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CHAPTER 1
PREAMBLE

The South African Wool and Textile Research Institute (SAWTRI) was
established in Grahamstown in the early 1950’s upon the initiative of the South
African Wool Board. This followed the recommendations of ‘Professor J B
Speakman (Professor of Textile Science at Leeds University) who was invited
to study the possibilities of organising a wool research facility in South.Africa
to look after the ‘textile research and development needs of both the wool
producers and growing wool textile manufacturing industry of South Africa.
After discussions between the various interested parties, the Council for Scien-
tific and Industrial Research (CSIR) entered into an agreement with the South
African Wool  Board and the two wool textile manufacturing associations
(National Textile Manufacturers’ Association and the South African Worsted.
Manufacturers’ Trade Association) to establish a co-operative industrial re-
search institute jointly funded by these organisations. In 1953 the Mohair Board -
added its support and the Institute expanded the scope of its work to include
research on mohair. An important milestone was when the Institute was formal-
ly incorporated into the CSIR in 1964.

The 'year 1967 saw an important step when the Institute was moved to its
present, more centrally located, accessible and spacious premises in Port Eliza-
beth which accommodated additional machinery and equipment. The additional
facilities enabled the Institute to-extend its activities to cover the entire field of
wool and mohair research from fibre to fabric.

Another important milestone was in 1971 when the decision was taken that the
Institute should extend its activities to include fibres other than wool and mo-
hair, notably cotton,and at this stage the Institute became a Natlonal Institute of
the CSIR.

Since its inception some 35 years ago, SAWTRI has directed the bulk of
its R & D effort to wool and wool-related fields. A large number of technical
and scientific publications have ensued from the work of the Institute and it was
considered desirable to summarise the work published on wool and wool-rela-
ted fields soas to provide arecord and handy reference of the fields covered and
of the contribution the Institute has made to.research and development and to
the advancement of technical and scientific knowledge in these fields. For the
sake of having a complete bibliography, publications dealing with SAWTRI’s
wool related activities, facilities and reviews have been referred to in Chapter
23. As far as possible, the references have been numbered in chronological
order..

SAWTRI Special Publication — November 1987 1



CHAPTER 2
WOOL FIBRE STRUCTURE AND CHEMISTRY

2.1 BILATERAL STRUCTURE

Louw® compared the bilateral structure of crimped and steely wools and
investigated the origin of crimp and verified the existence of a bilateral asym-
metry in both normal and steely wools. Weathering damage of the two fibre
types tended to eliminate differences in their behaviour towards alkali. Copper
deficiency resulted in the production of a relatively uncrimped fibre, because of
the fact that keratinization assumed significant proportions at a late stage in
fibre formation when the fibre as such had already been stabilized in its steely
form. Crimp appeared to be the result of catalyzed keratinization which, pro-
ceeding more rapidly in the para- than in the ortho-component and probably
resulting in more and/or different cystine linkages in the former segment, re-
sulted in crimp formation while the fibre structure was still relatively unstable
and pliable.

Snyman* described a suitable embedding method for studying the bilateral
structure of Merino wool and used this method to show an increase in percent-
age para-cortex (and sulphur content) with an increase in wool crimp at a
constant fibre diameter®. Percentage para-cortex also increased with increasing
fibre diameter. Snyman’s method was, however, time consuming and tedious
and Boshoff and Scheepers'* developed an improved method which was identi-
cal to one developed at about the same time elsewhere. They'” found no statis-
tically significant effect of crimp on percentage para-cortex which was in con-
trast to the findings of Snyman®. Percentage para-cortex did not appear to. be
related to fibre diameter either. Snyman subsequently® explained the origin and
implications of fibre crimp, stating that grazing not only affected diameter but
also fibre chemistry and morphology. He concluded that the ratio of the two
bilateral segments in Merino wool was determined genetically and not influ-
enced by feeding conditions, confirming the findings of Boshoff & Scheepers'*
on wools derived from a controlled high and low feeding experiment.

Scheepers®® investigated the influence of age and sex of sheep on the
cortical segmentation of Merino wool and found that percentage para-cortex
increased with age, diameter also increasing slightly with age but not staple
crimp. The percentage para-cortex was higher for the ewes than for the rams
and wethers.

Maasdorp® used a scanning electron microscope and an energy dispersive
X-ray analyser to determine the distribution of sulphur in Merino wool, Lincoln
wool and mohair and his results indicated a bilateral structure for the Merino
wool and a predominance of ortho-cortex for both the Lincoln and mohair
fibres (Fig. 1).

2 SAWTRI Special Publication — November 1987
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Fig. 1 The distribution of sulphur in the cross-section of Merino wool, Lincoln wool and
mohair fibres.(839)

2.2 CHEMICAL STRUCTURE

Van Rensburg“ investigated the oxidation of cystine and presented his
work as an M.Sc. thesis.

- Haylett et al* extracted high-sulphur proteins (y-keratose) preferentially
from performic acid-oxidized wool with pyridine-acetate buffer. They showed
that the y-keratose was heterogenous both on a charge and a molecular size
basis by using free electrophoresis, chromatography on DEAE-cellulose and
calcium phosphate, and gel filtration on Sephadex. Four sub-fractions of 7y-
keratose which gave single peaks on electrophoresis and ultracentrifugation
were isolated by column electrophoresis, these sub-fractions having very differ-
ent physical properties and amino-acid compositions.

Swart et al'™® compared the soluble proteins of oxidized mohair and re-
duced mohair with those of wool and found differences in the physical proper-
ties and amino-acid compositions. Swart et al** also reported on the apparent

SAWTRI Special Publication — November 1987 J



micro-heierogenous nature of the high sulphur proteins of oc-keratins (wool and
mohair).

Joubert and co-workers'® *' carried out various studies on the high-sulphur
protein fraction, designated SCMKB, of reduced wool. It was shown'* that
SCMKB were heterogenous both on a charge and molecular size basis by free
electrophoresis, chromatography on DEAE-cellulose, and gel filtration on Se-
phadex G-100. A number of sub-fractions of SCMKB were isolated by chroma-
tography on DEAE-cellulose. These fractions were characterised by free elec-
trophoresis, amino-acid analysis and gel filtration. Haylett and co-workers*?
presented evidence that a similar S-carboxymethylated high-sulphur protein
fraction (designated SCMK-B2) could be prepared from a number of different
types of wool and a related fraction from bovine hair. Significant features of the
overall composition were the very high contents of carboxymethyl cysteine,
serine, threonine, glutamic acid, proline and glycine, the complete absence of
methionine and very low levels of aspartic acid and phenylalanine.

