r  and rass seed coniammants of mohair results in serious price 
~enalties (McGrenorg'~'") and so does kemD levels, veaetable fault mohair 
fetching about half the average price of other m ~ h a i r t y ~ e & ~ ' ~ ~ .  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 Coloured 
(eg black or red) fibres may be present and could affect the finished cloth, 
pa-rticularly if light shades are dyed, and thereby the value of the mohair. Burrs 
or excessive ve~etable matter in the fleece also have to be  remove^('^^). Urine 
and certain types of soil and vegetable matter contain substances which stain 
mohair 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(728). 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 remainins Dortion beina made UD of orease. - .  - " 
dirt, dust and sweat. 

Style and character are judged subjectively. high quality style being des- 



cribed as solid-twisted ringlets (staples or locks), while character is described as 
the waviness or crimp shown in the Style without character or 
vice versa, is undesirable and a good balance between these two characteristics 
is considered to be of paramount i m p o r t a n ~ e ( ~ ~ . ~ ~ ~ ) .  

M c G r e g ~ r ( ~ O ~ ~ )  gave the following table summarising the effects of various 
mohair quality characteristics on price and processing: 

TABLE 29(1°'" 
M E  INnUENCE OF VARIOUS CHARACTERISTICS OF MOHAIR ON BUYERS 
LEVEL OF DISCOUNT AND ON THE LEVEL OF PROCESSING PERFORMANCE 

OF MOHAIR 

I Character 

Pibre Diameter 

Length 

Xemp Content 

Vegetable Fault 

S t y l e  and Charactel 

Lustre 

Range of  Buyer 
Discounts 

0-45% 

0-18% 

0-20% 

0-50% 

no data 

no data 

Ef fects  on 
Processing 

50-300% 

25-40% 

50-100% 

no data 

5-10% 

no data 

9.2 Mohair Classine and Oualitv ~ - ~ ~ ~-~~~ - * 
The importance of good-classing of mohair has been stressed by Ven- 

ter(99). and M a r n o ~ d ( ~ ~ ~ )  also discussed the merits of good classing (shed or 
store) on maximising profits. The simplest description of good classing has 
been aiven(5s 761) as uniformitv within each class of lenath. fineness. stvle and 

~ ~ . . 
charaGter and degree of contakinat:on (kemp, vegetablematter and stain). Uni- 
formitv of the mohair within the bale or baa is verv i m ~ o r t a n l ' ~ ~ ~ .  An important 
objective of classing is to achieve uniform& of "&ality", particularly fheness 
(diameter). and classina standards and regulations are laid down and continu- 
ously updated in  most L f  the important m iha~r  producmg countries, and part!. 
cularlv in South Africa. Class nq must separate the different parts of the fleece 
which differ in fineness, colou;(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 fleece. Even within a staple, the fibre diameter 
varies considerablyn2@ between fibres, mohair fibres generally are finer to- 
wards the tips, due to the fact that mohair fibres become coarser as the goat 
aaes (up to the age of about eight y e a ~ s ( l ~ . ~ ~ ) ) .  VentedTz) 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 kernpy, wasty and weathered, should also be 
classed separately. The hair on the shoulder, side and thigh should be grouped 
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together, generally being "average" in terms of length and diameter but has 
the best qualitv hair i n  the fleece(") (the belly, if not stained or seedy, could 
possibly aiso beclassed into this group). 

H ~ b s o n ( ' ~ ~  discussed the classing o f  Cape Mohair, stating that classing 
aimed lo achreve un~formky of finenesiand unrformrty of  length; and untform: 
~ t y  of slyle and charscter and quahty (standard of breedmg 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 too the 
britch ends and often also the neck (unless i t  is verv light and attractive in 
appearance), witn the back being removed i f  it is "was* or "spongy". 

Stvle, character and lustre are considered important quality characreris- 
tics, n& only because of their aesthetic appeal but also becailse they can be 
related to the weathering of the hair on the goat(lO'O) (and to various other 
important characteristics). Style and character are discussed in more detail in 
the next section (seealso Ref. (a7)). 

9.3 Style and Character 
"Style and Character", as a "composite measuie" of mohair quality, is 

considered difficult to define precisely('011) and the role of style 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 also the "brightness and bloom" of the fibre) or 

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 crimp) frequen- 
cy(W), with the presence of kemp also playing a rBle. 

Essentially two types of locks (staples) are recognised viz "ringlet" (tight 
lock) and "non-ringlet" (mostly flat lock type), although there are basically three 
primary types of mohair fleeces based upon the formation of the lock, viz. the 
tight lock type (solid twisted ringlet), the flat lock type and the fluffy or open 
type. Angora breeders generally prefer a well developed tight lock, or ringlet, 
although some refer the flat lock which is also associated with a very desirable 
type o f  m ~ h a i r k . ~ ~ ' ) .  The tight lock type has ringlets (curls or twists in the 
staple) throughout almost its entire length, and is usually associated with fine- 
ness o f  f lee~e"~w,  while the flat lock type is usually wavy, has large crimp 
(waves). an absence of rindets and forms a more "bulkv" fleece. This woe is 
usually associated with heavy and coarser fleeces, and asatisfactory of 
hair. The fluffv or open fleece type ~sual lv  lacks in a distinct style and character. 
and probablystands 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 n o h a ~ r  but of a lower yleld, than t~ghtlock 
("r,nalet") types and tend to be coarser The different lock types are not cons~d- 
eredio be identifiable after scouring. Rin let types are also thought to be asso- 
ciated with more uniform staple length%5). 

Hiah auality stvle in mohair may be described as solid, twisted rinolets 
(staple;), a'baiancebetween style and character being req~ired(~w.~2@. Good 
style and character reflect a healthy, well protected fleece(728). 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 blunt point that turns b a ~ k ( ' ~ ' ~ ) ~  An excess or absence of one 
of these qualities will result in undesirable s~aples('~'~). 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(6), ringlet frequency (density of spiral turns) 
being correlated with fineness of the fibres contained in the ringlet16). Duerden 
and Spencer@) stated that a distinct 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 stvle and character") tendina to be (well arown Kids and Younu - 
Goats hair, G t h  super style and charact&, often not being as fine as i t  appears 
to B a d e n h ~ r s t ( ' ~ ~ ~ )  reported a Door correlation between mohair stvle at 
the age of 10 months and thai 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 0.58. The flat lock type tends to remain that, over the age of the 
aoat (exceot as vounu Kids), whereas the rinalet tvue is not alwavs uniform or 
permaneni, ringiet "type" on Kids can revertio another lock typelater, i t  could 
also change to another lock type over the posterior portion of the body(965). 
Recently, Badenhorst et a/(1058) 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 40pm). 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 according to five classes 
that vary in quality and are described in the following descending order: Super, 
Good, Plus Average, Average and Poor. Results by TurpieVo" indicated th-t 
style and character may be refiected in the uniformity of the mohair stap a 
cross-section (Fig. 17). 

CROSS 
SECIION 
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LENGTH % 

Fig. 17 Standard Mean Cross Section Profiles from 'Open Mohair' (-), Stylish Mohair (--). 
Mohair with Character (1111) and Mohair with 'Style and Character' (ooo). 05,'0'5'. 



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 i n  different countries@6'. In general the best grades of mohair are from 
Kids under six months old (ie first shearin Some individual fibres in this 8 .  grade are as fine as 6 to 10pm in diameterlS6. Ventefla found large variations 
in fibre diameter within a grade, resulting in considerable over-lapping be- 
tween the grades. A marked improvement occurred in this respect, once the 
mohair was classified into trade types. According to his work, Ventert7a sug- 
gestsd the following fineness limits for the different mohair trade types (Table 
30). 

TABLE 30(7a 
PROPOSED UMrrS OF FINENESS FOR MOHAIR TRADE TYPES 

Limits of Fineness (pm) 

5 27.6 
27.7-30.2 
30.3-33.1 
33.2-36.2 
36.3-39.7 
39.8-43.2 

2 43.3 
I I 
'Bradford Spinning Count 

He stated that for Trade Type 1, "character" and "style" were the decisive 
factors while trade Types 9 and 10 could 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 manufacturerwas involved. 

~ e n t e r v a  found a linear relationship between Trade Type and the loga- 
rithm of fibrediameter. 

According to U ~ S ( ' ~ ) ,  the South African type SFK of that time. would fall 
into Bradford counts 8 or 7. types SK and K into 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 asfollows: 

Kids (first and second shearinol: 6's to 8's (first shearing Kid is aenerallv - - -  ". - - 
the finest at 8's or even finer). 

Youns Goats (third shearino) : 5's 
young  wes sand Kapaters iiourth shearing) : 4's 
Old Ewes and Kaoaten (fifth shearins) : 3's 
Rams, Older EW& and Kapaters : 2's- 
Very Strong : 1's 

"See also "SPINNING LIMITS AND WALIN" 



Nowadays the fineness (in micron), rather than the age of the goat at 
shearing, determines the fineness classes(2M). 

The USDA has also given recommendations concerning the sampling and 
fineness testing of mohair at various stages 14". Various ASTM Standard soeci- 
fications for the fineness of wool and mohair and the assignment of grade in 
the USA, have been given(675.". 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) (3a1.e830). It also covers mohair that is in the pulled, washed or scoured 
state or in the form of card 

TABLE 31(4"J05n 
SPECIFICATIONS FOR THE OFFICIAL GRADES OF GREASE MOHAIR 

CMde 
Range t a  A v e a g e  F i k  Standard Deviadon. 

k e t e r .  p mar. wn 
FW man 40s rnder 23.01 7.2 
40s 23.01 to 25.00 7.6 
36s 25.01 to 27.W 8.0 
32s 27.01 to 29.W 8.4 
30s 29.01 to 31.W 8.8 
28s 31.01 to 33.00 9.2 
26s 33.01 to 35.W 9.6 
24s 35.01 lo 37.W 10.0 
22s 37.01 to 39.W 10.5 
20s 39.01 to 41-00 11.0 
18s 41.01 to 43.W 11.5 
COaner man 18s over 43.01 

*The spedb60ns in mls tab& cmfwm to me Omcial Standards at the Ulited 
States fa Grades of Grease Mdwk as m l g a t e c  by the U.S. w e n t  of 
Agkdture. e w e  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 
type(3a1."*1J090. Grade must not be confused with "quality", such as the 
Bradford "Quality". 

TABLE 32(429) 
SPECIFICATIONS FOR THE OFFICIAL GRADES OF MOHAIR TOP 



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(42". 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 
r u g ~ l ' ~ ~ ~ .  Grades 4, 5 and 6 were used in considerable amounts in blends with 
lustre and medium crossbred 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 (426). 

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

TABLE 33 
SOME APPROXIMATEIQUAUTY TYPES 

Spinning 
Count 

K ids  

K i d s  

K ids  

- 
YG 

A 

A 

A 

- 

58-60's 

56's 

50-54 's  

- 
46-48's 

44's 

36-40's 

32-36's 

28's 

SSX 

SVX 

WSK 

- 
SYG 

SWH 
SSP 
SF0 
WHO 
ARE 

CBH 

Eng l i sh  
Grades 

- 
K i d  

30 

- 
32 

34 

36 

38 

40 

Preliminary 
-SSK - Super Summer Kids SWK - Super Winter Kids 

WSK - WintedSummer Kids SYG - Summer Young Goats 
SWH - Superwinter Hair SSF - Super Summer Ferals 
SF0 - Summer First& Older WHO - Winter Hair & Older 
ARH - Adult (Ram's Hair) CBH - Cross.Bred Hair (Adunf 

9.5 Spinning Limits and Quality' 
Mohair is often considered t o  be very difficult to spin because of its 

smoothness and lack of cohesion. Nevertheless, provided the correct proces- 
sing additives and condirions 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 ~ o o d ( ~ ~ 1 ,  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 revlmin on 
the ring-frame, provided the ring was of the proper size. HetS1) further stated 
that, according to experience, the finest mohair yarn which could be spun was 
one containing 24 fibres in the cross-section. this a ~ ~ l v i n o  to all classes and 
types of spinning equipment (a 4's mohair has a fineness oiabout 1.77 tex and 
could be sDun to about a 30 tex varn, as a limitina count). - 

Villers(*l described the traditional processing of mohair, and gave the 
following table (Table 34) comparing the spinning limits of mohair with its 
quality, stating that mohairwas rarely spun finerthan a 40's worsted count. 

TABLE 34f82) 
COMPARING THE SPINNING LIMITS OF MOHAIR WITH ITS QUALITY 

A similar table was also given in another article('). 

Spinning L i m i t  

I worsted Tex 

Mohair grades (probably US grades) extend from 45's which is the top 
quality (Super Kids) to 16's or la's, the lowest quality. The 45's quality is rough- 
ly equivalent to 58's to 60's grade sheep wool. A 7's to 6's quality mohair was 

Mohair Q u a l i t y  



usually held to be equivalent to a 56's merino wool (26 - 28pn) in terms of fibre 
fineness(". mohair fibres generally being coarser at the root than at the tipM. 

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 Counts of 6's. 7's and 8's were aenerallv Kids and 2's. 3's and 4's - 
generally Adult hair. 

Another report(15) gave the following table (Table35): 

TABLE 35(15) 
MOHAIR SPINNING mrrs 

French I Bradford I Diyeter 
:lassification Classlflcation Limits (m 

.inear Density 
(dtex) 

7.20 - 8.35 

8.35 - 9.75 

9.75 - 11.55 

11.55 - 13.70 

13.70 - 16.40 

16.40 - 20.35 

20.35 - 25.80 

Daneer and ~oehr ich( '~)  also gave the following table (Table 36): 

TABLE 36('q 
MOHAIR SPINNING LIMITS 

class 

6 

5 

4 

3 

2 

*Amearsto be theold Bradford mohair quality count 

D i a m e t e r  L i m i t s  

( P )  

27 .9  - 30.9 

30 .9  - 34 .3  

34.3 - 38.0  

38 .0  - 42.2  

42.2 - 46.8 

Mean 
D i a m e t e r  

( P )  

29.4 

32 .6  

3 6 . 1  

4 0 . 1  

44.5 

L i n e a r  D e n s .  
( d t e x )  

L i m i t s  

8.00  - 9.84  

9.84 - 12.10 

1 2 - 1 0  - 14.88  

14 .88  - 1 8 . 3 1  

18 .31  - 22.52  

L i n e a r  D e n s .  
( d t e x )  
U e a n  

8 . 9 2  

1 0 . 9 7  

1 3 . 4 1  

1 6 . 5 9  

2 0 . 4 1  



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 strenqth of the fabric. Generallv. in the case of animal fibres. fibre 
strength increases almost linearly with the fibre cross-sectional area, moie par- 
ticularlv the cross-sectional area of the thinnest dace alonu the fibre. The fibre 
strength divided by the fibre cross-sectional a;ea (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 OOOm 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@O) (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%. 

Fig 18 SbesdStrain Curves for Wool. Hair and Casein 
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FIF10 = 1 + 0.1 Log (WR10) 
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 glmin and the average linear density of the sample tested. 
Meredith"" found that mohair and camel hair have a greater yield 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 strainQa). 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 
energy"". 

According to Meredith(zo) the tenacity of the Turkish mohair he tested was 
about 12.7 cNAex, extension 30%. initial modulus 348 cNItex, yield point stress 
7.8 cNItex, yield strain 3.4%. work-to-rupture 2.66 cN.cmJtex 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 obeying 

Fig 19 Wool. Hair and Casein Fibrdzl). 
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Hooke's law, the Work Factor is 0.5(~~). Meredith(21) illustrated the excellent 
elasticrecovery of mohair and wool (Fig. 19). The excellent elasticity of mohair 
compared to other fibres, is also illustrated in Fig. 20(2n. 

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 
considereden. Wool and mohair have similar elastic properties(30), with out- 
standing elastic recovery in the dry state, which is improved after mechanical 
conditioning and when wet(30). 

0 
I. 

I 2 3 4 5 
TOTAL ELONGATION (%I 

Fig 20 Deformation Index of Elarticity vs Total ~lon~ationkn. 



Fig. 21 

Fig. 22 Immediate Elastic Deformation vs Total ~longatian('n. 



Susich and Zagieb~ylo"~)  gave the following stress-strain curves for mo- 
hair and other textile fibres, Fig. 23I3O). The differences in  the stress-strain 
curves of the single fibres and the yarns were considered to be due t o  the effect 
of the yarn structure. The low extensibility o f  the mohair yarn was ascribed to 
fibre slippage resulting from the smooth surface, absence of crimp and relative- 
l y  low twist(30). The stress-strain curves for the wet  state are shown in  Fig. 
24t30). 

:HUMAN HAIR 7 
%&R SINGLE FIBER 

SINGLE FIBER 

Fig 23 Stress-Strain Curves for Original Fibres. Vertical and Horizontal Lines Indicate 
Standard Deviations of Ultimate 
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F i g  24 Stress-Strain Curves for Wet Fibres. Vertical and Horizontal Lines Indicate Stan. 
dard Deviations of Ultimate 

Susich and Zagieboyla(3Ot found that mohair (and human hair) have rela- 
tive wet tenacities around 80%, being less affected by water than wool. Its 
relative resistance to swelling in water was partly ascribed to its morphology 
and chemical composition. 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('OO'gave the following table of mohair fibre prop- 
erties (Table 37). 



TABLE 37(lW) 
FIBRE PROPERTIES 

Mohair Camel Silk Tvssah 
hair (Japan silk 

-) 

. . . .  Tenacity, g./ter. 
Breaking extension, % . . 

.. Work of rupture, g.itex. .. Initial modulus. e.itex. 
~ l a s t i c  r e c o v e j  Prom: 
half breaking load . . 
half breaking extension 

Wet strength!dry strength 
x 100% . . . . . .  

Density, g.1c.c. . . . .  
Moishue regain at  65:& 

R.H. . . . . . .  
Refrachwe index: 

light vibration I I axis.. 
light vibration 1 axis.. 

Electrical resistance a t  
65% R.H. (ohm-gicm.3 

Effect of sunlieht. pro- - . .  
longed exposure . . 

. . . .  Attack by moths 

Attack by mildew . . 

To convert gltex to 

- - 5x10' - 
Loss of strength, 

affected more 
Similar tban cotton 

May be attacked, 
to wool more resistant 

than wool 
N o t  u s u a l l y  

attacked 

cWter multiply by 0.98. 

C r e ~ t h e r ( ' ~ ~ )  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 exoerimental error. for all fibre tvoes(lB). Reduction followed bv reaction 
with ethylene dibromibe did not greaiiy affect the stress-strain of the 
fibres. It was concluded that side-chain interactions between helical structures --. ~ ~ 

and matrix molecdes contan'ng many interchan aisulphde bonds were chef- 
Iv resoons;ble for stiffenina the fibre in the Hookean rea;on('35). ' 

 ats son and ~ a r t i n ( ~ ~ 5 ~ a v e  the following table l ~ a b i e  38) of the tensile 
properties of speciality fibres. 

Hunter and K r ~ g e d ' ~ ' ~ ~ )  compared the single fibre tensile properties of 
kemp, mohair and wool fibres (at lOmm 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 fibres 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- 
bre~('~.''". 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)LOZ83 



TABLE 38(l5n 
TENSILE PROPERTIES OF SPECIALITY HAIR FIBRES 

Scoured Scoured 
64'5 wool 26's fawn &haired Dcbaind 
top. d c  mohair alpaca hloongaiian hlongolian D e b a d  

A Dry properties -Yd marching. flee cashmere camel hair V ~ C U U  

Number or hber. tcrted 
Denier 
Standard deviation 

Tenacity, =/den 
Standard deviation 

Elongation at b r e k  % 
Standard deviation 

Elastic modulur, glden 
Standard deviation 

1Vo:k mo.-ery: 
after 2% extension 
after 5% exemion 
after 10% extension 

Length recover)-: 
after 2% exremion 
after 55% extension 
after 10'1, exremion 

B. \Vet properties 

Sumber of fibers tested 
Denier 
Standard deviation 

Terncity, g/den 
Standard deuiarion 

Elongation a t  b m k .  % 
Standard deviation 

Eksric modulus, =/den 
Standard deviarian 

Work recovery: 
drer 2% extension 
drer 5% extension 
after 10% extension 

To convert glden to cN/tex x 8.83. 

Although 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 cNitex. 

~ i n & ' ~ l )  found the bending and extension moduli of mohair not to differ 
significantly. Bending tests on kemp fibres led to the conclusion that there were 



two distinct types of kemp 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 cNltex while the bend- 
ing modulus of theType I (medulla almost devoid of cells ie hollow) fibres was 
79 cN/tex and that of Type II (medullae packed with cells) 362 cNhex. The 
stretching (extension) moduli of the two types of kemp fibres were similar. For 
the Type II kemp fibres, the bending modulus was always larger than the exten- 
sion modulus. Where-as for the Type I kemp fibres they were similar. The ex- 
tension modulus was about 92 cNItex for both types. 

Carter et a/(lg5) found that the stress at 15% extension and certain other 
fibre tensile properties in water were similar for mohair and wool 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 a/u3fl found that the shoulder of the 
stress-strain curve of mohair was much more angular than that of wool, 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 ~ u n t e r ( " ~ )  compared the single fibre tensile proper- 
ties of kemp and mohair fibres, at various gauge lengths from various Cape and 
Lesotho (Basuto) mohair types. At a gauge length of lOmm, the extensions of 

TABLE 39(545) 
AVERAGE VALUES FOR SOME TENSILE PROPERTIES' OF WOOL AND MOHAIR 

PROPERTY 

WOOL*** 

Fibrc diameter (l lm) 
Linear density (dtcx) 
Staple crimp (cm-1) 
Rerirtancc to  compression (mm) 
Bulkidiameter ratio (mm/p  m).. 
Tcnacity (cN/tex)-• 
Initial modulur (cNitcn)** 
Extension at  break (%) 

MOHAIR 

Fibre diameter ( ~ r m )  
Linear density (dtex) 
Tenacity (cX/ tex) 
Initial modulus (cN/tcx) 
Extension at  brcak (9%) 

- 
MEAN - 

22.7 
6.6 
4.2 

17.5 
0.79 

12.7 
290 
37.0 

32:l 
11.9 
16.7 

407 
42.7 - 

*- 20 mm test lenmh.and ratc of extension 20 mmlmin 

RANGE 

- 
**-since t h a c  values depend on crimp a table of typical (average) values is given later (Table IV) 

showing the dependence of thcv properties on crimp 

***- Low crimp w w b  cxcluded 



the mohair and kemp fibres were similar, 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 
longer. The absolute breaking strength of the kemp was genera!ly higher than 
?hat 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 et a P 5 )  also included some results for mohair. They showed that 
the single fibre pre-yield slope (initial modulusi 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 wool of the same diameter, and the mohair 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 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(343). The following tables are reproduced from 
the report by Smuts and Hunted34* (Tables 40 to 43). 

TABLE 4 0 ' ~ ~ )  
EFFECT OF GAUGE LENGTH ON THE AVERAGE TENSILE VALUES 

GAUGE LENGTH 
(mm) 

10 
40 or 50 
100 

EXTENSION AT BREAK 
(%) 

Mohair 

47,9 
3 8 3  
302 

TENACITY 
igfltex) 

Mohair 

18.3 
15,8 
12.9 

Heterntype 

- 

- 

26,2 

Kemp 

46.6 
34,9 
?1,8 

Heterotype 

- 
- 

11,O 

Kemp 

15,l 
12.7 
9,O 



TABLE 41@") 
SOME TENACllY AND EXENSION VALUES OBTAINED ON MOHAIR AND 

KEMP BY OTHER WORKERS 

Source of Data 

Watson and Martin(4' 
Frohlichl5) 
Frohlichl5) 
Hunter and Krugerc3) 

Gauge 
Len@ 
(mm) 

- 
25.4 
10 
10 
10 

10 

20 

20 

20 

20 

5 0  

5 0  

so 

5 0  

Late of 
tensio 
!6/min] 
- 
100 
- 

- 

20 

- 

- 

100 

100 

100 

100 

100 

100 

100 

100 

- 

Type of Mohair 

Mohair 
S.A. Mohair 
Texas Mohair 
S.A. hlohair 
Kemp 
Kemp 
Mohair 
Mohair 
S.A. Summer Kid 
Kemp 
Mohair 
S.A. Summer Kid 
Kemp 
Mohair 
SA. Adult 
Kemp 
Mohair 
Turkish Adult 
Kemp 
Mohair 
S.A. Adult 
Kemp 
Mohair 
k k i s h  Adult 
Kemp 
Mohair 
Basutoland Adult 
Kemp 
Mohair 

2s Cape 
Kemp 
Mohair 

7 0  convert %Itex to cNltex multi~ly by 0.98. New Reference Numbers: 
4 = 157; 3 = 153,172 
5 = 197; 6 = 31 
2 = 3 0 9 : 7 = 1 W  



TENSILE VALUES 
TABLE 4213" 

OBTAINED ON WINTER AND 
FIBRES 

SUMMER MOHAIR AND KEMP 

10 mm Gauge Leng 

BSFH 
BSFH 

40 mm Gauge Len@ 

WINTER 

Mean ( 16.5 1 11.7 

SUMMER 

Extension (%) 11 Tenacity (gfitex) 1 Extension (%I 

Kemp - - 

47,s 
- 

46.2 
45.1 
- 
- 
46,4 
- - 

27,7 
- 

32.1 
- 

36,3 

Kemp 

16.0 
- 

13.5 
14.9 
- 

14.8 

10.7 
- 

13.2 
- 

14,O 

12,6 

TABLE 43aU) 
AVERAGE TENSILE VALUES OBTAINED ON WINTER AND SUMMER MOHAIR 

AND KEMP FIBRES 

Mdwir 

48.4 
- 

46.7 
45.8 
- 

47.0 

30,9 
- 

37.7 
- 

39.1 

35,9 

GAUGE 
LENGTH 

10 mm 

40mm 

FIBRE 
TYPE 

Mohair 
Kemp 
Mohair 
Kemp 

WINTER 

Extension (96) euacity Wltex) 

SUMMER 

Extension (%) emcity @hex) 

483 
47.2 
40,4 
35.9 

18.9 
IS,O 
16.8 
12.6 

46,6 
45.4 
37,s 
33.3 

17,6 
15.6 
15,3 
13.0 



Smuts et afluz) gave the following comparative graph (Fig. 25) for the 
single fibre strength of mohair and wool. 

MEAN MEASURED IVIBROSCOPE) LINEAR DENSITY Idtex) -k x7 
Fig. 25 Relationship behveen Mean Fibre Breaking Strength and Measured Wibroscope) 
Linear Density for W w l  and ~ohaihuz! 



Van der Westhuy~en"~* gave the following comparative table of fibre ten- 
sile properties: 

TABLE 44(728) 
A COMPARISON OF M E  BREAKING AND TENSlLF SlRENGTHS OF MOHAIR 

WITH OTHER FIBRES 

Breaking 
Fineness strength of Tensile 

Type of fibre ( 4  single fibres str?ng;h 
(durn) (kWm4 

Mohair 25.4 6.4177 2154 
Wool 25.8 0.3116 1510 
Camel hair 26.6 0.3932 1808 
Human hair 58.6 1.1324 2439 

70 convert kglcm' to cN/tex multiply by 0.0075. 

Kawabata and co-workers'~9"Jo1* gave the following table (Table 45) of 
comparative single fibre properties: 

TABLE 45(~.911.101" 
YOUNG'S MODULI OF SINGLE FIBRES EL LONGITUDINAL ETTRANSVERSE, 

G SHEAR 

Diameter Modulus (CPa) EL/% Bending Torsianal 
Stiffness Stiffness 

Fibre urn % E ,  G (nNm2) ( n N m a )  

NZ woo1 
Corciedale 35 4.25 1.25 2.42 3.40 35.2 46.9 
Coopvarth 35-37 3.93 0.94 0.73 4.18 39.5 13.5 

Mohair Fine 32 3.91 0.95 0.76 4.12 27.6 15.0 
Kid 28 4.95 1.27 0.61 3.90 25.6 15.0 

nerino 22 4.12 1.11 1.08 3.71 8.40 8.74 

Niwa and ~ o - w o r k e r s ~ ~ ~ 9 8 6 ~ 1 0 1 ~ ~  compared the performance of New Zea- 
land wool and mohair under repeated loading. 

10.2 Fibre Bundle Tenacity Properties 
Mauer~ber~er '~ "  gave values of about 16.3 cN1tex for the bundle tenacity 

(75mm gauge length) for mohair, the value being very similar for tops rang- 
ing in fibre diameter from 25 to 36pm. 

Onions e t a P 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 wool. They found that, for the mohair tops, the tensile 
results were higher for the coarser and longer mohair lots. 

Hunter and ~ r n u t s ( ~ ~ 2 1  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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to 4 4 ~ m .  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 461542) 
TYPICAL TENSILE PROPERTIES OF MOHAIR 

Tenacity (cN/tex) 
Extension (%) 
Initial Modulus (cN/tex) 

ROW* 

'Leather linings were used and the tenacity values obtained were multiplied by a correction , 
factor of 1.16 . 1  

*?he bundle tat i s  not considered to dve reliable extension values. 

10.3 Fibre Bending Stiffness. 
King('46J73.'81) and King and Krugereu) reported on some work aimed at 

measuring the elastic moduli of wool, mohair 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 lnstron Tensile 
Tester was used for determining the extension modulus. Kin$'46.'73)found that 
the bendinq and extension moduli of mohair fibres were similar and of the 

Bundle Test* 

order of 30g cNttex. He reported("3) that the medullae of kemp fibres differed in 
o~t ica l  densiw. indicatino d:fferent cell densities. and this affected the bending 

Single Fibm 
Test 

but not the e x k i o n  mo&di. Two types of kemp, one with a filled medulla a n i  
the other with a virtually empty medulla were postulated. For the empty medul- 
lae, the bending and extension moduli of the kemp were similar at about 77 
cN1tex whereas the filled medullae gave a bending moduli of about 365 cNRex 
which was higher than that found for mohair('73). The extension moduli of the 
two 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 Kr~ger( '~ . '~" .  

'See also 'SINGLE RBRE TENSILE PROPERTIES. 

10.4 Fibre Friction' 
As in the case of wool, 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 small 
directional 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 ("2) to with-scale ( @ I )  friction ratio of 
mohair is about 1.1 compared to about 1.8 for merino woolea). The "scaliness" 
(@2-~1)x100/@1 of mohair, measured dry, is about 5 compared t o  about 60 for a 
f ine merino wool Speakman and Stott('mquoted by Onions(98), when measured' 
wet the respective values are about 16 for mohair and 120 for merino wool. 

Martin and Mittelmannea found the coefficient of friction ("1 of wool and 
mohair to decrease with increasing load and with decreasing fibre diameter, 
the latter thought to be due to a relationship between diameter and scale struc- 
ture. Kruger and Albertyn(12nfound 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. Frishmen etaP4), quoted 
by  ~arris"'), gave the following table (Tjble 47) of fibre friction: 

TABLE 47e4) 
FIBRE FRlCTlONAL PROPERTIES' 

~ a n d w e h r ~ ~ ~ ~ )  reported on the effects of various chemical treatments on 
the fibrefriction of mohair. 

10.5 Moisture Related Properties 
Although mohair, as i n  the case of wool, can absorb large quantities of 

moisture (up t o  about 30%) without feeling wet or damp, its surface is naturally 
water repellent, largely due to the presence of a strongly bound thin surface 
layer of waxy o r  lipid material which requires a strong chemical action t o  re- 
move it. 

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 o f  the 
fibre during we t  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 

F i b r e  

W o o l  

M o h a i r  

Human H a i r  

Measured in distilled water against felt 
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pl 

0.40 

0.23 

0.19 

Pz 

0.22 

0.15 

0.09 

P1 ' P2 

0.18 

0.08 

0.10 

PI + P2 

0.66 

0.38 

0.28 



moisture also play an important role on the visco-elastic properties of wool and 
mohair, Tao and P ~ s t l e ( ~ ~ ~ )  (as quoted by Zahn(=") which, in turn, play an 
important role in fabric wrinkling behaviour. 

Speakmanc7) published the following table (Table 48) illustrating the ab- 
sorption and desorption of moisture by wool and mohair at different relative 
humidities. 

TABLE 4 8 0  
THE ADSORPTION AND DESORPTlON OF MOISTURE BY WOOL AND MOHAIR 

AT DIFFERENT RELATIVE HUMIDITIES 

Relative 
humidity 

Percentage increase in weight of wool 
Geelona Southdown Oxford Leicester Wenslev- Mohair 
.. ~, 

Merino 
Down 

Desorption 

dale 

Van ~ e r ~ e n 1 ~ ~ . ~ ~ ~ ~ "  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 specialitv hair fibres were very 
similartothose of wool, with the affinity of water possibly increasing slightly as 
the fibre becomes coarser, confirming earlierfindings of Speakmanfn. 

TABLE 49(70.741 
MOISTURE PICKUP OF SAMPLES WET OUT AND CENTRIFUGED 

Moisture Moisture 
Sample pickup. % Sample pickup, yo 

Kid mohair 
Adult mohair 
Chinese cashmere 
Mongolian cashmere 
Alpaca 
Vicuna 
Camel hair 
li'ml 

40.0 .lngora rabbit 5 1  
56.0 Common French rabbit 97 
54.4 Common California rabbit 92 
44.0 Common grey rabbit 75 
41.0 Beaxer, cut 49 
52.0 Bealer, bailed 70 
43.0 JIuskiat 71 
44.0 \\-ool too 55 



TABLE 500"74' 
MOISTURE REGAIN OF SPECIALITY HAlR FIBRES AT 70°F 

2O%RH 6 % R H  90% RH 

Dry \\.-et Dry I\-et Dr>- \Vet 

Nohair 

Kid 8.7 8.9 14.7 16.7 21.9 23.6 
.Adult 8.4 9.2 14.9 l i .6  22.1 23.2 

Cash- 

Chinese 8.1 7.4 12.6 16.6 19.0 23.2 
3Iongolian - 8.4 - 16.8 - 22.2 

Alpaca - 8.3 8.4 1 . 4  17.2 21.4 24.5 
Gcuna . 8.4 7.8 13.3 16.4 20.6 24.4 
Camel hain 8.0 8.4 14.3 1 7  21.9 - 
K m l  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 51(70.7420" 
COMPARISON OF MOISTURE REGAIN DATA ON MOHAIR 

Spskman This study 

Rela- Rela- 
tive d De- ti, e Kid Adult 

humid- sorp- sorp- humid- 
ity, % tion tion ity. 5 Dry \Vet Dry \Vet 

TABLE 520"'*) 
COMPARISON OF AVERAGE MOISTURE REGAIN DATA AT 70°F FOR HAlR AND 

FUR FIBRES 

Specialty 
hair fibers Fur  fibers 

Relative Moisture regain, hloisture regain. 
humidity, 70 % % 



The moisture absorbency of mohair and other fibres has been investi- 
gated('")(see also Ref. 1m2$. 

Swanepoel and Van Rensburglz"J found good agreement between the 
moisture content of mohair protein obtained 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 %) 

Relrnve Merino Corriedrie Lincoln Mon*ey Rhlnaeros 
hvmidify wwl awl w m l  Mohair hair Horsehair horn 

Horikita et determined the moisture sorption isotherms for 15 kinds 
of wool and hair fibres, including mohair, 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 Table 54)(955J. 
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. 



LIaW h a i r  

0 

0 
Argentine 
Luster 

hrtm 69.1 

P Argentine 
0 X-brto 

Degree o f  M n c r y s t o l l t n i : ~  ( 1  - X,). 11) 

Fig. 26 Plok of the Value of BETS Parameter, Vm 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 Triangle: Rabbit ~ a r n i l y ' ~ ~ ' .  



TABLE 54(955' 
MOISTURE SORPTION CHARACTERISTICS OF WOOL AND HAIR FIBRES IN 
TERMS OF THE BET'S MULTILAYER ADSORPTION PARAMETERS AT 30°C 

ahi?%r b. 
I.. C . n = l  n. ..Zx>l n > n  .,. N D D L ! ~  

1%) ,::I 1 %  l?"l 

Centrifuged mohair was found to have a regain of about 39%. which is 
similar to that of woolm. The moisture absorbency of mohair and other fibres 
was also investigatedc711) elsewhere, while Philippen(-) studied the contrac- 
tion of mohair and other keratin fibres upon dehydration. 

Ahmad(292) 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 almost 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 
absorption 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(w2). 

Turpie and ~teenkarnp(~'~) 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, wool 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. 



A subsequent 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 overlap each other w:th their exposed edges toward the t p  
of the fibre(502'. The cuticle plays an important role for the whole fibre beca-se 
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 for the felting behaviour of wool'502) and mo- 
hair. 

Although, under a microscope mohair is similar in appearance to wool, in 
contrast to wool, the epidermal scales (cuticle scales) of mohair are only faintly 
visible (the cuticle scales are quite thin and flat, generally being less than about 
0.6,~m in thickness) and hardly overlap(lo51 being anchored much more closely 
to the body of the fibre~"1n.2202994) (ie they lie close to the stem or are piled 
more closely upon one giving the fibre a very lustrous smooth 
appearance. In general, mohair has a relatively low scalefrequency. with a wide 
distance between the cuticle scale margins. The number of scales per 100pn is 
generally of the order of 5 against 9 to 11 in fine wools (see Fig. 27). 

'See Also "FIBRE IDENTIFICATION AND BLEND ANALYSIS" and "LUSTRE". 
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with the scale lengths ranging from 18 to 22pm. The scale structure described 
above, is responsible for mohair's smooth handle, high lustre(34,", low 
against scale friction and very low felting propensity. The width to length ratio 
of mohair fibre scales is of the order 2(lWZ). 

In the case of kemp, the number of scales per 100pm is 10 or more, which 
is twice that for mohair; and are arranged in a coronal or ring pattern, with 
smooth margins(z0z). 

Speakman and ~ o - w o r k e r s ( ~ ~ ~ ~ ~ ~ f o u n d  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 
i n  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("). 

Appleyardvn gives the following table (Table 551 describing the micro- 
scopic appearance of mohair fibres. 

Dobb et al"' 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 
t o  distinguish between wool and mohair. 

Sadow et compared the scale structure, scale length in particular, of 
mohair, camelhair, Alpaca, cashmere and wool, as a means of identifying the 
different fibre types. 

Fourt(l5+) related differences in the lustre of wool and mohair mainly to 
differences in the scale structure, with crimp and fibre irregularities from the 
contributing factors. Decreased scatter from scales was one factor in the great- 
er lustre of mohair comoared with wool('". A shift in the reflectance Deak 
away from the mlrror anile, and dependant upon the root-to-t p orlentatlo" of 
the fibre was found. The anoular sh~fr  of tnrs peak wlth reversal of frbre orlenta- ~. ~ 

tion was four times the angc 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 for 
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 
mohair(lw.16z). 

Weideman and S r n ~ k ( ~ 9 2 )  found the average scale thickness of mohair to 
be about 0.5pm and that of wool about lpm, with the average scale lengths 
about 23 and 18pm. respectively. 