Joubert and Burns**® fractionated the SCMKB proteins of reduced Merino
wool by a combination of gel filtration and DEAE-cellulose chromatography.
For most of the sub-fractions single peaks were found on free electrophoresis.
Data were presented concerning the electrophoretic mobilities, molecular mass
and amino-acid composition of the sub-fractions. The amino-acid analyses re-
vealed the presence of a group of proteins almost devoid of lysine and histidine.
Disc electrophoresis, however, indicated that the sub-fractions comprised more
than one component.

Haylett et al** investigated the high-sulphur proteins of reduced and car-
boxymethylated wool and found that these proteins could be divided into four
main groups with a molecular mass of 23 000, 19 000, 17 000 and 11 000
respectively. In spite of considerable differences in amino-acid compositions,
these groups still appeared to have certain common features in their primary
structures.

Swart et al*’ reported on the isolation of a homogenous protein during
their studies of the high-sulphur proteins of reduced Merino wool. A re-investi-
gation of a fraction of the high-sulphur proteins SCMKB was made. The pro-
teins were successively fractionated on an eletrophoretic, molecular-size, and
chromatographic basis. This work resulted in the isolation of a homogenous
protein SCMKB-IIIB2 which had a molecular mass of 11 260, no free amino-
terminal group, and contained S-carboxymethyl cysteine as carboxy-terminal
residue.

Haylett and Swart™ presented the first complete amino-acid sequence of a
wool protein SCMKB-IIIB2, with a molecular mass of 11 260 and consisting
of 97 residues and having an acetylated amino- terminal. The protein had a
high- and a low-sulphur region. Haylett et al*’ also determined the complete
amino-acid sequence of the wool protein SCMKB-IIIB3. Later the complete

4 SAWTRI Special Publication — November 1987



amino-acid sequence of the protein SCMKB-IIIB4, which was closely related
to that of SCMKB-IIIB3, was also established by Haylett and Swart*®.

Lindley et al* reported on the high-sulphur proteins of o-keratins while
Lindley and Haylett* studied the occurrence of the cys-cys sequence in kera-
tins, reporting on the disulphide interchange reactions involving cyclocystine
and their relevance to the oc-keratin structure®’. They also described®* the use
of ion exchange cellulose columns in the Autoanalyser for the fractionation of
peptides.

Swanepoel and Louw* investigated the reduction of the disulphide linkage
in wool keratin, cystine and oxidized glutathione by hypophosphite ions (at
temperatures up to 85°C) and found that the latter two were reduced by O,1M
solutions of hypophosphite buffered at pH 9,3, 5,2 or 2,0, and also by unbuf-
fered 0,1M hypophosphorous acid. The reaction was most rapid at pH 5,2. At
room temperature, no significant reduction took place in 3 hours at pH 9,3 or
lower. In the case of wool keratin, reduction was only observed in acid media.
They also discussed the reaction mechanism. Swanepoel and co-workers™
studied the electrolytic reduction of proteins.

Van Rensburg et al' reported on the oxidation of the disulphide bonds in
cystine and amino-substituted cystine derivatives with peracetic acid solutions
containing sulphuric acid as catalyst and found their results to be consistent
with the hypothesis that the S,S-dioxide was the only reasonably stable oxida-
tion product of cystine and its derivatives in which the sulphur-sulphur linkage
remained unbroken.

Van Rensburg and Swanepoel* studied the asymmetrical disulphides con-
taining cysteine and showed that substantial quantities of the mixed disulphides
were formed when 5,5'-dithiobis-(2-nitrobenzoic acid) reacted with cysteine or
glutathione. The correspondlng sulphinic and sulphonic acids were formed
when the mixed disulphides were exposed to alkaline conditions (pH>11).
They subsequently™ investigated the reaction of sulfite on fifteen asymmetrical
alkyl-alkyl disulfides. In twelve out of the fifteen compounds, substitution took
place preferentially at a specific sulphur atom in the disulfide. It was considered
that steric hindrance to the approach of the entering group was the predominat-
ing influence in determining such preferential substitution. The influence of pH
in the range S to 9,5 on the nature and magnitude of the preference was not
significant. They also investigated*” the reactions of sulfite on the mixed disul-
fides of glutathione and cysteine and on those of thiol-proteins and cysteine and
found that substitution of the S-S bond of the glutathione-cysteine disulfide
took place at random but that a specific sulphur atom (that of the *‘free”
cysteine part of the molecule) in the protein-cysteine mixed disulfides was
attacked more frequently than its mate. This directed substitution was eliminat-
ed when the reaction was carried out in a concentrated solution of urea.
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2.3 SUPERCONTRACTION

Veldsman and co-workers* studied the dimensional changes in wool fibres
wheh immersed in 20% caustic potash solution and provided data showing the
effects of various chemical pretreatments on supercontraction. They concluded
that the results of such a test, as well as those obtained by the conventional
Krais-Markert-Viertel (K.M.V.) test for assessing wool damage, should be
interpreted with caution.

Swanepoel* studied the influence of atmospheric oxidation on supercon-
traction of wool fibres reduced with thioglycollic acid and concluded that it
would be inadvisable to perform supercontraction studies on reduced wool
unless precautions were taken to prevent reformation of cross-linkages. He®
subsequently investigated whether selective iodination of the matrix alone
would have any influence on the supercontraction of the fibre and concluded
that it did not affect supercontraction whereas total iodination of matrix and
micro-fibrils resulted in a marked depression of the second stage supercontrac-
tion.

Haly and Swanepoel® studied the supercontraction and elongation of
modified keratin fibres in LiBr solutions and found that reduced keratin fibres
when heated in a 8M LiBr solution at 100°C, first contracted and then length-
ened. Reduced and methylated Corriedale wool fibres contracted but did not
lengthen under the same conditions. Reduced fibres that had been abraded to
remove the cuticle, lengthened less than unabraded fibres. Mechanical, X-ray,
and birefringence evidence showed that fibres that had increased to about their
natural length were severely degraded and not elastomeric. It was suggested
that elongation resulted primarily from a swelling pressure within the fibre
produced by dissolution of protein.

Swanepoel” also investigated the influence of alkaline media on the con-
figuration of the disulphide linkages in supercontracted wool and concluded
that a conversion of disulphides from an intrachain to an interchain configura-
tion was very likely. He also* discussed the use of the length modulus (effec-
tive Young’s modulus for supercontracted wool) of wool, as proposed by other
workers in studies on the disulphide cross-linkages.

Subsequent studies by Swanepoel”, on the supercontraction of sound and
weathered wool and mohair fibres, threw further light on the mechanism of this
reaction. He concluded that the second stage of supercontraction resulted from
the exposure of sterically-protected hydrogen bonds, which could occur
through disulfide exchange in the highly cross-linked zones of the microfibrils.
Some of the cystine cross-links were stabilized by weathering so that disulfide
exchange was inhibited, leading to much less contraction.

2.4 LIGHT-INDUCED CYSTINE/HYPOPHOSPHITE REACTIONS

Swanepoel and Van Rensburg® ' ' ' carried out various studies on the
light induced reaction between cystine and hypophosphites, both at elevated

6 SA WTRI Special Publication — November 1987



and low temperatures. The combination of ultraviolet light and hypophosphite
was shown to cause a significant degree of reduction of cystine and peptide-
bound disulphides®. When a solution containing cystine and sodium hypophos-
phite was irradiated with ultraviolet light, the cystine was rapidly reduced to
cysteine but if the reaction was conducted in an acid medium, two intermediary
products were formed, namely a quadricovalent phosphoranyl radical and a
double salt'’®. In an alkaline medium only the radical was stable, the double salt
bemg decomposed. When irradiation times were extended, alanine was formed
in detectable quantities. They showed™' that the cystine/hypophosphite reaction
followed a single mechanism regardless of whether the reaction was induced by
ultraviolet irradiation or by free-radical initiators. In the latter event the first
stage of the reaction, that of the production of a thiyl radical was the result of a
radical transfer mechanism, while the formation of thiyl radical in the former
case followed the absorption of light quanta by cystine.

2.5 UREA-BILSULPHITE AND ALKALI SOLUBILITY

Mellet and Swanepoel'®, as well as Mellet in an M.Sc. thesis®', investi-
gated the modification of native and denatured keratin by alkali, and Mellet**
investigated the effect of alkali treatment on wool keratin and on silk fibroin in
a medium of K ,CO, at 50°C. It was found that the denaturing action of LiBr
affected the reactmty and reactions of the disulfides differently from those due
to stretching of the fibres.

Weideman and Wevers* concluded that alkali modification of wool could
be detected by determining its urea-bisulphite solubility (UBS) or its alkali-
solubility, by dye-exhaustion curves, or by its cystine, lanthionine, lysine or
lysinoalanine content. As far as the sensitivity of these tests was concerned,
UBS, rate of dye-exhaustion and cystine values were the most sensitive param-
eters to indicate mild modification of wool. The UBS test was the easiest and
therefore the first choice to indicate mild modification.

Weideman and Grabherr* found that the UBS of wool samples treated
with chlorine at pH 6 decreased at low chlorine levels and increased again at
higher chlorine levels, for both sodium hypochlorite and dichloroisocyanuric
acid (DCCA) treatments. At pH 5, only DCCA treated wool showed a small
decrease in UBS at low concentrations but an increase at higher chlorine val-
ues. At high pH values (8 and 10) a decrease in UBS was observed for all
chlorine concentrations examined. A difference in solubility characteristics was
also found between samples treated by pad and exhaustion methods respective-
ly. It was shown that the time of dechlorination had an effect on the UBS.
Crosslinks resulting from chloroamines were suggested to be responsible for
the UBS behaviour, but this was not proved.

Weideman** also demonstrated the importance of neutralisation on the
UBS of chlorinated wool and the effect of storage time on that of alkaline-
chlorinated wool, UBS increasing with storage time.
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Brinnand® showed that alkali solubility, as a measure of the modification
of wool by peroxide bleaching, could be replaced by measuring the degree of
darkening (reflectance) of wool caused by treatment with lead acetate.

2.6 DETERMINATION OF THIOL, LANTHIONINE
AND TRYPTOPHAN CONTENT

Van Rensburg* investigated the formation of 2-Iminothiazolidine-4-car-
boxylic acid in the -cyanobromination of lanthionine.

Van Rensburg and Swanepoel® described the spectrophotometric determi-
nation of thiol groups in wool keratin using 5,5'- dithiobis- (2-nitro-benzoic
acid) (DTN) which had advantages over other methods in terms of speed and
simplicity Du Toit er al'” described a relatively rapid and simple method for
determining the thiol content of insoluble proteins using DTN reagent after
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Fig. 2 A comparison of the column and the DMAB methods showmg the loss in
tryptophan content of various wool samples after exposure to sunlight.
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partial hydrolysis of the protein, the concentration of DTN not being critical.

" Mellet and Swanepoel' described a column chromatographic method for
the determination of lanthionine which was readily adaptable to automatic ami-
no-acid analysers.

Weideman and Van Rensburg™ investigated the determination of trypto-
phan content of wool using an acid hydrolysis procedure and an automatic
amino-acid analyser. Significant-differences were found in the tryptophan con-
tents of chemically treated wool samples when determined by a conventional
method, using sulphuric acid hydrolysis and p-dimethylaminobenzaldehyde,
and when determined with an automatic amino-acid analyser after hydrolysis
with p-toluenesulphonic acid. The same effect was observed in the case of wool
samples which had been exposed to sunlight (Fig. 2)*. It was furthermore
possible to determine the tryptophan content of wool containing optical bright-
ening agents by using the amino-acid analyser method, which could not always
be done in the case of the conventional method.

2.7 FIBRE SURFACE TENSION

Weideman** showed that the critical surface tension (CST) of chlorinated
wool fibres, determined by the sink-float technique, varied widely within the
same sample, that of chlorinated tips being higher than that of the chlorinated
roots. The best wetting agents during the chlorination conditions employed
were identified. It was shown that prolonged rinsing in water or alcohol low-
ered the CST of chlorinated wool fibres. At least 1,3 - 1,4% chlorine was
shown to be necessary to raise the CST of the wool to more than 52 dynes/cm
which was the CST required for the spreading of R Hercosett 57 on the fibres
(that of untreated wool being 30 dyne/cm). ‘

'In a subsequent study, Weideman and Grabherr*' demonstrated the vari-
ation in the CST of the fibres in a cross-section of a chlorinated wool top.
Different dechlorination media changed the CST of chlorinated wool to differ-
ent degrees, a higher CST value for chlorinated wool not necessarily implyinga
reduction in the degree of top shrinkage after R Hercosett application. It was
postulated that acidic groups in wool were partly responsible for the increase in
CST: values.