Ryder and ~abra-sanded"" found that the Width to Length (WIL) ratios 
o f  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 WIL 
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-shapedcs1. "splits" on the scales also tending to be considered a 
characteristic of certain mohair fibreds*. 
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TABLE 55('7) 
DESCRIPTION OF THE MICROSCOPIC APPEARANCE OF MOHAIR FIBRES 

Thin UluulC now. W w d ,  rmnale and war mrsinl, nr irx8ul.r. slightlr 
arsrionvUy w a r d  momir. mluulh; mar manins. Smr S.n.ilpNI 
.p.m and rrcn h l w n  lhr l.owll.rn' 



TABLE 56(162) 
THE SCALE DIMENSIONS OF SOME WOOLS 

I Fibre Type 

Australian Crossbred 46's 
Australian Merino Ws 
Australian Merino W'r 
Romney Marsh 48's 

Lincoln 36's 
Cheviot 46's 
Wcnslcydalc 44's 
Mohair 5's 

Number of 
Edcs per mm 

62 

95 

72 
66 

52 

52 
41 

50 

TABLE 57(834' 
CUTICULAR-SCALE MEASUREMENTS 

R a t i o  of 

Uean Hern 

Number Scale Scale Width 

of Number Width near. t o  Uean 
Animals of (Fibre Scale S c a l e  Length 

SourcelGenotype (Samples) Fibres D i a n t l r r )  Length (SL) 
(-1 Cum) 

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(977). Mo- 
hair's excellent lustre is largely due to its relatively smooth surface resulting 
from its relatively thin and long scales lie unpronouncad 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- 



mined throuah or absorbed bv the surface. or it can be reflected from itIM5). 
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 
~ractice, reflected light comorises both soecular and diffuse comoonents, the 
higher proportion d the foimer the greater the lustre. compared with &her 
keratin fibres, light reflected from mohair fibres contains a high percentage of 
specularly reflected light, thereby causing the unique lustre of mohair(605), this 
being largely due to its relatively smooth surface as discussed above. 

F o ~ r t " ~ ~ )  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 with crimp and 
fibre irregularities contributing factors. For undyed fibres, light scattering from 
internal points as well as reflection from scales from each sae  of the relatively 
transparent fibres could also play a role, this being eliminated when the fibres 
are dyed black. A shift i n  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 oeak with reversal of fibre orientation was four times the anole 
between the'scale surface and the fibre axis. This angle was larger for w o i  a 
lranoe 2.7 t o  4.5" with an averaae o f  3.7") than for mohair (ranoe 1.2 to 1.7" with . - 
an average of 1.5"). The scale angle was independent kbrediameter. 

Barmby and T ~ w n e n d ( l ~ ~ ) f o u n d  no effect of spinning speed or rewinding 
on yarn lustre as assessed subjectively in a woven fabric. 

Maasdorp and Van Rensburg(-1 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 ~aasdorp@*') 
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 o f  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@z*. 

It is always important that the good lustre of mohair be retained at all 
costs, i t  being particularly sensitive to pH, temperature and time during wet 
finishing (eg scouring, dyeing and finishing). Lustre can, for example, deterio- 
rate during extended dyeing at boiling point. and reduced dyeing temperature 
(ie below the boil) and time are desirable orovided dve exhaustion and fastness 
are not adversel; affected. S A ~ R I  studled this prdblem by investigating var- 
ious factors which mav contr~bute to the ~roblem('~63"'). Good aua:itv Kid's 
hair was treated for increasing of'time in various buffer &lut/ons 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, and to a 
lesser extent on OH. Subseouentlv. dveinas were oerformed on the mohair with ,. . 
three acid milling dyes at b&h 100" and 8 5 ~ .  A n  economic dyeing formulation, 
utilizing the lower temperature (85"C), was found to require a chemical auxiliary 
to promote dyestoff absorption, as well as a lowering of the bath pH to increase 
the affinitv of the dvestuffs for the mohair. Aciditv or alkalinitv of the aaueous 
medium in which ihe 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 least loss in lustre was 
observed when the aqueous medium was slightly acid(366). 

Van Rensburg eta1(7W) discussed the effeas 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 mohair. 

T~ rp ie (~O~)  mooted the use of a gaseous chlorination 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 58(11) 
SPECIFIC VOLUME IN BENZENE 

Specific Volume in Benzene of 
Temper~ture  Soothdown hlerino 

OC. 56's Wcnsleydale Corrietlirlc 60's &lollair 
25.0 ... ... ... 0.7657 0.7667 0-7651 0.764 l 0-7665 
40.0 ... ... ... 0.7665 0.7680 0-7668 0.7655 0.7680 
55-0 ... ... . 0.7672 0.7692 0-7686 0-7670 11.i69.5 

TABLE 59(11) 
APPARENT SPEClnC VOLUME OF DIFFERENT FIBRES IN WATER 

Corriedala Australian hlerino M)'s Southdawn 56's 

Temp. 
*c. 
16.1 
2 6 4  
29.9 
35.0 
39.5 
44.8 
49.8 
53.7 
5 7 4  

Temp 
'C. 
0.0 

15-2 
25.9 
30.3 
3-14 
39.6 
45.1 
50.5 
54.5 
59.4 
64.8 

- ~ 

Apparent 
Specific 
Volume 
0,7131 
0.7185 
0.7193 
0.7209 
0.7229 
0.7247 
0.7265 
0.7280 
0.7294 

Temp. 
OC. 

0.0 
14.2 
25.0 
30.0 
34.8 
40.8 
45-6 
49-3 
55.2 
59-8 
64.3 
68.8 

Mohair 
Apparent Specific 

Volume 

Apparent 
Specific 
Volume 
0.7081 
0.7148 
0.7191 
0.7205 
0,7225 
0.7244 
0.7265 
0.7274 
0.7293 
0.7296 
0.7291 
0.7289 

Temp. 
T. 
0.0 

15.5 
25.3 
31.3 
37.6 
44.8 
49-8 
55.1 
59.1 
65.0 

Apparent 
Specific 
Volume 
0.7064 
0.7142 
0.7 180 
0.7200 
0.7217 
0.7238 
0.7248 
0,7271 
0.7291 
0-7312 

Wmalcyd;de 
A p p r c n t  Spcci6c 

Volume 
0.70% 0.7082 
0.7 1 t1 0.7138 
0.7190 0.7 189 
0.72 1 1 0.7107 
0.722G 0.7224 
0.7243 0.7242 
0.7261 0.7259 
0.7278 0.7277 
0.7'295 0.7289 
0.7304 0-7299 
0.73!!:1 - 



The average specific gravity (relative density) of mohair and various other 
textile fibres has been  giver^(^'^^^), the density (numerically equal to specific 
sravitv or relative densitvl of mohair beina of the order al- 
though i t  is also quoted(9* to be 1.30gIcc a; often assumed to be the same as 
that (1.311 for wool. The soecificvolume of wool and mohair in benzene is aiven 
in Table 58 while that in hater is given in Table 59, the values being summar- 
ised and plotted in Fig. 28'"). 

0 10 20 30 40 50 60 70 

TEMPERANRE 'C 

Fig. 28 Apparent Specific Volume as a Function of Temperature("). 

K;i&08) discussed mohair and its use and oresented a table of cornoara- - 
tive properties. 

Gurtanin and Blankenbu&19) reoorted on the chemical and ohvsical 
properties of Turkish mohair (including naturally coloured) and sumk&ised 
their results in the following two tables (Tables 60 and 61): 

TABLE 60@19) 
CHEMICAL PROPERTlES 

1 Msrlnowolle 9.7 13.6 2x8 i 0 . 0 5  11.4 0.22 0.23 
1 Tepp8chwolle 9.7 21.0 19.8 <0 .05  9.8 0.21 0.37 
3 1. ~ i d - ~ o h ~ i ,  - 23.2 8 < 0.05 10.0 0.21 o m 
4 2. Kid-Mohair - 2 3 9  4 <0 .05  10.6 0.W 0.23 

Sbl*. .~. ,  Mob.,,: 

I Schulterpanie 6.3 10.. M . 5  <0 ,05  1 . 7  0.49' 0.43 
8 Seilsnpartis 8.4 11.1 63.4 <O.os 11.1 0.39 0.42 
7 Beinpartie 6.7 11.3 59.3 < 0 . 0 5  11.8 0.45 0.43 

9r.un.e Mohdr: 



TABLE 61(219J 
PHYSICAL PROPERTIES 

0, 
C 

5 
L 3 A =  $ Zusarnrnendrkk- 
? c c - barke i l  in '10 be i  
C i 5 Ee 9 . : :  
o ? 6 den Belaslungen: 
D D ; " .  .2ij. 

? EI = u l -  = N m  ? - m  m o m  ~- - 12P m P  
a a m  E L .  . E K . 5  

I hlerinowolle 21.7 25.9 0.114 12.8 70.2 
2 Teppichwolle 26.5 41.3 0.184 5.8 8.1 
3 1. Kid-Mohair  25.8 31.5 0,125 20.0 32.5 
4 2. Kid-Mohair  27.1 24.9 0.138 19.0 30.7 

Schwsrzes Mohair: 

5 Schulterparhe 45.2 24.9 0.105 20.5 30.7 
6 Seilenparlie 45.0 25.9 0.701 22.1 33.3 
7 Beinpar l ie 42.6 34.5 0.113 18.8 30.3 

Brauncs Mohair: 

8 Schulterpartie 45.2 23.6 0 . l W  13.4 25.3 
9 Seifenparlie 45.4 25.0 0.093 20.5 29.5 

10 Beinpar l ie 39.2 27.3 0.101 12.4 24.1 

According to Koch and Satlow(lZ5J (as quoted by F r ~ h l i c h ( ~ ~ n )  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. 

Frohlich(l9n 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 62(19n 
PHYSICAL PROPERTIES OF DIFFERENT MOHAIR LOTS 

13.9 16/27 24/25 113 n.8 u .4  21.0 9.4 ns 
14.0 17/23 26/27 13.2 13.8 28.4 225 51.0 69.1 
13.8 26/27 25/26 11.9 U.6 24.0 212 18.4 68.3 
13.8 29/30 27/28 10.5 a.2 22.1 20.0 47.8 75.1 
13.9 26/18 25/26 11.2 36.1 23.9 21.0 9.4 6S.9 

6 41.5 13,7 28:Z 26/27 10.5 36.7 28.1 246 50.2 70.1 
7 403 13.6 27/28 25/26 9.7 40.1 - -  - - - 
8 393 133 26/27 26/27 11.2 39.6 22.3 19.8 46.1 60.8 
9 463 13.6 - 25/26.] - 36.7 19.8 182 183 67.3 

10 472 13.8 - 25/26.> - 42.6 - - - - 
-1 Muster 9 u. 10 logen nur in gekrrmpeltem Zustmd ror 
oJ PrGfung b. roller Zngt .  b) Pmiiung b. gtkCnter Lbnse lcm. 23 un) 



TABLE 63(19n 
MOHAIR RBRE LENGTH CHARACTERlSTlCS 

1 47.1 85.9 9 0 7  11.5 
2 51.1 87.3 84.1 13.2 
3 48.4 86.1 85.2 l l ,9 
5 46.3 80.4 815 11.2 
6 63.9 1 65.9 10.5 
7 44.9 73.8 78.4 9 7  
8 49.5 86.3 86.4 11.2 
9 51 2 80.6 7 5 1  - 

10 493 87.3 87.7 - 
-1 Variolion~koeiiizient der Ldngcn 
at ma& der Foremah1 
bl nod, dem Foserscrid,l. 

TABLE 641'" 
COMPARATIVE VALUES FOR MOHAIR GIVEN BY SATLOW AND FR~HLICH 

Kennrahl Miltelvertc u. Vertraucnrbereih'l 
no& Sotlow 14J noh Frcihlich 

Alkolildrlichkeir (0.1 n NaOH 13.6 f 1.4 16.4 + 4.2 
Sciurel5dihkeit in 011 (4.5 n HCI) 11,l 2 0,8 8.8 2 2.2 
Hamrtoff-Birulfitlarlihkeit % 59.5 5 3.3 57.5 f 5.9 
Cystingeholt in % 10-7 2 0.7 10,6 f 0.2 
Quellung in */I 36.9 1.7 41.5 + 2.2 
Sorption in % 14.1 f 0.4 13.8 + 0.1 
') Vertrauenrbereich mit 95% gesichert 

bi and investigated 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. distinc- 
tive for each fibre typet3l". Smuts et a/(-) investigated 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 ISAWTRI Compressibi- 
lity Test) was typical for mohair, this being lower than the value of 13.7 found 
for lustre ~ o o l s 1 ~ ~ ~ .  Steam relaxation of the scoured mohair and the mohair 
tops only increased the bulk resistance to compression very slightly. 

Patni eta/"%) compared the physical and mechanical properties of angora 
rabbit hair, mohair and other fibres. ~ n s o n ( ~ ~ )  also reported on the physical 
properties of mohair. Horikita et a1(-1 gave the following table (Table 65) of 
properties for various animal fibres. 



TABLE 6Sq55) 
PHYSICAL CHARACTERlSATlON OF WOOL AND HAIR FIBRES 

Density Thickness %ale Ortho,prra. X-ray 
Specification i n  in density medulla rauo cryscai- 

hulk diameter l l n ~ t y  
(gr/cc)- f p m l  lrnm-') I % ) - -  ( % I  

(sheep family) 
Aurrralian .\lerina 66's rml  1.30% 25 80 6313710 25.2 

Australian Merino 64's (derded l  1.311, 25 (90) 6813"lO - 
Australian hierina 60's w m l  1.307, 35 88 6613110 27.1 

Argentme X-bred 56's w m l  1.300s 35 90 71/?9/0 26.6 

Argentine Luster w m l  1.23% 50 57 76/?014 30.9 

h'ew Zealand Luster 48's wml  1.306> 35 81 i013010 25.9 

New Zealand Lvs t r r  48's (descaird) l.W 3 i  (811 6713310 28.9 

Lincoln woal 1.296, 1 5  50 69/3lIO 29.0 

(goat family) 

Csshmrre w w l  ( u h i u l  1.308, 20 &I 62138lU 25.5 

Cashmere wovl (brown) 1 .311~ 20 66 6i133/0 - 
Smth Afr ica Adult  l l oh r i r  1.305- 50 57 71/?9/0 21.3 

(camel family) 

Cnmcl hair  1.306~ 20 56 indiron@mhlbir ? I  .2 

I p x a  hair 1 .?SO,, 33 120 5313519 25.1 

Llnms h r i r  1.277, 44 110 50113t i  28.7 

(rubbit) 

Animr., Rabbit 1.58, 20 12U *7113,>1, 28.5 

* Drtrrmined by a densin? vadirnc rolunin nlcihod nf nhrpcanoCC1, r r  300+ l ) . l  C~ . . Optical microsropy s m i n g  by s r t h r i r nc  b luc~ 
* C o x r d  d i s m b u n ~ n  o f m h o  and para curuccr. mtexrl of h i - l a r r r l  d i r t r~hutrun. . - Orl lm and p ~ r a  cu r~ i c t s  can nut br  d n t i n m ~ r h d  

Hori(=* also discussed the properties of mohair and other animal fibres. 



CHAPTER 11 

MEDULLATION AND KEMP 
1 1 . 1  Introduction 

Medullated fibres in mohair can be a source of oroblems in manv end uses 
when they differ In appearance from the rest of the f~bres whlch are not medul- 
laled(M6.802.99". They are characterised by havinq a central canal (medulla) con- 
taining cell residues and air pockets, running in either a continuous or frag- 
mented form along their length (Fiq. 29). The term "kemp" is probablv more 
familiar, but thk  traditional1y;efersTo the more problemaiic and extreme form 
of medullated fibre which i s  clearly v1sib.e to the naked eye. The main problems 
associated with the presence of k&np (perhaps more correctly term& "objec- 
tionable" medullated fibres) are their chalky white appearance and lighter ap- 
pearance after dyeing (87.606s02) and also to a lesser extent their effect on han- 
dle, stiffness and prickl ine~s(-~~n. The chalky white appearance of kernp is 
caused by the decreased length of the light path thiough the fibre material and 

-Classification of Medullae* 
(a) Unbroken lattice (wide) 

- Kemp 

Fig 29 CIassMcation of ~ e d u l l a e - ( ~ ~  
Fig 30 ~ e m ~ ( ~ ~ a  
Rp 31 ~ o h s i # a  

88 



light refraction at the fibrelmedulla interface. This, and not poor dyeability, is 
considered to be the main cause of the different appearance of kemp fibres 
after Because medullated fibres (and particularly kemp) tend to 
lie on the surface of the yarn(495) (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" fibresfM6). 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 havealso been referred toas :garen fibresmn, i t  being stated (Jones 
(13)quoted in Ref. "3) that they tend to be relatively coarse and medullated at 
the tip but finer and non-medullated at the base. Harmsworth and Day(97n refer 
to "gare" fibres as long kemp fibres but i t  appears as if heterotype and gare 
fibres are the sarnefeS8). It has been that "gare" fibres were a greater 
problem than kemp fibres in Australian6? Heterotype fibres are generally 
longer, and therefore more difficult to remove, than shorter kemp fibres, and 
are said''" to occur more often in Summer hair. 

Kemo is usuallv straioht and oval in cross sectionfen. Of all the tvoes of 
medullated fibres which &cur in both wool and mohair, those ~ o l l ~ c t i v e l ~  
called k e m ~  and which tend to have a relativelv larae medulla and to be rela- 
tively coarie, probably are the most visible andunwanted in the final product. 
Kemo occurs as short kemo. lona kemp and heterotyDe fibres. The "short 
k e m p  is generally the most common, being short, chalky-white, medullated 
and pointed at each end when it has fallen out and was not shorn off(lW). Small 
portions of multiple medullae are also occasionally present in mohair fi- 
hrncfllll -.u" . 

gave an electron microscope photograph of kemp, illustrat- 
ing its surface appearance (see Fig. 30  kern^'^^^]) compared to that of mohair 
IFio. 311. . - -  

~ l t h o u ~ h  there are occasions, when kemp fibres are acceptable or even 
desirable for special effects, such as in certain types of carpets and woollens, in 
most 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 largely 
free from kemp and medullated fibres, and tend to be more circular in cross- 
section than lower grades(3". 

Kemp is always present in the fleece of the Kid@.'" and is present in the 
hair of all animalsf-) to a greater or lesser extend6). In well-bred mohair the 
kemp count is generally low (less than 1% according to Von Bergen(lm)) and 
after processing, a value of less than 0.3% should be aimed at, according to 
SpencerfZu). The amount of kemp can be controlled by selective breeding, 
although i t  may not be possible to eliminate i t  entirely(7u0g). For example, 
many years ago, the amount of kemp in Suuth African mohair ranged fairly 
widely"l0+ but since then, due to selective breeding, the quality of South Afri- 
can mohair, which is now generally rated as one of the best in the world, 



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), mohai; containing more than 1% 
kemp today being regarded as cross-bred. By selective breeding, the percent- 
aae kemo can be reduced to as little as 0.1% (bv m a s ~ ) ( ' ~ J ~ ~ ) .  - 

~ o t  ;urprising, S r i v a s t a ~ a ( ~ ~ )  found that, forboth 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 sianificantlv affected bv the kemD content. This also ao- 
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 objectively measureable 
distinction between kemp and other medullated fibres, ~articularlv when thev 
occur in semi-processedor processed mohair. There are traditional definitions 
of k e m ~  but these do not consistentlv differentiate between v~suallv "obiection- 
able" and "acceptable" fibres. ~ c c o r d i n ~  to ASTM method ~2968-89, those 
fibres with such a ratio qreater than 0.6 are classified as "kemp" and those with 
a ratio smaller than 0% are termed "medfibres".  everth he less, studies by 
Hunter et dlm3) have shown that fibres visuallv assessed as "obiectionable" 
(ie "kemp type") have a mean ratio of about 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 ~articularlv the shorter kemo. can often be removed durina ~ombina(~*.an . . - 
land even during carding), and is reflected as a processing loss The 
lonaer NDe of kemo is more unacceotable. because it is more difficult to comb ~ ~ 

out ihanihe short;; k e m ~ ( ~ n .  ~ ~ g r a b a t i n ~ t h e  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  increase^(^^.^^". 

11.2 Occurrence and Growth of Kemp and Medullated Fibres 

P o ~ e l l [ ~ l ~ l  explained the formation of medullated and k e m ~  fibres as fol- 
lows: The apex of the papilla dome opens upward into the centie of the grow- 
ing fibre allowing cells of the basal skin laver to be incor~orated into the centre. 
fo;ming what will become the medulla. buring 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 com~letelv dissolved. In kemp and coarse hairv fibres the interi- 
or of the skin cells have dissolved leaving a hollow network ofcell walls to form 
the medulla. Clement et al(quoted by Powell"'") contended that this network 
of cells (aerian vesticles) was filled with air, the walls of which are cytoplasmic 
remnants of the basal layer cells. The aerian vesticles vary in protein composi- 
tlon from the components of a normal f~bre. It has been noted tnat the protean 
of the scales lcutlclel and cortex of a normal fibre contamed larqer amomts of - 
sulphur than the medulla. 

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

F~bres arising i n  the primary foll~cles tend to becoarse and may be medul- 
lated or kemp fibresW5). Kemp usually arlses from the central prlmary follicles 



but is also found in the lateral f o l l i ~ l e s ( ~ ~ ~ ~ ~ ) ,  while the ordinary medullated 
fibres appear to grow from other primary or even secondary follicles. Kemp 
tends to be shed;easonally, ~ u e r d e n  and Spencer(" statmgthat kemp fibres 
are always shed. They also intimated that a red~ct:on in nutrition red~ces fibre 
diameter and could lead to the disappearance of the medulla. ~argolena('" 
(quoted by Clake and SmithQ7a) found that medullation was confined to the 
central primaries. The kemp content of the coat reflected the SIP ration6*. Ac- 
cording to Shelton and FJa~sett (~~~1 since primary follicles develop first and fibre 
produ&on begins in these prior to birth, the kid is born wi tha birth coat in 
which fibresfrom primary follicles are most prominent. For the most part, these 
earlv kemo fibres will be either shed or continue to orow as a true mohair fibre 
wit(out &edullation. These prirnary follicles are alkost always present, yet i t  
has been shown that the problem of kemo can be reduced bv selection IU". 
Kemp hereditability is c b n ~ i d e r e d ( ~ ~ ~ , ~ " ~ "  relatively high,' with selective 
breeding (ie genetic methods) more effective for reducing kemp than env:ron- 
mental methods (-1. Van der Westhuysen et al(72" 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(-), 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 

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 primary follicles may become cyclical in nature resulting in their fibres 
being shed from the fleece or may become totally non-functi~nal(~". 

Tiffany-~astiglioni(765) speculated that the factor of ultimate importance in 
the selection for kempless goats was the inactivation at maturity of the primary 
follicles or their production of non-kemp fibres. Selection for increased fleece 
mass could result in increased kemp and medullation  level^"'^.^). 

The fleece of a newly born Angora Kid can consist of a large proportion 
(up to about 45 to 50%)('") of relatively coarse medullated and kemp fibres but 
the amount of kemp then decreases rapidly (eg to about 7% at the age of 3 to 4 
r n ~ n t h s ) @ ~ J " . ~ ~ ~ ~ ] .  Shedding of the kemp fibres commences soon after 
birth('") and continues up to three months of age or when most of such fibres 
had been shed('"), so that little remain at the time of shearing('". The first 
shearing therefore contains more loose kemp than the second ~hearing('~1. 
Although kemp fibres tend to be shed annuallym7) this is generally not the case 
for mohair. Pronounced differences in SIP ratio, number of follicles per goat, 
degree of medullation and presence of medullated and kempy fibres exist be- 
tween animals less than 3 months old and those older('". A rapid decline of 
both the percentage as well as degree of medullation occurs after birth, the 
most rapid decline re~ortedlv being in the unbroken and interrupted medullat- 
ed fibres, the fragmental medullaied fibres persisting longer('&). During the 
Summer medullated fibres reportedly become coarser, decreasing towards 
Winter 



In newborn kids, the kemp fibres have been reported to have an average 
fibre diameter of about 45pm compared to about 25pm for the mohair 
fibres(728). Nevertheless, althouqh there is a trend for medullated fibres to be 
coarser than non-medullated fib;ed6) this is not necessarily the case. It appears 
that the age of the aoat may not affect the diameter of medullated fibres as 
much as is the casekith non-medullated fibres(163), the kemp and medullated 
fibres generally being considerably coarser than the true mohair in Kids and 
Young Goats but not in Adults('". It has been reported16.a7), for example, that 
the diameter of kemp fibres in the new-born kid is about 43pm on average, and 
that in the mature aoat about 45rrm. The normal increase in fibre diameter with 
the age of rhe goa<is initially offset (often more than offset) by the snedding of 
relativelv coarse kemo and m e o ~ l  ated fiores(lU). Recent results of Hunter era1 
(log') indicate that "objectionable" medullated fibres are generally coarser (60% 
and more) than the mean of the parent population (see Fig. 39). 

According to one kemp levels appeared to be little affected by 
the age of the animal, although i t  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 workers('') goat age has a slight effect on kemp 
and medullated fibre levels, these levels increasina gradually over the lifetime 
of the animal after maturity(l3). Based upon &dies in Turkey, Miiftiioglu 
(quoted bv S r i v a s t a ~ a ( ~ ' )  concluded, however, that kemp levels decrease with 
age up t o a  certain stage and then remain constant until adulthood 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 SIP ratio or density of 
the fleece (the number of follicles per bundle can be represented by the SIP 
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 
earlv staae of three months i t  is alreadv twice the lenpth of the k e m ~  fibres. In 
new-born kids, the length of kemp is about 36mm andhardly changes in length 
there-after, where-as the length of the mohair is about 12mm and increases to 
about 70mm at 3 months").-~dult kemp fibres are stated to be usually 30 to 
40mm in length and 40 to 60mm in Basuto mohair. 

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 rnedullated hair than does, eg 4.6% vs 1.9% at 
two years of age('-). The lowest number of kemp and other medullated fibres 
was reportedly recorded at the ages of 12 and 24 months. coinciding with 
Spring, with the highest number occurring in Summer('-), decreasing towards 
the following Spring. Fibre shedding is presumed(765) to be influenced by both 
hereditary and environmental factors, some animals shedding mohair in 
Spring(z". Reportedly, kemp levels may be higher in Autumn than in Spring 
for adult males and young wethers and does(163~388~73z765), i t  being speculat- 
ed(388) that kemp grows in  a seasonal manner, more actively in Spring and 
Summer and less actively in Autumn and Winter. Pohle et aPo6) found that 
there was about twice as much kemp in the US Autumn (Fall) clip than in the 
Spring clip, with the average percentage of kemp (defined as thosefibres with a 
medulla diameter 65% or more of the fibre diameter) similar in the grease 
mohair, card sliver and top. but twice as high in the noil than in the top. Austra- 
lian Summer shorn fleeces contain more kemp, kemp growth being most active 



from September to December("') (Stapleton quoted in Ref. ("*), September 
shearing producing fleeces with less kemp than December shearing@zaJ, Sta- 
pleton (quoted by R ~ d e r ( ~ ~ ~ ) )  stating that the amount of kernp in the fleece 
could be reduced by shearing earlier in Spring, whereas Bingham eta/") 
stated that the choice of shearing time had little effect on kernp and rnedullation 
levels. Ryder(lmz) stated that kemp ceased to grow in winter while hair and gare 
continued to grow but without a medulla. 

McGregor(1°18) reported on the effect of stocking rate on the incidence of 
kemp and medullated fibres. He(784 found that kemp incidence was unaffected 
by stocking rate. According to work done in Turkey, by Mii f t i iogl~(~n, differ- 
ences in feeding did not 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. Calhoun et afia8" found that dietaw energy 
had no effect on the percentage of medullated and kernp fibres in mohair. ~ i g h  
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- 
ble(87.773-1011J. Badenhorst et a/(1058) also found higher kemp levels to be 
associated with higher nutrition, while Bingham eta/") stated that the level of 
nutrition required to reduce kemp levels was very low and would result in 
reduced fleece mass and growth rates. In apparent contrast to the above, 
Harrnsworth and Dayc9m stated that mohair fibres become medullated under 
conditions of severe nutritional stress. The ~recise effect of nutrition on kemo ~~~ ~~ ~ ~~ ~ - 

and medullation therefore appears to be inclear. 
and other workers(u3) found that the back and rump of the goat 

had more kemp fibres than other body re ions, most kemp reportedly appear- 
ino to occur alono the middle of the back9811). Accordina to certain workers@). 
kernp is usually found to be more abundant in the britcrh and less so over thd 
shoulders and along the back and sides. B a s ~ e t t ( ~ ~ ~ )  found that for Adults, the 
rump, britch and adjacent to the tail areas contained most 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 reported(733.-) that the side samples do not always 
produce rnedullation counts representation of the whole fleece. 

Margolena('" found that the type of lock was related to the degree of 
medullation, the ringlet type locks being associated with the lowest degree of 
rnedullation. According to Hardy (quoted in Ref. '"09)) very lustrous mohair 
tended to be free from kernp. 

Tiffany-Castigli~ne(~~~) reviewed the genetics and management of kernp in 
mohair while Bingharn eta/(-) discussed the manipulation of kemp and me- 
dullation in mohair by breeding and management. 

11.3 Physical and Mechanical Properties 
Kruger and Albertyn(lz7) 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 K r ~ g e r ( ' ~ J ~ ~ J ,  indi- 
cated that the medullae of k e m ~  fibres contained a material which did not 
contribute significantly towards ihe breaking strength of the fibre but which 
had a dielectric constant com~arable to that of the rest of the fibre. Thev found 
that the breaking extensions' of merino. German merino. mohair and kemp 
fibres were similar, while 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 cNAex and that of the merino 
and German merino wool was 11.4 cN/tex. 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 

Kin&'73) reported that the medullae of kemp flbres differed in oprtcal den- 
sity, 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 medullae, the 
bending and extension moduli of the kemp were similar at about 77 cNAex 
whereas the filled medullae jave a bending modulus of about 365 cN/tex which 
was hiaher than that founa for mohair('73). The extension moduli of the two 
types 2 kemp fibres were similar indicating that any material in tne medullae 
did not contribute to ihe tensile ~rooerties of the fibre, which was in aareement 
with the results of Hunter and ~;uger ( '~~. '~~) .  . ~ 

- 
Frequency distribution curves have been gived606) 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(-). 

R g  32 The Relationship between the Medulla Diameter to Rbre Diameter Ratio and 
Rbre ~ i a m e t e d ~ ~ ~ ) .  



Sri~astava'~" 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 rollers), a modified 
dl box. with the aim of stretchina the fibres until the kemo broke (oreferential- ~ - k) aftei which the shorter (broke;) kernp fibres could be more ;a& removed 
during combing. 

11.4 Geomekical Properties 
Work was undertaken by Smuts and ~ u n t e r ( ~ " ~ )  to establish what distin- 

guishes kemp lie objectionable rnedullated fibres) from other medullated (ie 
non-objectionable) fibres. To this end, the medullated fibres from 54 undyed 
mohair 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 be- 
tween the various categories of medullation, especially between Kemp A and 
Kemp 6. The more obvious "objectionable" kemp fibres (Kernp A), however. 
generally had ratios above 0.5 (above 0.55for dyed fibres) while the medullated 
(MED) fibres, which did not appear different in air, mostly had ratios below 0.5. 
Later work(lm3) indicated that "obiectionable" medullated lie kemov) fibres in . ~ , . .  
fact had an average ratioof abo i t  0.5 ( s e e ~ i ~ .  33). varying from about 0.20 
(20%) to about 0.80 (80%). this applying to both dyed and undyed fibres(lm3). 

Frequency 
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R& 33 Medulla to Rbre Diameter Ratio of "Objectionable" Medullated Fibres (Ex- 
pressed as a ~ercentage('~~). 



Teasda~e(~~~)a lso  reported that medullated mohair fibres formed a contin- 
uum and the medulla to fibre diameter ratio could not be used to differentiate 
between the different tvpes of medullated fibres l k e m ~  and heterotvoel. a ratio .. .. ~ - 

of about 0.4 separating "broken" medullae from unbroken ones. 
The wall thickness of kemp-type fibres varied from about 5 to 20pm (ap- 

proximately 10pm on average), the width of the cortical cells being about 
5pm(3681 (quoted in Ref. (8981). The diameter of kemp fibres varied from about 40 
to 240pn, with the medulla diameter generally linearly related to the fibre 
diameter@". 

11.5 Chemical and Physical Nature of the Medulla 
The medulla consists of a hollow network of cell walls laerian vesticlesl. 

filled w ~ t h  air, whicn are cytoplasrn:~ remnants of the basal layer cells ( ~ l e m & i  
eta/. auoted in Ref. '618)1. The chemical com~osit'on of mead arv cell res~dues 
appears to be different from that of the cohical  cell^(^^^, the medullary cells 
containina little. if anv su l~hur (~) .  ~wart('~"showed that the amino-acid comDo- 
sition of iemp was different from that of adult mohair and that the medullaied 
fibres contained more 0-keratose but lessy-keratose than true mohair. It was 
reported (Mercer(z8) quoted by Tucker et al(99Z)) 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 ~ tephan i (~~ l ) ,  quoted by Tucker et 
a/(99"). 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 
(ls425°1)qu~ted by Tucker eta/(%*)). Because of the failure to distinguish reliably 
betweenobjectionable and other rnedullated fibres on the basis ofdimensional 
(such as medulla to diameter ratio) differences, Smuts and H ~ n t e r 1 ~ ~ ~ ~ ~ ~ , ~ ~ ~ , ~ ~  
decided to investiaate whether or not the ~hvsical aDoearanceand nature of the 
&dulla were pe;haps different. The diffkrent types'of medullated fibres were 
examined on a oroiection rnicroscooe and classified accordina to whether the 
medulla appearid ;'normal", latticed or a mixture of the two. l iwas found, that 
the medulla type so assessed lie lattice or non-lattice) did not help to distin- 
guish more reliably between kemp (ie "objectionable" medullated) and other 
rnedullated fibres as assessed visuallv. The auestion then arose as to whether 
or not differences in some other fibre characteristics were responsible for dif- 
ferences in apuearance of medullated fibres having the same ratios. Longitudi- 
nal and cros&sections of the different types of medullatea fbres were exam- 
ined on a scanninq electron m~croscope(~ '~~.  No feature of the fibres s~rface or 
medulla, which c&ld explain why the different types of medullated fibres dif- 
fered so markedly in their visual appearance, however, could be identified. 
Some examples of scanning electron microscope photographs are shown in 
Fig. 34(81*. These clearly illustrated the cellular appearance of the medulla, 
which was in no case found to be totally hollow or void of cell residues. 

Knott"'w discussed the nature of the medulla in speciality animal fibres. 
Contrary to the cortex and cuticle, the medullar vacuole walls are very resistant 
to alkali and to other keratinolysed agents (Ref. quoted in Ref. (97% 

11.6 Dyeing Behaviour 
Hirst and Kind3] found that the medulla suustance in kemp dyed equally to 

the solid portion, the different appearance of dyed kemp fibres being solely due 



Fig. 34 Cross-sections and Longitudinal-Sections of Medullated Fibres Illustrating the 
Cellular Nature of the ~ e d u l l a e ! ~ ~ ~ . ~ ' ~ t .  

to the enclosed air (ie reflection of light). Kriel et a/(155) found that the dye 
exhaustion curves (for the one dyestuff investigated) of kemp (67.5pm) and 
BSH mohair (37.7pm) 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. 

S ~ a n e ~ o e l ( ' ~ l )  summarised the current knowledge on the dyeing behav- 
iour of kernp fibres in mohair, stating that the belief that kernp 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 kernp and mohair fibres were largely ascribed to differences in the way 
light was reflected from within the fibre. He gave a detailed explanation of this 
effect. Since the difference in appearance of dyed kernp and mohair fibres is 
based on a difference in colour saturation, hues in which such differences are 
less easily detectable are most suitable for camouflaging 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 contrast 
between mohair and kernp. Contrast in the appearance of dyed kemp and mo- 
hair fibres can be reduced if pastel shades are used, differences increasing with 
increasing colour saturation(lgl). 

PowelPa) 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 nemork 
of cell walls (aerian vesticles) in the medulla, their light transmission properties 



approaching those of thesolid 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 fill 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 t o  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(~771.792.81Z~ have been undertaken to compare the dye- 
ing behaviour of medullated fibres, more particularly kemp and medullated 
fibres. Most results suggested that the solid material of the kemp (ie their walls) 
and the normal 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 optical 
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. 

F i g  35 Examples of Dyed Mohair. Unmedullated and ~ e d u l l a t e d ~ ~ ~ )  
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Later studies bv T r o l l i ~  et a/(79z876), indicated that the take-UD of oremeta- 
lised dyes containing chromium may be different for mohair and'kem.p, possi- 
blv due to differences in surface area Der unit mass, rather than to differences in 
the cortex of the two types of fibres which contained similar levels of sulphur. 
They found that the medulla of the kemp contamed 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 Medullation 
11.7.1 General 

Clearly, a knowledge of the degree of medullation, more particularly kemp 
(also termed "obiectionable" medullated fibres). in a samole is desirable. and .. , ~ - 

various methods exist for measuring the degree of medullation, including man- 
ual separation (in air or in a suitable liouid). microsco~ic. flotation. oravimetrid 
chemi'cal and refraction. Most of the abovementioned methods a;e-rather time 
consuming, however, and also require a rather skilled and experienced opera- 
tor (-). The absence of a clearly defined basis (ie measureable or objective 
criteria) for distinsuishinq between kemp (ie visually "obiectionable") and 
other medullated (re visuaily acceptable) fibres, complicates (he objective mea- 
surement of kemp fibre and so, too the lack of agreement between d:fferent 
operators as to what constitutes a kemp fibre. ~ c c o r d i n ~  to the ASTM 02968- 
83(5ffi) (or ASTM D2968-89)(log2) standard test method, for medullated (Med) 
and kemp fibres in animal fibres by microprojection, for example. a kemp f:bre 
is defined as a medullated fibre in which the medalla is 60% or more 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%)(U5.'32J, with me- 
dullated fibres havino a medulla to fibre diameter ratio less than this. freouentlv -. - >  

not a problem to theiextile processor. It has been shown, however, that neith& 
of these two criteria allows one to consistentlv distinouish between "obiection- 
able" medullated fibres (ie kemp) and other medullat;?d fibres. Hunter eia/(lm3) 
found that different laboratories all classified fibres with an averaoe medulla to 
diameter ratio of abodt 0.5 (the ~ndividual values varying from ab&t 0.2 to 0.8) 
as "obiectionable" (both for undved and dved sam~les), wtth thedifferent labo- 
ratories differing in the averagediameters of the hbres they classified as "ob- 
iectionable". 

Photo-electric methods based upon differences in the light refraction of 
the fibre cortex and medulla, are generally the most rapid, simplest and most 
suitable for routine analysis of medullation. Theoretically, the photo-electric 
measure of medullation is proportional to the total area medullation of all the 
fibres in the sample. values soobtained, 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 (I9) (small 
voids), which seems to be a characteristic of mohair rather than of wool(111) 
could also affect medullat~on values obtained photo-electrically, the occurrence 
of vacuoles apparently increasmg with increasing mean fibre diameter. Photo- 
electric techniques also cannot oiscriminate between kemp and Med fibres. 
Nevertheless, if it is true that the large and heavily medullated fibres have a 
oredominant effect on ohoto-electric values(-. ohoto-electric methods could ~ - -  

be suitable for estimating the degree of kemp in mohair. Should the ratio of 
kemp to total medullation (ie area medullation) vary from one mohair to an- 
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other(30g), however, such estimates of kempiness may only be approximate. 
Knott"'" and Sternotte and K n ~ t t ( ~ "  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 c o - w ~ r k e r s ( ~ ~ ~ ~ ~ )  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 
l e v e l s ( ~ ) .  

A Medullameter, 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 medullated fibres present in a sample 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 1"). the amount of light scattering 
theoretically 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 quickly and with relative ease. About six to eight measure- 
ments per hour are possib~e(~"G. Sample preparation (ie cleaning of greasy 
mohair and sampling) was important and needed special attention and a sim- 
ple scouring technique, avoiding the use of a'cohol (since it caused the fibres to 
appear milky when immersed in the benzyl alcohol) was recommended. The 

TABLE 66(" 
REFRACTIVE INDICES OF REVELANT FIBRES AND UQUIDS 

. - P i  and j L i  arc tbc average rcfranive indices for light vibrating parallel and 

p c r p c d i l a r  to the fibre nxk, rcspcdvely. 
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Fig  36 Medullameter Reading vs Visual ~ e r n p ( ~ ~ ~ .  