Weideman®' subsequently reported on the use of diiodomethane for mea-
suring contact angles and compared results obtained experimentally with those
obtained by other workers as well as with a value calculated from parachlor
data. The effect of the different surface and interfacial tension values on the
calculated polar and dispersion components of the diiodomethane surface ten-
sion was examined.

In reviewing the theory and literature on interfacial phenomena and the re-
analysing of published data, Weideman ez al*® showed that vy, the fibre surface
free energy or surface tension, was dependent on the values of the dispersion
and polar components of the liquid surface tension used in its determination. It
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appeared that the surface free energy of a solid could be correctly established
only when the disperse fractions of the liquid (D) and that of the solid (Dg)

were equal. The critical surface tension (y.) values obtained for polyamide
epichlorohydrin (R Hercosett) polymers depended upon the type of liquid used

for the determination, polar liquids tending to give significantly higher values
than non-polar liquids. Determining -y, by the sink-float method indicated that
it was more sensitive to the type of liquid used in the case of nylon than in the
case of wool.

2.8 GENERAL

In an M.Sc. thesis, Bamford” studied the sorption of hydrochloric acid and
potassium hydroxide by mohair and wool.

Haly and Swanepoel® measured the birefringence of Corriedale wool fi-
bres at different relative humidities. After being corrected for swelling, the
curve of birefringence against moisture content showed a minimum at a mois-
ture content of 19% of the dry mass of the wool, at which point the birefrin-
gence was probably completely intrinsic.

Swanepoel et al”* investigated the hydrogen exchange in aqueous solutions
of citric acid, B-methylglutaric acid, B:8-dimethylglutaric acid and oc-methyl-
glutaric acid. Swanepoel® also studied the reactions and rdle of disulphide
cross-links in determining certain physical properties of keratins and presented
the results as a D.Sc. thesis.

Swanepoel et al*” partially reduced the disulfide linkages in insulin by
irradiating solutions of insulin, also containing sodium hypophosphite, for brief
periods with ultraviolet light. The thiols formed were carboxymethylated and
the concentrations of S-carboxymethyl cysteine in the separated A- and B-
chains were determined. The results showed that photolysis of the three disul-
fide linkages in the insulin molecule occurred at random.

Scheffer and Van Rensburg®® determined the heat effect of the interaction
between wool and the acid colloid of an aminoplast resin using a micro-calori-
meter. The heat of adsorption was found to increase when the level of chlorina-
tion of the wool increased.

Swanepoel and van Rensburg®? described a method of determining the
moisture content of minute quantities of protein (single wool and mohair fibres)
by means of an automatic elemental analyzer.
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CHAPTER 3

WOOL FIBRE PHYSICAL CHARACTERISTICS
 AND TESTING

3.1 SAMPLING FOR OBJECTIVE MEASUREMENT

Grové and Veldsman'® bneﬂy reviewed the techniques of core sampling
and testing of greasy wool.

Gee and Robie*™ mvestlgated various aspects related to sampling and test-
ing accuracy in the.objective measurement of the South African wool clip. In
their first study*”, sixteen. types of wool, represented by 264 bales, were cored
and measured for clean wool content and fibre diameter. Estimates of within-
bale ( ) and between-bale (o b)vanatlons were made. Sampling schemes to
give a precision of * 1% for yield and of £ 0,5% um for diameter were
proposed and a measure of the reproducibility of each test method and an
estimate of the yield variation from root to tip of the staple were given. Gee™
obtained estimates for the South African Merino wool clip of the within-bale
(9 ) and between-bale (9 ) variations of yleld and diameter from cores taken
by Model T coring machines. The variations in yield were each about 1,6%
while the diameter variations for Durban and East London were approx1mate1y
1 and 1,5 um which were higher than the values of 0,5 wm obtained previously
for Port Elizabeth wools.

3.2 REGAIN CHANGES IN STORED WOOL

Gee™ made a theoretical study of the assumed moisture gradients in‘a bale
of greasy wool, resulting from changes in ambient conditions, estimating the
bias in yield given by core samples. The average core yield for a bale, having a
50% wool base, when moved from a 40% RH environment (say on the farm)
to a 75% RH environment, (in the warehouse, for example,) would theoretical-
ly be over-estimated by about 0,4% after 4 weeks and by about 0,05% after 12
weeks.

Gee*? also measured the rate of regain changes of bone-dry samples of
greasy and scoured wool contained in standard sealed polythene bags (film
thickness 55 um) and stored in a constant atmosphere of 21°C and 75% RH
and found that equilibrium was attained in about 400 days. After 7 days it was
estimated that about one-sixth of the ultimate change would have occurred. For
core samples for the objective measurement of clean wool content, any change
in regain dunng a few days would be completely negligible. Values for the
amount of moisture absorbed by clean wool, suint and grease plus dirt were
0,141, 0,327 and 0,035% respectively.

3.3 OPERATOR ERRORS IN PROJECTION MICROSCOPE TESTS
Kritzinger et al* made a study of the human factors involved in projection
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microscope measurement of fibre diameter employing a number of different
operators. They found that the microscope or the slide, if used and prepared
correctly, could not account for the observed variations, but that some opera-
tors had significant constant and/or variable bias. It was shown that a correction,
for example through reading a ‘‘standard slide’” for a variable bias, should
preferably not be attempted, but that an operator having such a bias should
rather not be used.

3.4 AIR-FLOW MEASUREMENT OF DIAMETER

Kritzinger et al”* found a small, though not consistent, effect of crimp on
air-flow measured diameter results while Robie and Slinger™ showed that the
error in air-flow results due to experimental method tended to decrease as the
degree of fibre randomisation increased. Hunter e al*> ® confirmed that there
was a significant effect of steam relaxation on the air-flow diameter results for
wool, it causing an apparent increase in the fibre diameter results probably due
to fibre crimp recovery. It was important that the calibration tops should be in
the same state of relaxation as the sample being tested.

3.5 FIBRE LENGTH MEASUREMENT

Van der Westhuyzen and Mandel* compared the length results obtained
on two Schlumberger Analysers and two WIRA Fibre Diagram machines and
found good agreement between their respective results. They stressed the im-
portance of drawing representative samples from several tops.

Faure'® drew attention to a possible error which could occur in the use of
the WIRA Fibre Diagram Tester for determining the average fibre length of
tops and suggested a method of correction.

Slinger'® found the correlation between fibre length values obtained by
means of the WIRA Single Fibre Length and Fibre Diagram machines, respec-
tively, to be generally good, the absolute fibre length values obtained on the
diagram machine being slightly longer than that obtained on the Single Fibre
Length machine. Fibre crimp reduced the length measured on the diagram
machine and ageing also had an effect due to its effect on crimp.

Robie** also discussed the factors which influenced fibre length measure-
ment on different instruments (Schlumberger Comb Sorter, WIRA Single Fibre
Length Tester, WIRA Diagram and Almeter) and concluded that there was fair
agreement between the various test methods although differences of up to Smm
could occur. Recognition of such differences and being aware under which
circumstances they arise, may assist in cases involving arbitration. Besides
these consistent differences, there were also unexplained random differences of
the order of 2,5mm probably due to fibre crimp and sample preparation.

Gee** derived formulae for the mean and CV of fibre length of a blend of
different wools from a knowledge of its component parts in a manner similar to
that used for diameter. By considering a range of values for the components,
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the calculated values of the blend were compared with those given by the
Palmer equation. _

Turpie®” ™ showed that staple crimp had a significant effect on Almeter
fibre length results, the magnitude of the effect depending on the pre-tensioned
state of the top prior to measurement, the effect also appearing to be greater for
the shorter wools (Fig. 3).

Kruger'” ** described a new apparatus and method of determining the
mean fibre length of a top or card sliver based upon the force required to
withdraw fibres from a sliver inserted in pins, the mean fibre length being
calculated from the maximum withdrawal force and the time integral of the
total force. Fibre breakage during withdrawal was negligible.

3.6 MEASUREMENT OF SHORT FIBRE CONTENT

Aldrich*® measured the coefficients of variation of fibre length and short
fibre content of tops on an Almeter, WIRA Fibre Diagram Machine and WIRA
Single Fibre Length Tester. The Almeter produced, on average, a slightly
higher CV-value and the Fibre Diagram Machine a much lower CV-value
compared with the Single Fibre Length Tester. The Almeter and Single Fibre
Length Tester differed only slightly in respect of short fibre content values. The
values obtained on the Fibre Diagram Machine were much lower than those
obtained on the Single Fibre Length Tester. ‘ _

Gee™ showed that the short fibre content of wool, calculated from the
values of mean fibre length and CV by using the properties of the Normal
Distribution curve, correlated well with the results obtained from the WIRA
Single Fibre Method but not with those from the Almeter or the WIRA Fibre
Diagram.

3.7 FIBRE DIAMETER AND LENGTH DISTRIBUTIONS

Linhart and Wilmot'® described two methods of measuring the
bivariate length-diameter distribution in samples of wool fibres while
Linhart and Van der Westhuyzen* showed that the gamma and log-normal
distributions fitted the length-biased diameter distributions of raw South Afri-
can Merino wools, the log-normal generally giving the better fit.

Gee®™* concluded that, although the mean value and the standard deviation,
which characterise a normal distribution, give useful measures of fibre length
and fibre diameter distribution, calculation of the third and fourth moments of
actual distribution showed that neither length nor diameter had a normal distri-
bution, significant skewness (tails) and kurtosis (peaky or flat-topped varieties)
being present. Diameter distribution tended to have positive tails and were
peaked, while lengths tended to have negative tails and were also peaked. By
quantifying the non-symmetrical distribution of fibre diameter and length of
different wool lots, he® ** ** showed that the measures of the mode, skewness
and kurtosis can play a significant role in explaining the behaviour of wool
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during spinning and in the yarn and fabric. For example, higher values for CV,
skewness and kurtosis -of fibre diameter tended.to give inferior yarns, while
higher values for the fibre length properties gave better yarns. .

- Hunter and Smuts®” compared the fineness-of wool and other- fibres dcter—
mined by means of a vibroscope, with that calculated from. the fibre diameter
and relative. density and found good agreement between them.

3.8 FIBRE DIAMETER AND LENGTH CHARACTERISTICS OF
THE SOUTH AFRICAN MERINO CLIP ' 4
Uys* reported on the geographical distribution of the fineness of Merino

wools in South Africa and found that the Merino clip deviated significantly

DUERDEN (1929)
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Fig 4./The relationship between staple.crimp and mean fibre dlameter for South African
Merino wools(65)
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from the Duerden fineness-crimp relationship derived some 34 years previous-
ly. He subsequently® presented detailed information on the relationship be-
tween staple crimp and fibre diameter which emerged from his results, showing
that wools above 19 wm had generally become less crimped than when Duerden
carried out his study (Fig. 4)*.

Venter" studied the interrelationship between fleece and fibre properties
for Merino wool and presented the results as an M.Sc. thesis.

Strydom and Gee®” showed that during the period 1967/8 to 1982/3 the
average fibre diameter of the South African Merino clip increased by about 1
um as indicated by a shift in the position of the mode, mean and median values
(Fig. 5).

The proportion of the clip finer than 20,0 um decreased from about 20 to
about 5% . Over the same period, no significant trends in staple length distribu-
tion were detected. The mode of the length distribution curve was at an ap-
praised length of 10/12 months while 50% of the clip fell in length categories
of 9/11 months and shorter.
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3.9 SINGLE FIBRE TENSILE PROPERTIES

Hunter and Kruger™ ** and Smuts and Hunter*¢ compared .the tensile
properties of kemp, mohair and wool fibres using the Uster. Yarn Evenness
tester to measure the linear density of the fibres. This technique indicated the
presence of a material in the medulla of the kemp which had dielectric proper-
ties similar to the rest of the fibre, but which did not contribute to the fibre
strength. The breaking extensions of the different types of fibres were similar,
but the tenacities of the wool fibres were lower than those of the mohair and
kemp fibres.

Hunter** studied the relationship between single fibre tensile properties
and diameter, between and within different spinning lots (commercial and labo-
ratory), for a range of Merino wools. It was found that, between lots, fibre
tenacity was independent of diameter, whereas, within lots, tenacity tended to
decrease with an increase in fibre diameter. Single fibre breaking extension was
largely independent of fibre diameter. Subsequently Smuts ez al** measured the
single fibre tenacity, extension at break and initial (pre-yield) modulus on a
large number of wool samples from different breeds of sheep and covering a
wide range of diameter and crimp to establish ‘typical’’ or ‘‘average’’ values
for the tensile properties of wools grown in South Africa. It was found that
crimp or the quotient of resistance to compression and fibre diameter, (termed
bulk/diameter ratio) had a greater effect on the fibre tenacity and initial modu-
lus (pre-yield slope) than diameter, an increase in crimp being associated with a
decrease in these properties (Table I). Tables and graphs were given to illustrate
the observed trends and for reference purposes. Some values obtained on mo-
hair were included for purposes of comparison.