Medullameter read ing was shown t o  be related to various other measures of 
medullation, in particularto percentage area rnedullation, but should rather be 
regarded as a udq ue measure of the degree o f  medullation of a sample(w6). 

Sternotte etaNssn reported on the measurement of rnedullation by means 
of the multi-angda r lightscattering technique, using an instrument they devel- 
oped which enabled thercatteredlight to be measured a t  several angular posi- 
tions. They also sbdiedthe effect of pigmentation and de-pigmentation on the 
results obtained, well as the effects of oxidising agents, formaldehyde and 
iron concentration. 

A good correlation was found between the number of fibres having a 
medulla diameter Qreater than 40+m and those having a medulla diameter to 
fibre diameter ratiu greater than 0.6(wl. 

Hunter et ap-found a fairly good correlation between the Medullameter 
values and the Subjectively determined degree of kernp (ie "objectionable" 
fibres counted visu ally). It was concluded that, as a rapid screening test, aimed 
at estimating the Qegree of rnedullation and perhaps also of kernpiness, the 
Medullameter vvoclld pmbably be (see Fig. 36). particularly 
also in view of the largedifferences between the kemp ("objectionable" fibre) 
levels recorded bL- different laboratories for the same samples. 

A numericalcbassification forthe degree of medullation in mohair (Fig. 37). 
ranging from 1 i v '~ua l l y f ree  of kemp) to 6 which represents very heavily me- 
dullated (kempyl %ohaiP'z.~'), has been proposed. Category 1 should be ac- 
ceptable for even *he most critical end-uses, Category 2 would b e  acceptable 
for some critical %nd-uses but  not others, while Category 3 and higher will 
rarely be accep~abfe for high quality end-use~"~~~) .  

Percentage kemp lib- (by mas) 

Fig 37 Medull'heter Readings W S  Percentage Visible Kemp (by  ass)(^^". 
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11.7.3 Coarse Edge 
During certain studies i t  was n ~ t e d ( ~ " a  that kemo fibres were oenerallv 

coarser than the parent population of mohair fibres and the possibiliGof using 
the FFDA (or FDA) determined "coarse fibre diameter edae" as a measure of 
kemp was investigated further. Preliminary results, preseGted at the IMA Con- 
ference held in Cape Town, June, 1988("'~', showed that this approach could 
have potential and this was supported by the results of further This 
approach was pursued and it was found that visible kemp (counted subjective- 
lyl tended to be correlated (r = 0.85 ; n = 231 with the FDA percentage of fibres 
coarser than about 2 x mean diameter. It emerged that the correlation could be 
im~roved to well over 0.9 if kurtosis. skewness and diameter were used 
together with the percentage coarse fibres (> 2 x diameter) in a multiple ;egres- 
sion eauation, the aoodness of fit beina illustrated in Fio. 38f9m. The coarse 
Fbres and kunosis Eontributed most by iar to the percent;ge fit.  everth he less, 
for the same range of samples, the Medullameter results were even more hiah- 
ly correlated wit6 the subjective level of kemp than the FFDA results. ~ur t6er  
work was required to explore the potential of both methods. 

Hunter et al(lou1 concluded that the FDA. fibre diameter distribution, in- 
cluding the coarse edge. and the Medullameter both provided a fairly good 
estimate of visually assessed kemp levels. 

In a recent study by Hunter et a1(lm3) it was shown that kemp lie visually 
"objectionable" fibres) tended to be coarser than the population (Fig. 39). con- 
firming earlier studies. 

ACNAL KEMP (FIBRES/GAAJ(ME) 

Fig. 38 Predicted vs Actual ~ e r n p ( ~ ~ n .  
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Fig 39 Combined Mean Diameter ~istr ibution('~~~). 

11.7.4 Other Tests 

Many years ago, a method claimed to facilitate the visual counting of 
kemp in mohair was devised at SAWTR1(96). It involved a quick (10s at the boil) 
slightly acid dyeing technique, in which even coarse mohair fibres dye well 
whereas kemo and heterotvoe fibres take uo little dve. The fibres are then 
sorted under a magnification b f  2.25 timeslS). kurpie and S teenkarn~(~~n  inves- 
tiaated the use of a cold water stainino test to facilitate subiective assessments 
oikemp fibres in mohair, viewing thesamples under filtered light. Hunter and 
D ~ r f l i n g ( ' ~ ~ ~ )  (unpublished report to the IMA. 1992) found, however, that dyeing 
or staining did not appear to improve the very large inter-laboratory variability 
i n  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 209 samples of mohair 
throuah a Shirlev Analvser to estimate the percentaae kemp in the sam~le.  the 
percentage fibres in the reject can bein used as a measure of the kemp content 
of the samples. Roberts and Teasdale%" mentioned the a~plication of image 
analysis for the measurement of mohair diameter and thepresence of kern;. 
Image analysis has also been used elsewhere to measure medullation and 
kemp in r n ~ h a i r ( ~ ~ . l ~ )  while B a s ~ e t t ( ~ ~ + ~ ~ ~ )  used the projection microscope to 
estimate kemp. Hutchings and Ryder (quoted in Ref. (lm)) described the use of 
a ~ u m m a ~ r a p h i c s  ~ i t - ~ a d  One. in conj&ction with a computer, for measuring 
fibre diameter and medullation. Blakernan et aPa3n described a computer sup- 
ported sonic digitizer technique for scanning mohair medullation,using the 
projection microscope. They also found medulla diameter to be approximately 
linearly related to the fibre diameter. 



Boguslavsky et al(lo74lm41 developed 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 benzyl alcohol) 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 al(997J0U) reviewed the work done at the CSlR on the 
measurement of kemp and medullation in mohair, they also reported on the 
first lnternational Kemp Round Trials involving laboratories in different coun- 
tries. They reported that substantial differences existed in the absolute values 
of kemp as assessed subjectively 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 kernp was an absolute 
necessitv. Thev noted a hiah correlation between the coarse fibre edae (as 
measureb by an FDA) and &b;ectively assessed kernp, as well as between the 
deqree of med~llat;on (measbred bv means of a Medullameter) and subiectwe- 
ly measured kemp. 

From the results of the Second lnternational Kemp Round Trials (Hunter et 
afl1w3), unpublished report to the IMA) involving both dyed and undyed tops, it 
was concluded that dyeing did not improve interlaboratory 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 Kind3) 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(61@ investigated ways of dyeing which would result i n  kemp and 
normal mohair fibres having an identical appearance after dyeing. Powell~6l@J 
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 reflect 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 t o  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(61a. 

Wyatt et al(H, investigated methods for covering, convening or eliminat- 
ing kemp fibres from mohair and wool fabrics. Flotation of kemp in a mass of 
fibres, i n  a liquid of appropriate density, was not straight forward because the 
wet fibres tended to clin together, preventing the lighter fibres from floating to 
the surface of the liquid?!]. A fabric singeing process IRemaflam) for burning 
off surface kemp fibres was suggested. 



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 (618.693). 

Smuts et a1(6981 and Hunter et a1(7641, 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 results could 
therefore be considered reliable. T ~ r p i e ( ~ ~ ~ 1  and Hunter and co-work- 
erd7"l3Jm1 discussed work done at SAWTRI on the importance, characteris- 
tics and measurement of medullation and kemp in mohair. Smuts and 
Hunter"" reported on the levels of rnedullation in Cape mohair. They mea- 
sured some 152 samples on the Medullameter. Their work confirmed that the 
level 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 Mechanical Removal of Kemp 
Kruger and Albertyn(lzn reported that mohair 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 
k e r n p n .  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 
mohair(l2'J.They further concluded(14z) 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 higherthan 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 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 fenlings). Kemp was removed through selective 
collection by the card clothing on all rollers as well as through ejection together 
with burr. K r ~ g e r ( ~ ~ ~ )  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(671). 

Kruger and Albertyd12n 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 for the reduction in kemp during 
Processing. 

'See atso "MECHANICAL PROCESSING INTO YARN. 



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 clothinq of all fast-movinq rollers('%) 
and the kemp can largely be removed by fet t l in i  The fibres delivered from the 
carding machine in the form of a sliver would conseouently contain less kemo. 
At theworking point, between the swift and the doffer, thk material is turned 
over, 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 
droo off the doffer. a reduction in the oercentaae kemo of the resultant card - 
sliver is obtained. 

TumieW5) described modifications to a small cardins machine. oriainallv 
designed for carding very short fibres such as noil and wastes, to enabje m i -  
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 cardingmachine, immediately below the doffing point 
between the swift and the doffer, an accumulation of fibres containing a hiqh 
percentage of kemp fibres was observed. the kemp content there 38% 
compared to 7% in the scoured mohair. Therefore, the control of loose fibre 
droppings at the contact points between certain rollers can effect additional 
removal of kemp during carding(z05). 

The most effective method of removina a fair orooortion of kemo is con- 
sidered to be the combing process('%). In tLis con"ect/on i t  was noted that of 
the two commonlv used methods of combina available then. namelv Noble 
combing and rectljnear (French) combing, theiormer was superior in ierms of 
the selective removal of The rectd'near comb removed fibres be- 
low a pre-determined ~en~th'irrespective of whether the fibres were kemp or 
mohair. The Noblecomb. on the other hand. oroduced 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 kemo was removed and discarded 
togetheiwith 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 k e m ~  as 
possible181, a recombing operation i n  a Lister Comb having been employed to 
reduce kemp even further"". ~ruger( '~'"stud;ed the Noble combinq of  mo- 
hair and fo&d that the smallest amount of kemp went forward into thetop 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 n~ilf '~.'". This was attributed to the restraint of the less pliant 
kemp fibres by the dense pins in the small circles of the Noble c~mb[ '~J".  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)('al-. 

In studies on the rectilinear combing of mohair, Kruger(2w) showed that 
the mohair fibres in the top were significantly longer than the kempfibres left in 
the top, while the lengths of the two types of fibres in the noil were about the 



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 

Smuts et a P 8 )  and Hunter et 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 results could 
therefore be considered reliable. T ~ r p i e ( ~ = ~ )  and Hunter and co-work- 
ers(7&313.1053) discussed work done at SAVVTRI on the importance, characteris- 
tics and measurement of medullation and kemp in mohair. Smuts and 
Hunter(-) reported on the levels of medullation in Cape mohair. They mea- 
sured some 152 samples on the Medullameter. Their work confirmed that the 
level 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 Mechanical Removal of Kemp 
Kruger and ~ l b e r t y n ( ' ~ ~ )  reported that mohair 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 
kemp(12n. 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 
mohair(lzn. 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 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. Krugar(-) 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@71). 

Kruger and Albertyn(12n 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 for the reduction in kemp during 
processing. 

'See also "MECHANICAL PROCESSING INTO YARN". 



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('%) 
and the kemp can largely be removed by fettling. The fibres delivered from the 
carding machine in thk form of a sliver would c&eauently contain less kemp. 
At the working point, between the swift and the doffer. the material is turned 
over, 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. 

T~rp ie (~O~)  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 verv kemw mohair lot. the k e m ~  fibres predominated on the outside laver 
of'the web on the doffer, being onlyloosely'attached to the other fibres in ihe 
web. Underneath the cardina machine. immediatelv below the doffina ooint 
between the swift and the differ, an accumulation df fibres containingUa'high 
percentage of k e m ~  fibres was observed, the kemp content there beina 38% 
compared to 7% in the scoured mohair.   here fore, the control of loose fibre 
droppings at the contact points between certain rollers can effect additional 
removal of kemp during carding(z0". 

The most effective method of removing a fair proportion of kemp is con- 
sidered to be the combing process('%). In this connection i t  was noted that of 
the two commonlv used methods of combing available then. namelv Noble 
combing and rectilinear (French) combing, thejormer was superior in terms of 
the selective removal of kem~('"~~''. The rectilinear comb removed fibres be- 
low 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 greaterthan 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- 
ciablv. In earlier times, two combings were used to remove as much kemo as 
possible(8), a recombing operation on a Lister Comb having been employed to 
reduce kemp even furthertaw). ~ r u g e r ( l ~ . ' ~ ~ )  studied the Noble combina of mo- 
hair and fo&d that the smallest amount of kemp went forward into thetop 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 n ~ i l ( ' ~ J ~ ) .  This was attributed to the restraint of the less pliant 
kemp fibres by the dense pins in the small circles of the Noble ~ o r n b ( ' ~ J ~ ) .  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)(1uJ56). 

In studies on the rectilinear combing of mohair, Kruged-) showed that 
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. The percentage kemp in the noil was much 
lower for rectilinear combing than for Noble combing@", with the Noble 
combed top containing less kernp than the rectilinear combed top(Z". It was 

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(1961. 

Townend et aflgZ1) reviewed 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"1stated that a kernp count maximum of 0.3% should be aimed 
for in mohair tops, although in certain shades even rhis low figure was still not 
acceptable. KrugerV3" reviewed methods of separating fibres of different d:am- 
eter (eq kemp and mohair). Selective collection of the thicker kemp fibres takes 
place in the small circle of the Noble comb(z3", with changes in pin density and 
temperature improving the collection of kemp. T ~ r p i e ( ~ ~ )  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 Kruged213) investigated the removal of kemp fibres, mechani- 
cally weakened by passing them through pressurised fluted rollers. Although 
fibres were broken andor weakened bv passing them through the prescribed 
fluted rollers, there were no difference; between the weakening or breaking of 
the mohair and kemo fibres. hence the technique a ~ ~ e a r e d  to have little Doten- 
tial for preferentially weakening andor breaking 'the kemp fibres. 

S r i v a ~ t a v a ( ~ ~ ~ )  and Onions et 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 
stretch breaking process enabled the kemp in the top to be reduced from 3.4 to 
7 7% (6731 &.& ," ~. 

Brief reference has been made(-) to a machine ("dekemper") which can 
remove kemp from mohair, reducing kemp levelsfrom 4% or more to less than 
1% with a capacity of 50 tons per year. It has also been reported(loZ~ that a 
dekemping machine was developed by the Wool Research Organisation of 
New Zealand (WRONZ), this being funded by way of a 1% fibre levy. 

McGregor(*) reported that wouring and topmaking reduced kemp levels 
and he('wJ illustrated the effect of goat age (very small) and scouring and top- 
making on kemp levels. 

Lupton et investigated the effects of standard scouring and worsted 
procedures on kemp content and found a poor correlation (rz = 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 corresponding 
levels of kemp were 0.54 and 0.35%. respectively. 



CHAPTER 12 

FIBRE CHEMICAL, MORPHOLOGICAL AND RELATED STRUCTURE 
AND PROPERTIES 

12.1 General 
The reader is referred to recent excellent reviews of this subject by 

Zahn(wJ054) and Spei and Holzem(lm). Zahn et aif502) earlier reviewed the 
structure (biological 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 crystalline, relatively water impenetrable microfibrils (lying parallel 
to the fibre axis) embedded in an amorphous, water penetrable 
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-eratin fibres contain three main protein frac- 
t i o n ~ ( ~ ~ ~ ) ,  termed low-sulphur, high-sulphur and high tyrosine 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 aenerallv consists of a cortex (cortical cells), the solid and main Dart 
(bulk) of tKe fibre,which is predominantly ortho-cortex (cortical cells), and epi- 
dermis (cuticle cells) of numerous overlapping scales (arranged somewhat like 
the tileson a roof) each having its free end (or edge) directed towards the fibre 
tip"! Sometimes there is also a medulla present which is a central core (or 

-- 
Fik 40 Structure of a Mohair (Adultl Fibre(m858). 



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 ~emi-permeable("~~.~* membrane called 
the epicuticle (which comprises protein and lipid). Smith(w," illustrated the 
structure of a mohair fibre (Fig. 40). 

Chemically, mohair is very similar to wool but because it is predominantly 
ortho-cortex, which is chemically less resistant than the para-corte~(~~), i t  is 
generally more sensitive to various chemicals than wool and more attention 
should therefore be given to the chemicals and conditions used during scour- 
ing, dyeing, carbonizing and finishing(34, 202). Ward et a/(U) produced the follow- 
ing table (Table 67) for the chemical composition of mohair and other fibres. 

Tucker et a1(g9z1W4) reviewed 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 67"" 
COMPARATIVE ANALYSES OF WOOL, MOHAIR AND FEATHERS 





1) The resistance to wear of mohair is related to the regular structure of the 
macrofibrils in the cortex. 

2) Eight keratins constitute the Keratin Intermediate Filaments (KIF) in cortical 
cells not only of Merino wool but also of mohair. 

3) Mohair has the highest helix content as found by differential scanning calori- 
metry (DSC). 

4) Lysine residues in the KIF of mohair have an axial periodicity of 39 in 
agreement with our present knowledge of the position of lysine in keratins. 

5) X-ray studies on mohair gave early evidence for microfibrillar swelling. 
6) The presence of a structural regularity at 198 a has been identified by X-ray 

work on mohair. 
7) Stretching mohair fibres under specified conditions revealed the phenom- 

enon of bimodal elongation of filaments. 
8) By combination of these data, a structural model for wool and mohair is 

proposed: In engineering terms the "fibrelmatrix" composite is provided 
mainly by the KIF. The 50% non-helical sections are the main components of 
the "matrix". 

Various other  article^^^^^^'^.^^^ also deal with topics related to those cov- 
ered in this chapter, Miro and Erram'), for example, relating the action of 
sodium hydroxide on wool and mohair to their morphological structures. 

12.2 Nature of Mohair Cortex 
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 spindle-shaped cells(17" 
(quoted in 

Hearle and Peters('" reproduced the following schematic representa- 
tionl6n (Fig. 41) of the relationships between the morphological structure of 
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F i g  41 Schematic Representation of the Relationships between the Morphological 
Sbucture of the Cortical Cells and those of the 
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cortical cells and those of the cuticle. Cortical cells of wool are approximately 
1lOpn long and 5.5&m wide(lo3*, Satlow eta/(lZ8) reporting a value of 8 to 9pm 
for the width of the cortical cells of mohair. The cortical layer is built up of the 
spindle-like cells (filaments), clearly visible as strong striations throughout the 
length of the fibre(Wo2). In some instances there exists between the cortical 
cells, air-filled cigar-shaped pockets or vacuoles (streaks or ~ a v i t i e s ) ( ~ ~ l l l )  of 
various lengths(-M), which appear as black "spots" in the fibre when viewed 
microscopically, and are similar in dimensions to the cortical cells(3m). The 
percentage of hairs containing such vacuoles varies within wide 
Perkin and Appleyard("') 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 0-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 highw helix content 
(low-sulphur proteins)(l17z4n, surrounded by a non-filamentous matrix contain- 
ing two protein types, one cystine rich (high-sulphur proteins) and the other 
rich in glycine and tyrosine (high-tyrosine prote1ns)wand Ref@s2J(as quoted 
in(992)). 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(lzl), which could hold the key to the differences in physi- 
cal properties of keratins('=). 

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 
mohair(155). 

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 
varinlls worknrs(W~l.~.~49,505061,62676280,B5.9(1.SalO3l23124,l74, 18219920127UZ0.3688s3. 

899.10z". The cystine (sulphur) content of the paracortex is about twice that of 
the orth~cortex"~), with the latter less stable than the former(38). 

Dusenbuly and Menkad4') found that Kid mohair dyed to deeper shades 
than wool and had higher solubility in alkali after acid treatment suggesting 
that mohair was comp&ed mainly, if not entirely, of ortho-cortical cells. Ward 
and Bartulovich'"] and otherdg8' found evidence of the presence of both ortho- 
and para-cortical cells in mohair, these being uniformly 0:str:buted in the fibre. 
Ward and Eartulovich(*l described a method whereby me two d:fferent 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 3.80. 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- 



hair) supporting the findings of Ward and B a r t u l o ~ i c h ( ~ ~  of two types of cortical 
cells. In one case i t  was concluded that, in the case of adult mohair ortho- and 
para-cortical cells were randomly intermi~ed('~), whereas elsewhere i t  was con- 
cluded that in adult mohair the para-cortex appears to encircle the ortho-cor- 
te~("~1. The appearance of a mohair fibre, broken by twi~ting(~'n (Fig. 42) indi- 
cated that the fibre consisted of two different types of cortical material, the one 
being situated in the fibre centre and the other enveloping it like a sheath(23*. 
Menkart and ~ o e ( ~ l )  suggested that the cuticle was responsible for the deeply 
stained ring obtained within methylene blue. Kassenbe~k(~*, concluded that 
mohair consists of ortho-cells and also heterotype of cortical cells, with the 
structure being radial. Tucker et confirmed that mohair did not have a 
bilateral structure, with the ortho- and parazomponents having a random dis- 
tribution. 

42 Scanning Electron Photomicrograph of Mohair Fracbred 
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Thonen(=) investigated the cortical components and other aspects of 
wool and mohair. He found that mohair bound very little nickel, possibly due to 
its low rosine content (2%). with the ortho-cortex more reactive to many 
reagent&. Mohair 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. 

Dusenburyta51 used urea bisulphite solub:lity to characterise the cortical 
structures of mohair and other keratin fibres. Their values ITable 681 suooorted 
earlier findings by Dusenbury and Menkad41), ~enk'r t  and cod&) and 
Dusenbury and Jeffried40J that Kid mohair was chiefly ortho-cortex. 
D ~ s e n b u r y ( ~ ~ )  observed cystine values for Kid mohair about 1% higher than 
that reported by him p r e v i o ~ s l y ( ~ , ~ ~ )  and stated that this together with the urea- 
bisulphite data were not inconsistent with views expressed in the literature(49.61) 
that some para-cortical material exists in mohair. 

TABLE 68(a5' 
EFFECTS OF TIME OF STORAGE ON UREA-BISULPHITE SOLUBlUTlES OF 

VARIOUS KERATIN FIBRES 

Urea-Bisulphite Solubility 
(%) after 

Fibre Type 

Human Hair 
WC-4 Wool 
IWS Wool B 
Kid Mohair 

Brown and Onions(g3) (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 paracortical cells surrounded an intimate mixture of ortho- and 
para-cells. 

Perkin and Appleyard(182) used fluorescent stains to differentiate ortho- 
from para-cells in mohair and other animal fibres. Miro and Errat'" and Kondo 
eta/(27* also investiaated the chemical and morpholoaical properties and struc- 

Pooled 95% 
Confidence 
Limit 

.. . 
ture of wool and mohair. 

Dobb(2l" and Dobb and sikorski(Z71) undertook electron microscopv and 

10.0 
44.7 
57.2 
74.6 

- 

diffraction (low angle) studies, and suggested a system of cell classification 
based upon structural parameters rather than morphological features. 
Dobbeln 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 cells(271). 

9-4 
40.5 
53.6 
75.2 

1 2.0. f 2.2. 



Miro and Garc ia-~ominguez(~~)  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 u-kerato~e('~". 

K ~ l k a r n i ( ~ ~ )  reoorted on a comoarative studv bv electron microscooe ex- 
amination, of the morphological s t r k r e s  of three different keratin fib;es viz 
merino wool. Kid mohair and human hair. He concluded that the moroholooical 
structures ofthe ortho-segments of wool and Kid mohair were differknt, th& of 
Kid mohair 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 hairem). 

12.3 Crystallinity 
Mohair is reportedly('-) more crystalline than wool. Burley et aF4n used 

the hydrogen-deuterium exchange reaction to determine the crystallinelamor- 
phous ratio of keratin fibres such as mohair. They -presented the following 
table(47) (Table 69), illustrating the fractions of mohair and wool fibres which 
were accessible to deuterium oxide (heavy water) and also the crystallinela- 
morphous ratios of the different fibres. Using relative density measurements, 
Fraser and M a ~ r a e ( ~ ~ )  found that the relative non-crystalline content of Kid 
mohair was 86 compared to 81 for merino wool (cow's horn taken as 100). 

Nicholls" estimated that the fraction accessible to water was 0.60% for 
mohair, 0.63% for merino wool and 0.70% for Lincoln. Nicholls and 
Speakman(&] presented the following two tables (Tables 70 and 711 for the 

TABLE 69"" 

70 Deuterium oxide. 

Lincoln wool 
Rornney wool 
Merino wool 
Mohair 

Relative 
Humidity 

(%) 

Keratin I Fraction I Crystalline/Amorphous 
Access!ble Ratio 

0.873 
0-842 
0-83s 
0-824 

TABLE 70(*1 

Water Adsorbed ( 3 / .  on Dry Weight) by 

0-145 
0.188 
0.196 
0.214 

Lincoln 
Wool 

Rornney 1 Meh; 
Wool 

Mohair I Methylated 
Lincoln Wool 



Adsorbent 

... Lincoln wool ...I 175 0-70 0.43 
Romnev wool . . . . . .  191 1 0.64 1 0-56 
~er indwoo~ . . . . . .  194 0-63 0.59 
Mohair . . . . . .  203 0-60 0.67 
Methflated fin=." ~ooI::~ 9 1 0.63 i 0 . 9  

moisture absorption of mohair and wool and for M (the molecular weight of the 
unit ca~able of one mole of water). RIM (the fraction accessible to water mole- 
cules) and the crystallinelamorph& ratios, crystalline being the ordered ma- 
terial and the amorohous. the disordered material'"! Of the fibres examined. 
mohair was the m is t  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('n were actually less in mohair than in either merino or 
Lincoln wool. 

The sorption stoichiometry method gives crystalline fraction values only 
about half those given by the sorption isotherm method as illustrated in the 
following Table 72(") but aqrees well with those obtained by the deuterium 
exchange (degree of accessit3:ty) method. A question mark was placed on the 
interpretation of the deuterium exchange process. The microfibrils are regard- 
ed as the crystalline components ofn-keratins.Contran/ to earlier beliefs, water 
does penetrate the cwstalline regions, indcating that the sorption and ex- 
change methods underestimate the crystallinity(a. 

TABLE 72(52) 
ESTlMATES OF THE FRACTlON OF CRYSTALLINE MATERIAL(fc) 

IN KERATINS 

Crystalline 
Material fraction Method Authors 

Oxlord Dawn wool 0.44 
~ i o r r o b i i ~ ~ s l  

Sorption isotherm Nicholls & 

0.16 

Wool 
Hair 

{to ::;: 
0.43 

blollair 0.40 
0.18 

Sorption isotherm C251 
Deuterium r~change C71 
Sorption isotherm CIS1 
Sorption isotherm CZS] 
Deuterium e r c h a n ~  C71 
Sorption stoichiometry Valentine [33] 



Fraser and Macrae("1 gave the following values (Tables 73 and 74) for the 
specific gravity (relative density) of different keratins. 

TABLE 7315* 
THE DENSITIES OF CERTAIN NATIVE KERATINS MEASURED BY THE 
FLOTATION METHOD IN MIXTURES OF o-DICHLOROBENZENE WITH 

CHLORO BENZENE OR BROMOBENZENE 

Surwn- .Avg. 
s~o,, Mean volume 

Density temwr. residve w r  
a t  25' C. ature. weight. residue. 
g.cm.? ' C. 11 A' 

African porcupine quill (tip) 
African porcupine quill (cortex) 
Echidna ~ u i l l  (tip) 
F a r h e r  rachis (goow) 
Horn (cow) 
Horn (ram) 
H w f  (cow) 
Human hair (infant1 
Mohair (Turkish. kid) 
Lincoln Wwl 
Corriedale 56's wwl 
Mciino 64's wool 

Assumed. 
Turkey icather rachis. 

t Tcxas kid mohair. 
1 Adult hair. 

TABLE 74(" 
PREVIOUS VALUES 

Density 
a t  25' C. Refer- 

Material p.cm.l Solvent Method em-c 

Australian 80's n.oo1 1.299 
Lincoln 32-36', wml 1.290 
Ww1. M)', top 1m 
Wwl. 60'5 top 1.302 
Wool. 60's t a ~  130s 
Merino 60'1 r m l  1.309 
Corriedale wml 1.307 
Mohair 1304 
Wool (fabric) 1317 

Porcupine quill 132 
Keratins 1.2s-1,305 

Benzene D i ~ p k e m e n t  C71 
Benzene Displacement C71 
Benzene Displacement C71 
Toluene Displacement C71 
CCL Di~p l aemenr  C7l 
Benzene Displacement Cl61 
Benzene Dis~lacement C161 
Benrcne Dis~lacement [I61 
Xylem! Gradient El71 

CCI, column 
X y l e n J  Gradient ClZl 

CCI. eolurno - - 
- - Cl1l 

C9 I 



According to studies by Speakman etafil l] on the variation of the density 
of wool and mohair with temperature, the coefficient of thermal expansion of 
keratins, such as mohair, is about 0.0001fYC-1(5Z). Based upon the assumption 
that the density (dcl of the crystalline fraction is 1.39, Fraser and MacraetS2) 
arrived at the following values (Table 751 for the relative noncrystalline content 
of mohair and other keratins). 

TABLE 7S52J 
M E  RELATIVE CONTENTS OF NON-CRYSTALLINE MATERIAL IN CERTAIN 

u-KERATINS ASSUMING dc = 1.39 

Relative 
noncrys- 

Density, t;llline 
AIarerial g.cm.-' content 

Echidna quill tip 1.335 50 
Porcupine quill tip 1.320 64 
Human hair (infant) 1.317 61 
Merino WMI 1.302 S1 
Mohair (kid) 1.291 86 
Hoof (row) 1.2SS 95 
Horn (COIY) 1.183 100 

12.4 Small (Low) Angle X-Ray and Related Studies of Mohair* 
Spei and H o l ~ e m l ' ~ l  have recently provided an authoritative review of this 

subject and Zahnl*'" also covered i t  in his review of mohair keratin 
research. Var ious researchers, part icular ly  Spe i  and  co -work -  
ersl185224257274282297298,333.340.362.3W.37~.~O~3W.l.659 have undertaken exten. 
sive small angle X-ray diffraction studies of the structure of chemically treated 
and extended a-keratins, such as mohair. 

Heideman and Halb~th(~"  (quoted by Zahn(-.'"" reported on the fibril- 
lar swelling of a-keratin (mohair) in different solvents. by using X-ray tech- 
niques. In 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 hydrophobic effects. The lateral spacings of the protofilaments (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 ~ a h n ( ~ ~ . ' ~ " ,  these results may be interpreted by the fact that water 
penetratesthe KIF and is located on the surface and between the protofilament 
as the tetramertc str~ctural ~ n t s  which results in the swell'ng of the KIF. The 
mlcrof~brils IKIF) are only 504. crystalline and contain 50P0 nonhelcal regions, 
the latter biing part of ihe "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 
FeughelmannWg) (quoted by Zahn(994,10541). The rest of the structure includes 
the 50% nonhelical regions in the microfibrils (KIF)(-). 

'Studies on thermally treated keratins are covered in the following section 



Heideman and Halboth(l7G 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 A, and to be distributed on the periphery of the 
protofilaments. Theyew] 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 swelllino in different water-orooanol mixtures beina as- 
cribed to the leakage of hydrop"hobc bonding betw'ee; non-polar side chai&of 
the keratinQwl. The lateral soacina of the ohotofibrils and microfibrils also in- 
creased (17%) in water s w b ~ ~ e n  mohair. ' 

A meridional reflection at about 200 8, was identified by Spei@7U97.298) and 
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 increased(~*". On the basis of 
X-rav studies. S ~ e i  et at'85) observed a structural reaularitv Ioeriodicitvl at 198 
8, &treated mdhair, although only the 66 8, reflectyon was consider& a true 
meridional reflection. Fraser and ~ a c r a e Q ~ ~ ~ ' ~ )  (quoted by Zahn(m,1054)), how- 
ever, found a fibre axis repeat of 470 8,. thee-keratin structure having a helical 
symmetry in which the repeating keratin subunits are arranged at intervals of 
470 8, on a helical pitch of 220 A, with the 198 A reflection the axial projection of 
the lattice vector (see also Ref.(-)). 

On the basis of earlier s t u d i e ~ ( - - ~ * ~ ' ~ ~ ~ ,  low angle X-ray 
diffraction of chemically modified and extended a-keratins, Spei(m3W con- 
cluded that, not all low-angle meridional reflections can be regarded as higher 
orders of a 198 8, 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 interpreted(z4.297a31 to be a 
periodicitv of the less stable helical comoonents of the microfibrils and the 28 A 
;eflection.a periodicity of the more stabie helical component in the matrix (ie a 
matrix repeat). The 25 8, reflection (8 order) was reoarded as a oeriodicitv of the 
non-helical component of the ~ p e i ( ~ ~ c o n c l u d e d  that his investiga- 
tions supported the idea of an ordered matrix in a-keratin. 

Spei and Zahn(4gol 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 showed 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 Zahn(4ga 
showed that mohair contains about 42% by volume of matrix, porcupine quills 
37% and human hair 54%. In order to ain further information about the micro- 
fibril-matrix composite, Spei e t  a& undertook X-ray studies of thermally 
treated keratins (mohair, porcupine quill, horse tail hair and human hair). 

Zahn et a m  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 8, and 25 8, 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 mohair fibres and porcupine quill samples. 
The opposite swelling behaviour should have been observed if the hypothesis 



of preferential matrix swelling was correct(502). An alternative explanation for 
this inverse correlation between swelling and matrix content had been of- 
fered(*%). 

S ~ e i ( % ~ )  undertookfurther low-angle X-ray diffraction studies of the micro- 
fibril-matrix-complex of a-keratins, eg mohair, human hair and porcupine quill, 
having different proportions of matrix. He found that fluorinated alcohols, tri- 
fluoroethanol and hexafluoroisopropanol, react equally well with matrix pro- 
teins as with micro-fibrillar 

Spei(659) used low-angle X-ray analysis of the water swelling of mohair and 
porcupine quills. Usin X ray investigations of various swollena-keratins(eg ? - mohair and wool) Spei 610.7Z1) showed there was not only a matrix swelling but 
also a considerable microfibrillar swelling. 

Work by Spei and co-workers(24u5298'~~515~63z~644~6M~, involving studies 
of the influence of detergents on the low-angle X-ray diffraction patterns of a- 
keratins (mohair) confirmed the Dresence of two ordered reaions alona the 
hbre axis, the 288 meridional reflection being indexed as a mat& repeat ark the 
39 8, as a m'crof:brillar reDeat. The de~osition of anlonic oeteraents (n-alkvlsul- 
phates) occurred in two stages: ~ i r s t  the matrix was penetraied and then, at 
higher detergent concentrations and lower pH-values. the microfibrillar regions 
were penetrated. 

12.5 Thermal and Thermo-Analytical Studies 
Various w ~ r k e r s l ' ~ ~ . ' ~ ' ~  investigated 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 odour of burning wool, with the fibre lique- 
fying at 5" to 10°C above the higher of the two t e m p e r a t ~ r e s ( l ~ ~ J ~ ~ )  as quoted 
by ~ a h n ( ~ 1 .  

Felix et a1(lo7) found the "Differential Thermal Analysis Curves" of wool 
and mohair to be similar. The endotherm at 130" to 145"C, was ascribed to 
vaporization of bound water. W e c l a w o w i ~ z ( ~ ~  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 H ~ l e ( ~ m  investiaated the use of thermal dearadation charac- 
teristics(thermo-gravimetv) as a method for different~ating Getween different 
keratin fibres. lnvestiaations bv thermo-qravhetrv (TGI between 200' and 
400°C yielded curves which, although th& 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. 

~ p e i ( ~ l ~ 1  reported on the influence of heat (170' to 230PC) on the microfi- 
brillmatrix complex of wool and mohair and also investigated the influence of 
fluorinated solvents on the matrix proteins. The action of heat and liquid am- 
mo&a on the morphology of mohair and other keratin fibres was studied by 
means of thermo-mechanical analysis, stereoscan microscopy and differential 
scanning ~alorimitn/(*~~1. 

Hagege and  onn net(^'^) 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 



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

"Supercontraction" near 220'C was associated with the "wrinkling" of the 
scales and corresponded to the Tg of the orientated "7-phase" of keratin. Post- 
elongation near 26WC 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 ofthe fibre. The degradation of the exocuticu- 
lar component (at 10DC/min heating rate) began above 350°C and proceeded 
very 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". 

Fohles et found that, according to amino-acid analyses of thermally 
treated mohair, there were considerable losses in lysine, aspartic acid and cys- 
tine, with the losses in amino-acids with hydrophobic side-chains being low. 
Their results supported the  hypothesis that the 28 and 258. reflections were 
matrix repeats and the 39A reflection a micro-fibrillar repeat. 

M i i l l e r -S~hu l te (~~)  showed that the structural features and decomposition 
reactions of untreated and chemically treated mohair can be described on the 
basis of differential scanning calorimetn/ (DSC) measurements made in con- 
junction with small-angle X-ray data. 

Crighton and studied wool, mohair and other keratin fibres in 
aqueous media by high pressure differential thermal analysis (DTA1(715). 

Spein" and co-worked"') undertook low-angle X-ray, and amino-acid 
analysis of dry heated fibre keratins (170"-230%) and low-angle X-ray investi- 
gations and DSC-investigations of wet heated (in water) fibre keratins 
(120"-140'C). Speimshowed 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. I t  was also showed that the in- 
tramolecular disulphide bonds displayed a greater thermal stability than the in- 
termolecular onesm. Speirn1.'=4and Spei and Ho1zem"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 fibresum. In the DSC-curves of 
=-keratins, two endothermic peaks had been interpreted contradictorily in 
terms of helix melting points and cystine decomposition points. Investi- 
g a t i o n ~ " n . ~ - ~ , ~ )  showed 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)rni! Thermal degradation (ie decrease in  the relative helix con- 
tent) depended bo th  upon the t ime and temperature of  the heat 
treatment".'wW'W. Spei and Hol~ernm,~- 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, i t  being 235' to 240% for undergraded wools, mohair, horsehair and 
human hair and 220'C for Scarboxylmethylated mohair (SCM ; 50% degree of 
reduction)"'" Fig. 431'" shows the effect of heating time (200°C) i n  the 
relative =-helix content of different fibres. 
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Fig. 43 Relative Helix Content of Six Different Materials as a Function of Ternperat~d~~~a). 

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 
mohai r )  i s  a measure o f  the re la t ive  he l ix  content  o f  the  sam- 
ple(687.791~27"0.91~1025.10UI~. The peak area decreases continuously with in- 
creasing fibre extension and thermal degradation(919). mohair having a relative- 
ly high helix content of 35%(811 (Table 76(lm1). 

Haemoglobin has half the relative helix content, but twice the absolute 
helix content, of 

Spei and H ~ l z e r n ~ ~ ~ ~  investigated the a- p-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 a- p-transition is governed by a mo- 
lecular mechanism up to elongation values of 60 to 80%. with previously crys- 

TABLE 76(lm) 
ABSOLUTE AND RELATIVE HEUX CONTENT OF DIFFERENT FIBRE KERATINS 

Absolute 
Helix 
Content 
(%)  (81) C 

Mohair 3 5  
Lincoln Wool 30 
Human Hair 21 
Horse Hair 2 5  

Relative Relat ive  
Helix (Dsc) ~ e l i x  



talline a-helices being converted into drawn b-concertina structures. It could 
not be ruled out, however, that the molecular a- &transition is superimposed 
bv a non-molecular n- R-transition wherebv oreviouslv amorohous keratin is ~, - - ~ - 

converted into stretched-& structures by elonbatton c&allisa;ion. Dur~ng TLC 
studies on stretched mohair. Soei(Io3n found tnat the relative helix content de- 

~~ ~ . . 
creased linearly with increasing extension, the a- ,%transition was therefore 
also linear. indicatino that a regular extension of the helical and non-helical 
micro-fibrillar pans r&ultsthrou~hout the wholeelongation range. 

Spei and Holzem"1s) showed that weathering aamage to mohair and oth- 
er keratin fibrescould be determined by thermo-analytcal (DSCJ techniques. 