TABLE I
TYPICAL TENSILE PROPERTIES OF WOOL AT VARIOUS CRIMP
LEVELS®®
Measures of Crimp Single Fibre Properties
Staple Crimp | Bulk/Diameter Tenacity Extension at “‘Pre-Yield”
(em'1) Ratio (cN/tex) Break Modulus
(mm/um) (%) (cN/tex)
2,0 0,45 14,2 37 340
2,5 0,53 13,7 37 320
3,0 0,61 13,4 37 310
35 0,69 13,0 37 300
4,0 0,76 12,8 37 293
4,5 0,83 12,5 37 285
50 0,90 12,3 37 280
5,5 0,97 12,2 37 275
6,0 1,04 12,0 37 270
6,5 1,11 11,9 37 265
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In a follow-up study, Smuts et al** determined the effect of diameter and

crimp on the single fibre tensile properties of ‘wool tops, each of which was
produced from-a different bale of farm-classed wool. Within such tops there
was a tendency for single fibre crimp to increase with fibre diameter, whereas
the reverse was true for between tops. Single fibre strength increased approxi-
mately linearly with fibre linear density and the latter accounted for about 90%
of the variation in strength. For the individual results (both within samples and
for all the results pooled), fibre tenacity and extension at break were, for all
practical purposes, constant and independent of cnmp ‘and fibre fineness. Be-
tween samples (i.e. sample means), however, an increase in crimp tended to be
associated with a decrease in fibre strength (Fig. 6).
- The ““initial”’ (pre-yield) modulus generally decreased with an increase in
crimp but was not affected by fibre fineness. The tensile properties of the
Merino -and related breeds were similar provided their diameter and crimp
levels were similar. .

3.10 FIBRE BUNDLE TENACITY

_ The application of the bundle tensile tester for obtaining a relatively rapid
measure of wool fibre strength was investigated by De Beer and Slinger™ who
showed that, provided due care was exercised and one operator used, accept-
able results could be obtained. It was found that bundle tenacity increased.
slightly with an increase in diameter or with a decrease in staple crimp and that
no difference in tensile strength along the staple was observed when the wool
was grown under fairly homogenous feeding conditions. In a later study, -Hart-
ley and Slinger'® used the bundle test to assess the effects of various types of
dark shade dyeing on fibre tensile properties. They found metachrome dyeing
better than afterchrome dyeing in terms of their effect on fibre strength and
found that a-pH of 4 produced a smaller drop of (= 10%) strength than a-pH of
6 (drop of =.30%)." A significant drop in. fibre extension was caused by
dyeing. A significant correlation between wet single fibre tenacity and dry:
bundle tenacity was found. A deterioration in fibre tensile pr.opertie,s:wi_th an
increase in dicliromate was observed. A lower liquor to wool ratio (10:1) was
also found to be more harmful than a higher liquor to wool ratio (30: 1)
Hunter and Grobler* applied the fibre bundle test method to fibre still in
yarn form using a Stelometer, as did De Beer and Slinger™, Hunter and Sling-
er’” and Hunter et al’* but using a Clemson. tester. The mass of the yarn
bundles had a profound effect on the extension values obtained, but had only a
small effect on the tenacity values*?: The values:obtained on the yarn bundles
were found to be significantly correlated with the single fibre tensile values and
also with the values obtained when employing the standard bundle test on
parallel -fibres.
Hunter and Smuts** measured the resistance to compression and bundle
tenacity of some 200 South African commercial wool tops (dyed and undyed)
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so as to prepare average or reference values for these two properties. Tenacity
increased with increasing fibre diameter (Table ii) and decreasing fibre crimp,
it being mentioned that the tenacity of a top should preferably exceed 11cN/tex
and . should not drop below 10cN/tex.

TABLEIl
AVERAGE BUNDLE TENACITY VALUES (AT 3,2 mm GAUGE)
FOR SOUTH AFRICAN TOPS“
Mean Fibre Diameter Bundle Tenacity
(m) _ (cN/tex)
18 10,6
20 11,2
22 11,7
24 12,2
26 12,7
28 13,2
30 13,7
32 14,1
34 14,6
36 15,0

Smuts and Hunter™ investigated the effect of staple crimp, mean fibre
diameter and resistance to compression on bundle tenacity and extension of a
wide range of unrelaxed and wet-relaxed wool tops and found that they were
affected by fibre crimp rather than by fibre diameter. Bundle tenacity decreased
and bundle extension increased with an increase in crimp, irrespective of
whether the crimp change was due to differences in the original crimp or due to
crimp recovery resulting from relaxation of the tops. The quotient of resistance
to compression and fibre diameter (i.e. ‘‘bulk/diameter ratio’”), was taken as a
measure of the overall fibre crimp and was better correlated with bundle tenac-
ity than staple crimp or resistance to compression.

3.11 STAPLE LENGTH AND STRENGTH*

Gee™ carried out a limited investigation of the possible relation between
unstretched staple length and mean fibre length and showed that they were very
highly correlated (more than 99,9%). Within the limitations of his work, staple
length measurements predicted the mean fibre length of the greasy wool within
the limits of = 2,5 mm for a certain set of conditions. His set of data also
showed a one to one relation between the staple length and the mean fibre

* See also Chapter 7.8.
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length of the top. Turpie et al’™ showed that trapeziums (staple taper) fitted to
staple profiles provided by the SAWTRI Staple Length/Strength Tester, were
more useful for predicting mean fibre length and fibre length distributions than
staple length only.

Gee™™ used the techniques developed by other workers to demonstrate the
usefulness of staple strength as a measure of wool soundness, a good topmak-
ing style having a higher strength and a lower variation in strength than an
inferior topmaking style. A significant negative correlation was found between
the mean strength and its. CV. Wools subjectively assessed as tender, gave very
low strength values . A high correlation (93%) between the combing tear and
staple strength, and lower correlations with decrease in fibre length, were found
for the data of seven commercially processed wools. A tentative scale indicated
that sound wool had a staple strength greater than 40 N/ktex while an unsound
wool yielded less than 23 N/ktex.”

Hunter et al** found a high correlation (0,96) between staple and single
fibre tenacity for sound and tender wools. Wools subjectively classified as
tender generally had staple tenacity values below about 20 N/ktex, while those

of sound wools were generally higher than about 30. N/ktex.
Cizek and Turpie’ ** ™ ™ ** 7 7 9% described a staple length/strength

measuring mstrument developed for the routine automatic measurement. of the
cross-sectional profile and length (Fig. 7) of a wool staple, the position and
cross-sectional area of its thinnest place, its tenacity (Fig. 8) and the work
required to break it. Good correlations were found between the lengths mea-
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Fig. 7 Example of a raw wool staple profile showing where it was deemed to begin and end,
where it was clamped in the machine and also its estiniated profile in the scotired state.(918)
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sured manually and on the machine (Fig. 9), and between the positions of the
thinnest places identified by the instrument and the position of the actual break.
Many different staple profiles were encountered, and there were differences
between different wool lots in respect of their strength characteristics, but also
between different staples within a lot. The results were useful in predicting noil
and top fibre length characteristics. In pilot-scale studies it was shown that
testing the strength of raw wool staples at a short gauge (20mm), which pro-
vided a measure of the intrinsic strength of the wool, in addition to the maxi-
mum practical gauge (namely where the staple is clamped 18mm from both root
and tip), can be potentially useful in explaining variations in percentage noil
during subsequent combing. It was also shown that collective information on
the profiles of raw staples could have application in the prediction of the length
characteristics of wool and mohair tops.

3.12 STAPLE CRIMP AND RESISTANCE TO COMPRESSION*

Slinger™ investigated the effects of natural and artificial weathering as
well as UV-irradiation on the resitance to compression of wool and found that
artificial weathering as well as UV-irradiation increased resistance to compres-
sion. He also found that artificially weathered wool felted less than unweath-
ered wool and confirmed that resistance to compression was related to the
product of staple crimp and mean fibre diameter.

Slinger and Smuts™ developed a method and instrument (the SAWTRI
Compressibility Tester) for measuring the bulk (compressibility or resistance to
compression) of a randomised mass of.wool fibres simply, quickly and accu-
rately. They concluded that it was a useful test for selecting wool tops and that
it provided a measure of the crimpiness of the original wool. Resistance to
compression was also correlated with the cystine content of the wool. Differ-
ences in the resistance to compression of different types and breeds of wool
could largely be explained by differences in the product of diameter and crimp
frequency. Low resistance to compression was observed for stud sheep (rams
and ewes) exhibited at an agricultural show, suggesting that softness of handle
(associated with low resistance to compression) was considered a desirable
attribute for such show wools.

Scheepers and Slinger® found that the crimp form was helical for Merino
wools relaxed in cold water and more pronounced helical for allied breeds. For
the Merino wools, crimp form had a negligible influence on felting propensity
(Aachen test) and resistance to compression, with the influence of crimp fre-
quency dominating and with the effect of fibre diameter of secondary impor-
tance. Felting propensity and resistance to compression were highly correlated.

Smuts and Slinger** found that, in addition to resistance to compression

* The effects of these fibre properties on processing performance and on yarn
and fabric properties are covered under the appropriate Chapters.
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(or crimp) and fibre diameter, against-scale fibre friction also contributed to the
tactile properties (handle) of loose wool and mohair. They proposed that the
characteristically low against-scale friction of mohair be used as a criterion for
distinguishing between mohair and wools such as Buenos Aires.

Turpie and Gee** confirmed that resistance to compression was largely a
function of the product of fibre diameter and staple crimp frequency, a better
correlation being obtained if felt ball density was included as another indepen-
dent variable.

Hunter and Smuts® measured the resistance to compression of some 200
dyed and undyed commercial tops and prepared ‘‘average’’ or ‘‘typical’’ values
for this top characteristic. They confirmed that resistance to compression was
largely a function of the product of fibre diameter and staple crimp frequency
and that the resistance to compression of a steamed top approximated that of the
laboratory scoured raw wool. The resistance to compression of the pilot-plant
scoured wools however, was higher both in steamed and unsteamed form.

Hunter™ presented Fig. 10 as an example of how one can distinguish
between over-crimped and under-crimped wools (relative to Duerden values)
on the basis of their resistance to compression.
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Fig. 10 An example of a reference curve for the resistance to compression of steamed tops or
laboratory scoured raw wool based upon wools obeying Duerden’s diameter-crimp relation-
ship (SAWTRI test).(768)
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Smuts and Hunter showed that the quotient of resistance to compression
and fibre diameter, termed the bulk/diameter ratio, was a good measure of the
overall fibre crimp (Fig. 11) and was better correlated with bundle tenacity than
was either staple crimp or resistance to compression.

Hunter and Smuts® measured the resistance to compression of twenty-six
wool tops, dyed commercially under identical conditions, both prior to and
after steam-relaxation. It was found that such dyeing had little effect on the
resistance to compression of the tops measured after steam-relaxation, there
being a fairly good correlation between the resistance to compression of the
steam-relaxed dyed tops and that of the undyed tops, as well as between the
former and the product of staple crimp and mean fibre diameter. In the case of
commercial undyed and dyed tops, the resistance to compression of the latter
was on average, about 11% lower than the former®:.
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Fig. 11 The relationship between bulk/diameter ratio and staple crimp and bundle tenacity,
respectively. (788 802)
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Fig. 12 Scanning electron micrographs illustrating wool and mohair fibre scale struc-
tures. (985

3.16 BLACK FIBRE LEVELS

Strydom and Gee®* tested grab samples from some 209 producer batches
of fleece and belly wools for the incidence of naturally pigmented and stained
fibres. Excluding abnormally high values which occurred in seven of these
samples, it was found that the bellies were slightly more contaminated than the
Merino fleece wools and the fleeces from Merino-related breeds. The overall
mean count was about 75 dark fibres per kg.

3.17 GENERAL

3.17.1 Detection of Skin Wool

Kerley* * reported on a simple test for detecting the presence of pulled
wool in tops which was based upon differences in dye uptake due to fibre
damage. A Shirlastain was used which stained the root ends of the fibre differ-
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ently, according to whether the wool was derived from skins (pulled) or shorn.
Microscopic examination could also help to distinguish between painted (sodi-
um sulphide) and sweated (bacterial action) wools. In a subsequent study'® the
processing behaviour and dye absorption of various blends of shorn and skin
(depilated) wools were studied. Dye skitteriness was observed for the blended
samples.