Deue et al(1a17.102a.1029) used high pressure dtfferential calor:metry (HP - 
DSC) to investigate the thermal behavour of, and to characterise, keratin fibres. 
such as mohair, their morphological structLre 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 u-helx into a random 
structure, the HP - DSC detecting these transittons in the form of endo-thermal 
peaks. A characteristic correlation between the melting point of the <I-helix and 
ihe 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 ihe secoid endothermic peak oeing due to the keratins in the 
para-cortex because of their higner 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 o r o t e i n ~ ( ~ ~ ~ ) .  

Chemically, mohair fibres do not differ greatly from wool, the amino-acid 
comoosition of Kid mohair being found to be largely similar to that of merino 
and iincoln wool(117). Ward eta?=) found the amino acid values for wool and 
mohair not to differ all that notably, exceot possibly in the cases of tvrosine. 
aspartic acid, serine and threonine. The host interest'ng apparent chemical 
d:fferences were in the relatively low sulohur (and therefore cystine) contents 
and the relatively high values for aspartic acid"). Simrnonds(@found mohair 
to be more reactive than wool or human hair and found that the levels of only 
certain amino-acids differed between the limited wool and mohair samples 
studied. Mohair appeared to have a greater proportion of the acidic and basic 
amino acids than human hair, explaining 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(1~0.18*M2Y)270). Amino-acid analyses 
have been carried out on mohair by for example, Swart and co-work- 
ersc13aJsa2s1zwr361) and ~ i l l e s p i e ~ ' ~ ~ ) .  Swart et compared the soluble pro- 
teins of oxidised mohair and reduced mohair with those of wool. They found 
that the amino-acid comoosition of wool and mohair as well as the a-, p- and7- 
keratose isolated from ;he two fibre types were very similar, with the high- 
sulohur proteins revealing marked differences. They also showed that oxidised 
mdhair contained more and less p-keratose than wool. The physical proper- 
ties of mohair and wool 7-keratins sub-fractions were similar, although amino- 
acids analysis revealed interesting differencesfor the sub-fractions. Chromoto- 
graphic separation, on DEAE-cellulose, indicated that the high sulphur protein 



fraction (SCMKB) of wool contained protein compounds which could not be 
accounted for in similar fraction of mohair. 

Swart et dl3" presented the following table (Table 77): 

TABLE 77(lM)* 
KERATOSE CONTENTS IN MOHAIR AND WOOL 

Keratose Origin mohair Yool 
% : 

Cd -Keratose KIF  58.1 53.4 

8-Keratose 'Nonkeratins" 10.3 15.8 

7.-Keratose 'Matrix" (IFAP) 30.0 30.7 

Gillespie and lngles(121) compared the high-sulphur proteins (SCMKB) 
from various a-keratins, including mohair (seeTable78). 

Crewther et a/(149) studied the amino-acid composition and optical rotation 
dispertion properties of the low-sulphur proteins (SCMKA) from a range of n- 
keratins, including mohair. The effect of different purification methods on the 
separation of SCMKB proteins has been studied(lM), the chromatogram of mo- 
hair SCMKB being found to be different to that of the other animal fibres stud- 
ied. 

TABLE 78(121) 
M E  AMINO-ACID COMPOSITION OF HIGH.SULPHUR PROTEINS FROM 

WOOL AND MOHAIR 

p~ 

L Y ~  1.27 0-95 0.67 0.68 0-63 0-75 Ly. 0.62 
His 2-60 1.83 1.61 1-53 2-00 1.68 I l i i  1.43 

18.1 18.3 15.6 16.4 14.0 19.8 Arg 16.7 
14.4 14-6 15.7 16.6 16.7 17.7 SChlC 14.8 
2.22 2.29 2.42 2-05 1.41 2-05 App 2-01 
7-59 7.90 7.12 7.68 7.50 7.55 Thm 7.38 
9.M) 9-80 7-80 8.70 8.75 8.76 16, 8.65 
5-27 650  5.51 5-63 5-50 5-50 Glu  5.82 
8-82 9.60 10.2 9.72 9.33 in.& PI 9.5s . ~- .~. ~. . .. - -  . .." ~ .. 

GlY 4.41 530 4-30 4.44 4-08 4-38 Gly 4.78 
Ah 2.25 2.26 1-15 2-05 1-83 2-05 A h  2.35 
Val 444 4.35 4.30 4.09 4.00 4-29 Val 4-03 
Ileu 2.27 2.75 2.28 2.22 1.91 2.14 Ileu 2.31 
Leu 2.81 2-98 3-09 2.73 2-08 2.80 iru 2-84 
TF 1-81 1.64 0.81 1.19 1.08 1 . 5 8 T , r  1.01 
Phe 1.36 1.45 1-61 1.36 0.91 14il Pbr 1.60 



Heideman and c o - ~ o r k e r s ( " ~ ' ~ ~ )  studied the distribution of lysine in the 
microfibrils of a-keratins, such as in mohair. 

Swart(l3* showed :hat the amino-acid composition of kemp was different 
from that of adult mohair, the former containing more p-keratose but less 7- 
keratose than the latter. Swart et a/('69) subseouentlv comoared the  rotei ins of 
A d ~ l t  mohair, Kid mohair and kemp fibres, the arnino-acid compost~on of tne 
fibres reveal in^ differences. This was further suooorted bv the different orooor- 
tions of the a-,-and p -keratoses of the fibres and ihe aminb-acid compo;itiin of 
these keratoses. Four fractions of they-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 obvious(16*. Adult mohair was 
found to contain 6% more cystine, 13% more glycine, 10% less phenylalanine 
and 17% less tyrosine than Kid mohair(16*. Kemp contained 17% more lysine, 
13% more histidine, 13% more phenylalanine. 7% less serine. 7% less tyrosine 
and 18% less cystine than adult mohair('"). Kemp contained considerably 
more 8-keratose and less 7-keratose than the other two 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/(lS9) gave a table summarising the physical measure- 
ments on sub-fractions of 7-keratose found in Adult mohair. Kid mohair and 
kemp and also gave the amino-acid composition of the sub-fractions of 7- 
keratose from Adult mohair, Kid mohair and kemp (Table 79). 

TABLE 791169) 
AMINO ACID-COMPOSITION OF THE SUB-FRACTIONS OF 7.KERATOSE FROM 

ADULT MOHAIR KID MOHAIR AND KEMP 



A comparison of Adult mohair, Kid mohair and kemp gave the following 
reSu~ts(130.186~: 

TABLE 80(lM.'86) 
PERCENTAGES OF KERATOSES IN FIBRES ON A NITROGEN BASIS 

Adult Mohair Kid Mohair Kemp 

5821 62,9 53.5 

10.3 8 8  15,8 

30,O n s 3  - 239 - 
TDTAL 98,4 - 9980 - 9 9 2  - 

Bradbury et a/(178) (quoted by KiddI'l8)) 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(lg8). One of the first and most exten- 
sive surveys on the hi h sulphur proteins (SCMK-B) from reduced mohair was 
carried out by Joube 2 254270) - 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 corresponoing molecular weightgroups of 
the high-sulphur proteins of wool and mohair revealed obvious 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 aPSZ) showed that the high-sulphur proteins of reduced car- 
bow-methylated mohair and wool consist of four main groups with different 
molecular weiohts I23 000. 19 000. 16 000 and 11 000). with each orouo com- 
prising a numGer of closeiy related components.  het total S C M K ~  of mohair 
was seoarated. bv chromatooraohv on DEAEcellulose into three fractions. MI.  
M2 and ~3(3&36i). The 11 060 dalion group occurred in Fractions M1 and MZ 
and the 16 000 dalton arouo onlv in Fraction M2. while Fraction M3 contained 
the higher molecular ie ight  groups. chromatog;aphy on cellulose phosphate 
at OH 2.8 in 5M urea oroved to be hiahlv effective in seoaratina the 11 000 and 
16'000 dalton due mainly to the large differences as ?n their argenine 
groupsU"lS.wJ. The individual components in a group could be separated by 
using extended sodium chloride gradients, this method yielding two compo- 
nents from Fraction M1 (11 000 dalton) of mohair(361) and seven from Fraction 
M2 (three from the 11 000 dalton group and four from the 16 000 dalton 
group)(3"w. Swart etaflw) 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. Iw% A higher degree of 
homology was confirmed between the proteins of different molecular weights 
and between merino wool, Lincoln wool and mohair. The most probable fifteen 
nucleotide base sequence for the five residual repeating amino-acid units in the 
16 000 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(-. Swart et 
a/(-) also discussed aspects of homology and phylogenetics. A comparison of 
the proteins derived from wool and mohair showed that these hiah-sulohur 
proteins provided a record of their genetic history and, i f  extende2 to &her 
sources, these keratins could provide an excellent study on phvloaenetic rela- 
tionships. The fact that the high-sulphur proteins of mohair and wool belong to 
groups with distinctive physical properties, was discussed(w) 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%) halfll", cysteinyl residues, however, being evenly distributed in the 
16 000 and 19 000 dalton group proteins) and N-termini. 

J o ~ b e r t " ~ ~ )  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 wool. The S-car- 
boxy-methyl derivatives (SCMKBI of ihe high-sulphur proteins of mohair were 
fractionated by a combination of chromatography on DEAE-cellulose and cellu- 
lose ohosohate. and seven fractions from orouo M2 were obtained. The com- 
p le te 'am~kac id  sequences of proteins S C & ~ K ~ M . Z . ~  and a mmor 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 ac~d seauences of wool oroteins SCMKB-ILIA3 and SCMKB-lllA3A(3%) 
Parris and S W & ~ ~ )  isolated and determined the first complete amino-acid 

TABLE 80a(147) 
AMINO-ACID COMPOSITION OF A N ~ A L  FIBRES DERIVED FROM VARIOUS 

STRAINS OR BREEDS OFSHEEP AND OTHER SPECIES 

~~ .. .. ~~- ~ ~ 

2.25 270 i.n m 2.15 zu 1.5 u, ?.a 2 s  1.m I- 
S I Z  ms 5.m 5.52 s ~ ?  4.m 5x1 4 . a  6 . a  r a  
8.m 1m 7 . z  7.7 3 sn 7so 6 . 3  rrr 7 .  ssl 
1.12 m 4 .  547 . m . sot 4.m ( ~ 2  4 . s  M 



sequence of a high sulphur mohair protein, SCMKB-Ml.2. The protein was 
closely homologous to wool protein SCMKB-IIIB2. Protein M1.2 was the first 
mohair orotein- of which the comolete amino-acid seauence was deter- 
mined(36i), the calculated mo~ecular 'wei~ht of the protein being 11 206. 

Crewther et a/(143 gave a comparative table (Table 80a) for the amino acid 
composition of various animal fibres and human hair. 

Corbed3" compiled the following table (Table 81) from various sources. 

TABLE 81(38" 
AMINO-ACID ANALYSIS OF HAIR AND WOOL- 

'Values given in micrornolesig 

Tucker eta/(-) (quoted in gave a table for the amino-acid com- 
position of variousspeciality animal fibres, including cashgora and cashmere. 

12.7 Sulphur Content 
Mohair has a sulphur content similar to that of high lustre wool of similar 

fineness(g8). Ma~ersberger(~~1 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 Bergen(zo", found that the sulphur content of Texas Kid 
mohair was 2.9% and Turkey mohair fleece 3.6%. It has been stated('') that 
mohair has an average sulphurcontent of about 3.7%. 

D u s e n b ~ r y ( ~ ~ ~  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. 



TABLE 82@" 
CYSllNE CONTENT OFVARIOUS KERATIN FIBRES 

I Cystine 
Fibre Type Content 

(%) 

Human Hair . . . . . .  18.8 
IWSWoolC . . :::I 11.3 

. . . . . . . . .  Kid Mohair 10-4 

B. A. Fleece Wool (40s--44s) -.. 10-8 
... B. A Fleece Wool (56s) ..I 11.1 

LincolnWooll40s) . . . . . .  12-8 
White ~ashm& . . . . . .  11.8 

... Dark Vicuna 1.. :::I 13.6 

Pooled 95%.Confidence Limit ...I *0.3. 

Satlow e t  al('"found that alpaca contained morecystine than mohair and 
found that the cysteine content was less for mohair than for camel hair and 
alpaca. S a t l ~ w ( l ~ ~ )  also quoted values for t he  cysteic acid and tryptophane con- 
tent o f  mohair. 

Griinsteidl and W i l h e ~ r n ( l ~ '  also investigated the amino-acid composition 
of mohair and other animal fibres. They gave t he  following table (Table 83) for 
the sulphur content of the various animal fibres: 

TABLE 83(lW) 
SULPHUR CONTENT(%)' 

Karakul 

Mutton Sheep 

Mountain Sheep 

Camel 

Mohair 

Angora Rabbit 

'Based upon dry mass 



They also published a table of the amino-acid contenf of the different 
animal fibres. Gillespie and ~road"~1found a linear relationship between ultra- 
high-sulphur protein content and sulphur content for wool and various hair 
fibres, including mohair. Kassenbeck et aP78) 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 
(Table84) for sulphur content: 

TABLE 84(378) 
SULPHUR CONTENT OF DIFFERENT ANIMAL FIBRES 

I F i b r e  I sulphur Content ( b )  I 
Poodle H a i r  

Mer ino Wool - Ortho-Cortex 

Mer ino Wool - Para-Cortex 

Cape Mohair  

Kidd(*'" compiled the following tables {Table 85 and 86). from various 
sources, for the sulphur and cystine contents of various fibres. 

Maasdorp(-) 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 merino 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 confirmed 
that merino wool has a bilateral cortical segmentation (ortho-cortex and para- 
cortex) while the Lincoln wool and mohairexamined, seemed to consist mostly 
of ortho-cortical materials(581). Trollip eta1(792) showed that the sulphur concen- 
tration of the mohair cortex was similar to that of the kemp although the medul- 
la of kemp had a relatively low sulphur content. 



TABLE 85r18)  TABLE 86@18' 
SULPHUR CONTENT OF VARIOUS CYSTlNE CONTENT OF VARIOUS 

FIBRES FIBRES 

Fibcr S O I ~  coo~cnt (7.) F i h r  Cyrtine content (7.) 

Bristle (Gortorg) 

Caw's horn 

Rhino horn 
Porcupine quill 

dcraled tip 
Rabbit hair - 
- 
Rvriiao 
Agouli 
Black 

R s w n  fur 

Dog hair 
Dug ww1. *hits 
Murkral fiber 
Goat hair, Tunisian 
G u i n u  pig hair 
A l p r u  
- 
while 
b roro  
bla'k 
- 

Ma& - 
Turkkh 

fine 
=oars=. 

Tcru.  kid 
Tvrtiih R- 

V h E l  
clmslhk 
CIshmCR 
Humur bair - 
- - 
- 
- 
- 
black 

Horutail hhjr 

Rabbit hair 
shah 
lip 

Alpact 
Suri, whits 

shaft 
tip 

Huacayo, whits 
shaft 
tip - 
- 

Carhrncre 
whits - 

Carncl hair 

Mohair 
kid - 
- 

Vicuna. dark 
Rabbit hair 

Ansara 
blown 

Hare hair. 
b l o m  

Goat hair 
dipped 
clipped 
lim-aked 

Human hair - 
Italian female 
African Negro male 

Cattle body hair 
(British breeds) 



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 wool 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- 
cal damage to wool and mohair. Mohair is generally con~idered(~~5"* '~~) to be 
more sensitive to alkali than wool, although B a m f ~ r d ( ~ )  found wool more sen- 
sitive to alkali than mohair. According to alkali solubility tests, treatment in 
boiling sulphuric acid modified mohair more than human haid40. Low values 
115%) 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 
175%) with Kid mohairwhich is chiefly ortho-cortex("". 

D ~ s e n b u r ~ ( ~ ~ )  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 aP8)  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- 
hairwas more sensitive t o  alkali and acid than Buenois Aires (BA) wool. 

KrieI(I261 investigated the modification of wool and mohair by alkali treat- 
ment, using urea-bisulphite solubility as a basis of assessment and found a 
38pn mohair more resistant to alkali than a 21&m 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 
mohair('", which was higher for the mohair. Miro and ~ r r a ' ' ~ ~ )  investigated 
the effect of sodium hydroxide on the chemical properties of mohair and wool. 
~iddc~'" 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. 

Kiddc-8) reproduced the following table (Table 88)from Ref.Vsl. 



TABLE 87(418) 
SOLUBILITIES OFVARIOUS flBRES 

Alkali Urr~birvlfils 4.5 N ACI 
Fiber solubilily. (7.) solubility' (7.) solubility' (%) 

Cashrnuc - 13-17 
while 12-18 - 

Alpao 9-16 
Suri 7-13 

shaft - 
lips 

H U ~ Y O  
rbfI - 
ti01 

clmci hair 14-15 
10-17 

Vim&, duk 
Mohai - 11-15 
- 9-27 - - 
kid 

Rsbbit bak 
Angora 7-12 
blown 9-13 

Hue hair, blown 7-1 1 
Cmt hair 

shorn 13-17 
rhoro 10-20 

Caltlc hair, clippcd 6 7  
Calf hair. clippcd 6 8  
l i u m n  hair 

Cauasiam J.0 
N e u o  4.1 - 

Liocoln wool for 10 
romrrubn 

TABLE 88(78)' 
CONTRACTION OR SETOF FIBRES TREATED IN BOILING WATER AT40% 

EXTENSION 

Trcnlment ~c r iod  
- ~~ - 

F i h  2 min 30 min M) min 120 min 

Lincoln wool -27.9 -6.3 8.4 14.9 
hlohai. -26.9 12.9 17.5 26.6 
A l p a a  -5.9 -0.2 8.6 16.2 
H u m  hair -7.9 - 2.2 5.6 14.5 
G t l l c  tail hair -18.9 2.2 10.7 20.4 



12.8.2 Supercontraction 
Haly and Fe~ghelrnan(~~) studied the supercontraction of mohair, wool and 

human hair in bromine-free lithium bromide solutions, showing that it took 
place in two stages with the total contraction determined by the number of 
jisulphidecross-hkages in the fibre. The degree of contraction appeared to be 
nversely related to the cystine content. Haly and Griffith(58' studied the super- 
:ontraction of mohair in Lithium Bromide solution. 

Bell er dl(-) investigated the measurement of damage in wool and mohair 
SJ a mo0;fication of the Krais-Markert-Viertel IKMV) test involvina the suoer- 
:&traction in solutions of caustic potash (KOH). s hey concluded &at chaiges 
n recovery time rather than changes in super-contraction provided a better 
neasure of fibre damage and could distinguish between acid and alkaline dam- 
3ge. 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. 

Swanepoelm5) investigated the supercontractlon of sound and weathered 
mohair in lithium brom:oe. Haly and S~anepoel' '~') studied the supercontrac- 
ion and elongation of mod;fied kerath fibres, such as mohair, in LiBr solution. 
rhev found that irrespective of the residual cystine content (with disulphide 
ossof up to 53%). the maximum level of supericontraction was approximately 
:he sameas 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 

;tored under moist conditions, particularly under warm, dark conditions. The 
.esistance of mohair and certain other fibres to microbiological agencies has 
leen investigated by Burgess(12) (quoted in Ref.(g8)). Mohair was found to be 
ess resistant to trypsin (enzyme) than wool or human hair (Burgess(12) quoted 
n Ref.rge), this also being indicative of susceptibility to microbiological attack. 

According to Onions(98), mohair is more easily attacked oy bacteria and 
nildew than wool. 

12.8.4 Birefringence 
Barakat and Hindeleh('w reported on the interferomic determination of 

he refractive indices, for light vibrating parallel and perpendicular to the fibre 
ixis, respectively, (n, and n~ ),and birefringence (n,, - n, of mohair. 

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

n,, : 1.5474to 1.5546 (1.542 - 1.547) 
n~ : 1.5579 to 1.5638 (1.553 - 1.556) 

an : 0.0082 to 0.0111 (0.009 -0.012) 

Fouda et aPY) gave the following tables (Table 89 and 90) for the refrac- 
ive indices and birefringence of mohair fibres. They concluded that multiple- 
jeam Fizean fringes were promis~ng in the investigation of fibre properties. The 
efractive :ndices n2 and nk are for tne mohair fibre skin, the birefringence ans 
ralues, also being c 'H lcu~a t~d(~~) .  
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TABLE 89"%) 
M E  VARIATION OF REFRACTWE INDEX WITH DIFFERENT WAVELENGTHS 

TABLE go"%) 
BIREFRINGENCE OF MOHAIR FIBRES 

Values haw an accuracy of tO.OOO5. 

12.8.5 General 
Fr5hlich('sngave 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. B a r n f ~ r d ( ~ ~ )  
reoorted that the titration curves for wool and mohair were almost identical, 
except for pH 0 to 1.5 and again In the lso-electric range. 

Kassenbeck and H a ~ e n e ( ' ~ ~ )  lnvestiqated the fixation of silver by mohair 
and other fibres. Guthrie 2nd Laurie(l8O1 showed that mohair keratin forms two 
tvoes of comolexes with coouer (11) ions, the one being stable at pH < 9 and the 
diher being stable at pH > 9: ' 

- 

C r e w t h e ~ ( l ~ 9  investiaated the effects of reduction and alblation 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(135)). 



Fig. 44 Relationship between Disulphide Content of S-Methylated Animal Fibres 
and Sbain at the Transition between Yield and Post-Yield Regions: X Lincoln: 0 Mohair: 
0 Horsehair: 4 Lustre Mutant Merino: A Human 

Appleyard('-, quoted by Kiddt418), studied the effect of o-chlorophenol on 
thecross-section of mohair and other animal fibres. 

Atkinson and Speakmad113) investigated the action of mixed solvents on 
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 in~estigated~'~). Ahmad(216) quoted 
by Kiddt418) 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(lg3). 

Mohair swells about 12% in diameter in methanol, ethanol, n-propanol 
and dimethylformamide but contracts in i s o p r o p a n ~ l ~ ~ * ~ ~ ~ ~ ~ .  

Robbind-) gave the following comparative table of cross-link density 
and diffusion rates (Table 91 ). 

Pithnanes5) found little difference in the wenability of single wool and 
mohair fibres. Jurdana and Lea~er( l~ '~) found that t-butanol did not penetrate 
the mohair cortex but did appear to penetrate the intercellular material between 
cuticle cells. 

TABLE 91WJ 
CROSS-UNK DENSITY AND DIFFUSION RATES 

R CysIinc' Relative diffusion 1891 
TY PC of calculated from cuclficient a: KYC 

kerntin fiber R sulfur using omngc I1 dye 

Human hair 11.0 1.0 
W r  Merino wool 11.3 1.9 
6's hlohair 9.2 3.4 
56's Duwn wool 8.8 5.0 

'Cdculxed from R rulfur. assuming all sulfur cxirrr as cyrtinyl 
rcdducr. md a residue of 178 &Irons. 



CHAPTER 13 

SCOURING AND CARBONlSlNG 

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 Mohair generally contains 
far less impurities than w ~ o l ( ~ ' ~ J ~  (eg 4 to 6% of grease compared to about 
15% for merino and scouring generally causes a loss in mass of 
between 15 and 20%(3m). Mohair is  generally regarded as more sensitive to 
alkali than wool and less soda-ash should therefore be used during scour- 
ing("0.145). Staplet~n('~'", in 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 90%. 

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(lo2), efficient sorting playing an important role in the eventu- 
al quality of the yarn. The fibre can then be willeyed before i t  is scoured. Scour- 
ing conditions for mohair are generally gentler than for wool, the first bowl 
temperature, for example, being of the order of 50°C. dropping to about 40°C in 
the last bowl(10z). Alkali need not be used and the scouring rate is generally 
much lower than the capacity of the scouring train(lo2). 

Slivers made from coarse mohair off-sorts can be used for wrapping the 
squeeze rollers of the scouring trainUM). 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 control fly during carding('02). Care must also be taken 
during scouring not to impair the lustre of mohair, hence soda ash is often only 
used in the first bowl(133) or even omitted altogether. The scouring liquor tem- 
peratures and pH must be strictly controlled, a maximum scouring temperature 
of 55°C was s u g g e ~ t e d ( ~ ~ 3  and in a typical bbowl scouring set the pH of the 
first bowl could be 10.5, that of the second bowl 9.5 and that of the third bowl 
8.5. Excess alkali in the fibre can lead to discolouration in 
Spencer(213) suggested that mohair should be scoured to a residual grease level 
of 0.6% and that I to 1.2% of combing oil should be added to give a total fatty 
matter content of 1.6 t o  1.8%, which was considered ideal. An openinglcleaning 
operation prior to and after scouring (on a three bowl set), to open the fibre and 
remove excess dirt (or stubborn matterl, heaw seed etc, results in more effec- 
tive ~ a r d i n g ' ~ ~ ~ . ~ ' ~ ' .  A series of plot-scale experiments on the scotlring of mo- 
hair was cawed out at SAWRI in the 1 9 6 0 ' ~ ' " ~ " ~ ~ " ~ ) .  Kriel"l0."". quotina 
unpublished work by Veldsman, stated that a higher consumption of detergent 
was required to remove l g  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("0,115) and Kriel and Grove('45) studied the effect of different backflow 
rates(lrO) and on mohair scouring efficiency, stating that for 
efficient scouring, the minimum temperature should not be lower that the melt- 
ing point of the wax on the fibre while excessive temperatures could damage 



the mohair, particularly its lustre. For one of the detergents an optimum rate of 
backflow of 50% was found('lO). It appeared that as far as grease removal was 
concerned, temperature had similar effects in the first and second b o ~ l s ( ' ~ ~ . ' ~ ~ 1 .  
A second bowl temoerature of 50°C was iudoed better than one of 45°C. the 
thirdbowl ternperat;re being kept constant a i 4 5 ' ~  and that of the fourth bowl 
at 40°C. lncreasino the first bowl temuerature from 45' to 55'C increased the 
grease removal,-the residual greaie decreasing linearly from 0.9% to 
0.2%("5J45). Grove and A lber I~n( '~~)  concluded that i t  was unwise to exceed 
55°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)(l3*. It has also been stated(30* that the scouring liquor should prefer- 
ably not exceed 45°C and the drying temperature 55°C(3W), a OH of 9 is consid- 
ered suitable for mohair scouringT 

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

~ u r p i e ( ~ ~ = )  investigated the unconventional scouring of mohair, which in- 
volved relatively high concentrations of grease in the first bowl of the scouring 
train, the grease removal 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 nonionic surfactant, vegetable 
oil or animal fat leg wool grease) in an aqueous emulsion was also de- 
scribed(324). 

Turpie and M u ~ r n e c i ( ~ ~ *  undertook some laboratory experiments on the 
centrifuoal treatment of mohair scouring liquors. Thev found that the arease 
recovery potential from such liquors w& rather poor,with the choice of non- 
iogenic detergent having a noticeable effect on the results obtained. Turpie and 
MozedU" 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 from the effluent chase (phases produced by centrifuging the liquor). 
Storage for several days at 65°C improved the f l o c c u l a t i ~ n ~ ~ ~ ~ .  The sodium 
chloride, magnesium chloride and magnesium sulphate components of the 
sea-water were mainly responsible for the destabilisation (grease removal)"'). 
Mozes and T ~ r p i e ( ~ ~ ~ ) f o u n d  that storage (at 65W improved the destabilisation, 
by sea-water, of centrifuged mohair scouring liquors and effluents. A prelimi- 
nary study, based on industrial wool and mohair scouring liquor, suggested 
that grease removal after destabilisation with sea-water was correlated with the 
level of bacterial activity(". In other studies Mozes(w and Mozes and 
TumieIu1) found that the use of the magnesium-rich waste residue from a 
common salt recoven/ 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(u') that bitterns was a satisfactorv flocculant ~ ~ .-- ~ ~. ~ ~ ~ 

for the treatment of wool and mohair scouring wastes. In a later study, Mozes 
etalcM) showed that maonesium chloride was a aood substitute for bitterns as - 
a flocculent for wool and mohair scourmg wastes. 1% of magnesturn chlorlde 
awn0 better results than 5% bitterns in a ~ i l o t  scale trial lnvolvina a horizontal 
&ca&er centrifuge. 

- 

Mozes and ~ u r p i e ( ~ ~ )  reported on the treatment of mohair scouring 
liquors using hollow fibre pilot scale ultrafiltration (membrane separation). The 
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reiection factor for the membrane for grease was found to be indeoendent of 
thk liquor type but increased as the concentration of the feed increased 
until it reached a constant value of 99.5% at feed concentrations above 
10%(=3). the reiection factors for total solids decreasino as suint content in- 
creased. ~ o z e s i ~ m  reported on the treatment of woolland mohair aqueous 
scourino wastes, mvolvina centr~fuuinu. flocculat~on ies sea-water and bitterns) 
and membrane separat~on leg ulirafztration or microfdtration). 

Mozes and TurpietW" reported on  the oarticle size d~stribution of sus~end- 
ed solid dirt  in a range of industrial raw wool, mohair and karakul aq;eous 
scouring wastes. The log transform of the particle size followed an approxi- 
mately normal distribution. The various distributions showed peaks between 5 
and 20pm for liquors and secondary sludges and between 0.5 and l p m  for 
centrifuged effluents. About 95% of the dirt particles were larger than lprn in 
the case of liquors and 0.5pm in the case of centrifuged e f f l~ents(~3.  

M o ~ e s ( ~ ~ ~ )  reviewed literature published on the treatment and purification 
of wool and mohair scouring wastes, much of the information on wool also 
being applicable to mohair. 

Turpie et a/"r1-106n reported on the membrane treatment of wool and 
mohair scouring effluents from an industrial operation. 

13.2 Carbonising 
According to Weiffer et afim'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 cardina and combina Drocesses. Some 
types of vegetable matter cannot be physically removed by carding and comb- 
ing and may require carbonisation, a method using acid, normally sulphuric 
acid, to completely remove cellulosic contaminants. This process, which fol- 
lows scouring, is expensive and results in decreased fibre lustre and strenath. 
Hence, mohair buyers are prepared t o  pay more for mohair, free of vegetcble 
matter contamination. Pfeiffer et afiaa9) 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 
that carbonising is normally resorted to when the vegetable matter exceeds 
3%(5='. 

Generally, only about 2% of the Cape mohair clip is classified as carbonis- 
ino(%l). Seasons of hioh rainfall. can however. result in abundant arowth of ~ < -  ~- - 

grass and other vegetGion and the presence ofundesirable seeds in excessive 
auanl tv and tnerefore of cons derablv hioher iuo to 12%)  of hair classified as . - . .  ~~~ - -  ~- 

carboni'sing types. The two  varieties of seed which tend to be the most com- 
mon and troublesome in  South Africa are carrot and "klitsaras" seed. Turnis 
and ~ o d a w a ( ~ ~ ' )  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. It was recommended that for improved carding efficien- 
cy and the production o f  still cleaner tops, either a willeying treatment (irn- 
posed between scouring and carding) or the use of a more sophisticated fore- 
part to the carding machine [designed specifically for seed removal) or both, 



would be desirable commercially for the treatment of uncarbonised seedy mo- 
hair. 

~ ~ r p i e ( ~ ~ ~ ~ ~ ~ '  proposed a mild carbonising process, followed by worsted 
processing, for achieving satisfactory vegetable 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, removing 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 
lot 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 processing 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 relation to the benefits which a~crue(~''). 



CHAPTER 14 

MECHANlCAL 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 i t  
because i t  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(233) 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 essential at every stage of pro~essing'~". 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, i t  has been stated that i t  is an area which the Third World could find 
difficult to penetrate(582). 

Mohair can present problems during processing due to its lack of cohesion 
(smoothness)('%) and the generation of static electricity(36). Mohair blends well 
with wool, the latter facilitating its processing('%). The application of the correct 
Wpes and levels of processina lubricants and additives and the selection of the 
most appropriate p;ocessing machinery and conditions (includng atmospheric 
cond:t:ons) are all crucial in the efficient processinq of moha~r into a quality - 
product. 

V e l d ~ r n a n ( ~ ~ ~ ~ ~ ~ )  and ~urpie('O~) reviewed work done on the mechanical 
processing of mohair while ~ a r w i s h ( ~ ~ ~ )  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(673), 
V i l l e r ~ ( ~ ~ )  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 mohair(102. The 
Lister combed slivers would then be given two finisher gilling operations. In the 
case of the shorter hair, there 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 
frames(loZ), yarns generally being coarser than 30 tex. The Noble 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- 
tainino k e m ~  or similar defects. or raw materials where heaw noilino ceases to 
be a d k a d v & ~ t a ~ e ( ~ ~ l ) .  The ~ra'dfford combers were referred i o  as tKe best hair 
combers at the time(671). Flver soinnino was considered one of the best meth- 
ods for spinning mohair(6i4) a& fine-yarns for light-weight mohair suitings 
were traditionally spun on the flyer system. 

Today mohair is mainly processed on the French (Continental or dry- 
combed system of drafting and spinning)(19* involving French (rectilinear) 



combing. One company reportedly carried out an auto-levelling operation be- 
fore and after the combing (rectilinear) stage(671). 

It was widely heldlU0253.4981 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 i t  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 t 0 p m a k i n ~ ) ( ~ " 2 ~ 2 ~ ' )  and also after the drawing operationt3q (in 
roving form)(z20). The subsequent improvements in spinning performance and 
reduction in fly-waste were ascribed to the dissipation of static electricitv(m). 

Srivastava and c o - ~ o r k e r s ( ~ ~ ~ )  used a cheaper shortened system, includ- 
ing the Uniflex high draft spinning system (also Onions et al"01J5~, and 
Srivastava et to convert mohair into yarn. Srivastaval" briefly reviewed 
various aspects relating to the mechanical processing otmohair 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. 

B l a ~ k b u r n ( ~ ) a n d  Parkin and B la~kburn (~ )a l so  investigated the effect o f  
roving stora e on spinning and properties of mohair yarns. Parkin and 
Blackburn(498Q investigated the effect of different periods of roving storage on 
Cap spinninq performance and yarn properties. Storage was found to reduce 
staticelectricitv on the rovings. The rov/ngs 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 storaae. Yarn evenness and strength and elonaation aenerallv im- 
proved with increasing periods of roving siorage, with yarn & s t  liveliness 
increasing with roving storage until it reached a maximum after about 18 weeks 
storage. Yarn hairineis firstjncreased and then decreased with increasing rov- 
ing storage time. Parkin and B l a ~ k b u r n ( ~ ~ ~ )  found that the spinning properties 
ofthe finer yarn 24.5 tex were more sensitive to roving sto;age thBn those of 
the coarser 32 tex yarn, and considered that little commercial benefit would 
accrue from extended roving storage except in the case of relatively fine yarns. 
They c ~ n c l u d e d ( ~ ~ ~ ,  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 soinnina ~ l a n t ( ~ ) ,  which 
comprised Pin Drafter intersecting drawframes, dwcombing-b; a commercial 
topmaker and French combs (1 to 1.25% oil). The tops were conditioned (at 
2 5 " ~  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 frame@). 
~ i l l e r s ( ~ )  suggested 50% RH and 21°C were satisfaton/ for processing mohair 
on the Bradford system. To avoid static, the moisture content of mohair should 
be above 12% for processing (Von Bergen quoted in Ref.(JoQ)). Cillierdi"sug- 
gested a regain of 16%. KNgerand Albe~tyn(~~.~~ainvestigated the processing 



(carding and combing) of mohair and stated that mohair can be opened more 
easily tha n wool so thatthe 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 and the strippings from the card clothing also contained a high percent- 
age o f  kernp('2". They found that the mohair fibre length was not altered much 
by carding, with shorter kemp fibres being preferentially removed (see also 
KEMP AND MEDULLATED FIBRES Section). They concluded that mohair, rather 
than kern p, would break perferenfially during carding. The kemp fibre length in 
the card sliver was hioher than that in the scoured rnohair(I2". Thev further 

~ ~ 

concluded~'~) that selesive kemp removal by thecard clothing took main- 
ly because of the greater centrifugal force acting on the mohair fibres of higher 
density which move t o  the outer layers on the card rollers, causing a relative 
migration of kern0 towards the card clothing. The striooers showed the hiahest - 
selective kemp cbllecting power and the workers t'hk lowest("3. 

K N S ~ ' " , ' ~ ~ )  studied the Noble combina of mohair and used the with- 
drawal f&e test to obtain a measure of the alTgning power of the gill, the first 
two gillings having the greatest affect on fibre alignmerrt. The dabbing depth 
during Noble combing, had a small affect on percentage noil, reaching a mini- 
mum at a dabbino deoth of about lcrn. The smallest amount of kemp went 
forward i "to the top a t  a dabbing depth o f  about 1.3cm t o  1.4cm. ~abb ing depth 
did not appear to affect fibre breakage during combing. Breakage of the mohair 
fibres was higher than that of the kemp fibres which was nearly 
The average legth of the kemp fibres in  the noil was somewhat greater than 
that o f  the  mohair fibres in the noil. This was attributed to the restraint of the 
less pi l iantkem~fibres bv the dense pins in thesmall circles of the Noble comb. 
It was concluded that  dabbing depth was by  no means critical, with an opti- 
mum at around 1.0 t o  1 . 2 ~ r n ( ' ~ ~ J ~ ) .  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 kernp content of 
thetopap~eared t o  b e  independent of comb temperature, whereas fibre break- 
age increased with a decrease i n  comb temperature, the latter being ascribed to 
an increase in dabbing and withdrawal forces resulting from the increase in 
viscosity of the greaseand oil on  the fibres. Tear tended to improve with comb 
temperature, up to a temperature of about 80"C, after which i t  tended t o  de- 
crease again. The best comb temperatures were considered to be around 70°C. 
Fibre breakage during Noble combing was less than 5% and mainly confined to 
the mohair fibres (as opposed to kemp)~'43J". ~ i l l i e rs ( "~ )  investigated fibre 
migration during the ring spinning of mohair and wool, in various intimate 
blends. H e  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 mohair fibres being present on  the yarn  surface"^. 

Cilliers('"b1so stated that the 'draft-against-twist' method, as employed 
on theBradford system, wastraditionally used for processing mohair. He inves- 
tigated the processing of woollmohair on the French (Continental o r  Dry- 
combed route) system, using blends of a fine (26.5prn) Kid mohair with a 64's 
qualitywool (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- 
od) varied between 0.82 and 1.03%. For the first three drawing passages an 



intersecting gill box was employed at the same faller pin density and front ratch 
setting as used during blending('". Raising the back roller, thereby eliminating 
back draft, was found to be preferable. The low cohesion of mohair necessitat- 
ed soecial care durina drawina. intimate blending, for examole. beina essential. 
can4 with false bottcks, fittez to easily compr&sible 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 durina aillina. The last drawina operation as uerformed on a hiah draft - -  - 
draw box using only one heavy slwer.brawing ws fdund to mprove once the 
pressure between the double aprons had been dereased somewhat by insert- 
ng brass spaces between the apron axes as prescr,bed by me manufacturers. 
The pressure between the back rol ers was also increased(13". Us ng a relative- 
ly fine roving, yarns as fine as 16 tex could be spun, provided <he rubbing 
motion on the roving was sufficient during drawing. A single roving, rather 
than a double meche rovina was used t o  avoid oroblems with "clickina". Soin- u .  

ning (16 to 30 tex yarns) was done on a double apron ring spinning frame with 
a rina diameter of 5.5cm. at 65% RH and 20°C. soinnina soeed ranoina from 
500O"revlmin to 11 000 o; 12 000 revlmin. The formationoiyarn curk, aprob- 
lem encountered when lona fibres are soun. was also encountered. This was 
due to the longerfibres bei ig stretched in the drawing zone and then regaining 
their original lenath as they emeraed from the front rollers. causing the short 
fibres tocur l  around them: lncre&ing the spinning tension, either k y  using a 
heavier traveller or a higher spinning speed, avoided this problem(l37). 
lV i l~ers(~~)  noted that drying in hank form after a wet process eliminated yarn 
"curls" or "crackers"). As expected, soinnina end breakaaes increased as the 
farn became finer, and as the mohai; content increased.ln alt cases, a mini- 
mum tex twist factor of 21 (1.8 worsted) was rewired to give a reasonable sp'n. 
Higher mohair levels required a higher twist level to produce minimum end- 
breaks, and also 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 roller lapping occuring sometimes when the spinnin tension was too low. 
Spinning waste was of the order of 1 to 3%''37). 

Cilliers(18" investigated the processing of mohair on the Continental 
[French) system, including the effects o f  different additives and regains. The 
importance o f  fibre fineness in producing good spinning and quality yarns was 
mphasized. The low cohesion of mohair necessitated special care throughout 
the various mechanical orocessin~ staaes ea not too h e w  rovina oackaaes. 
strong (coarse) rovings, easily revoivingpack~es etc. He f o h d  that a regak of 
about 16% was necessary for a reasonable spinning performance (Continentall 
=rench system), for mohair (37pn), spinning performance improving markedly 
 hen as little as 10% of a coarse wool (26 or 30&m) as added. Additives with 
antistatic properties, which increase inter-fibre friction and sliver cohesion, 
lave the best results. A measure of spinning performance could be obtained by 
Aeasuring the withdrawal forces of the 

Slinger and ~obinson("~) also reported on problems with mohair lack of 
:ohesion, and sprayed the mohair top during the first gilling with two appropri- 
nte commercial additives and water. 

~u rp ie (~~ 'desc r :bed  modiCcat:ons to a small carding machine, originally 
desisned for  carding vew short fibres, such as no11 and wastes, to enable mo- 
ia i r io be carded su&essfully in small lots. l t  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 mohair. Therefore, the control of loose fibre 
droppings at the contact points between certain rollers can effect additional 
removal of kemp during cardinglm5). 

K r~ger (~ "  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 
durino combina was linearlv related to the aauge setting of the comb. An in- - - 
crease in the gii feed at conitant gauge caused a slight decrease in percentage 
noil. The mean fibre lenath in the tor, and the noil first decreased somewhat 
when the gauge setting was increased and subsequent y increased for a further 
increase in aauae settma. Percentaqe fibre breakage increased significantly for 
an increase-in gauge s k i n g  but d;opped rapidlfat the very wide setting of 
32mm. The medium gill feed settings resulted in greater amounts of fibre 
breakage, the best combing performance being for large gill feed settings(z06). 
The mohair fibres in the top were significantly longer than the kemp fibres left 
in the top, while the lengths of the G o  types of fib& 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 kernp in the noil 
was much lower for rectilinear combing than for Noble combing, with the No- 
ble combed top containing less kemp than the rectilinear combed top(206). 

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

C i l ~ i e r d ~ ~ ~ )  investigated the spinning, into 68 tex yarn, of seven mohair 
lots (29 to 4 2 ~ m )  using the Bradford (cap, ring or flyer) system as well as a 
combined BradfordlFrench system. He showed that the finer mohair could be 
spun into finer, stronger and more even yarns, with longer 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 rovina on anv double apron French t w e  ring s~inner. Yarn . . 
hairiness was influenced 6y spinning speed; the spinning mode,fibre fineness 
and lenath. rovina and varn twist and the use of balloon separators. The affect 
of fibrelength, wythin the limits studied (73 to 120mm), on spinning perform- 
ance was much smaller than that of fibre diameter. The formation of "crackeis" 
during spinning was observed for the longest mohair which also exhibited the 
oreatest variation in fibre lenath, in spite of the fact that the ratches on all 
machines were increased to a&ohmodate the long fibres. Yarn hairiness was 
found to increase with increasina spindle speed and fibre diameter and with 
decreasing fibre length and yarn -twist. ~ravel ler 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- 



arly with cap spinning) all tended to reduce yarn hairiness. Cap spun yarn was 
nore hairy than ring spun yarn, with the latter slightly more hairy than flyer 
ipun varn. 

d i l l ies and Turpie(lS) summarised the processing of mohair asfollows: 
"In order to overcome the lack of fibre cohesion, special additives need to 

le applied, usually in the form of a fine spray('%), 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 fro-m thecams during gilling are re- 
luired 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 i t  is generally necessary to spray on 
vater, anti-static lubricant, and if required, oil. It may also be neceisa& 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 
~ n d  spinning, both the Bradford and Continental systems are used, the Brad- 
ord svstem ooeratina on the draft-against-twist ~rinciple. lie the slivers are 
wisted prior to draftiGg)1196). This sysiem has obvious advantages for mohair 
;ince the twist in the sliver keeps the fibres together, thereby increasina the 
;liver strength and controlling ihe drafting action. On this sistem, it icalso 
:ustomaw to sprav the fibres with about 3% oil to increase inter-fibre cohesion 
lnd further assist ihe drawing('". On the alternative Continental system twist- 
ess slivers are processed and cohesion is obtained by means of rubbing 
aprons, which only insert "false" twist into the slivers. These slivers are, t h e w  
ore, more open in construction and also weaker, with fibres protruding fro,? 
he fibre stream. This is an obvious disadvantaqe since the cohesion between 
he fibres is relatively low. The very nature of the Continental system prohibits 
he aoolication of lame amounts of additives with a high fat& matter content. 
qevGheless, it is 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 
~ o o l  blended in with the mohair significantly improves the spinnability; that is 
o say. the number of ends breakiig down per unit time is appreciably lower. 
rhis means that the overall production speed of the spinning frame can be 
ncreased and the production thereby increased, care being taken, however, not 
o exceed a certain upper limit beyond which the quality of the varn would be 
mpaired due to the appearance of excessive hairine&*." 

Carding can prove difficult if mohair is either over- or under-sco~red(~~~).  
%e introduction of metallic card wlres (clothing) was considered advantageous 
n that it allowed the card to be shortened and reduced the probabil;ty of over- 
:arding. Static control 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 
xoblems with lapping, carding can take place without the addition of a comb- 
ng oil. the oil being sprayed on after carding (spraying being recommended 
tbove "dripping"). Spencer(2m) stated that the top should be stored in bump 
orm as bailing>ould prove problematic. He stated that his firm spun the md- 
lair varn on the package that would be used in the shuttle 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 



operations, could lead to yarn faults(zu). 
Spencer(233) 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 (pm) and fibre length(z81). 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- 
l e m ~ ( ~ ~ ~ ) .  

Kul and ~ r n i t h ( ~ ' ~ )  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% of an oil with a viscosity near 100 centistokes (poise) 
and containing suspended silica. An antistatic spray was found to be essen- 
tia1(273). 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/(3W), to 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(35z). Because of low fibre 
cohesion, backwashing of mohair (which increases lustre(201)), could present 
problems although twist insertion helps(201). 

Lupton and ~ i n d ~ ~ ~ ~ ~ ~ ~ )  investigated the small-scale processing of mo- 
hair on Conventional worsted machinew (a modified American worsted svstem ,- - 
involving pin drafting and twisted roving), using 12 commercial processing 
additives (each at three levels) soraved 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 treatedfibre had greatly increased cohesion. 

Turpie et afiZ9" investigated rne lubrication of monair for processing on 
thecontinental system.They found that i t  was important that the addit:ve must 
imorove cohesion and reduce static. Soinnino oerformance was found to de- 
pend upon the sliver withdrawal force (ice ~ig':45) rather than on the particular 
lubricant. Best spinning performance was obtained when the withdrawal force 
of the tops was adjusted to its optimum value (40 Nlg) with additional additives. 
Yarn friction was orimarilv related to the ether extractable matter of varns. with 
paraffin waxing of little use i f  the ether extractable matter content di the iarns 
was high(295). 
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They concluded as  follow^^^^^): 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 mohair 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) resulted in adverse fibre breakage. An antistatic 
also proved to be essential. In gilling, similar requirements prevailed, although 
static effecfs proved to be critical and too much lubricant caused lapping 



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 to medium amounts of residual grease 
proved to be better for all these processes. Some additives resulted in rust 
formation on metal parts and i t  would therefore be necessary to use a rust 
inhibiter with these(as). Ve ldsmar~(~~~)  stated that at that time Duroi14027 was 
quite widely used at SAWRI and the local industry. 

D a r w i ~ h ( ~ ~ ~ )  studied the Bradford system of drawing followed by cap spin- 
ning of 15 mohair lots which differed in fibre length, strength and diameter. He 
concluded that fibre diameter was far more important than length or strength in 
determining spinning performance (end breaks), limiting count and yarn prop- 
erties, such as extension and irregularity. An increase in diameter generally 
caused a deterioration in all these characteristics. while an increase in  fibre 
length (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 properti&. Softly twisted and stored rovings reduced 
end breakage rates. 

The most dktailed processing studieson mohairmere 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 Hunted-9, investi- 
gated the ring spinning potential (processed on the Continental worsted sys- 
tem) and yarn properties of a range of mohair lots, using the mean spindle 
speed at break (MSS) and commercial spindle speed (CSS)tests. The hair (Kids, 
Young goats, Fine Adults, Locks and Average Adults) was scoured to 0.2% 
residual grease after which 0.5% 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 
covered, neither the type of supplementary additive nor the mean fibre length 
had a material effect on MSS. Better spinning performance was obtained when 
s~inning with an uncolla~sed balloon(u9). ' 

In a later study ~ t r$dom(~~2)  studied the processing characteristics of 15 
lots of moha~r of "Good" to "Average" style, covering approximately the same 
range of  mean fibre length and mean fibre d~ameter values as the South African 
clip. Processing was carried out on Continental worsted equipment, with cer- 
tain batches also being combed on the Noblecomb (Fig. 46). 

Mohair base values were of the order of 66% to 75% and top and noil 
yields varied from 78% to 89%. Card losses, although generally low (3% to 7%) 
tended to be hioher for the shorter orades and combing tear increased with ~ ~ 

increasing mealf ibre diameter. The iob le  comb remove; 2% to 3% more noil 
than the French comb (Fia. 46) and ~roduced tom 4 to 6mm 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 betterthan 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 observed variation in spinning potential test results. 
with the contribution of other variables such as CV of length and CV of diameter 
being nonsignificant. 
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G ~ e n @ ~ l )  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 10190, 20180, 30/70 and 40160 mohairlcotton. 
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, i t  being very difficult to process the 40160 mohairlcotton blend1581), 
more roving twist also being required. This caused snarling and the roving had 
to be steamed. Spinning also became increasingly difficult as the level of mo- 
hair increased barns ranainq from 50 tex to 75 tex being s~un) .  

. . --_--._._-MEAN FIBRE LENGTH - 85 mrn -. . . , . , '. 
- ,, \ . . . . . , . 
- . . . . . . . . 

~trydom@'~" 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 ~onthenta l  
System to assess whether season as such affected the nature of the correls- 
tions between processing performance. the properties of the top and the physi- 
cal properties of the raw hair. No such an effect could be detected, and once 
differences in mean staple length 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 noil, top and noil 
yields, mean fibre diameter in the top, top Hauteur or conversion rati0(~~'1. 
Season therefore only affected processing performance insofar as it affected 
staple length and mean fibre diameter. 



In a follow-up study, S t r y d ~ r n ( ~ ~  compared the processing behaviour of 
blends of mohair types differing in length. 

WINTERHAIR 

ir SUMIIERHAIR 

Fig 49 The Relationship between Mean Fibre Diameter in the Grease and Percentage 
 oil("'). 

Fig 50 The Relationship between Average Staple Length in the Grease and Almeter 
Hauteur Mean Fibre Length in the~op("'). 

153 



* WINTER HAIR 

SUMMERHAIR 

Fig. 51 The Relationship between Mean Fibre Diameter and Conversion Ratio 
(Expressed as Fractional Reduction in Mean Staple Length in Terms of Almeter 
Hauteur)@zl). 
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Batches of good to super style mohair, of nominally the same fineness 
category (either Kids, Young goats or Adults), 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, producer-classed batches in the "8" (125- 
150rnm). "C" (100-125mm) and "D" (75-100rnm) length categories were select- 
ed and blended in pairs in a 1: l  ratio, and converted into tops on the Continen- 
tal system. It was shown that scoured yields, comb noil and top and noil yields 
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 absolute values 
of CV of Hauteur and short fibre, however, depended to a large extent on the 
reiative difference in length of the blend components priorto blending(=). 

In a final report on the studies on the processing of mohair on the Conti- 
nental system, Strydom and Gee'7u)concluded as follows: 

Wave frequency (ie waviness or crimp) decreased with age, i t  being nega- 
tively correlated with fibre diameter and slightly positively correlated with 
grease content. The scouring yields they observed varied between 78 and 91%, 
while card losses varied from 3 to 12%. The following table summarises their 
results (Table 92). 
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TABLE 92(7221 
MEANS AND RANGES FOR RAW MOHAIR CHARACTERISTICS AND 

PROCESSlNG DATA 

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 0.5pm at the fine end of the scale (ie Kids hair of about 

IhTEFNDNT 
VARIrlBLE 

(Greasy mohair 
da ta )  

Mean F i b r e  
Diameter ( ~ m )  

cv of ~ i a m e t e r  ( i )  
Mean S t a p l e  

Length (m) 
CV of Stap le  

Length ( I )  
Yean S i n g l e  F i b r e  

Length (4 
CV a £  F i b r e  

Length fX) 
Wave Frequency 

(cm-' 
CV of Wave 

Frequency ( I )  

crease Content (Z) 
Su inc  Content (XI 
n o h a i r  Base ( I )  
VX Base ( I )  

SYM3OL 
 US^ 

I N  
TEXT 

D 

CVd 

5L 

CVsL 

- 
- 

WJ 

CVw 
GC 
SC 
KB 
VHB 

DF2ENDEI-T VARIABLE 
(Process ing  fac tor )  

KIDS - 
Xean Hin. Nax. 

27,6 23.1 31,6 
26.0 21.0 33.0 

107 78 127 

15.0 10.0 22.0 

106 78 133 

37.0 29.0 44.5 

0.52 0.45 0.66 

21,O 10.0 30,O 

4.9 3.3 8.0 
2.7 2.2 4,O 

70.9 64.3 75.1 
0.30 0.1 0.7 

Scoured Yield ( I )  
Card Rejec t s  (Z) 
Comb Noi l  (2) 
Top and Noil  Yield ( I )  
nean F i b r e  Diameter (um) 

Y O M G  GOATS 

Mean E n .  Man. 

32.2 29.1 35.3 
22.7 20.0 26,O 

110 8 6  137 

15,5'10,0 27.0 

115 95 147 

R , 6  26.2 36,3 

0.47 0.42 0.53 

21,3 10.0 35.0 

4.9 4.0 5.6 
2.9 2.4 4.2 

70,O 65.7 7 4 , l  
0 , 2 0 0 . 0 4  0.4 

84.0 77.7 91.0 
4.3 7.8 8.0 
3.5 1.2 6 ,3  

8 1 , 6 7 2 , 8 8 9 . 2 8 0 . 5  
28.5 24.0 33.8 

82,5 79.4 86.9 
6.0 2.9 5.9 
1.8 1.1 2.5 

78.1 
32,8 29.3 36.2 

m u m  

X e m  Kin.  Elax. 

38.5 33.0 44.5 
25,9 21.0 29.0 

111 91  126 

15,O 10.0 22.0 

110 88 129 

25.9 28.5 42.4 

0.39 0.28 0.46 

24.4 10.0 42.0 

4.1 2.9 5.5 
2,s 1.8 3.2 

73.1 66.5 77.3 
0.3 0.1 1.5 

CV of  Diameter (2) 
Hauteur  (mm) 
CV of b u t e u r  (Z) 
S h o r r  F i b r e  ( X  r 25 mm) 
Long Fibre (L @ 52) 
S i n g l e  F ibre  Length (mm) 
CV o f  Single F ibre  

Length (Z) 
S h o r t  F i b r e  ( X  25 mu) 
Long F i b r e  (L @ 52) 

86.1 80.1 90.6 
5.2 3.5 12.5 
1.3 0.6 2.0 

8 5 , 9 8 3 , 0 7 6 , 4  87.9 
38.9 31.5 45.6 
25.4 22.0 28.0. 

93 71 107 
39.4 34.2 48.0 

3,8 0.3 12.8 
141 114 158 
101 79 114 

35.3 28.0 42.0 
3.6 1,1 7.3 
152 131 175 

25.7 19,O 33.0 22.5 20.0 25.0 
84 60  104 91  76 109 I 

46.2 35.5 66.3 
6,4 1.3 23.6 
137 112 165 
99 8 1  122 

35.6 22.0 43.0 
3.6 1.2 7.3 
150 133 167 

46.9 29.8 55.6 
6.4 0.6 17,; 
143 112 169 
103 84 118 

35.3 30.0 49.0 
3.3 1.1 5.9 
155 122 189 



25pn) to about 1 . 3 ~ m  at the coarser end of the scale (Adult hair of about 
45wm). (Keller and colleagues for the USDA (quoted by Strydom and Geenu)) 
found similar differences for Kid hair but only about half this difference for 
Adult Staple length on its own appeared to be not a verv good predic- 
tor of Hauteur, but by including data on diameter (D), diameter variability (CVd) 
and wave frequency (WV), some 83% of the observed variation in Hauteur 
could be explained. Drycombed top and noil yields varied from 73 to 89%. 
depending largely upon mohair base(72". There were no systematic differences 
between the yields estimated from core test data and the actual yields obtained. 
Diameter played a very important role i n  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 length 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 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 constant. The following table (Table 93) 
summarises the results of their statistical analyses. 

TABLE 930" 
REGRESSION ANALYSIS: SPINNING PERFORMANCE AS MEASURED BY MSS 

TECHNIQUE 

Basis o f  analysis I r2 I Regression Equation I 
- 

w of Fibres in Yarn 0.642 

Cross-section (n) 

Yarn Linear Density 0.658 

(tex) 

In both equations a term (HxCVH) appears, which suggested that hair 
either longer, or more variable in length, or both had better spinning perform- 
ance. The priman/ determining factors for MSS, however, remained the nurn- 
ber of fibres in the yarn cross-section (n) and mean fibre length (H), with the 
effect of CVH being of secondaw importance in terms of its magnitudeva. 

In parallel studiesvm) on the Noble and rectilinear combs (comb settings 
being adjusted according to length in keeping with commercial practice), it was 



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% 
durina rectilinear combina and from about 4 to 8% durina Noble combina. An 
interesting fact emerged.namely that the amount of noi lkas depenaent Lpon 
the diameter of the hair, but was independent of length. The increase in noil 
witn decreasing fibre diameter was probably due to more breakage being suf- 
fered by the finer hbres during processing. The tops were generally nep-free 
and ranoed in mean fibre lenath from 60 to 105mm. These lenaths reoresenled 
converGon ratios from the >taple to the top ranging f rom aboui l.l:1 to 
1.4: I('='). 

Recently Hunter and Dorflind1060) investigated the effect of Angora goat 
aae on mohair ~rocessina performance on the Continental (French) svstem. 
 he^ showed that, providid 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 on mechanical processing performance up to and in- 
cluding spinning performance. 
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Mohair yarns spun on the worsted system, have been reported (Veldsman 
quoted in as being rather lean, because of the straightening of the 
fibres. 

~ o w a l e w s k i ~ ~ q  reported on the use of increased levels of mohair in blends 
orocessed on the woollen system, this leading to a lower shrinkaae of finished 
fabrics. 

- - 
The direct spinning of mohair blends sliver (semi-wonted and worsted) on 

a spinning frame with two drafting zones has been reported(51" and the semi- 
worsted production of 20180 mohairlacrylic blend yarn has also been dis- 
cussed(lm). 

Manucheti et al(-1 described the "Carfil 2" woollen spinning frame and 
gave details for the spinning of mohair/wool blends, making comparisons with 
the muie. 

Hollow spindle (ie wrap) spinning has found significant application in  the 
spinning of mohair yarns for hand and machine knitting(851). 

~ u r ~ i e ( "  summarised the work done at SAWTRl on the effects of mohair 
fibre properties, diameter in particular, on processing performance, including 
spinning. 

Smith(-) 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 (wonted) system the length is 90mm and longer, with a staple 
length of some 120mm often required for worsted processing~85~. 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('-). 



Van Aardtms) investigated the effects of storage time on the Alrneter 
length results of mohair tops and concluded that the effect was small 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%"". 

M ~ i a ( " ~ l  re~orted on a machine which was able to sort combed toos ac- 
cording to fibre ikngth. 

Mil lrn~re('~'~) discussed various functions and space requirements of a 
manufacturer specialising in mohair and alpaca. 



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 crimp (some- 
times referred to as "waviness"). 

CillierdZ1" investigated artificial crimping as a means of improving sliver 
cohesion and the bulk of 75/25 mohairlwool. He compared the processing 
~erformance. on the French svstem. of artificiallv c r im~ed and uncrimoed lie 
natural) blends of mohair and'corriedale wool. ~e concluded that the Aethbd 
of art:f;ciallv cr im~inu wool (develo~ed bv the IWSI could be a ~ ~ l i e d  to mohair. 
increasing ia rn  strength arid diameter and irregularity, and fabric bulk, bui  
decreasing spinning performance. Keighle~@~l). quoting Brammah, referred to 
a special crimping anachment to a rectilinear comb wh6h allowed the comb to 
"bind" the fibres together to impart the necessary cohesion prior to first finish- 
inu. instead of insertina twist. -~ 

Goldbere6n 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 i t  allowed the 
comber to "bind" the fibres together to provide the necessary cohesion prior to 
first finishing(671). 

Veldsman"" reported that the IWS artificial crimping process developed 
for wool improved the bulk of mohair worsted varns and fabrics. Umehara et 
al(723J investigated tne application of the IWS supercrimping process for impart- 
ing crimp artif~cially to wool and moha:r. The crimphq process involved a drah 
relaxation followed by a stabilisation of the crimp bychemical modification. It 
was found that for fibres without a bilateral structure (eg lustre wool and mo- 
hair), crimp stability was not satisfactory but could be improved by prolonging 
the time of the bisulphite treatment. 



CHAPTER 16 

CORONA TREATMENT 
Thorsen and Kodani(lsz) found that corona discharge treatment of mohair 

top increased its cohesion significantly. Land~ehr (~ l l )  reported on the electro- 
static properties of corona (glow dkcharge) treated wool-and mohair and gave 
the following triboelectric series (Fig. 54). He reported that corona treated mo- 
hair was easier to card than untreated mohair. oossiblv because i t  was tribo- 
electrically closer to the steel card wlres than the'untreaied mohair. Changes in 
frictional properties could provide an alternative explanation. He@") postulated 
that blending "positive" and "negative" mohair fibres (ie untreated'and treat- 
ed) could improve drafting due to greater fibre cohesion. 

Thorsen and L a n d ~ e h r Q ~ ~ )  reported on a pilot-scale reactor for corona 
(accelerated by injecting air-chlorine mixtures) treating wool and mohair 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 

Thorsen and LandwehdZe) and Thorsen(2592M290) reported on the in- 
crease in mohair friction, cohesiveness, tensile strength and processibility by 
corona treatment and considered that the treatment had potential for improv- 
ing mohair processing performance, including carding, and yarn strength (1 y 
31%). Corona treatment produced polar sites, probably sulphonic and carbo, /- 
lit acid groups, on the fibre surfacees9). It increased wettability, friction, sail 
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 
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Silk 
Shoe leather scrle 
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unaffected bv the corona treatment(255290). The blendino of short mohair. wool ~, ~ - ~- - ~ -~ ~- ~ 

and cot& (untreated and corona treated) and their p%essing on theshort 
staple system, was reported on(33a348). It was reported(401) that corona treated 
wool improved the strength and abrasion of mohair/woollconon fabrics. 

HirdtM1) 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) was improved by the treat- 
ment and so too the yarn tensile properties. 



CHAPTER 17 

FANCY (NOVELTY) YARNS 
Mohair is used to particular advantage i n  fancy or novelty 

y a r n s ( 1 ~ ~ l ~ 0 4 . ~ s 2 7 ~ 6 3 1 ~ 4 1 ,  such as loop, brushed, boucle, knop, flame, 
snarl, slub, 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, 
mohair 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) appearancem). 
Adult hair is often used to form the loops of boucle yarn properly@311. 

Viller&" gave the following three examples of mohair loop yarn produc- 
tion: 
1) R443 tex all-mohair. 

1st Operation 
Two foundation threads: 31.6 tex mohair. 
One effect thread: 136 tex mohair. 
Delivery ratio: 1 :2.6 
Twist: 236 turndm (left). 
2nd Operation 
Fourth Component: 37 tex mohair. 
Twist: 126 turndm (right). 

2) R590 tex mohair/wool. 

7st Operation 
Two foundation threads: 45 tex wool; 472 turndm Z twist. 
One effect (loop) thread: 220 tex 177 turnslm Z 
Delivery ratio: 1 :2 (approx). 
Twist: 472 turndm S twist. 

2nd Operation 
Fourth commnent: 44 tex wool 472. turndm Z twist. 
Twist: 157 turnsim Z twist. 

3)  R633 tex (1.4's) mohair and cotton. 

1st Operation 
Two foundation threads: R88.6 tex12 conon. 
One effect thread: 222 tex mohair. 
Delivery thread: 1 :2 approx 

2 n d  Operation 
Fourth Component: R74 texlz mohair. 

Curl yarn is produced by twisting a number of yarns together setting the 
yarn (eg boiling at pH 6.7) and then untwisting and separating the individual 
yarns again. 

HunterQ761 investigated the use of the knitde-knit process to increase the 
bulk of mohair yarns. The production of sufficiently fine and even yams and 
abrasion of the yarn during the knit-de-knit process could present problems. 



and so, too, the stability of the set kinks (crimps) in the yarn. Grenner and 
B lankenb~rg@~~)  investigated the chemical setting, and associated damage of 
mohair and wool "crinkled" yarns. 

Traditional mohair blankets'3w) 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 
yarn 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 yarn is 
subjected to a second doubling process known as "running back". Fig. 55 
shows the second stage in  the manufacture of loop yarns: 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 R450 tex with evenly spaced loops. There are variations 
of the above process, the most common being that ply yarns are used in the 
locking process. 

mohair 

Fust Races - F o K i  Fffed Semnd R o e s  - "Running back" - 
Binding the Mohair bop to p e  a skbk 

Yarn 

Fig 55 The Production of Loop ~arns@~O).  



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 onlv about four ends 
and pkks per centi-metre. When the blanket fabrics are raised; the rollers of the 
raising machine pluck the mohair loops, breaking them and drawing the fibres 
~aral lel to aive a raised oile. The base of the fibres remain locked in the varns in 
ihe fabric.'ihe resultant fabric has a long pile of soft, silky fibres k i th  the 
characteristic lustre of mohair, and the resultant mass per unit area of the 
blanket is in the region of 350g1mz. 

Shorthouse and Robinson(-) gave recommendations for the spinning of 
mohair brushed and loop yarns, using a novelty spinner. Yarn brushing and 
varn and fabric orooerties. fibre loss durina brushina and also the weavlho of . . - - 
yarns were discussed. 

Shorthouse and 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 2200 yarn. A 60140 wooVnylon 40 
tex 2400 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 
revlmin as follows: 

First operat~on: Each of the 100% mohair yarns was combined with two of 
the woollnylon (around) yarns using a feed ratio of 2.37:l and folded with S450 - 
turnslm. 

Second operation: The resultant unstable loop yarn from the first oper- 
ation was then combined with a third woollnylon yarn as wrapper using a 
folding twist of Z150 turndm. 

The yarns were brushed on a yarn brushing machine using either two, four 
or six wraos. Both the looo and brushed loop varns were woven into a blanket 
constructibn having the mohair on the faceof 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 loops). 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(-. 

Shorthouse and Robin~on('~V investigated the effect of twist, oil content 
and dyeing on mohair loop and brushed loop yarns (see Figs 56, 57 and 
Loop properties were influenced by the amount of twist in the singles mohair 
yarn. The loop freauency and size were related to the amount of folding twist. A 
high oil content reduced the number of malformed loops. Loop yams 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 turndm was found for the 120 tex mohair yarn, 
this yarn being folded with two 60140 wooVnylon I40 tex Z 400) yarns as 
ground, using a feed ratio of 2.37:l and S 450 turnslm. The unstable loop yarn 
so produced was combined with a third woollnylon loop yarn (wrapper) using a 
folding twist of 2150 turnslm. 



120 tex ZZOO 120 tex Z4W 

fig 56 Effect of Singles Mohair Twist Levels on Loop ~ppearance"~~) .  

SSOO/ZZOO 4100/ZIW 

Fig  57 Effect of Folding Twist Levels on Loop Appearance (7m, 

Undyed loop yarn (brushed) Hankdyed loop yarn (brushed) 

Fig 58 Effect of Hank-Dyeing the Loop yardnz). 

M e t ~ h e t t e ( ~ )  discussed the spinning and dyeing of fancy yarns. 
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CHAPTER 18 

REPCO-WRAPPED CORE-SPUN YARNS 

Various researchers at SAWlRI carried out considerable work on the spin- 
ning of mohair yarns(-) including slub y a r n ~ ( ~ ~ n ,  on the Repco self-twist spin- 
ner, without(B5) and with nylon filaments(424). 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 - SiT) were designated 
as Reoco-Wraooed Core-Soun (RWCSI varns. Two strands o f  mohair and one 
nylon'filamenicore were d h e d  and seif-twisted with a filament binder yarn to 
form an RWCS varnlu41 (see Fiq. 59). Dfferent variations were developed. The 
yarns were conierted into ligh&eight fabrics, generally with highly acceptable 
properties. Much of the work was sumrnarised by Robinson and Turpietu6). 
The advantages attributed to RWCS yarn were stated"" to be: 

1) Much finer yarns (down to 16 tex) could be spun. 
2) Higher spinning (up to 220 rnlmin) and better spinning efficiencies 

could be achieved. 
3) Reduced yarn hairiness. 
4) Better ya;n performance during preparation and weaving. 
5) Lighter weight (150 to 160 glm2) fabrics of a finer construction could be 

woven and knitted. 
6) Improvements i n  certain fabric physical properties. 
The spinning of RWCS yarns is illustrated in  the following Fig. 59. 

Fig 59 RWCS 
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A core-spun self-twist mohair-based slub yarn, comprising a mohair base 
and a rayon slub, was successfully spun on a Repco-Spinner, the rayon stub 
being produced from a woollen slubbing introduced into the drafting zone(39n. 

Robinson et reported on the spinning of relatively fine RWCS (Sm 
yarn and the production of relatively light weight 1160glm2) mohair suiting fab- 
rics. The yarns performed well during weaving. Yarns with as few as 18 mohair 
fibres per yarn cross-section were spun(424~. Turpie et al(Q88) gave typical values 
for the irregularity and breaking strength of RWCS mohair yarns, containing 
mohair ranging in fibre diameter from 25 to 4 0 ~ m .  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 (texj, yarn 
thin places, neps and irregularity by fibre diameter and yarn linear density and 
yarn hairiness and tenacity by yarn lineardensity. Graphs of typical values were 
given. two of which are re-produced here (Figs 60 and 61). 

" 1 I I I 
m I . . . . ..."--- 

Fig 60 irregularity (CY) of RWCS Mohair Yams, for Various Mean Fibre Diameters of 
~op('Bs). 

I I I I I 
s * . ....- ="..- 

fig. 61 Breaking Seenmh of RWCS Mohair Yams for Various Mean Fibre Diameters of 
TOP(*]. 



By combining RWCS mohair weft yarns with sized singles yarns it was 
possible to weave fancy weaves eg Chevron stripes, Z2 twills and herringbone 
and Glen Urguhan Check patterns(539). Good fabric stability was still achieved 
because of the fine varns and higher sews ern~loved. The fabrics were sinoed 
and pressed to give a clean surface and had excepiionally good crease recov'ery 
properties and a high lustre. The mass of the fabrics was 180glm' or 10wer(~~) .  



CHAPTER 19 

DREF FRICTION SPINNING 
Robinson et a/(555) used the novel feature of the DREF I1 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 predominate on the yarn sur- 
face whilst a cheaper fibre makes up the body of the yarn. In this manner the 
yarn, and subsequent fabric, has the aesthetic qualities of the speciality fibre in 
spite of the fact that the latter only makes up a small proportion of the whole. 



CHAPTER 20 

YARN PROPERTIES 

20.1 General ~ ~ 

Tipton(") reported on the dynamic tensile mechanical properties of mo- 
ha~rlwool worsted yarns and other yarns. Cilliers("" investigated the spinning 
and properties of mohair/wool yarns and found that the yarn strength increased 
with increasing yarn linear density, twist factor and wool content, with the 
varns soun at the hiaher soeeds weaker than those spun at lower weeds. 
~everthkless, for all the blends, the yarn strength compared favourabiy 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 aten investigated the yarn properties of Kid 
mohair, Adult mohair and mohairlwool 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 gfltex). 

Hunter et aflw'carried out a limited trial to determine the effect of mohair 
fibre diameter on yarn properties and found that in general an increase in 
mohair fibre diameter caused a deterioration in yarn physical properties. In a 
later study Hunter et found that fibre diameter had a greater affect on 
yarn propertiesthan fibre length, with an increase in diameter generally, having 
an adverse effect on yarn properties. 

Giircan et atrn) compared the properties of mohair yarns (22 to 44 tex) 
spun on the French and ~ n ~ l i s h  systems. respectively, and concluded that the 
yarns spun on the French system were at least as good as, if not betterthan, the 
varns soun on the Enolish Svstem 

l n ~ a  wide ranging Study, involving the processing of some 50 mohair lots 
on the Continental worsted system followed by ring spinning, Hunter et aPl61 
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 linear 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 all the 
yarnpropedes 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 a beneficial effect"16). Figure 62 illustrates 
some of the main trends 

Y i i k ~ e l ( ~ ~ ~ )  investigated the application of an improved Martindale yarn 
irregularity formula by Grisham to mohair yarn irregularity. His results 
favoured the former. Some properties of mohairlwool (in blends of 8W20. 6W40 
and 40160) and mohairlsilk (50/50) blend yarns have been reportedV2*. The 
strengths of the mohair/wool blend single yarns were of the order of 3.7 cNnex 
and that of the mohair/silk about 5.6 cN/tex. 

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 
uniformity, consistent yarn friction being of particular importance. Hunter and 
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Fig. 62 The  Effect of Mohair Fibre Properties on Yarn ~ r o p e r t i e s ~ ' ~ )  

K r ~ g e r ( ~ ~ ~  invest igated the effect of different levels of paraffin w a x  o n  t he  fric- 
tion o f  moha i r /woo l  yarns  o f  different blends. T h e y  found t ha t  the  fr ict ion o f  
w a x e d  moha i r /woo l  i a r n s  increased w ~ t h  bc reas ing  mohair content. This was  
ascribed t o  t h e  extractable matter on the mohair  rather than t o  t h e  mohair f ib re  



itself, since solvent extraction or scouring of the yarns prior to waxing eliminat- 
ed the effect (see Fig. 63). The minimum friction of the waxed yarn was correlal- 
ed with the original either extractable matter content of the yarns. Optimum 
friction was found to occur at a wax application of around 0.5pglcm. Generally, 
the wax with the highest melting point (63°C) ave lightly better all-round 
performance than the other two waxes studiedZ8n. 

Fig. 63 Yam Friction vs Amount of Wax Applied (100% Mohair Yarn: Melting Point of 
Wax 63"~)(~a'J. 

20.3 Bending Stiffness 
An important properly 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 involved 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 relater! to fabric flexural rigidity. It is also of 
some importance during fabric forming processes (eg knitting). 



Van Rensburg et afl6l1] 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)(6111. 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 febrics 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. 

20 25 30 35 U 
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Rg 64 The Relationship between Yarn Flexural Rigidii (G) and Rbre Diameter for 
Wool and t4ohaidS1'). 

20.4 Diameter and Hairiness 
The hairiness of mohair yarns is an interesting properlv. 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(750), 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 cover 
and bulk which it provides. Although yarn diameter is largely a function of the 



yarn linear density (tex or count) and twist, other factors, such as the manufac- 
turing system (ie worsted, semi-worsted or woollen) and the fibre properties, 
such as diameter, lenath and crimoiness, also influence it. . C i l l i e r ~ " ~ ~  observed that, for wool/mohair yarns, hairiness increased with 
increasing mohair content. Barmby and Townend (170.171) investigated the ef- 
fects of spindle speed (flyer and ring framesi on the lustre and hairiness of 45 
tex mohair yarn. A dolly roller twister fitted with leather covered dollies, was 
used to studv the effectof doublina on varn hairiness. this svstem minimizina 
the disturbance of the surface h a i r ~ y l ~ ~ l .   hey found that mork yarn faults we; 
produced at higher s~ ind le  soeeds, with the first winding operation havina a 
considerable eifect on the number of faults. The seco& winding operatron 
appeared to remove some of the faults caused by the first winding operation, 
probably related to the direction of the protruding hairs. The yarnsspun on the 
flyer frame tended to have fewer faults than those spun on the ring-frame. The 
surface hair ends were found to be trailina when the varn left the front rollers of 
the spinning frame and therefore leading when theiarn was withdrawn from 
the spinning tubes during the first winding operation. The first winding ooer- 
atlon mcreased the yarn ha~rmess, the effect bemg smaller for the yarns ;pun at 
the h.gher sp~ndle speeds The second wlnd ng operatton reduced hatrtness. An 
increase in spindle speed was associated with an increase in hairiness for both 
the unwound and once wound yarns(l7O). 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- 
ne~s('~l). Winding the yarn twice, rather than once, appeared desirable. The 
photo-electric hairiness test indicated that the twice wound yarn was the most 
hairv whereas the subiective test indicated the once wound varn was the most 
hairy. None of the 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 weft("'). 

Cillierdl" found that ring-spun mohair yarn 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. 

Rewindina a mohair varn causes the hairs on the varn surface to lie in a 
different directyon which could lead to bars in the fabric(&). The yarn should be 
cleared in the sinales form, as two-plv knots are difficult to 

Townendm0a Feported that, for mohair flyer-spun yarn (Bradford system), 
there were about three times as many leading 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 AS0 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 one month) was 
found to significantly reduce yarn hairiness, there also appearing to be an opti- 
mum roving twist as far as hairiness was concerned. 

Accordino to Onions etap", varn hairiness, althouoh 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). SO& oil h a s  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 hairinesd3=". 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- 
age@023651. The storage of the roving prior to spinning had a remarkable effect 
on reducing yarn hairiness for the Bradford system(365). 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 also de- 
creased its hairiness(365). Srivastava etal(411) 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 hairinesd411). 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 were 
less hairy than singles yarns. The number of hairs longer than 0.5mm were also 
less for the two-ply than for the singles yarnd411). Steaming mohair rovings 
before spinning on the Uniflex (high draft of 100) had no apparent effect on 
yarn hairiness. Although the APS flyer 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 al(4".42n investigated the variation in yarn hairiness with the 
depth of layer of worsted spun yarn packages, for Uniflex (high draft) spun 
mohairlfibro blend yarns. There was some evidence, but not conclusive, that 
the hairiness of the inner layers 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 yarnst3". 

Turpie and ~unter") investigated the effect of fibre diameter, fibre 
length and supplementary additives on the hairiness of ring spun yarns prG- 
cessed on the Continental 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 material effect on yarn hairiness. Plying 
decreased the yarn hairiness, the effect increasing as the yarns became 
finer(*9.750). For 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 Yams versus Mean 
Fibre ~iameter(~*.  

It appeared that the two-ply yarns were considerably less hairy than sin- 
gles yarn of the same linear density. The hairiness of yarns spun with an col- 
lapsed balloon was similar to that of yarns spun with an uncollapsed balloon. 
Certain of the yarns were also rewound, with and without wax being applied, in 
order 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 



the rewinding process. did not materially alter the effect of rewinding on hairi- - 
ness. 

Barella("') reviewed published work on the hairiness of mohair and other 
yarns. 

B a r e l l a  a n d  c o - w o r ~ e r s ( 5 5 6 . 5 8 6 . 5 8 7 . 5 8 8 8 6 0 9 . 6 2 0 , 6 3 4 , 6 3 5 . 6 3 8 ,  

a7.648.6u1.665.674677.618.679,7W,74n 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 d e n ~ i t y ( ~ " ~ ~ ~ ) .  Mohair yarn hairiness was found to 
be affected by fibre diameter and lenath. the mean and maximum hairiness 
values and mean length hairiness inde;depending upon fibre diameter and the 
maximum hairiness length index being closely related to fibre lengthlb19', with 
yarn linear density and-twist factor also having an effect. Coarsecand shorter 
fibres tended to increase yarn hairiness. 

The protruding fibres in mohair yarns, producing yarn hairiness, tend to 
be c o a r ~ e r ( ~ ~ ~ ~ ,  with the longer hairs mainly due to leading fibres (ie the ends 
which emerge first from the front rollers on the spinning frame). Fibre diameter 
appeared to be more critical than fibre length in terms of yarn hairiness. 

Lubrication during preparatory processes reduces hairiness (365). Increas- 
ing singles yarn twistrwith conventional plying (folding) twist, also reduces 
yarn hairiness(365). 

Singeing of mohair yarn (termed genapping) to reduce hairiness was prac- 
ticed more than 60 years agot5). 



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(17" investi- 
gated the properties of tropical suiting fabrics woven from 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 results of Shirley Creasing and AKU wrinkling tests were in 
conflict. and wearer trials were considered necessaw to resolve the matter. 
They concluded that the affect of finishing procedures could overshadow any 
trend due to mohair content("5'. 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 apair 07 stationary back rails. ~n' less 
care was taken when tying knots in the yarn, problems could be encountered 
with knot slippage, a double weaver's knot possibly being the ~olution('~51. 

N i ~ h o l l s ~ ' ~ ~ ~  investigated the effect of polyester fibre fineness on the prop- 
erties of lightweight rnohair/polyester (55145) fabrics. 

Slinger and Robin~on('~B com~ared the ~hvsical ~ r o ~ e r t i e s  of worste 1 
fabr:cs made from merinol~orredale corr;edie.~;d moha r and merino/K~cl 
moha:r blends. Thev Drocessed the fibres on the Continental (French) system. 
[involving scouring (0.7% residual grease), carding, two gillings, rectilinea; 
combing, gilling and auto-level gilling). The tops were dyed, recombed and 
then blended during gilling. Fibre shedding presented some problems 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 durina the trials(18". Thev found weave c r i m ~  laroelv . " ,  
unaffected by the fibre blenld which contrasted with the results of a previous 
studv'"? The different fibre blends also did not amear to affect the AKU Wrink- 

~ ~ 

ling br Shirley crease recovery test results s ign/ f icant ly~ '~ .~~he 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 elas1 c ty but increase0 plast~ctty lpropens ty to de- 
form permanent~yl. Chanq ng the weft from a two-fold to a three-fold yarn d ~ d  
not alter the fabric tensile propenies. The fabrics containing the mohair were 
the least extensible(183). 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 andlor by chemical setting. They therefore investigated 
the effect of tentering the fabrics under a weft tension. As expected, i t  de- 
creased weft crimp and increased warp crimp, this being associated with a 
deterioration in weft wrinkle recovery and improvement in warp wrinkle recov- 
ery(Im). The coarser fibres were associated with an increase in fabric stiffness. 

Smuts and Slingedz9* related mohair handle to fibre friction 



Sidi@07z"~42) discussed management techniques and technical aspects in 
a mohair weavina mill and gave a weaver's check list for cloth quality and some 
details about acceptable and unacceptable yarn faults. All yarn faults below 
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 3501400% 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 more than 4faults per kg of maximum dimension 400% x 20mm (for an R 
44 tex12 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. 

Steinbachcu9) discussed the utilization of mohair. i n  blends with wool or 
synthet~c f~bres. In woven fabr cs, lndicarlng such factors as blrna composlt on. 
woven fabr~c constr~ct~on and f ~ n  sh~ns  ellw wood'^"^^^) disc~ssed tne weav- 
ing, construction and finishing of woven fabrics produced from either worsted 
or woollen spun mohairlwool blend yarns, including pile-fabrics and novelty 
yarns. For the manufacturing of sun-filter curtaining; leno weaving using mo- 
hair, was considered excellent(zo1). 

Hunter et aflaO) undertook 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 30prn. were orocessed into 55/45 mohairlwool  lain weave fab- 
rics and two of the lots were also processed into all-mohair cavalry twill fabrics. 
An increase in mohair fibre diameter senerally increased fabric air permeabil- 
ity, abrasion resistance, stiffness and &ape coefficient but had little effect on 
the fabric tensile properties(*O). 

Bergmann",491) discussed fabric structural and other aspects of ladies 
costume and cape fabrics and velours. Shiloh et a1(51*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 quality mohair fabrics has been mentioned"'", one or two 
singeing passes being carried out without any shearing. 

Smuts and HuntedS70) 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 Hunted5'@ were lighter than 
200g/m2 and contained less than 50% of mohair. The average fibre diameter of 
the wool used in the warp yarn was 21gm while that of the mohair or mohair- 
h o o l  blend used in the weft was about 2 7 p ~  Most of the fabrics had a mohair 
content of between 40 and 60% 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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TABLE 94@'") 

AVERAGE VALUES FOR CERTAIN PROPERTIES OF THE MOHAIRMTOOL 
BLEND WOVEN FABRICS' 



the RWCS plain weave fabrics. Some of these differences could have been due 
to the fact that the twill fabrics were slightly heavier than the plain weave 
fabrics. For most of the other physical properties, the plain and twill weave 
fabrics performed similarly@70). 

Kienba~m(*'~) discussed the manufacturing and design of woven fabrics 
from wonted mohairlwool yarns, indicating the yarn properties and woven 
construction. 

Smuts et a/"') investigated the effect of certain fibre properties on the 
shear properties, which are related to handle and drape, of wool and mohair1 
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- 
entlv beino small and of little oractical irnoortance. 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 
bendina lenath. which in turn was orimarilv a function of fibre diameter. Shear 
stiffness haionly a small effect, if any at ali, on the fabric drape coefficient, the 
latter tendina to increase as the shear stiffness increased. In general, the results 
of the invesCgat:on indicated that the various wool and mohair fiore propertles 
studied had but a small effect on me snear propertles of the woven fabr~cs. It is 
possible that the magnitude of the effects will be greater in the case of loosely 
woven or knitted fabr ic~(~~1).  

Carnabv eta/(-' reoorted on the develoornent and orooerties of trooical 
fabrics cont2ning varioukfibre blends, including mohair.  he; also reportid on 
the fabric orooerties measured bv the Kawabata system. The war0 yarn was 
Sirospun cbn$isting of a 50150 blend of fine wool and polyester. ~ & r s e r  fibres 
(eg wool and mohair) are often preferred for tropical suitings (worn in warmer 
clhates) because such fibres result in stiffer fabrics which-prevent the fabrics 
from draping closely around the body and also give a crisp and cool appear- 
ance and These orooerties are considered to be vital in a fabric worn 
next to the skin in a clirnaie domb in~n~  h;gh temperature and h ~ g h  hdmidity. 
Such fabrics are normallv reouired to weian befween about 180 and 250a/m2. . . 
Singles yarn in warp and weft, together with warp sizing, are often usgd 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 
leas. keeoino the fabric awav from the limbs. therebv leadino to areater com- 
f&.ln ~ a ~ &  the fabric is oken singed and set under warp ;ension, the latter 
accentuating the weft crimp. Polyester in the warp could lead to improvements 
in the fabric wrinkling performance, because the warp is more often creased 
during wear. Kawabata et a P )  reported on the use of obiectivelv measured 
propekes (Kawabata system) of summer (tropical) suitingsi including mohair1 
wool blend weft and 22pm merino wool warp, to design tropical fabrics. 

Malcik(=l) compared the abrasion results obtained on a range of fabrics. 
including rayonhohair, when using different abrasives. 

In a comprehensive study, Hunter et investigated the effects of mo- 
hair fibre properties, particularly diameter and length, and yarn twist on the 



physical properties o f  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 
effect. Drape coefficient, stiffness, abrasion resistance and hygral expansion 
increased with an increase in fibre diameter, while wrinkle recovery (IWS Ther- 
mobench and AKU methods), shrinkage (felting and relaxation), strength and 
extension decreased wi th  an increase in  mean fibre Fibre length 
and yarn twist, within the ranges covered, generally had little effect of any 
practical consequence. It also emerged that once differences in mean fibre di- 
ameter were allowed for (ie corrected 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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F~j iwarat~~. " "  showed, how a high quality (good tailorability) mohair1 
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 Kawabata system, could be used 
to distinguish between "good" and " b a d  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'8zs) 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(108Z). said to be the world's largest 
producer of mohair cloth, 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 MeasurernenV 
The objective measurement of those fabric properties important in the 

making-up (tailorability) and in the appearance of the garment after making up 
as well as those plavinq a role in fabric handle are increasinqlv beina mea- 
sured. Two systems of Gbric objective measurement, namely ~awabata (KES- 
F) and FAST, have reached tne market. Carnaby er aflKbaJ and Kawabata et atM3) 
reported on the use of objectively measured properties (Kawabata system) of 
summer (tropical) suitings, including mohairlwool blend weh and 22km merino 
wool warp, to design a suitable fabric. 

Fujiwaraegl) described the design of a mohair blended fabric, with empha- 
sis in the control of fabric handle and quality by objective measurement. He 
also how a high quality (good tailorability) mohairlwool 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" 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. The fabric objective (Kawabata 
system) measured properties of a mohairlwool tropical suiting fabric was 
g i ~ e n ( ~ ~ ~ . * l ,  and so, too, the related yarn properties(-). 

Niwa et a/(l0l9) reported on the important handle, suit appearance and 
other objectively measured characteristics of a high quality mohairfwool tropi- 
cal suiting fabric, using the Kawabata system of fabric objective measurement. 
Properties of particular importance included high SHARl (a cool feeling coming 
from a pleasant rough surface touch) and moderately strong KOSHl (springy 
stiffness) andor HARl (spreadanti-cling), the latter being important for produc- 
ing an air space between the fabric and the skin of the wearer. The TAV (Total 
Appearance 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 5 being excellent and 1 

Smuts ef aP" )  reviewed the work published on the objective measure- 
ment of fabric properties, principally by the Kawabata KES-F and the FAST 
system, including a limited amount of work done on woolfmohair tropical suit- 
ing fabrics which had the desired crisp (SHARI) handle. 

*See also previous section. 
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21.3 Wrinkle Recovery 
Mohair i s  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(175), studying tropi- 
cal suitings comprising intimate blends of wool and mohair, found that the AKU 
and Shirley laboratorfwrinkle recovery rests shomed opposite trends w.th van- 
ations in  mohar  content. In the case of the former, the wrmkle recovery deterio- 
rated with an increase i n  mohair content loossiblv due to concomitant chanoes 
in  yarn crimp)(lg) where-as the Shirley iest showed the opposite trend. i h e  
authors("" 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 tinishina procedures could oversha- - .  
dow any trend due to  mohair content. 

S l i ~ ~ g e r " ~ ~ ) ,  quoting ~rasny("~1, stated that mohair tended to produce 
creases of a rounded nature and as a result, they performed well in terms of 
appearance during wear. S l i r ~ge r "~~ )  found no consistent differences i n  the 
wrinkle recovery (AKU. FRL and Shirlev methods) of  fabrics containina merino. 

~ ~~ - ~ 

mohair and coiriedale, and concluded that fibre charactkristics, such as fine- 
ness. had little effect on laboratow measured wrinklino. A limited wearer trial 
by Slinger(2451 Indicated an improvement in fabrlc appearance witn oecreasing 
mohair content. As expectea, coarser fibres lea to stffer fabrics, there aooear- 
ing to be little difference in  the stiffness of  wool and mohair fabrics when'fibre 
diameter was constant. Krasny and ~ ' ~ o n n e l l ( ~ ~ ~ ) ,  on the other hand, had pre- 
viously found that the Monsanto crease recovery and the wear wrinkling of a 
woollrnohair 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 observed  difference^"'^). 

O'Connell et apW1 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 two coarser mohair lots. Thorsen et  aP1)  found that Corona treatment 
reduced the crease recovery of fabrics containing mohair, possibly due to asso- 
ciated increase i n  interfibre friction (and frictional restraining couple). 

Kelly"%) 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/cotton/polyester fabrics. Kelly also showed(454) that 
tne wrlnkle recovev of moha~ r  blend faorlcs omproved w ~ t h  age ng I e storage). 
It IS Important to note that the wrlnklrng of monad4"1, as n the case of wool, IS 

very adversely affected by  "deageing", in which the fabric has been steam 
pressed, immersed i n  water or subjected to  other large changes in regain and 
temperature. A significant improvement in  wrinkle recovery may be obtained 
by allowing the fabric t o  "age" for several weeks lor months) after such a 
process. Similar improvements in wrinkle recovery can be achieved by rapid 
ageing (termed annealing) under appropriate conditions of high temperature 
and regaidaO). 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 al"4 also reported better AKU wrinkle recovery for wool than 
for mohair/wool fabrics, as well as a noticeable effect of finishing on 
~ r i n k l i n g ( ~ q ,  differences in yarn twist could have played a role, however(a). 
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Hunter et a/(480' undertook a limited studv on the effect of fibre diameter 
on the wrinkling of all-moha:r and mohairlwool fabrics. Four mohair lots, vary- 
ins in mean fiore oiameter from 24.7 to 30.2wm. were processed into 50 tex S 
38'6 and 50 tex S M O  yarns. The 50 tex S 380 yarns were woven, as weft, into 
plain weave fabrics (7  200 glml, a R40 texl2 all-woo, warp comprismg a 64's 
oualitv wool beino Lsea. This meant tnat the fabrics cornorised a 55/45 monair- 
/;viol blend. ~ w o > f  the 50 tex S 640 yarns were woven, 4s both warp and weh, 
into all-mohair cavalry twill weave fabrics (? 280 g/ml). 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, although the results were not always consis- 
tent and were probably of little practical consequence. The wrinkle recovery 
oerformance of fabrics containino mohair relative to that of all-wool fabrics 
depended upon the particular t e g  method used. For the IWS test, the fabrics 
containing mohair performed better than the all-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 method since i t  could lead to errone- 
ousconclusions.   he heavier all mohair twill weave fabrics (+ 280 alms) oener- - ~ .  -~ ~- ~ ~ ~ - ~ 

ally performed better than the lighter mohairlwool plain weave fairics i? 200 
olm21 as far as wrinkle recoverv was concerned. It was confirmed that "aseins" 
Gf the fabrics effected far qeaier improvements in wrinkle recovery tnahcoGd 
be achieved bv chansins fibre o;ameler, blend or fabric structure, and the ois- 
advantages o f  usingco.&ser mohair fibres outweighed the advantages in the 
case of the yarns and fabrics studied(4a0). 

In 1985 Hunter et 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 wool, there was generally a trend for laboratory measured wrin- 
kle 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 weh and wool 
warp) generally performed bener than similar all-wool fabrics containing wool 
fihres 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 69. In this study i t  was found that the different atmospheric condi- 
tions (ie "standard" and "non-standard) generally produced similar trends in 
terms of fibre diameter. 

Srnuts"l4.966' reviewed the research done on the wrinkling of wool and 
also reported some studies undertaken at SAWTRI on the wrinkling of wool- 
Imchair blends. The main finding was that when using laboratory tests, such as 
the AKU or IWS (Thermobench) Wrinkle Recovery 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- 
In; filth popular beljef There appeared lo be I ttle d.fference between the wrm- 
kle recoverv of wool fabrics and that of mohar fabr~cs of the same f bre d~ame- 
ter, with the twill weave fabrics slightly superior to the plain weave fabrics. In a 
comprehensive study, Smuts and Hunter~loS0) reported on the effects of fibre 
diameter and other properties of wool and mohair on the wrinkle recovery of 
mohair and mohairlwool fabrics as assessed by means of different laboratory 
instruments. They also found that laboratory wrinkle recovery tended to dete- 
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Fie 68 AKU Wrinkle Severity Index vs Mean Fibre Diameter (Plain Weave : Weft 
Directi~n)(~'n. 

Fig 69 IWS Thermobench Wrinkle Recovery vs Mean Fibre Diameter. (Plain Weave : 
Weft ~irection)(~''). 
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riorate with an increase in fibre diameter, the difference in wrinkle recovery of 
mohar and wool not being consistent, depend~ng dpon the state of ageing and 
the part;cular laboratory test method used (Figs 68 an0 69). Nevenheless, the 
effect of fibre diameter was relatively small fo i  aged fabrics, and ageing had a 
far greater effect on wrinkle recovery than fibre diameter(lo5@. Thecrease (wrin- 
kle) recovery versus diameter results of Kids, Young Goats and Adults ap- 
peared to lie on the same line (see Fig. 70). 

To manufacture trooical lightweight (140glm2) men's suitings from a blend 
of mohau an0 other f'bres F f o b k m  grid S I I V ~ ' ~ ~ '  employed a warp of polyes- 
ter/conon (501501 and a wek of moha~r 56'0. No troub e was encoLntered w ~ t h  
the weaving of the resultant cloth but it became apparent that because of the 
presence of cotton the wrinkle resistance of the cloth was poor(3M3". TO over- 
come this oroblem. use was made of a ranae of resins Ioolvmers~ which could 
possibly improve wrinkle resistance. The cioth was subjecied to the following 
finishina orocedures: crabbino, full width oiece scourina. steamina and brush- 
ing, cropping, blowing and It wak found that applicationof a Silicone 
resin led 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 ironing was . - 
unnecessary. 

35 I  I  I  I  I  I I I l l  
2. ZLI ~ L I  n 3 3e 38 40 42 rr 

F = € m w  
Fig 70 Crease Recovery versus Fibre ~iarneter''~*. 



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 *his sector is fairly sensitive to cyclical 
fashion changes. Historically large qua~tities have been used in ladies sweat- 
ers, the brushed appearance being typical, producing a highly lustrous fab- 
ric("'). Mohair is often used in various blends with other fibres, such as wool, 
cotton, acrylic, nylon, silk, alpaca, angora 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(281). 
When brushed mohair yarns are used for machine knitting(674), i t  can someti- 
mes lead to difficulties i f  the surface hairs become trapped in the needles, 
causing end-breakaged3W. 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 garment~(~W, 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(425) (or both), low "yarn-to-metal" and "yarn-to-yarn" 
friction facilitating the machine knitting of mohair. 

According to Rei~hrnan( '~~J~ ' ) ,  for good knitting of specialityfibre 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. Mohair 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 drycleaning or scouring to 
give the desired s~f tness( '~~. l~ ' ) .  

For knitting, the following mohair yarns have been used: 
1) Loop yarns produced on noveltytwisting equipment from 100 tex to 450 tex 

(more usually 180 to 210 tex)(=). Sometimes 155 tex mohair yarn is fed with 
an R90 ted2 worsted spun yarn. 

2) Worsted spun yarns in which mohair is blended with wool. Linear densities 
are R160 ted2 to R90 tex/2(66), usually one end of the former and two ends of 
the latter. 

3) Woollen spun yarns, often produced from sweater cl ps of wool and moha'r 
blends (often in either 15/85 moha rlwool or 25n5 moha~rlwool). 

Where heather effects are desired, mills have blended mohair with acrylic 
(es OrlonP). 

As already mentioned, mohair knining yarn can be etner looped and b r ~ s -  
hed fancy/novel~ yarns, worsted spun (usually blends of mohair and wool) or 
woollen spun.   he first mentioned can vary in composition from about 60 to 
90% mohair (the binder and ground yarns being nylon and wool). Brushing of 
the garment can also take place. For example, all mohair or mohairlwool wor- 
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sted fluffy yarn has been used in machine knitting(*', as well as mohairlspace 
dyed acrvlictW! and 24?& mohairl54% ac~ l i c l22% Dolvester (also in a multi- 
coloured~tweed effect). Knitted fabric hasalso been produced on two-needle 
bar Raschel(?? 

The medwrn grades of mohair 124's. 28's. 32's and 36's) are mainly used in 
knitted outerwear, often knlned on 4 aauae V-bed machmes lea half-cardi- 

Single ends I 310 tex) mohair Too; yarns can be fed together with a 
single end of two-ply worsted yarn (R90 texi2) to the knitting machine or two 
ends of R90 texB worsted mohair yarn (or alternatively one end of R160 texl2). 
For machine knitting, 36 to 37pm mohair has proved fairly popular(10zb), with 37 
to 39um beina used for hand knittino. often in a blend of 80% acrvlid2096 
moha~r It hasalso been reported tnat o p  to 20% of 29BOpm mohalr was blen- 
ded w ~ t h  35um wool to oroduce hand kn~ttlna varn Kld and Youno Goat mohalr 
is used in machine kni&ng and Young ~ o a l  and even Adult hai; in hand knit- 
ting. With the trend towards softness and lightness, more and more Kid mohair 
( a d  Young Goat mohair) has found its wai into the knitting trade, even for the 
brushed lookll"*. 

Hunter(z69) investigated the influence of different blends of wool 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 mohair con- 
ten: but deoended uoon varn friction and  re-tensioning weight. The lowest 
friction  and‘^^ of stitch length and longest stitch length occurred at a paraffin 
wax level of about O.Gpg!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- - 
sions. 

Hunter etaf1303) investigated the dimensional stability of various blended 
mohairlwool plain single jersey fabrics during machine washing and tumble 
drying. It was found that the pure mohair fabrics showed littla sign of felting 
shrinkage but exhibited loop distortion (cockling), felting shrinkage decreasing 
and cockling increasing as mohair content increased in the mohairlwool 
blends. Loop distortion 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 relativeiy low twist. It was postulated that the  loo^ 
distortion (cocklino~was related to short-term variation in varn toroue. intro- - ~~ ~~ ,~ ~ ~~ 

- - .  ~~ 

duced lor a t  leas<aggravated) during the actual knining, and was related to 
short term varn irreaularitv and oossiblv fibre diameter. Various wavs of reduc- 
ing the cockling w& inv&igaied. ~u ioc lave  setting (for 2 minutes at a pres- 
sure of 34.3 kPa) was found to eliminate cocklin@"1. Robinson and co-work- 
e r ~ ( ~ ~ ~ . ~ )  also concluded that it was mainly yarhirregularity, often associated 
with coarse fibres, which was responsible for the cockling of single jersey fab- 
rics, with cockles being associated with localised high yarn linear density and 
associated low twist. 

Robinson and ~ c ~ a u g h t o d ~ ~ )  described a special technique of producing 
mohair pile fabric, suitable for rugs. on a sinker wheel knining machine (26- 
gauge), where about 30% of twisted mohair roving (600 tex, 67 turnsh) 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. 



bmbert"2) 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 single 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'-) 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-S l~ane(~ ,~~ . - )  discussed designing knitted outerwear on hand 
flat V-bed machines, using mohair yarns in certain cases, and also carried out a 
detailed of the use of mohair yarns on V-bed machines. She reported 
as follows: 

Three basic types of mohair knitting yarns are produced(425): 
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 i t  is of a 60162's quality(42". 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 mohair was knitted on a 4 gauge V-bed flat machine in a 
Half Cardigan struct~re(~2". Knitting open lacy structures is an effective way of 
utilising brushed mohair 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)(425). 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-Sl0ane(~25) tabulated the following yarn linear densities for V-bed 
knitting: 

TABLE 95fe5) 
YARN LINEAR DENSITIES FOR V-BED KNIITNG 

5 Gauge 

Coarse R 295 text2 

Medium R 222 text2 

Pine R 177 tex/Z !-!- 



For 6 gauge R177 ted2 and for 8 gauge R 98 tex/2 yarns appeared suitable. 
An optimum t:ghtness of 13.5 for the rib and cardigan structures and 11.6 

for the pliin single jersey were suggested. 
Hunter et a1(520) 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("') reported o n  the properties of mohairlcotton (10 to 40% mohair) 
fabric knitted without much difficulty into 1x1 rib on a V-bed and circular machi- 
ne, it being found that the 40160 mohairlcotton blend when dyed with an acid 
dye, produced a stylish heathered effect for a knitted sweater fabric("'). Bur- 
sting strength decreased with increasing mohair content. G ~ e n ( ~ "  and Goen 
and Lambedw.682) reported on the knitting of wool, mohair (31pm and 90mm) 
and cotton varns. usino alternate cones of each tvDe on a circular knittino ma- 
chine, to a heathered effect after dyeing: The fibres were 
into 33 tex mohair and mohairlwool varns which were knitted into 1x1 La Costa 
kn't fabric on an 18 gadge ( n p ~ )  circ"lar machine. The heathered effect so pro- 
duced was not as snarp or attractive as that p rod~ced  by an intmate blend. 

Georgiedm) discussed the quality and use of mohair and other knitting 
yarns, and also reviewed various unconventional spinning systems, such as 
Novacore and Parafil. 

FriedcM2) reported on the laying in o n  circular single jersey machines invol- 
vino mohair varn oroducino pile and brushed surfaces. The phvsical uro~er t ie? 
of single jerdey fabrics k&ed from 80120 mohairlwool. 60140 moha i~ lwoo ,  
40160 mohairlwool and 50150 mohairlsilk have been compared (726). 

Hunter et a1('i6~undertook 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 o n  knitted fabric properties such as pill- 
ing, draps, 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 t o  73). They found that for the knitted fabrics, fibre 

EFFECT OF MOHAIR FIBRE PROPERTIES ON FABRIC PROPERTIES 

PlLLlNG RESISTANCE BURSTING STRENGTH 
( 1 x 1  Rlb,Dry-relaxed) ( 1x1  Rlb. Wet-re laxed) 

FIBRE DIAMETER (p) FIBRE DIAMEKZ4 (p) 

Fig 71 Pilling Resistance (1x1 Rib. Klry-~elaxed)~'~). 
R s  72 Bursting Siren& (1x1 Rib. Wet-Rela~ed)~'~~. 



DRAPE 
( 1 x 1  Rib. ~ r y - r e l a x e d )  

FIBRE DIAMETER (pm) 

np. 73 Drape (1x1 Rib, Dry -~e laxed) ' (~~~~ .  

diameter tended to be far more 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(71". 

Robinson and Shortho~se('~~) 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 varn. comorisina an outer sheath of mohair and a , . - 
bi-component core of a woollen spun yarn and a polyester filament (textured) 
varn. was subseauentlv develooed. The varns were knitted on a 5 aauae flat - - 
bed machine i n t i  singie jersey: The knitting performance of these yarns was 
satisfactow and the garments were free from spiralitv and cockiing and had 
good cove; and exceliknt dln,enslonal stab ~ ~ t y " ~ ~ ~ .  

- 

The avadab~l~ty, propertles and appltcat~ons of varlous types of kntttmg 
varns. includino mohair. have been d i s&~ssed( '~~~~ .  

A B n G  r&ort(9''6~to the IMA lists the various mohair yarns (blends, yarn 
counts etc) used in knittina (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 Relax fabric -> (perhaps Solvent Scour and Relax) -> Cut and 
Make UD Garment -> Finish Press. 

~a'cobsen et al('O7* recently investigated the psychophys;cal evaluation of 
the tactile aualtties of hand knining yarns (including mohair) in ball and fabric 
states, applying various objectivemeasurement techniques (eg KES-F3 com- 
pression). 
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22.2 Co-We-Nit 
Work was carr ied out  at SAWTRI over a number o f  yeard200. 

21522722923123U34236 to 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(z", in mohair (coarser grades), were 
produced which had good dimensional stability. 



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 label mohair. Although the dyeing and finishing of mohair are 
similar to those used for wool, there are cezain differences (eg mohair does not 
mill easily)'25) and special precautions are often necessary for mohair, particu- 
larly so as to preserve its lustre, 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(242) of mohair products. most of such knowledge being a well kept 
secret. 

In 1960 V i l l e r ~ ( ~ ~ '  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(323). Top dyeing has been the traditi- 
onal route for and is considered to lead to the production of hand 
and machine knitting yarns which are softer, more attractive and with a longer 
pile(851~. Mohair can, however, be dyed in sliver (top), yarn or fabric form. In 
sliver (or dubbing) form, pressure dyeing can be employed and i t  has been 
shown that mohair fibres which are trapped or bent can be damaged, leading to 
fibre breakage during subsequent mechanical processing(233" the short broken 
fibres can also cling to drawing roller rubbers. Kondo et al"3 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 Hill and Bell('", 
(quoted by Kidd(*18)), reporting that acid dyes tended to be faster to washing 
when dyed on mohair than when dyed on wool. Industrial experience with 
solvent dyeing showed that mohair dyes more readily than Lincoln w00 l (~ l~ l .  

When Kriel et a1(1551 compared the c'yeing behaviour of wool (20.7pm) 
mohair (26.8 and 37.7pm) and kemp (67.5wm). large differences in the rate of 
exhaustion were often observed, although the final exhaustion values generally 
differed only slightly. Differences in  the rate o f  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 behaviour of the two mohairs was 
similar, with a much lower rate of exhaustion than in the case of the wool. Tine 
mohair tended to dye to a deeper shade than the wool. They concluded that 
when dyeing blends of a 64's wool and BSFK (Kid) mohair, the dyestuff should 
generally be distributed approximately evenly between the two types of fibres 
but the mohair will be hvoershaded lie have a oreater aooarent deoth of shadel. 
They found that the dye exhaustion curves ofUkemp and BSH (37.ipn) mohair 
coincided comoletelv. althouoh the k e m ~  did not have the same deoth of shade 
as BSH or BSFK mohair dyedkith thesameconcentration of d y e ~ t u k ( ~ ~ ~ ) .  
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Swane~oe l~ '~ )  investigated the dyeing behaviour (rates of dyeing and 
dyed appearances) of wool and mohair, both ranging in diameter from 21 to 
30pm. Differences in depth of shade and the rate of dyeing of wool 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 greaterthan 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 For both wool and mohair, the depth of 
shade of fibres containing the same concentration of dyestuff increased with 
increasing average fibre diameter. According to Veld~rnan(~~'), 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. Swanep~el('~l) summarised the current knowledge in the dyeing 
behaviour of kempfibres in  mohair. 

Roberts and ~ee(-') compared the dyeing behaviour of mohair with that 
of Corriedale wool of similar diameter. The rate o f  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 S~anepoe l~ '~ ) .  In addition, the equilibrium ex- 
haustion was found to be higher i n  the case of the mohair. When mohair and 
the Corriedale wool were dyed to the same nominal depth of shade, differences 

R& 74 Rate of Eahaudon of Reactive Red 84 (Lanasol Red 6G)  at 1 per cent (orno on 
Mohair ald Coniedale wool("'). 



in apparent depth of shade were very small when assessed both visually and by 
an instrumental technique. It was speculated that the frequentlv claimed oreat- 
er depth of shade obtained on 'ohair relative to wool was caused by the 
greater lustre of mohair relative to that, for example, on merino wool and that, 
when this lustre difference was absent, the apparent strength difference falls 
away. The instrumental method gave results which supported the visual as- 
sessment. 

R~berts'"~)compared the wet (washing, rubbing and acid and alkal~) 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 generally similar, with those of mohair marginally better in some 
cases. 

Galek("*) discussed the dyeing of hand knitting yarns containing mohair, 
dealing with pre-scouring (eg scouilng 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 hydro-sulphite at 85'C) process. To 
achieve a very high level 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. Dves usuallv include eaualisina acid, ~remetallised, weaklv acid. and . . 
chrome dyes, depending upon tne shad: and depths required.   on air yarn can 
also be dyed in its brushed (raised) state. Brushed rnoharlnylon yarns qive no 
problems when dyed to medium and heavy shades, b i t  pale shades require a 
blocking agent as in the case of wool/nylon blends(". Skalrnierska and 
J~ rek (~~~)d iscussed  the hank dyeing of acrylidmohair yarns. 

Van Rensburgew 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. 

Veldsrnan"l6) (quoting work by Barkhuysen and Van Rensburg) stated 
that. using liquid ammonia as a solvent, mohair can be dyed within a matter of 
5 seconds. 

Barkhuysen and c o - w o r k e r ~ ( ~ ~ * . ~ ~ ~ )  compared the dye fixation obtained on 
mohair by means of radio frequency (RF), exhaust and pad-steam techniques 
respectively. They found the fixation t o  be highest for RF. Practically no fibre 
damage could be detected during RF dyeing, with the fibre strength and quality 
(eg lustre) of mohair not being impaired. Energy saving of close on 800& could 
be achieved by using RF dyeing rather than conventional dyeing. RF drving 
(Fastran) has also bein applied to mohair, the drying temperature not ewceed- 
ing 60'C(920. The following table('05) illustrates the advantages to be gainad 
from RFdyeing (Table 96). 

Van der Walt and Van R e n ~ b u r d ~ ~ ~ )  showed that wool and mohair fabrics 
could be successfully dyed with metal-complex and reactive dyes using a foam 
applicator, with level and fast dyeings being obtained with wet pick-ups as low 
as 20%. O s t e r v ~ l d ~ ~ ~ )  described a machine for the vacuum impregnation of 
mohairlwool and other fabrics which enables wet pick-up to be reduced during 



TABLE 96Vo5) 
CONVENTIONAL VERSUS RADIO FREQUENCY DYEING' 

Treatment Time (min) 

Dye fixation (%) 

dyeing and finishing. Needles and Wasley"o" reported on the dye (riboflavin)- 
sensitised graft photo-polymerisation of monomers (acrylamide and methyl 
acrylate) onto mohair and other fibres. The solvent dyeing and finishing of 
mohair and other fibres have been described in various patentsW8). The IWS 
pad-batch process for the cold dyeing of wool and mohair has been descri- 
bed(371), Graham(331) reporting its use for dyeing wool 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(43@. Hayed6lq has 
described the transfer dyeing, using reactive dyes, of mohair sweaters to obtain 
intarsia effects, (see also Ref.(*@). Ingle(170a) investigated the effect of solvents 
in the printing of mohairand nylon. 

According to work done by Gandhi(ll". (quoted by KiddI4l") and 
Onions(98) mohair is set more readily than wool. Oniondg8) stating that the rela- 
tive ease with which mohair sets, accounts for its use in curled pile rugs and 
simulated Astrakhan fabrics. Grenner and B l a n k e n b ~ r g ( ~ ~ ~ )  investigated the 
chemical setting, and associated damage, of crinkled mohair and wool yarns 
and found that a good degree of set could be obtained by boiling for one hour 
in a pH range of 4 to 6. This was, however, associated with a relatively high 
fibre damaoe in the case of the mchair. Reducina the settino time to 30 minutes 

Aqumur 
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90 

Urea Birul. Solubility (%) 
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Spinning Potential 
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led to an improvement in setting with less f'b; damage.-setting and dyeng 
could be combined into one ~rocess"~'. Guirais and Onions h o l e d  bv Leeder 
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eta/(1069)) investigated the setting of mohair, wool and human hair. 
Hunter et a/(" investigated the effect of liquid ammonia 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 on fibre supercontraction, tenacity, initial modulus, friction and ex- 
tension at break. were determined (Fig. 75). It was found that, on average, 
super-contraction, extension at break, fibre linear density and with-scale friction 
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Unpublished work by F A  Barkhuywn & A.P.B. Maadorp 
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increased with increasing time of treatment, whereas the fibre tenacity and 
initial modulus showed the reverse trend. Prolonged treatment in ammonia 
introduced some crimp in the fibres, particularly in ihe finer fibres, but reduced 
the lustre of the fibres and also caused some yellowing. 

~ o b e r t s ( ~ *  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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Fig 75Typical Load-Extension Curves of Ammonia Treated 10 dtex &hair ~ i b r e d ~ .  
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of the same mean fibre diameter (32pm). He found that the mass loss arising 
from aaueous treatments was oreater for mohair than for wool but there were 
no greit differences in terms o? the tendency to yellow. Urea-bsdlph~te chan- 
ges indicated that mohair was modified less than the wool under mlder  condl- 
tions but more under more severe conditions(m4), the higher ortho-cortex con- 
tent o f  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 oxidisin agents, higher values being associa- B ted with higher ortho-cortical contents)(83. Yellowing in  a weak alkaline soluti- 
on depended greatly upon the temperature, increasing greatly at temperatures 
above 50°C. Someof the results are illustrated in  Figs76 t o  8 1 ( ~ ~ ) .  

Fig. 76 Effect of Temperature of Strong Acid Solutions on the Urea-bisulphite Solubility 
of Mohair and 
Fig 77 Effect of Time of Immersion in Weak Alkaline Solutions on rhe Urea-bisulphite 
Solubility of Mohair and 

TIME WIN) ~ ~ ( M L Y )  

Fig 78 Effect of Steaming Time on the Urea-bisulphite Solubility of Wool and Mo- 
hair(-). 
Fig 79 Effect of StearningTirne on the Yellowness of Wool and  oha aid-. 



Fig, 80 Effect of Temperature of Weak Alkaline Solutions on the Yellowing of Mohair 
and 
Fig, 81 Effect of Temperature of a Two Hour Aqueous Treatment at Various pH Valuer 
on the Mass Loss Suffered by Mohair and 

Veldsman ~tated(~01) that the finishing procedure of light weight woollmo- 
hair fabrics is a hishly secretive affair and it would appear that reputed firms 
have constructed special machines (or techniques) to accomplish a highly lus- 
trous, resil:ent cloth. The following sequence of 1:nlshing operations was found 
to give a commercially acceptablefabricKo": 

Crabbing at the boil 
Piece scouring (open width, if at all possible) 
Steaming and brushing 
Shearing (latter two operations can be repeated, i f  deemed neces- 

sary) 
Blowina (decatisind 
~ ~ d r a u i i c  pressing- 
Autoclave setting IKD Process). 

Schumacher-Hamedat et a/(839), K n ~ t t " ~ ~ ) ,  ~ereck(-1, Sanchez and 
G ~ i l l e n ( ~ n  and Cegana et aP7" reported on methods of depigrnenting animal 

It has been mentioned(1051) that harshness in mohair may be associated 
with low coDper levels (ie copper deficiency). Swanepoel and VeldsmadZo8) 
described a method of decreasina the rouahness (scratchiness) of coarse wool ~ - ~ 

~ U~ 

or mohair fabrics by means of an ethylene glycol bisul hite or a polyvinyl 
alcohol-bisulphite process. Maasdorp and Van Rensburggz] investigated the 
prickliness of wool and mohair fabrics using a scanning electron microscope to 
studv the surface fibres. Thev confirmed that the subiective ranking of prickli- - ~ 

nes;increased as fibre diameter increased, and was re\ated to the presence of 
coarse surfacefibres. 

YinW5) investigated the effectiveness of two synthetic pyrethroid moth- 
proofing finishes on mohair fabrics. Riven and ~ o g a n ( ~ ~ a  and Knoa and 
Belly"'4 discussed the moth-proofing of speciality animal fibres. 



The singeing of mohair fabricsll-1 and the dy ' ng  of mohair (Smith quo. 
ted(lm)) have been d:scussed. Ahmad'"2J investigated rates of sorpl'on of a 
number of organic solvents and reaaents bv mohair and their effect o n  the 
mohair fibre mechanical properties. H; foundthat the imbibition values o f  f in- 
coln wool were slightly greater than those of mohair for al l  the reagents stu- 
died. The mohair fibres were weakened (as revealed b y  work t o  break) when 
they were immersed in the various reagents. 

O'Connell et aPW) investigated the durable press treatment of mohair1 
polyesterlrayon blend fabrics (230glm) for use in men's slacks. The treated 
fabrics. and oarments. were stable and smooth following machine wash and 
tumble dryin;;. No shrink-resist treatment was necessaryio stabilise the fabric 
to washino shrinkaae.  the^(^" suqqested that blends o f  rnohairlpolyester and 
rayon pro&ced excellent menswear slack material, particularly when given a 
durable-press treatment. Van  ensb burg"^) investigated the durable press 
treatment of a cotton(warp)lmohair blend (RWCS weft) fabrics, by means of 
DMDHEU and melamine resins. 

Various  article^(^^,"^) gave 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 blend fabrics(305). 

23.2 LigM Degradation 
Mohair is widely used in  curtains and rugs, articles which can be subjected 

t o  considerable exoosure t o  liaht durina uselbut it oenerallv stands UD we l l  to .~~~~ ~ ~ 

such exposure. Van e ens bur*) invegtigat'ed the ;egradaiion of i d v e n  and 
knitted mohair fabrics bv  sunliaht and ultra-violet liaht. Results obtained after 
ultra-violet a~gradat ion did notalways agree wath those ootained after sJ0l:gnt 
degradation. The best protection agalnst sunlight degradation was obta'neo by 
the application of a polyacrylate pigment binder, an ~ l t ra-v io le t  light absoroer. 
or certain dyes. Degradation was assessed in terms of changes in  fabric b ~ r s t .  
ing strength and whiteness. 

. 

Photo-chemical degradation of mohair appears to be similar to t ha t  of 
although Bruwer and Tait@72) concluded that wool and mohair fabrics 

behaved somewhat differently t o  UV exposure (Xenotest). 

23.3 Feltingand Shrink-Resistance 
Mohair has little tendency t o  felt or shrink during washing, this being 

largely attributable to its relatively smooth and unpronounced scale struc- 
ture'". Nevertheless, i f  washed for prolonged periods o r  under severe condi- 
tions, mohair articles wil l  felt and shrink.  onion^^^^ found a washing shrinkage 
of 33% for a woven wool fabric and 2% for a comparable mohair fabric, with 
corresponding values of 23% and 6%. respectively, for knitted fabrics. 

Althouuh mohair does not felt easilv it can mil l  sufficientlv to aive a full 
cloth with :warm finish("O). It can alsotake permanent pleats. ~ h o r s e n  and 
Kodani(l5u used a corona discharge method on wool and mohair tops t o  im- 
prove shrink-resistance. This also-increased the sliver cohesiveness !dratrmg 
forcel. Den Heijer""' mvestigated tne conditions necessary in the Aachen felt- 
ing test in  order to produce maximum differences in  the felting rate of various 
blends o f  wool and mohair in  top form, a pH 1.5 being considered best f o r  this 
purpose. It was found that the addition o f  as little as 20% of Kid mohair to a 64's 
quality wool reduced the felting shrinkage of knitted fabric considerably. with 



the decrease in felting shr~nkage decreasing with increasing mohair content. 
Greavu and S i r n i ~ n ' ~ ~ )  reviewed some of the factors which affect the felting 
lAachen felt ball and other) of various anmal f:ores inilud'ng rnoha~r. Residual 
fatty matter had an effect on felt ball density, felting being lower when the 
fibres were cleaned. Mitchell(821) reported on the felting of machine knitted 
mohair fabric leg by washina and drvina) to achieve special effects. T u r ~ i e ( ~ O ~ )  
suggested the u;e of a chlo;in&on treatment to elminate any.felting 
propensltv in mohair. Pitt1nan(2~5) found the critical surface tension (CST) for 
untreated wool and mohair to increase when the relative humidity was low- 
ered, from about 26 dynedcm for mohair to 45% RH to about 33 dynedcm 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 w o 0 1 ( ~ ~ ~ .  The CST of 
Corona treated mohair was 33 dyneslcm at both relative humidities. 

23.4 flammability and flame Retardant Treatments 

Keratin fibres, such as mohair, have traditionallv been regarded as being 
safe from the point of view of flammabilky. Mohair may be ig&ed if suojectes 
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 temoerature of the fibre. The natural flame-resis- 
tance of mohair is connected with its chemical and morphological s t r~c tu re (~~0 .  
Mohair was also one of the few fibres whicn met most of the earlier require- 
ments for flame retardancy for contract markets (eg oftice furniture, hotels and 
theatres"0s2'). Nevertheless, although, like wool, mohair does not burn easily, i t  
cannot be reoarded as comoleteiv flame resistant. and flame-oroofina is 
necessary for ;t to conform t d  modkrn s p e c i f i ~ a t i o n s i ~ ~ ~ ~  for flame'resistake. 
Traditional hish-densitv mohair and wool caroets were acceptable without 
treatment butiashionable long-pile low-density &ructures were classed as haz- 
ardous, unless specially treatedC1=3. 

Due to their inherently flame-retardant nature very little research was 
done on keratin fibres before 1970. In 1971. however. lesislation was intro- 
duced in the USA requiring all carpets to a flamhabTlity test, called the 
tablet test. Van ~ e n s b u r g " ~ n  discussed the flame retardant treatment of mohair 
fabrics with titanium and zirconium salts according to certain IWS patents, as 
well as with a commercially available titanium-antimony complex and reported 
on the effect of three different flame-retardants: titanium tetrachloride, zirconyl 
chloride and a titanium-antimony complex on the Limiting Oxygen Index (LOI) 
value. dearee of whiteness and certain mechanical orooerties of mohair fabrics. ~. ~- 

He found'the LO1 ofuntreated mohair fabric to be'24,'~some of the treatments 
inceasing i t  to above 32 (27 generally being regarded a5 the minimum required 
for a fabric to pass the vertical flame test). The flame retardants did not appear 
to affect the mohair fabric physical pro~erties adversely, titanium chloride pro- 
ducing the highest LO1 vaiues but discolouring the fabric. Titanium antimony 
caused less discouloration (giving a creamish colour) but did not increase the 
LO1 as much as titanium tetrachloride. Zirconium containing flame-retardants 
had the smallest effect on fabric whitenesses7), zirconium chloride (together 
with 4% citric acid) gave acceptable flame retardancy, which was fast to was- 
hing, with acceptable colour. 



V e l d ~ r n a n ( ~ ' ~ 1  s ta ted tha t  the THPOHlAmmonia process o f  
Van Rensburd-1 could be used for mohair. the Deroxide used in the final . ~ - ~ ~ - ~ ~ ~  -~ 

stages bleachTng the mohair and giving i t  a sofier handle. 
It was also re~orted(~") that wool and mohair u~holstew fabrics were 

generally sbfficientiy flame resistant to meet moderate flammabil~ty tests such 
as DOCFF 1-70. DOCFF 2-70 and the Motor Vehicle Standard numoer 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 50150 mohairlcordelan fa- 
bric survived a three-second and twelve-second ignition vertical flame test un- 
der bone dry conditions, both 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 50150 mohairlcordelan fabric would 
pass both the DOCFF 3-71 test for children's sleepwear and the FAA standards 
for compartment interiors(65z). 

By blending mohair with certain synthetic fibres or cotton, the problem of 
flammability could become more serious because these latter fibres often burn 
easilv in the untreated state(366). 

Fittig(-) reported on the burning behaviour of mohair, cotton, acrylic and 
polvester furnishings (upholstery). HelW3) compared the flammability standards 
and draft standards f~r ' furnishin~s 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 flammabilitv of mohair and other fabrics. 



CHAPTER 24 

FIBRE IDENTIFICATION AND BLEND ANALYSIS 

24.1 Introduction 
It is for various reasons (eg for labelling and Mark Certification purposes) 

imoortant to be able to distinouish between mohair and other animal fibres and 
to be able t o  quantify the ~ o & ~ o s i t i o n  o f  a sample (be it raw fibre, top, yarn or 
fabric) which reportedly contains mohair (in any proportion), particularly where 
the mohair is blended wi th  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 developing 
reliable methods for distinguishing between mohair and other animal fibres, 
for accuratelv ouantifvino the comoosition of blends o f  mohair and such fibres 
and for verifyiAg thai ausample iurported t o  be pure mohair is in  fact so. 

W i l k i n s ~ n c ' ~ ~ '  briefly summarised the papers dealing with fibre identifica- 
tion, presented at the Second International Symposium on Speciality Animal 
Fibres i n  Aachen in  October. 1989. He oointed out that the list of oossible tech- 
niques was quite long, but' shortened i f  restricted t o  rapid, inexpensive and 
internationally acceded methods, shortened further if restricted to fibre mix- 
tures o f  unknown origin 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(IW5). 

TABLE 97(lW5) 
FIBRE IDENTiFICATlON TOOLS AND TARGETS* 

T w ~  Reference Target 

1. Iliffoscopy; l i g h t  1 .2 f i b r e  dimensions 
tranamisslon and 1 . 2  e l l i p t i c i t y  
scanning e l e c t r o n ,  1 . 2  surface  features  
image ana ly s i s  1 p igmnt  d i s t r ibut ion  

1 medullation 
1 c o r t i c a l  segmentation 

2 .  Chromatography. 1 .2  prote in  composition 
e lectrophores is  

3 .  High pressare  l i q u i d  1 . 2  external  and internal 
chmmatography. l i p i d s  
gas chromatography 

4 .  DNA hybridisat ion 1 . 2  c e l l  nuclear m a n t a  

' 1  First Internal onal Sympos ~ r n  on Specla I ry  An  rnal Ftbres 
2 Second lnlernatlonal Syrnposldrn on Specla l y  An rnal Flbres 



Greaves"7" has reviewed the various methods of fibre identification and 
quantitative analysis of fibre blends. Hamlyn et a1(l0W gave the following iable 
(Table 98) of methods which have been proposed for the qualitative and quanti- 
tative analysis if keratin fibres. 

TABLE 98(lo5" 
METHODS PROPOSED FOR THE ANALYSIS OF KERATlN FIBRES 

Reference 
I 

 min no-~cid Analysis 1 985 

A similar list was given Each of these will now be dis- 

Scale-Height Ueasurement 

Image Analysis 

PAGE Analysis of Extracted Proteins 

Internal- and External-Lipid Analysis 

DNA Fibre-Profiling 

cussed: 
24.2 Microscopic Methods 

742  

963 

905 

852 

892,975 

24.2.1 General 
The first methods relied uoon the use of a liqht microscooe to examine the 

surface scale appearance pattern and frequent; of scales) of the 
fibre (eg fibre profile) (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 evedually led to the modern scanning electron 
microscopic (SEM) methods. Scheepers(l7*, for example, reported on ways of 
distinguishing mohair from other animal fibres and suggested that the fibre 
profile was a reliable means of identifying mohair from wool, although he did 
not recommend the method for routine quantitative analysis of mohairlwool 
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 a1 (lZ8) 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 fibres(17". Round Trials held during the 1970's indicated 
that inter-laboratory agreement was rather poor when the light microscope 
method was used to determine the lend composition of woollmohair 
b l e n d ~ ( ' ~ ~ ~ J .  Nevertheless, K a d i k i ~ ( ~ ~ ~ 1  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- 

207 



selves. He stated that generally each fibre that may be presenr in a blend can 
be identified oecause each f:bre has its own ~ n i q u e  set of identifylrg character- 
istics. such as scale shaoe. scale location. distance between scales.-changes in -~ ~ ~~~ ~ . . ~. ~ ~ 

fibrediameter, distribution of  pigmentation and~ in  some cases fibre me;dulla- 
tion. He went on  to state(819) that often it was necessarv to identifv several of 
these characteristics in a single fibre before a positive identificaiion can be 
made. Recentlv, Wortmann and W~r tmann( '~ '~ )  aoain concluded, however, that 
the SEM methbd was far superior to light micro~copy for woollspeciality fibre 
blend analysis, particularly in  the case of  woollmohair and woollcashmere 
blends. ~~ ~ 

From the various papers presented at the Second International Sympo- 
sium on Animal Fibres held at Aachen i n  1989,  ilki ins on('^" summarised var- 
ious aspects of the microscopic techniques as follows: 
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 resolution than the more ex- 
pensive and slower electron microscope. 

The limitations of Microscopy are(lW5): 
(a) Natural pigmentation and added dye mask the features. 
(b) The features van, along each fibre, between fibres from the same animal 

and between fibres of the same type grown in  different localities. 
(c) Thefeatures are obscured or removed by  weathering. 
(d) Identification is too subjective. 
(e) There i s  not full agreement on the extent to which (a)-(d) apply. 
(f) Fibre terminoloav i s  not aareed. The strict definition applied bv some 

countries t o  a p%icular fibre type means for example !hit white'lranian 
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 simole fibre mixtures: in  the latter case es~ecial lv if the ooerator 
already knows ihe types of  f:bres being s ~ u g h t l ' ~ ~ ) .  

The I'aht microscope method of fibre loent:ficatlon is ncreasina~v being 
replaced b; 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 claims a high success rate with the 
scanning electron microscope in  identifying cashmere, mohair, camel, llama 
and vak fibres over an 8 vear oeriod. An lnterlab Trial illustrated that with - ~ 

practfce, operators could s;cces~fully identify the proportion of wooland mo- 
hair in  mixtures. Woollcashmere mixtures were more difficult to ouantifv. but 
there is disagreement between laooratorles on tnese polnts and Indeed on 
wh.ch WPe of microscoDe IS the preferred too (I". Varlous 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 
purposes('w5). 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 i n  the scale frequencyllength of mohair and 
wool, as viewed in a l ight microscope, and various workers investigated 
this(Mlz8), 

'See Also "SCALE PATTERN. 



Although the scale frequency (per 100pm) 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, subsequent 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 18.5pm and those of wool below 
17pm and he concluded that if in practice, a scale length of 17.0 to 18.0pm is 
found, the fibre is most probably wool, confirmed by calculating S3/D (where S 
is the scale length in p m  and D is fibre diameter in pm). If S3/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 mohair, this is confirmed if  S3/D is above 160. Yon ~e.rgen( '~*z~~) also 
stated that the scale lenath for wool is aenerallv around 10um (8.5 to 10um)(978) 
and that of mohair aro;nd 20pm (ie 5 per lobpm), a l thkgh the scale length 
values for the long wools and beard hairs of carpet wools are generally similar 
to those for mohair. Klenktu) also advocated the use of S3/Dfor distinguishing 
between wool and mohair. 

In contrast to the above, Mahal et ape found that S varied from about 
lOpm to about 40pm for wool, with an average of about 15pm and felt that the 
scale length (frequency) criterion was not reliable for distinguishing between 
wool and mohair. Wildmanl"also concluded, that neither scale length nor S3/D 
was reliable for distinguishing between wool and mohair. The foregoing con- 
clusions were suooorted bv Lanelev and ~ennedvwn who found that. in the 
case of their sakdles. 6ue;lois i r e s  wool had linger scale lengths (1'~.4~m) 
than mohair (14.7pm) and also largerS3/D values. It was also reported(97" that 
Texas mohair had a relatively high scale frequency(895) and higher than that of 
Argentinian lustre ~ o o l ( * ~ ~ ~ ~ ~ ) .  Kusch and Stephani"') also pointed out that. 
due to breeding, mohair can also have a high scale frequency and this parame- 
terthereforecannot be used to distinguish between wool and mohair. 

Mohair is generally more even-in profile than either cashmere or camel 
hair fibredYn, the cashmere fibres having broader, thicker and shorter scales 
than mohair,cashmere having scales which are, on average, 85% of the len ths 
of those of mohair but which are thicker, widerand have distinct margins(=$ 

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 wool (see Figs 82 to 84) and that 
i t  was laraelv this (tooether with the senerallv lower freauencv scales) which 
was resp&s~ble for ihe characteristi; lustre and smoothness'of mohair and 
used to distinguish between the light microscopic profile of wool and mohair. 
although the operator needed considerable experience to be able to do so 
reliably. 

It was the difference in scale height or thickness h (see Figs 85 and 86) 
which eventually led to theSEM method of distinguishing between mohair and 
wool and of auantifvina blends of mohair and wool (even lustre wools). This 
method is pr&entl;, Gobably the most widely used for quantitativeblend 
analvsis of mohair/wool blends. Within this context it is important to note that 
the subjective method of fibre identification, based upon ihe microscopic (ie 
magnif:ed) 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. 

M9 



Fig 82 Typical Scale Structures Of Wool as Viewed by Means of a Scanning Electron 
Microscope ( s E M ) ( ~ ~ ~ ) .  

Fig 83 Typical Scale S b u a r e s  of Mohair as Viewed by Means of a Scanning Electron 
Microscope ( S E M ) ( ~ ~ ~ ) .  
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Wool Fibres: (a) 1400~ '  
(b) 3300 

(d) 

Mohair Fibres: (c) 14Wx 
(d) 330Ox 

Fig 84 Scanning Electxon Micrographs of Fibres Showing Scale Structures: All Magnifi- 
cation Values Refer to the Original 

Fig 85 The Magnified Scale as \liewed by Means of a Scanning Electron Microscope 
(SEM) (86Z). 



Fig. 86 Scale Height (Thickness). h, of a Fibre(8-03a16). 

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 
S i k o r ~ k i ( ~ ~ 1  showed that the scale thickness of merino wool is of the order of 
1pm and that of mohair of the order of 0.4pm. Dobb et al(" were among the 
earliest to observe that differences in scale height (distal edge) measured by 
electron microscow could be used to distinsuish between wool and mohair. 
Nevertheless, i t  was not until about 1980 t h a i ~ u s c h  . ~ t a l ( ~ l a  used the differen- 
ce in cuticular scale height. as measured by SEM, to distinsuish between wool . - 
and goat hair. 

Kusch and co-workers(497~51~5".5s5~614~w1) were amongst the first to Dro- 
pose and use the SEM measured scale heights to distinguishbetween wooland 
various animal f~bres, such as mohair, and to quantifv 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 0.6gm being classified as wool and those with a scale height 
smaller than 0.5pm as m ~ h a i r ( ~ ~ ~ . l ~ ~ * .  In essence, the SEM method is based 
uoon the fact that mohair scales are aenerallv. but not alwavs (as will be dis- 
c k e d  later), thinner (ie have a small& hegh<or thickness) than those of wool, 
havinq an averaae thickness iheiaht) of around 0.4 to 0.5gm. (0.2 to 0 . 4 ~ ~ m ) ( ~ ~ ~ ) .  
whilethose of wool, including listre wools (such as ~ueno is  Aires),'have an 
average thickness (height) of around 0.8 to 1.0pm (0.6 to l . l g m )  
(65.H,mz7UIUrsssW11. K U S C ~  and co-worker~(~l""l) found that the scale height 
for wool ranged between about 0.7 and lpm, for mohair around 0.5pm or less, 
for Aloaca around 0.25um and for cashmere between 0.35 and 0.39um. 

~ o r b n a n n  and ~ ; n s ( ~ ~ ~ ~ ~ "  concluded that the scale heigh'ts of special- 
ikv animal fibres rarelv exceed 0.5um. (aenerallv 0.2 to 0.4um)(" while these . . -  
o i  wool rarely fall below 0.5pm. (generally 0.6 i o  l.lpm)(* these rare occur- 
rences being of little consequence in the application of the scale height method 
for analytical purposes. They found the scale height for the samples of wool 
they tested to range from 0.4 to over 1.0gm and that of the mohair samples 
they tested ranging from just over 0.1 to just over 0.5pm. 



The following system of fibre classification according to the SEM method 
was given by Phan et a P 5 ) .  

-- ~ 

Fig. 87 Classifying and Characterking of Speciality fibres by Means of S E M ( ~ ~ ~ ) .  

TABLE 98@95.901) 
DATAOFSPECIAUTY FIBRES W M I N E D  BY MEANS OFSEM 



Phan et ateg5) summarised the results 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 ceworker~~*~~)presented Table 98 summarising the results of 
tests carried out over an extended ~ e r i o d  of time at DWI. 

Wortmann et aflgol) discussed the quantitative analysis of blends of wool 
and speciality animal fibres, s ~ c h  as mohair, by the SEM scale height technique 
and they presented the following summary of their res~l ts (Fig. 88). 

Scale H e i g h t m i  
P 0 1  0 2  0 3  O b  0 5  0 6  0 7  0 1  0 9  10 1 1 2  13 

MOHAIR 
CAP K t 0  - s, WENOSAlRES 3Plpm 

R g  88 Summary of the Results of the Scale Heigm Reading Measurements on 18 Wwls 
and 14 Speciality Fibers as Bar-and-Whisker ~ l o t s ~ ' ) .  



Various other workers, including T ~ r p i e ( ' ~ ~ ) ,  Weideman and co- 
w o r k e r ~ " ~ ~ . ~ ~ ~ ~ ~ ~ " ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ,  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)(8161 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 0.6pm and that of wool gener- 
ally above 0.7pm(793). They r e p ~ r t e d " ~ . ~ )  that individual scales on wool fibres 
could, however. vary from as low as 0.25 to about 1.8@m, while those for mo- 
hair could varv from about 0.12 to 1.Oum. Thev concluded that a samole could 
be classified as pure mohair i f  no scales exceeding 1pm were observed, where- 
as if a sample contained scales in excess of l u m  it could not be classified as 
pure mohair. They found the average scale height of 21 mohair samples to be 
0.5pm (standard deviation = 0.12pm) and that of the 11 lustre wool samples to 
be 0.97pm (standard deviation = 0.25pm)(~).  

. . . Mahair(21 samples, 4200 measurements) 

- Lustre Wools(l1 samples, 2200 measurements) 

Scale thickness (height) (micron) 

Fig 89 Scale Height Distribution of Wool and  oha air"'" 

Sagar eta-) stated 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 0.82pm for fine wool, thus lending support to the results 
reported by Weideman et a1 as discussed above. Freddie and Mainfreni") 
found the average scale heights of wool to range from 0.67 to 0.75p-n. that for 
mohair from 0.36 to 0.39pm and that for cashmere from 0.37 to 0.49pm. 

Taking all the results into consideration. therefore, it appears that the ave- 
rage scale height of wool is around 0 . 8 ~ m  while that for the various speciality 
fibres is about 0.4pm(-), although there is some overlap in the heights of 
individual scales. 



Kusch and Stephanil-" reviewed and pointed out the various drawbacks 
of certain techniques proposed for the quantitative determination of animal 
fibres in blends with wool and synthetics, discussing the SEM Method in detail. 

Phan et a/(895) stated that even chemicallv treated wool retains some sur- ~ ~ 

face scales which could be used to identffy sudh fibres as wool, and ~ u s c h  and 
Arns(562.594595.6L4) described the aoolication of me scale heioht method to both 
untreated and chemically treated hires. 

- 
As already mentioned, considerable work has been carried out. oarticular- 

ly at the Deutches Wo1forsch~ngs;nstitut (DWII, by researchers such'as Kusch. 
Wortmann. Arns and co-workers~1z56~5956141'3Z62~2~9011, to develop and pro- 
mote the SEM method of  distingukhing between mohair and wool and of fibre 
blend analysis(7".730743.762'. H6~ker(~*s) summarised tne methods of analysis of 
animal fibres at DWI. He concluded that the SEM scale heioht method orovided 
a reliable means of distinguishing between wool and m ~ h & ( * ~ ) .  Details of the 
SEM method for ouantitative blend analvsis were oiven bv Wortmann and 
A r n ~ ( ~ ~ ~ 1 .  ~ o r t r n a n ~ ( ~ ~ )  reviewed the 'state of the art'-relatingto the SEM anal- 
ysis of wool/soecialitv fibre blends, oresentina results of Round Trials. He con- 
cluded that gi;en a ckrtain amount bf experience and dedication of the testing 
laboratorv, the SEM analvsis could be regarded as a reliable tool for blend 
analysis at all stages of processing. In 1986 DWI submitted a draft m e t h ~ d p ~ ~ ,  
"3), entitled "Method for the Analysis of Blends of Wool with Unmedullated 
Speciality Fibers by Scanning ~ lec t ron Microscopy", to the Speciality Fibres 
Working Group of the I W O .  

The formula of Wild~nan(~@ is used(g01) for determining the mass composi- 
tion of blends when apolying the SEM method (see below), the subscripts w . .  . - 
and s referring to wool and speciality fibres, respectively, and w refers to the 
mass (weight) fraction (ww being that o f  wool). 

and 

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 component 

The SEM method is presently regarded as one of the best for the routine 
quantitative analysis of blends of mohair and w o ~ l ( ~ J ,  having an accuracy of 
better than 5% (see Fig. 90('% the mean confidence limits for the SEM meth- 
od being reported to be about 3.6%(901). Wortmann and A r n ~ ~ ~ * ~ ~ ~ ) a l s o  report- 
ed on the accuracv of the SEM method and reoorted a mean absolute error of - -  ~ - - -  

1% for the b le id  composition of woollkohair blends. Wortmann and 
FreddicsS also reported on Round Trial results for blend analysis of mohair1 



Vorgegebener Antei l  a n  Wolle. '10 

Fig. 90Accuraey of SEM Blend ~ n a l y s i d ~ ~ ) .  

wool blends using the scanning electron microscope technique, the results 
generally being within or just outside the 95% confidence limits. 

~ h e v a r i o i s  methods of analyses of fibre mixtures and the results of inter- 
laboraton, round trials have been discussed("3), a question mark being placed 
on the accuracv of blend determination of intimate mixtures of wool arid hair 
fibres. The accuracy of the scanning electron microscope method was, how- 
ever. illustrated for various blends of wool and animal fibres includino mohair - 
by Wortmann et aPW, thereby questioning statements made in two previous 
a r t i c l e ~ ( ~ a Q .  In response S ~ h i a v o n e " ~ '  stated that the EEC Working 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 f~r ther  specifications of the equipment 
being considered necessary. Nevertheless, WOrtmannc'ma! recently again re- 
oorted the results of FIoundTrials involvino the ouantitative analvsis of wool1 
mohair blends by means of the SEM scale height (at the distal edge) technique. 
Good aareement was found between the different laboratories. the maior error 
being tKe 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 95% confidence limits for 
a 50150 blend bein about 4%. 

Phan et aP5~concluded that to facilitate the characterisation and analysis 
of fibre samples, the following parameters should be taken into consideration: 

-Cuticle scale height (the most important). 
-Mean diameter and coefficient of variation. 
-Mean scale freauencv. 
-scale appearance. 
S i ~ h ( ~ ~ ~ . ' ~ ~ ~ )  reported on the use of both the scanning electron microscope 

(SEMI and the light microscope for differentiating between certain animal fi- 



bres and concluded that there are times when both are necessary i n  order to 
make a reliable identification, for example when severe fibre surface damage 
precluded the accurate measurement o f  scale height. He summarised the capa- 
bilities o f  the two  microscopic techniques in  Table 99", the SEM being ideal 
where identification by  means of surface characteristics is possible while the 
light microscope is preferable where internal fibre structural features leg col- 
our. oiomentation. medulla. vacuoles) need to be considered. ~ i c h "  conclud- - - 

ed thatboth microscopic techniques were required to reliably and consist& 
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(-1 showed some SEM photographs of 
mohair fibres which exhibited scale structures quite unlike the traditionally ac- 
cepted scale structure of mohair, this l ~ n d s  support to the work and views of 
Weideman, Turpie and co-workers. 

TABLE 99" 
COMPARISON OFSCANNING ELECTRON MICROSCOPE (SEM) AND LIGHT 

MICROSCOPE (LM) FOR FIBRE IDENTIFICATION 

Topography 
P r o f i l e  Edge 
I n t e r i o r :  

Color 
Pigmentation 
Medul la 
vacuoles 

R e i r a c t i v e  Index 
B i re f r ingence  
S t a i n i n g  Techniques 
Complete F iber  

Length Examination 
Manipu la t ion During 

Examination 
Sample Preparat ion 
Speed o f  Examination 

Scanning Elect ron 
Microscope 

L i gh t  
Microscope 

- 

+ 
* 

+ 
+ 
+ 

+ 

+ 
+ 
A 

One of the problems o f  SEM lies i n  reliably distinguishing between differ- 
ent rare lo r  soecialitv) fibres. such as between llama and mohair(-] and it is 
troublesome to o ~ s t  ngulsh m~croscop~cally betmeen fane pfgmented sarnp es of 
cashmere and moha~r("n Because of rhs,  dttentlon has been devotea to n o d -  
ern analytical techniques such as nucleic acids (DNA)(873), and pro- 
tein(597.689.7751 analytical methods. 

24.2.4 Multivariate-Analysis 
The bivariant log-normal distributions (of fibre diameter and scale fre- 

quency) can be used t o  distinguish between mohair, cashmere and cash- 
gorac-) and the bivariate microscopical characterisation of speciality animal 



fibres has been discussed bv Phan et aP1) .  Phan eta/@" applied the bivariate 
microscopic technique, involving fibre diameter and scale frequency, to charac- 
tcrise moha'r and llama fibres, whhe Worhann  et afla8'1 descr:oed the appli- 
cation of the bivariate distribution iloo-normal) of the scale freauencv and fibre 
diameter to  characterise cashmere, mohair and cashgora fibres, the scale fre- 
quency of mohair ranging between about 5 and 10 per 100pn. virtually inde- 
pendent of diameter. Schnabel et a/(1055) 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 i n  their blends. 

Teasdale(*" reported on the application of multivariate analysis to char- 
acterise and identifv animal fibres usino. the diameter and scale freauencv of 
wool and mohair fo; purposes of ~llustra%on. he(898) applieo mu tivar~ate analy- 
sis. using diameter, and scale freauency and diameter and medulla diameter to  
the characterisation and identification of mohair and wool. For mohair he 
found(898) scale frequency to be independent of mean fibre diameter. He found 
that mohair fibres had low scalefrequencies, below about 7 per 100pm. particu- 
larly for the finer mohair, where-as that of wool decreased from about 10 per 
100pm for a diameter o f  about 16prn to less than 6 for a diameter of about 
35pm@*. Hermann et afllW7Jm5) 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 ~ e e d a l l ( ' ~ ' )  reported on the application of image analysis of 

the cuticular scale patterns of  speciality animal fibres to  facilitate fibre identifi- 
cation and blend analvsis. Thev described(g" a svstem of fibre measurement. 
including fibre scale and cross:sectional shape aid dimensions and also a de: 
scription of scale patterns from SEM images using image processina and analv- - .  
sis techniques.  hey measured scale d;mkions;scale shape, scaleorientat& 
and scale-scale interaction as detailed in  the table below(lW1~: 

TABLE 
GROUPINGS OF SCALE PARAMmRS MEASURED 

Grouping Parameters 

Dimension 

Shape 

I n t e r a c t i o n  

Or i en ta t  i o n  

Area, Perimeter 
Scale I n te r va l ,  Aspect R a t i o  

C i r c u l a r i t y ,  Rectangular i ty ,  
Percent F i l l ,  Bending Length 

N d e r  o f  con tac t ing  scales, 
Average Contact Length 

Angle of sca le  l i e  



24.4 Fibre Friction Method 
One o f  the consequences o f  the differences in  the surface scale structure 

of wool  and mohair i s  a difference i n  the single fibre friction, more particularly 
against-scale friction o f  wool and This has been explored by  
various workers t o  distinguish between wool and mohair. 

Smuts and Slinger@%l developed a m e t h ~ d ( ~ ~ & ~ ~ * ,  based 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 aPIO) found that the frequency distribution curve of the single 
fibre friction o f  a diverse range of mohair was displaced from that of wool, 
although some overlapping occurred (see Fig. 91). 

FRICTIONAL FORCE (cN) 

F i g  91 Scaled Distribution Curves of Fibre Friction for Mohair and Wool and the Frac- 
tional Chances of Being  oha air@'^). 



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 frictional 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 
singlefibrefricti~n(~~~). There was a good correlation between the against-scale 
friction of dyed undyed fibres, for both wool and mohair, although dyeing gen- 
erally increased the fibre friction. Weideman and Smuts(692) 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 ( p )  was 0.42 for mohair and 0.53 for wool. 

Landwehr(%) suggested using "scale engagement" (fibre-against-fibre 
"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 wool, in either 
air o r  water o r  both, with the values for Kid mohair higher than those for Adult 
mohair. Solvents affected the results, with mechanical processing (action) also 
possibly having an effect. 

Although the fibre friction method appears to be suitable for determining 
the mohair content of mohairlwool blend fabrics i t  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 factors such as fibre linear density, fibre type (within and between 
breeds), and finishing variables, can affect the results to some extent(51". Fur- 
thermore, it i s  difficult, if not impossible, to measure the friction of very short 
fibres leg from velours). 

24.5 Tensile "Modulus" 
Lopez and Pons(U2) reported on the tensile properties of mohair and wool 

and also on the differences in the elastic moduli of the two fibres. Vigo etaf1511) 
and Vigo and B a r e ~ l a ( ~ ~ ~ )  studied the initial modulus of mohair and wool, for 
elongations between 2.5 and 8%, showing that i n  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 cNldtex and that for mohair was greater than 0.95 cN1dtex. 
The use of this criterion for woollmohair blend analysis was considered. 
Subramanian et a P "  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) valuesVm). Thus a limiting value 
(criterion) of 0.85 gfldtex was used for the finer fibres, a value of 0.55 gfldtex 
applied to the coarser fibres (over 10 dtex), the higher values applying to mo- 
hair. 

Bendit'41" questioned the application of the terms "initial" moduli, "mo- 
duli" or Hookean region t o  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 intercellular material 
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(cement) of the Cell Membrane Complex (CMC1(1076). B a ~ t e r ~ ( ~ ~ ~ . ~ ~ ~ . ~ ~ ~ )  and 
Bauters and ~ o - ~ o r k e r s ( ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ )  at ITF orooosed the use of differ- - - 

ences in the protein composition (amino acids, giycine and tyrosine) of the 
formic acid extracts of wool and mohair for characterisina mohair fibres and for 
determining the blend composition of a wool!mohair i e n d  (in the grey and 
dyed states), the extract of mohair being richer in the proteins glycine and 
t y r ~ s i n e ( ~ l ~ ) .  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'iyrosine content, its proportion in the mohair extractbeing 
higher than in the wool extract. It was concluded that the same category of 
oroteins was extracted from mohair bv formic acid and aoueous orooanol. The 
amino-acid composition of the fractidn insoluble in water of fokmic acid and 
aaueous orooanol extracts of mohair was similar. B a ~ t e r s ( ~ l ~ )  concluded that 
thk proteins kxtracted with formic acid did not only come from a single mor- 
pholoaical element, such as the cell membrane corn ole^(^^^). 

~ I h e  chemical method proposed by the ITF-NORD,.~~~ 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 (Y0.568.573). S ~ t u d i e s ~ ~ ~ ~ ,  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 s~itable(~~l.-). for 
chemically treated (eg dyed, bleached or chlorinated) samples. The SEM meth- 
od was cons dered more su~ tab le (~~~) ,  ~rovlded some cuticular cells remained 
on the fibres after any treatment. 

24.7 Electrophoretical Techniques (Page) 
Protein fractionation, using different electrophoretical techniques, such as 

two dimensional polyacrylamide gel electrophor&is in the presence of sodium 
dodecyl sulphate (2-D-SDS-PAGE) described by Marshall and G i l l e s ~ i e ~ ~ ~ ) ,  for 
the identification of animal fibres, has been extensively investigated by various 
workers. Polypeptides from a number of animal fibres have been resolved suc- 
cessfully, using either one- ortwo-dimensional polyacrylamide gel electrophor- 
esis in the presence of sodium dodecyl sulphate (ie 1D or 2D-SDS-PAGE). Us- 
ing, for examnle. radio-labelled oolvoeotides. soecialitv fibres can be resolved . .. , 
uti%sing charge in the first dimension, folloked by molecular weight in the 
second dimensi0n(~~~~l024). 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 sarn- 
ples. The abovementioned are powerful tools for protein studies. 

Speakman and Hornm)  dissolved different animal fibres in alkali reduc- 
ing gels and the resultina solutions were examined bv oolvac~lamide-ael elec- 
trophoresis in the of sodium dodecyl sulphate (SDS:PAGEJ whereby 
up to seven classes of oolvoe~tide could be seoarated and molecular weiahts . . .  
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 leg 
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, 



extensive electrophoretical (SDS-PAGE) studies were carried out on S-carboxy- 
m e t h y l a t e d  h a i r  p r o t e i n s  
420.421.S41.%3.641.~,64S56866689.714.820863. 922985.992.998). ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ i ~  
evaluations of the protein patterns are usually used"". The protein pattern 
may, however, be significantly modified by chemical modification of the fibres 
(eg finishin and weathering). The British Textile Technology Group (BnG)  
represente&) their chemically based method of fibre identification as follows 
(Fig. 92). 

CHEMICAL BAR-CODES 

sample for 
FIBRE IDENTIFICATION 

Schanatic repn-~ntltiw of rpcialiry r7bm 
identification pmrrdun. 

NATURAL FIBRE CHEMICAL BAR-CODE 
(e.g. wool, cashmere, mohair) 

-POLYPEPTIDE 

Unknown fibre has 
barcode for cashmere 

Rg.92 Schematic Representation of Speciality Fibre Identification ~ rocedure (~~~) .  

The two-dimensional SDS polyacrylamide gel electrophoresis (2-D-SDS- 
pAGE)~~l7.Ul.Y1~.Wl16U.689.690.69h79586l. 905.9223, (eg electrophoresis without 
SDS (sodium dodecyl sulphate) in the first dimension method followed by elec- 
trophoresis with SDS in the second dimension) method showed particular 



promise, for differentiating between various animal fibres, although it is expen- 
sive and time c o n s u m ~ n ~ ~ ~ ~ ~ ~ ~ ) .  Manly, for this reason. ~ o r t m a n n  and other 
workers~24?.3~.42l.%II7755790.795,86338Mg04905.924.970.9~9980) investigated the use of 

the relatively simple 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 qenetic origin, and separated in an SDS-containina 
one-dimensional polyacry~mide gel ?ID-SDS-PAGE) according to the molecu- 
lar weight, patterns are obtained which show differences in the number and 
arrangement of the protein bands(421.794.795.796.998) or "spots". Wortmann and 
co-workers s h o ~ e d @ ~ . ~ "  that the ID-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 light 

Chemical modifications of the fibres, by industrial finishing (eg 
formaldehyde treatment), affected the appearance of the electrophoretic pat- 
terns but only reducin the resolution of the protein pattern in cases of severe 3 fibre damage(689~782.864. The main analytical problem was the extremely low 
extractability of chemically modified or severely weathered  fibre^@^^.^''^), (re- 
duction followed by carboxymethylation being more sensitive than reduction 
al0ne)(~95.8WI. 

According to Wortmann etal"" the relatively new simple one-dimension- 
al electroohoretical fractionation of isolated hair orotein usuallv shows a lower 
resolution for the separation of protems compares to the moreiime consuming 
two-dimensional procedures'M3wy' b ~ t  can detect differences berween the hair 
Protein patterns of various animal fibres of textile A method 
was d e v i ~ e d ( ~ ~ ~ . ~ ~ )  for distinguishing 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 des~r ibed(~~~ .~~O) .  Speakrnan and 
Horns") showed that i f  the proteins are electrophoresised in the reduced form, 
the ID-PAGE technique can distinguish between merino wool, mohair and 
cashmere bbt not behnreen mohair-and alpaca. Carracedo et at"", using a 
similar procedure in coni~nction with isoelectrc focussing, concluded that the 
technique can differentiate between two different animarspecies. Laumen et 
aflgSo1 standardised the ID-SDS-PAGE method, which enabled separation be- 
tween the SCM proteins from mohair, llama, cashmere and yak as well as their 
blends. Laumen et a/(970.979) also described the use of computers in the objec- 
tive analvsis of orotein oatterns oroduced bv means of ID-SDS-PAGE of SCM .~ ~ ~~~~ 

~ ~ ~ ~ 

proteins.'~efer&ce proieins, with well-kno& 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 techniaue to the seoaration of mohair. llama. cashmere and vak 
proteTns and their b1ends(829.970.~m). It was concluded that ;he standaroised i ~ -  
SDS-PAGE delivers semi-ouant~tat~ve 0red:ctions for each comoosition of Ila- 
ma1 mohair blends. 

Marshall et afiW), using acidic gels, showed that the 2-D-PAGE tech- 
niques. can distinguish between mohair, wool, alpaca and camel, the main 
differences being in the high-sulphur oroteins. Kusch and Ste~hani(~'') also 
concluded that acidic gels were more useful for this p~lrpose but used alkaline 
gels for mohair1 wool blends while Steuhani and ZahntWOJ used alkaline gels for 
analysis of speciality fibres and their blinds. 

- 
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Tucker et aflma concluded that 2D-SDS-PAGE procedures can distinguish 
between wool and goat fibres while one dimensional techniques can distin- 
guish between merino wool, mohair andcashmere. 

Tucker et af19a 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 i t  does differentiate between wool and goat fibres(9zz.mz). It can only 
distinguish unequivocally between cashmere and mohair fibres when used in 
conjunction with transmission electron microscopy and lipid analysis. 

Marshall etal(8201 reporked on the use of the enhanced detection sensitivity 
of silver stained SDS-PAGE patterns for distinguishing between the proteins of 
wool and specialityfibres such as mohair. 

Stephani and Zahn(6901 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 
hairtype-specific spots on the fluorogram. 

24.8 Internal and External Lipids 
Lipids are found inside mohair and other animal fibres (called intern .I 

lipids which larqelv originate from the CMC) and also on the surface (external 
lipids depositedbnthe fibre surface from the sebaceous glands (grease) or 
sudoriferous q land~ I ( '~~" ,  the main components of the internal ILpids being free 
fatty acids, ch6lesterol. triglycerides and wax esterd8l0). 

Fatty acids in degreased (ie surface grease removed) wool (and mohair) 
can be divided into free fattv acids (a b i d  fraction containino oalmitic. stearic ~ ~ - - ~  ~~ . . 
and other acids, collectively ;eferred to as internal fatty acids) which areextract- 
able with oroanic solvents and thouaht to be located in the CMC, and bound 
fatty acid; \;;hich can only be extracted readily with alcoholicalkali treat- 
ment('"lo7Z. The free fattv acid comoositions and ratios of the internal lioid 
fractions have been used to.ident~fy different animal fibres. 

Woiciechowska et aflLoBO) indicated that the chanqes in the external lioids 
depended, both qualitatively and quantitatively, on the position along the fibre 
where they are sampled. 

Tucker et atm2) 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)@46), the latter 
formino a network (continuous ~hase)  throughout the whole fibre, thus contri- 
buting;~ cell cohesion. Similar to weathering, textile fin~shing causes a change 
in the lioid comoosition 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 SEMIBL6). 
High Pressure Liquid Chromatography (HPLC) and Gas Chromatography (GC) 
techniques are used for studies on the external and internal lipids on or in the 
fibres(lW9. Wool generally has the highest external lipid content, with the low- 
est saponification value. Fractionation of external lipids from various fibre 



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 wool 115.7%) and yak (12.3%) than for mohair (5.1%). Internal 
lipids, derived i t  is believed from the inter-cellular cement holding the cortical 
cells together, tend to show similarities across fibre types(lw5). 

Rivett et and Logan et aflq30) used a combination of modern ana- 
lytical techniques, particularly HPLC and GC, to examine the lipids extracted 
from the intercellular reaions of various soecialitv animal fibres and reoorted 
on the use of sterol and iany acid compos~tions of dfferent animal fibres, such 
as wool and monalr. as a means of f:bre ioentification. They founa that choles- 
terol, demosterol, palmitic, stearic and oleic acids accounted for the majoritv of 
the lipids in these f ; b r e ~ ( ~ ~ ~ ) .  They concluded that HPLC sterol and GC farm acid 
analvses codd be a useful add~i~onal procedure to the conventional methods 
for destinguishing between various animal f~bres and presented the HPLC anal- 
ys:s, in the formbf comparable profles, as a means of distingbishing between 
protein fibres from oifferent origins. Riven er a/(852.896) showed tnat, 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 beino about 2:l. The sum of oalmitic. stearic and deic acids accounted for 
the bulk i f  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 theother hand yielded relatively high levelsof 
oleic acid("". 

Logan et aflg30) showed that cashmere and cashgora contain 5 to 10% of 
free linoleic acid where-as mohair onlv contains trace amounts and that this 
could be used to distinguish mohair f;om cashgora and cashmere when the 
fibres have not been scoured or chemicallv treated. It was suggested that. the 
ratios of palmitic: linoleic, stearic: linoleicand oleic:linoleic Guld be used to 
differentiate mohair from cashmere and ~ a s h ~ o r a ( ~ ~ ) .  

Korner and Kalkbrenner(912) carried out detailed analyses of the cell mem- 
brane lipids of various animal fibres, including mohair, and reported that the 
lipio composition of all the fibres analysed was ratner similar to that of wool, 
consisting manly of sterols, free farm ac~ds, ceramioes, cerebrosides and cho- 
lesterol sulphate. K6rnertm) 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 KBrner(=J found the 
qualitative lipid compositions of mohair, yak, alpaca and cashmere to be similar 
and also similar to that of wool, with cholesterol, free fatty acids and polar 
lipids being the main components. Triglycerides and cholesteryl esters and 
some unidentified products were present in minor amounts. The polar lipids of 
all the samples consisted mainly of ceramides, cerebrosides and cholesten/l 
subhate. 

Although i t  was initially suggested that the ratio of cholesterol to desmos- 
terol could be used to distinouish between various soecialitv animal fibretvpes. 
such as wool, yak and goat Gbres, analysis by ~ u c k e r  etaflG2'@"~and LO& et 
afq30). of a large number of wool and aoat f~bres. showed that the ratio was too 
variable, ranging from 1.7 to 2.6 fo; wool and from 1.8 to 2.7 for goat fi- 
b r e ~ @ ~ ~ . ~ ~ ~ ~ ) .  They investigated the free fatty acid composition and found 
that palmitic. stearic and oleic acid accounted for 82 to 97% of all the free fatty 



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 et a/(1072) found that 
bound and free fatty acids in degreased wool 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 cells(lw5). It 

is the 'genetic blueprint' and unique to each individual. If the DNA of known 
origin hybridises (binds) with, or matches, DNAfrom 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 i t  is 
modified or degraded, leached out or irreversibly trapped is not accurately 

Sensitive recovery and detection procedures were developed to 
isolate these residual DNA components and chemical probes to characterise 
the DNA fragments(a48). It was concluded(96999" that there appeared to be two 
different kinds of DNA storage compartments, 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. 

Kalbe et a/(845.875,*" for the first time described the preparation of DNA 
from animal fibre shafts, concluding that the species of the fibreihair shahs 
could be exactly identified by DNA hybridisation experiments and that the iso- 
lated DNA allowed new possibilities of identifying species. Meyer-Stork et 
a&" 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 a p n  and 
Kalbe et afla9a investigated the use of DNA analysis to distinguish between 
different types of animal fibres, and to characterise different fibre blends, such 
as alpacahohair. Sagar et aPa5) concluded that the identification of residual 
molecular genetic material eg (DNA) was the most promising way forward. 

With respect to DNA-based speciality fibre analysis. Nelson et a/(lwo) re- 
ported on an extraction procedure which resulted in the isolation of purified 
DNA in only one working day and also improved the quantity 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 quantification of blends of such fibres. Problem areas in terms of quan- 
tltatlve analysls ~ncluded tne effect of cnemlcal processfng leg scourmg, bleach- 
Ing and dye~ng) and llght damage on DhA levels("-) H o ~ k e r ' ~ ~ ~ '  polnteo out 
that the amount of DNA wesent in the f~bre can be reddced bv heat treatments. 
and by chemical treatments such as oxidation and reduction p;ocess. 

Berndt et a P )  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 



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 thermally treated fibre 
blends may ever be analvsed quantitatively and that the concept of the two 
dtfferent compartments conta,n.ng DNA, one eas~ly ano tne other one less easl- 
ly accessmle, nad stdl to be proven 

DNA immobilization on nitrocellulose 
(dot-blot1 

IS'" d.,, I 

fig 93 The Steps of DNA Isolation Purification and ~ybr id i sa t ion (~~~  

Hamlyn et discussed the application of molecular biology (applied 
molecular genetics) to animal fibre identification and reported preliminary re- 
sults on tne recovery and analysis of DNA from natural fibres. High molecular 
weight DNA was isolated from variods samples of special~ty animal hair fibres, 
 the^^^ being readily recoverable from both hair shafts (ciyogenically milled) 
and from isolated cuticles using standard molecular biology techniques. The 
DNA so isolated was characterised by dotblot hybridisation probing(976). Their 
basic procedure is illustrated in Fig. 94(9761 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 could he exploited by the speciality fibre 
industry. 



SAMPLE a 
DOUBLE STRANDED DNA 

HYBRIDISATION (BINDING) I WITH LABELLED PROBE I 
WASHING TO REMOVE 

UNBOUND PROBE 

Fig 94The Basic Sequence of Events for me Analysis of DNA by the Dot-Blotting 
~ ~ ~ h ~ i ~ ~ ~ ( 9 7 6 ' 0 5 9 l  

TABLE 101(97~ 
CURRENT UMKATlONS OF DNA HYBRIDISATION TECHNOLOGY 

A. Requirements for non-radioactively labelled probes 
B. Unable yet to distinguish closely related specles 
C. Need to ouantifv DNA hvbridisation 
0. Reduce l&ngth &time required for analysis 
E. Characterisation of very low levels of DNA 

Harnlvn et a P " )  stated that the isolation of hioh-molecular-weioht DNA ~ - ~~.~~ -~ - ~ ~ - - 
from animal hair had encouraged investigations into the poten- 
tial aoolication of DNA hvbridisation techniaues to the identification of soecial- ~. . 
ity fibres at the species l & v e ~ ( ~ ~ . ~ ~ " .  ~ h e y ( ' 0 ~ 1  gave the sequence of events for 
the analvsis of DNA bv the dot-blonina techniaue. A maior limitation of the 
DNA hybrid:sation technique('", in reh ion to ;pec~al~fy ib re  ident.ficatton at 
the time. was the absence of a s~eclfic DhA sewence which alowed olfferenti- 
ation between DNA obtained' from a sheep and that obtained from a 
goat(-.'OS). Hamlyn eta/('O5* 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 ~ashmere/mohair('~". 

BTTG has been studying the application of highly species specific DNA 
probes ( o l i g o n u ~ l e o t i d e ) ~ ' ~ ~ ~ ~ ~ ~ )  to identify goat fibres. 



24.10 General 
Lupton and L~ughlin"~' 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 i t  was not a suitable 
way of distinguishing between thetwo fibres. 

Hudson et afi818) discussed the aoolication of hioh ~erformance liouid 
chromatography (HPLC) to the identificakon of differenrtypes of keratin fibres 
(ea wool, mohair. cashmere and rabbit hair). NMR beina used to authenticate 
e&h peak on the chromatogram where possible. ~ l t h o ; ~ h  the same cornPo- 
nents may be present in most samples, their ratios were generally different. 

Tucker et a P 1 )  examined a range of speciality fibres, eg mohair, cash- 
mere, yak and camel, by means of transmission electron microscopy (TEM), 
scanning electron m.iroscopy ISEM) two-d'mensional e ectropho&s (20- 
PAGE), and amino acid analysis (AAA). They d~scussed the potential and limi- 
tat:nns of each of the techniaues. and stated that 2D-PAGE could be used to . - . . - . . - - ~ 

distinguish between wool and go& fibres. 
Sagar et a P S J  discussed the applicability and limitations of the various 

techniques, such as optical and scanning electron microscopy and optical and 
infrared sDectroscoov. orooosed for fibre identification. Thev concluded that 
optical reflectance speclroscopy was unlKely to be a viable lkchnique for dis. 
crimmalfng between speciallly fibres while Fourier Transform lnfrarea Spectros- 
copy IFTlR) in tne reflectance mode may provioe the basis for a tbrefingerprint 
tecnniaJe. Thev also investigated the HPLC technique for amino-acid analysis. 
They concluded that HPLC analysis of amino-acids by pre-column derivaiisa- 
tion or by using an alternative to the normal ultraviolet detection system (eq 
mass or infrareb detectors) appeared to be a possible propositionrequiring 
more method development. it would, however, necessitate the creation of a 
large database, such an approach would lead to a probab;lty analys's. Recent 
developments in HPLC column technology had introduced the possibility of 
analysing extracted proteinaceous material without the need for hydrolysis to 
amino-acids. 

~ p i l h a u s ( ~ ~ ~ )  summarised the regulation and enforcement of fibre content 
labelling requirements for luxury fibre, fabric and garments in the US, the term 
wool includino from the fleece of sheeo or lamb. hair of the Anaora or Cash- ~ ~ ~~ ~~~ ~ ~ 

meregoat angrnay include ~ a r n e l , ~ l ~ a c a ,  Llama and Vicuna. 
- 

Various oaoers discussed the identification of animal fibres and the analv- 



CHAPTER 25 

THE INTERNATIONAL MOHAIR ASSOCIATION (IMA) 
The International Mohair Association (IMA) was formed on 21 November 

1974 for the purpose of promoting the use of mohairva), 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 fibreIgo3). 
Members come from agriculture, commerce and industry, and the IMA consists 
of various product groups. 

The most important functions of the IMA were reported(1065) to be the 
promotion of mohair internationally, the collection and dissemination of market 
information and the running and support of the Mohair Laboratories (Mohair- 
labs), and Mark schemes and labelling. All parties with mohair interests were 
brought together into a single organisation with the main purpose of promot- 
ing the image of mohair and its uses, as a speciality textile fibre@15). 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 grower"'". In 1992 the IMA had 141 members from all the 
corners of the globe (21 countries)(1061) and spanning every phase of the textile 

The objects of the IMA are: 
(a) To promote, advance, watch over and protect the interests of Members 

owning, carrying on 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 to other allied industries. 

(c) To adopt brands or marks indicative of standard specifications and to confer 
on Members the right to use such brands or marks on goods made in con- 
formity with such standards. 

(d) To watch over, protect and advance the interests of Members owning, work- 
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 donations which may 
seem to 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 to such company or 
companies such of the powers of IMA as the Council of IMA shall think fit. 

(i) To do all such things as may, in the opinion of the Council of IMA be inci- 
dental or conducive to the attainment of the above objects. 



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 pending(1070). 

A "Diamond Mark", for woven fabric containing a 100% mohair weft was 
introduced in 1988@85) but subsequently dropped. Furnishing velours with 
100% mohair pile, irrespective of the backing, come in for promotion under the 
Gold Label system, the Silver Mark being allocated to goods with a minimum 
pile 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% 
mohair to qualify for promotion(-). A minimum of 70% mohair is required for 
the IMA Gold Mark in hand knitting yarns(526), with at least 40% for a Silver 
Mark(=". 
The Following Gives the IMA Rules for the Use of the Trade Mark (Label) 
KNrrnNG YARNSIGARMENTS 
Gold Label 

Yarns containing 70% Mohair and above. Not exceeding 27 microns - 
SUPERKID 
Yarns containing 70% Mohair and above. Not exceeding 32 microns - KID 
Yarns containing 70% Mohair and above. 32 Microns and higher - 
MOHAIR 

Silver Label 
Yarns containino 40% Mohair and above. Not exceedino 27 microns - " " 
SUPERKID 
Yarns containing 40% Mohair and above. Not exceeding 32 microns - KID 
Yarns containing 40% Mohair and above. 32 microns and higher - 
MOHAIR 
Any other fibres constitute the balance in each case. Control is dependent 
upon appearance and handle as well as fibre composition. Micron toler- 
ance is 2%%. 

LADIES FABRICS, BLANKETS. SCARVES ETC 
Gold Label - minimum of 70% virgin Mohair 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 fabr~c is permitted 
~rovided such fibres are for reinforcement or visible decoration effects. 

MENSWEAR FABRICS 
Gold Label -qualities containing 50% or more mohair by finished weight, 
or qualities containing at least 30% of Kid Mohair by finished weight - the 
Kid Mohair conforming to the official IMA definition of Kid Mohair (ie 
32um or finer). 

~ i l i e r  Label - q;alities containing at least 25% Mohair by finished weight. 
In all cases. the balance of the fabric must be com~osed of natural fibre. A 
tolerance ;f a maximum of 10% of other fibres (but not man-made fibres) 
in the fabric is  ermined orovided such fabncs are for visible decoration 
effects. 
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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 1984, 
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(-). 

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 fundamental differences between Wool and Mohair. The most 
significant of which, is the much greater variation in fibre diameter inherent to 
mohair. 

M E  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 mohair, 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 Committee. 

2 Membership of the Association does not imply full membership of the lnter- 
national Mohair Association. 



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 
fa~hion('~'n. 

It has been stated that mohair is an animal fibre possessing all the charac- 
teristics of a divine creatiodZ5), and the presence of mohair in a material is 
considered to lend elegance and quality to it"". Mohairwso) is sought after for 
its comfort, i t  being warm in winter and cool 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 warmth (bulk) without Ve- 
lours (also embossed) have always been one of the most popular outlets for 
mohair. Mohair's characteristics of hard wearing durability, resilience (springi- 
ness), moisture absorption, comfort. lustre 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 easilye5) and is also easily cleaned (stains 
are easily removed)(78". 

Traditional "mainstays" of mohair have been blankets, stoles, scarves, 
travel rugs and hand-knitting yarns(-", "fluffy look" ladieswear in fancy yarns, 
ladies couture clothes and mohair velours for furniture1435). 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 
1870'5, imitation furs. using mohair pile fabrics, were made(425). and mohair 
plush for upholstery was already popular by the 1890's. Mohair was used as 
automobile upholstery and rugs, and as upholstery in railway carriages more 
than 60 years agot5). and in 1924 America had all the automobile upholstery 
made from mohair". Mohair pile furnishing fabrics were already very popular 
more than 70 years ago(25). Before the second world war, "uncrushable" mo- 
hair velvet was already made. 

Mohair noils were used in carpets more than 60 years ago and they were 
also blended with wool and other noils for the making of woollen cloths and 

Mohair has traditionally found outlets in plush and pile fabrics (eg velours 
in furnishings and upholstery), hand-knitting, men's suitings, blankets and 
rugse3*, garment linings(785). Its lustre, resilience, smoothness, hard wearing 
and crease resistant properties makes mohair valuable for upholstery and any 
pile fabric (eg plush, velvet and (moquette~)"~" and it is virtually unsurpassed 
for general 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 fibres("7.a3.674.753.BZ41Hn, such as wool (including 
superfine merino and lambswool) alpaca, ramie, linen, cctton (eg 90% Super- 
Kids/lO% long staple cotton)1*", silk, cashmere, mink and man-made (regener- 
ated and synthetic), with wool being the most popular. Some firms have experi- 



mented with multi-fibre combinations, for example of alpaca, silk, wool and 
mohair('". Mohairlsilk blends combine lustre, softness and silkiness. One firm 
even offered a mohairhwool/acrylidpolyester/rayon/conon blend yardsZ3). 

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(lJ4). 

The use of alginate, in combination with mohair, to produce a lightweight 
fabric. was mooted as earlv as 1945(~~) and mohair " tweed varns and "soace- 
d y e d  yarns(6z3) have been mentioned. 

In the 1950's. blended fabrics were stated to be the rule, with Tex-air suits 
in 50% mohairl50% wool -very successful(4z5). 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 effeci replacing drawn pile. Mohair was also used in 
boucle, knop and slub yarns(425). 

The highest prices are generally paid for mohair us& in apparel, particular- 
ly fashion clothing, with that paid for fibres used in carpets and upholstery 
generally much lower(*4), the primary product price representing only between 
2 and 5% of the value of the end-product(lOm. Fashion interest in mohair has, 
however, proved to be cyclical(z61), 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 mohair. 

Roorbach(-) stated that, at one time, Europeans tended to put mohair 
into everything from underwear, to outerwear to upholstery. 

Van der Westhuysen(lw) gave the following table (Table 102) for the appli- 
cation of the different types of mohair. 

TABLE 102('- 
COMWSmON OF M E  MOHAIR CUP AND APPUCATlON 



In the second half of the 1980's the various end-uses of mohair were 
givenn6n as follows: 

TABLE 103n6" 
MOHAIR CONSUMPTlON 

Recently (1992). Van der WestJ~uysen('~'~ 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 Kidm5". 
Very fine Kid mohair is processed on the woollen system for the production of 
knitting yarns and velour for winter coatsIgy). Adult mohair finds applications 
in the brushed look and especially in the hand knitting It was esti- 
mated in 1983@13) 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(67* that fashion in mohair hand-knitting yarns tend to go in cycles 
of approximately six years. 

During 1984, for example, tenured effects in mohair were very fashion- 
able, these including brushed, nubbed, weeded, space-dyed and flavshining 
surfaces(67o). 

The finest mohair (Kid) is used principally in the hosiery and fine 
lightweight suiting tradesIu" and occasionally for stoles@", noil (short fibres 
removed during combing) also being used in the case of the former(426). Grade 
3 mohair (English System of grading) is used to 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 r ~ g s @ ~ " ~ S .  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 wool 
worsted warp. These qualities are also used to produce pile fabrics. traditio- 
nally with cotton backing. Grades 4 and 5 are used for upholstery and for cover- 
ing soft toys(9a) etc. The lowest quality pieces are used in the production of 
interlinings"au0. 

Short and coarse mohair has limited applications and is generally used in 
less expensive products(79a). Short mohair can be processed on the woollen 
system provided i t  is not too coarse"8). Sanderson and Wi l k ins~n"~~)  investi- 
gated the characteristics, performance and end-use of low quality crossbred 
mohair, and certain other animal fibres, in blends with New Zealand wool. 

Mohair noils are used in woollmohair blend coatings and also in  carpets, 
blankets and hats and also found application in the hosiery trade(4z*. Mohair 
noils are used in woollen blends when lustrous fabrics are desired, for example 
in apparel wear with surfaceeffects. 

End-uses 

Hand Knitting Yarns 
Men's Suiting Fabrics 
women's Woven Accessories and Rugs 
woven Furnishing and Velours 

share [%I 1 
65 
15 
12 
8 



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, ofice, cars, trains and theatre 
seats(3*, medium auality mohair (eg long Young Goats and fine ~du l t s )@~l )can  - - 
be usedi29. 

- 
Kienbaurd- gave the following table for the lower critical values for the 

pile density factor Dp in worsted furnishing fabrics (Table 104)w.  

TABLE 104(342) 
LOWER CRITICAL VALUES OF THE PILE DENSITY FACTOR Dp 

(IN WORSTED)' 

wh.1 wilh t i l e  alionmnl uv r l ~h l  vil. wlr.l 

Pile yarn 

cotton 
Linen 
woo1 
Mohair 
Poly.clil.nllrll. 
Polyamld. 
Polyell,, 

TIP = Np x tex x 0.001 
NP = number of pile loopdcm 

Used in the interior and automotive markets, because of its hardwearing 
nature, mohair velours and moauettes are still an important source of uphol- 
sten/c102n. Mohair velvet has also been permanently vulcanised to sponge rub- 
ber to produce a special kind of carpet material for automobiledm). 

A popular use of mohair (often Kid)(631) is men's suitings. particularly sum- 
mer and tropical (Panama) suitings, generally in blends with wool (occasionally 
in all mohair) but also in numerous combinations with other fibres, sometimes 
in intimate blends, but usually as weftlw (often singles mohair weft and two- 
fold fine wool worsted ~aro11~~3 ' .~ . * .  1s785). blends of Kids and Youno Goats ~ - -  ~ -. ~ - 
also used(zs1). Mohair has a reputation for coolness(25), crispness, good wrinkle 
recovery and good durability. Mohairlwooil polyester blends have also been 
used for tropical s~itings('"~). 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(m). One of the original men's mohair fabrics was a 
plain or semi-fancy piece dyed suiting sold in the early 1930's(w to countries 
in South America. The develo~ment of the first yarn dyed mohair suiting com- 
menced in 1950 and consid$rable quantities of such fabric have been scld 
worldwide. In 1992 i t  was estimated that 70% to 80% of mohair menswear is 
consumed in ~ a p a n ( l ~ m ,  where the fabrics were considered to be the most 
adaptable to the hot and humid summers(1030), accounting for between 10 and 
12% of summer suit sales. Kid hair (often fine) is mainly used in Japan for 
men's suitings, it being important that it is kemp freet1&*, 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 



wool(m8), while another contained 60% Summer Kid hair, 33% superfine wool, 
6% cashmere and 1% vicuna(798). Mohair has also found application in sports- 
jacketslw4) in worsted fabric (eg 50150 woollmohair), woollen jacketing (80120 
woollmohair) and evening wear (mohairlwool barathea)(45a. In Japan, men's 
winter suitings have also been made in a 30170 mohairlwool blend, using Adult 
mohair(1024). 

Mohair was quite popular in linings for clothes, such as suits (sometimes 
combined with wool, cotton or r a y ~ n ) ( ~ " ~ ' ~ ~ )  during the Victorian era(25). 

Mohair also found a popular outlet in mens and ladies coats and over- 
coats (woven and knitted; woollen and w ~ r s t e d ( ~ ~ n  eg boucle, velour, fleece 
and worsted)(=."zo2), with the shorter mohair types ofien being used in over- 
coatscsa". Other examples include wrap-around coats, alpacalmohair coats, 
mohairlacrylidnylon 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 wool or cotton on the back(w3). 
vonbcrg(141) has discussed various structural possibilities. 

Mohair has been used in various bed coverings, using for example a wool 
and mohair worsted looo ifancv) varne81) which was heavilv raised on both 
sides and pie~e-dyed"~~). '~nef i rm k e d  27gm mohair in a blend (3370 mohair1 
wool) with fine wool, to produce very fine and soft blankets(1024). A typical 
mohair blanket construction in the USA was 75% mohair, 21% lambswool and 
4% n v l ~ n ( ~ @ .  Mohair blankets form one of the traditional end commodities 

from the lustrous mohair f~bre. Mohair blankets are characterised by 
their low mass, soft and silky handle, excellent insulation properties and luxurl- 
ous appearance. They reign supreme in a class of their own as high quality 
blankets(350). Robinson et afi3" investigated three novel methods of producing 
mohair blankets and compared them with the conventional method 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 r o ~ k s ( ~ ~ ~ ~ ,  
while 25% mohair/75% acrylic mohair socks have been used for hiking, ankle 
socks, girl's knee socks and socks for farmers(1°14). Mohair in socks is stated to 
mitigate sweatina and odours and to reduce the worst imoact of wearina Wel- 
lingion boots. l hi socks are proving popular with eople who wearboo& con- P tinuously because of wet working conditions(1°14. Mohairlnylon (for reinfor- 
cing) socks, including cushion (plush) soles, are also proving popular, particu- 
larly for outdoor, leisure and active wear (ie hikinq. mountaineerina and 
sports). Mohair socks, with cushion (plush) soles, wererecently reporteito be 
very popular for ~ ~ o r t s w e a r ( ' - ~ ~ ~ l ) .  Mohair is stated(lo7') to combine comfort 
with high insulation and exceptional durability and to be less prone to trap 
odour forming bacteria. 

Leg warmersw are produced from finer grades of mohair and in 40160 
mohair lacryl ic)(~. 



Mohair has found application in wigs and switches for theatrical pur- 
~ o s e s ( ~ ~ ~ ~ ) a n d  also as dolls wigs (it appears that the authentic Victorian porce- 
lain doll had a wig of mohair). The length of fibre required isabout 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(34,", usually me- 
dium quality being used, kempy mohair also finding application in 
carpets(934). Mohair noils were used in carpets more than 60 vears aoo. Blends 
Of iincoln wool and mohair were used in 'Australia to produce "~c&ish" mo- 
hair tartan rugs of loop yarn con~truction"~). The use of mohair in tufted car- 
pets was meni i~ned(~",- i t  performing better with cotton and jute primary back- 
ing, excessive fibre shedding sometimes tending to occur with a polypropylene 
backing. Mohair is also used in Lesotho, for example, for hand-made carpets. 
The hand-spinning of a two-ply, S-twist wool core spun yarn with 80% Lesotho 
mohair and 20% Cape Blend 700 tex "Superfluffy" yarn has been dis- 
cussed(789). One Japanese firm produced carpets containing between 60 and 
100% mohair(lo2". 

In former years. mohair was used in interlinings (usually lower quality 
mohair in blends with other fibres, such as coarse hair)(25.36J and in machine 
beltings and press cloths (usually in blends with wool and coarse camel 
hairP53". 

Sweaters leg 80120 or 50150 acrylic (bulked or unbulked)lmohair)("~ or 
80110110 mohairlnvlonlacrvlic, also 70130 ~olvesterlmohair for a011 sweaters. . . - 

Mohair has also been used in imitation Astrakhan. a lono uncut oile fabric. 
For this purpose the mohair need not be spun but can be warped as a ' r ~ v i n g l ~ ~ ) ,  
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 a 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(loz). Mohair was already used in imita- 
tion animal furs (eg mohair Astrakhan) more than 60 years often fairly 
short mohair and cut hairo* being used leg wool undercoat with a mohair 
nap)(=). In one example, 78%mohairll3%wool/9%nylon was used in knitted 
iacauard 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 and 
can then be curled and embossed. bv inaenious construction and dveins meth- 
ods, to imitate furs and to produce maierials which are not only aftrache but 

Usuallv medium oualitv mohair is used(25). 
In the case of ties'(woven and knitted)tS3~), once very popular in the 

USA"", and vew hard wearing and crease-resistant, the warp can consist of a 
very high qualiG merino woorand the weft of mohair or mohair blended with 
30 to 50% 

In ladieswear (brushed and unbrushed) eg skirts, capes, suits, jackets, tops 
and dresses, blends involving Kid and Young Goat m~hair"~'.'"~." have 
been used and sometimes mohair, in the form of a cut top, has been blended 
with wool to produce two-tone dyeing effects@@. Co-ordinates have been pro- 
duced in various blends (eg m o h a i r / ~ o o l l n y l o n ) ~ ~ )  and leisure tops, evening 
gowns(4B), waist coats, skirts etc(%l) and Kimono-look jackets(62* have also 
been produced. 



Mohair "Tweeds" have been ~roduced (eg men's iackets and ladies 
tweeds), also soft mohair check tweeds as ~hanel-type suits): 

For ladies suitings, a mixture of Adult mohair and British wools has been 
used to develop a tweedy type cloth for jackets and skirts for winterwear(loz4). 

Stoles and shawls are popularly produced from mohair loop and fancy 
yarns(88,281.4841, in Victorian days loose textured shawls, made from mohair 
(fine Kids) worsted yarn, often being worn with a lightweight silk shawl over 
them@5). 

One firm used a 70130 polyesterlmohair yarn (R98 ted2 and R74 texl2) for 
men's knitted golf shirts, the yarn being used in either natural or dyed (package 
or skein) form@'']. 

Velours find application in upholstery (also for veh i~ les) '~~~ '~ ' l  furnish- 
i n g ~ ( ~ ~ ~ . ~ ~ ~ ) ,  c~rtains(~9~1, seat covers(79@, drapes and bedspread~("~1, some- 
times embossed(M". 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 desians. 
ribbed diagonals, open basket weaves, spot effects. bo~cle,  three-p y, and t6ree 
d;mensional d e s i g n s ~ ( ~ ~ ~ . ~ ~ ~ ' ,  ana p u e  mohair tw l l  fabrics have also been pro- 
duced. Mohairl~yira has been used to produce a plush or suede surface. 

Meckel(-1 reported on the application and wear performance of mohair 
and otherfibres, in furniture upholstery. 

Vogellm7) described the use of a mohairlwool blend fabric, as a medical 
textile in the metal industry. Thermal and physiological properties and wear 
performance were studied and reported. 

Vonberg(l4'J gave some details of various woven fabric structures in which 
mohair and mohair blends were used. 

Leather made from the oelt or skin of the Anoora ooat is useful for orna- ~ - - u ~~~ 

menta pbrposes and for the manufacture of gloves, purses, noomndng an0 
novelties(34'. Mohair IAnaoral skns have also oeen used for Teodv Bears. 

Koch et af1423.479~ made recommendations on the care of mohair velour 
and other types of fabrics with specific reference to dry-cleaning. Because of its 
smoothness, mohair articles are generally easy to clean(3". Engelbrecht(l- 
has discussed caring for and cleaning mohair articles. He suggested that mo- 
hair should be washed (pure soap flakes) in lukewarm water (avoiding high . . 
IernperatLres and mechanical act~on), softeners may be used, spin-dry,ng IS 

recommenaed but never tumble-dry~ng, wlth drylng 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(239.351) used as upholstery 
fabric. were due to the presence of l o o ~ e d  fibres in the pile. the looped fibres 
beingformed during spinning, singeing (gassing) eliminated the problem. The 
defect could be removed by damuina the fabric and brushing it with a stiff . - 
brush. 

~robledl-) estimated that the cost of the mohair fibre represented only 
2% of the retail price of a mohair suit, the cost of the top would represent 4%. 
that of the dyed yarn 9% and that of the fabric 37%. Various arti- 
c~es(l48s.~~20~O2~l,309.409.425.442.484.508.523.5511624.63O,653.W7.7W.798.822.899,934l re- 

~ - 

fer to mohair applications and end-uses 



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 coverings, carpets, boot liners, hoods, door trims, seats. 
upholstery. panel shelf) Automobile Seat Covers 

Bath Sets 
Bath Mats 
Bed Covers (eg bedspreads, blankets and rugs) 
Bedspreads 
Beltings and Press Cloths 
Blankets 
Blazers 
Bloussons 
Bobby Socks 
Boot Linings (auto) 
Braid 
Brilliantine 
Bunting (flag cloth) 

Candlewick (bedspreads and dressing gowns) 
Capes 
Car Coats 
Cardigans 
Carpet Tiles 
Carpets, Rugs and Mats (Axminster, Wilton, Tufted, Needlepunched, Hand- 
knotted, Knitted) 

Casualwear 
Ceremonial Robes 
Chenilles (carpets, socks, etc) 
Cloaks 
Coats 
Coffin Linings 
Cords (and Tassels) 
Crepon Goods 
Curtains (damask. brocades, satins or velvet) 
Cushion Covers 

DecorativeTrimmings (eg for coats, hats, shoes) 
Dinner Jackets 
Dolls Wigs 
Domestic Textiles 
DrapedDraperies (automobiles, aeroplanes, trains, buses, domestic, office and 
industrial) 
Draperies (furnishings) 
Dress Suits 



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 

Half-hose 
Hand Crocheted Articles (shawls, 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 
~ n i t t e d ~ e r s e y s  
Knitting Yarn 
Knitwear 



Ladieswear 
Lamp covers (shades) 
Leg Warmers 
Leisurewear 
Linings 

Mantle Cloths 
Machine Knitting Yarns 
Mats 
Mens Suits 
Menswear 
Mops 
Mourning Scarves 
Mufflers 

Necklies 
Neckwear 
Needlepunched Carpets, Blankets, etc 
Nets (laces and drapery materials) 
Nightwear 
Night Gowns 
Novelty Yarns 

Oriental Rugs 
Overcoats 

Paint Rollers 
Paint Brushes 
Palm Beach Cloth 
Panama Suits 
Persian Carpets and Rugs 
Pile Fabrics (upholstery, etch 
Ptaids 
Plush Fabrics 
Ponchos 
Pram Hoods 
Press Cloths (eg filters) 

Quilts 

Raincoats 
Residential Upholstery 
Reversible Lining 
Robes 
Roller Brushes 
3ugs (prayer, etc) 
lunners (table, etc) 

addle Blankets 
carves 
:atter Cushions 
!atter Rugs 
at Covers (cars. trains. planes) 
awls 



"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 
StuffedToys (pilefabrics, shaggy or cut) 
Sweaters 

Table Covers (eg cloths, mats and runners) 
Tam-o-Shanters 
Tapestries 
Tapestry Yarns 
Teddy Bears 
Theatrical Wigs 
Thigh-length 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 fortheatrical purposes) 
Womenswear 
Wraps 



CHAPTER 29 

REVIEWS, BIBLIOGRAPHIES AND BOOKS 

29.1 Reviews 
Villerd", in 1960 reviewed the ~rocessina and ao~lications of mohair and 

also gave a detailed list of common.mohair fa-brics and their weave structures 
lover 200 structures given), includina 100% mohair fabrics, the latter includino 
plain weave, cord effects, c;kpes, whrpcord, twilled vesting. 

" 

Srivastavat", broadly reviewed mohair production, properties, processing 
and end-uses. 

~ idd '4 l "  and Tucker et a P Z J  reviewed the chemistw of speciality animal 
fibres other than wool, while the chemistry of various natural protein fibres has 
also been reviewed(414). V e ~ d s m a n ( ~ ~ ~ )  reviewed the chemical and physical 
properties and processina of mohair and Broda and W l o c h ~ w i c z ( ~ ~ ~ ~  reviewed 
the fine strxtur'e, molecu'iar structure and chemlcal composition of mohair and 
wool. Zahn(-1 also reviewed the structure and chemistw of mohair while Snei 
and Holzem(1WJ reviewed the characterisation of fibre keratins, including mo- 
hair. 

Work on mohair carried out at SAWTRl was reviewed on various occa- 
~ions(5o4.53g.W5.m9.69~.699.745.~~~.~~) ,  particularly detailed reviews being given 
by Veldsman in 1970(201) and Turpie in 1985(~~) .  

Kusch and Stephani(-l] published a comprehensive reDort on the auanti- 
tative analysis of blends of mohair with wool and synthetic fibres, while ~ u c k e r  
et a P 2 J  also reviewed various aspects relating to fibre identification. 

Womnann et al(880) summarised the various papers presented at the 1st 
International Symposium on Speciality Animal Fibers, held at the German Wool 
Research Institute (DWI) in October, 1987 while Wilkinson(lw* briefly summar- 
ised the papers presented at the second such Symposium held in October, 
1989. 

M c ~ r e ~ c r " "  briefly reviewed some of the work done on the processing, 
production and marketing of mohair. 

S m u t ~ ( ~ l ~ ~  reviewed work published on the wrinkling of wool and wool 
blends. includina woollmohair blends. 

~ & e c k ( ~ ~ *  reviewed the nature of the natural pigments found in animal 
fibres, and the bleachina there-of, includino mohair. K n ~ t t ( ~ ' ~ )  reviewed fine 
animal fibres and their idepigmentation. 

- 
RyderIga4) reviewed the production and properties of goat fibres, such as 

mohair around the world. 
In 1991 ~ u n t e r ( ' ~ ~ l )  brieflv reviewed textile related studies on mohair dur- 

ing the 1980's. 
Smuts et al(1036) reviewed work done on the objective measurement lmain- 

ly by means of the Kawabata KES-F and the FAST systems) of fabrics. including 
a limited amount of work done on woollmohair fabrics on the Kawabatz svs- 
tem. 

Leeder et al(Iffi9) have recently produced a fairly comprehensive review of 
mohair and other goat fibres. 

Various other r e v i e ~ s ( ~ ~ ~ . - ~ ~ ~ ~ ~ ~ ~ ~ )  of relevance, have also appeared 
from time to time. 



29.2 Bibliographies 
A reference list of articles on mohair has been given(26". Srivastava et 

apmss3) published a bibliography on mohair, with S ~ d o m ( ~ ~ ~ )  adding a num- 
ber of additional references. Blankenburg and T e a ~ d a l e ( ~ ~ ~ )  published a Bib- 
liography on Mohair and other speciality animal fibres in 1982. A bibliogra- 
phy(86"~f publications on scientific, technical and commercial aspects of speci- 
ality fibres. including mohair. and covering the period 1971 to 1987, has been 
oublished. 
29.3 Books 

A textbook by ~s~u i th ( ' ' ~ )  dealing with animal fibres including mohair has 
been published. Van der Westhuysen et a/(=) published a book on Angora 
soats and mohair i n  South Africa, and also re~orIed briefly on the ~rocessing of 
mohair. 

- 

fIydeFffi) has published a booklet dealing with cashmere, mohair and 
other luxury animal fibres. Uys'872) 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 Da)Asm describes the breeding and husbandry of sheep and 
Angora goats and also outlines industrial techniques, such as scouring and 
carbonising. 
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