Kerley” also illustrated that wool from sheep suffering from lumpy skin
disease may be cemented (gummed) together by an exudate so as to give rise to
a problem (fault) in a felted material.

3.17.2 Basic Statistical Techniques

Linhart? 2  * 4 1 dealt with various aspects, mostly theoretical, relating
to the statistical analysis of data while Gee™ -discussed the accuracy of mea-
surements on the slope of the regression line.

3.17.3 Properties of Finnish Landrace Wool

Smuts ez al*”” reported on certain of the physical properties of the Finnish
Landrace wool. The characteristic soft handle of this rather coarse wool was
attributed to the relatively low against-scale friction and high percentage of
ortho-cortex. Felting propensity was high. The 2/2-twill cloths produced from it
had a kind handle and the mechanical properties were more or less in accor-
dance with those which could generally be expected from a good all-wool 2/2-
twill fabric. The fabric wrinkling equalled that of a good all-wool 2/2-twill
fabric.
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CHAPTER 4
WEATHERING AND NUTRITIONAL EFFECTS ON WOOL

Van Wyk and Veldsman® studied the variation in dye absorption rate (acid
milling and premetallised) of different South African wools and found it to be
inversely proportional to fibre diameter, deviation from a linear relationship
being almost entirely due to weathering damage, open wools showing weather-
ing far down the staple but tar tipped wools only at the tips. :

The use of the cross-linking (colour) reaction of ninhydrin with wool
protein for estimating wool fibre diameter and weathering damage. (dyemg
behaviour) was investigated by Veldsman' and Louw® and optimum conditions
were established.

Kritzinger® discussed the use of dye absorption and reaction with ninhy-
drin of wool and mohair as a measure of the weathering and illustrated the
importance of fibre diameter, while Veldsman* reported on the tryptophane
content of weathered wool and mohair and morphologically deviating wool.
Snyman?” studied the effect of environmental factors on weathering of Merino
wool and obtained an M.Sc. degree on the results of his work. Swanepoel”
compared the supercontraction of sound and weathered wool. Van Wyk and
Louw* investigated the relationship between urea/bisulphite solubility (UBS),
suint pH and Ninhydrin Index of South African Merino wool for root, middle
and tips separately. Their results supported their contentions that the UBS of
weathered wool was influenced by those climatic factors of which the weather-
ing results were assessed in the ninhydrin test and that chemical changes due to
alkaline conditions in the fleece tended to decrease UBS.

Mellet” investigated the influence of disulphide cross-linkages on the re-
action between ninhydrin and wool for wools which had been subjected to
artificial weathering (irradiation) and found that the disulphide content of the
irradiated wool was associated with its Ninhydrin Index. It appeared that the
ninhydrin test could not be used on artificially weathered wool.

Thorpe and Veldsman™ * reported on ways of improving dyeing unlevel-
ness associated with differences in weathering. -

Scheepers et al'® showed that the methylene blue absorption test clearly
illustrated the tendency of weathered wool staples to give tippy dyeing and
studied various factors which affected the use of this method, arriving at a
smphﬁed technique. In contrast to the ninhydrin test, the methylene blue ab-
sorption for sound wools was independent of fibre diameter, this also applying
to artifically weathered wool. The dye absorption test correlated well with
visual assessment of weathering damage and with other test results e.g. bundle
tenacity, cystine content and the ninhydrin test. There were indications of an
effect of storage on dye absorption. The bundle tenacity of the wools ranged
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from about 13,1 cN/tex for undamaged (unweathered) wool to about 9,1 cN/tex
for badly weathered wool.

There were certain complicating factors:in.the method of Scheepers et al''®
and the method was modified in a subsequent study'” so as to avoid erroneous
conclusions due to the influence of chemical changes of a non-permanent (re-
versible) nature. This involved buffering the wool and dye solution and ensur-
ing that the wool is free of residual grease, détergent and combing oil. The test
was not considered suitable for assessing the degree of mechanical damage due
to processing the wool into a top since carding and combing tended to remove
the weathered fibre tips having the highest dye absorption. The methylene blue
absorption of different wools correlated well with their urea-bisulphite solubil-
ity values.

Slinger found that natural and artificial weathering and UV-irradiation
increased the bulk resistance to compression of wool and that artificially weath-
ered wool felted less than unweathered wool. Veldsman and Swanepoel* ™ !
= also reported on the effect of weathering on the felting behaviour of wool and
on the efficiency of shrinkproofing.

Louw* investigated differences in chemical composition between root,
middle, and tip sections of normal crimped and of copper-deficient steely South
African Merino wools and their influence on dye absorption and alkali and
urea-bisulfite solubility. For normal wools the loss in cystine and tryptophane
and increase in cysteic acid revealed the extent of hydrolytic and oxidative
weathering damage and explained subsequent changes in solubility and dye
absorption. The conclusion was reached that copper deficiency retarded fibre
keratinization which could, however, continue during ageing and weathering of
steely wools on the animal’s back, resulting in increased cross-linking. Vari-
ations in amino acid content of root and top sections of normal and steely wools
were found. He was able to explain, on the basis of his work on the bilateral
structure of crimped and steely (copper-deficient) wools, why copper deficien-
cy resulted in undercrimped wool®.

Louw er al” subjected the root, middle and tip sections of staples to
artificial weathering in sunlight behind glass. Such artificial weathering at-
tacked cystine and probably formed sulphur-containing compounds which were
not amino-acids, in addition to the known decomposition products. Tryptophan
underwent serious decomposition, whereas threonine, serine, proline, tyrosine,
phenylalanine, lysine and histidine were also affected. Weathering decreased
the moisture absorbing capacity of wool. Grease and suint served to restrict
penétration of weathering into a fleece on the sheep’s back by virtue of their
cementing action.

Turpie** showed that combing performance deteriorated with deterioration
brought about by weathering, particularly when backwashing of the tops oc-
curred at a pH of 10,5.
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Snyman® suggested that grazing not only affected fibre diameter but also
fibre chemistry and morphology. He concluded that the ratio of the two bilater-
al segments in Merino wool was determined genetically and not by feeding
conditions, confirming the findings of Boshoff and Scheepers’® who found
hungerfine wools to be undercrimped while high nutritional level wools tended
to be overcrimped.

Slinger et al" reported on the influence of the nutritional background of
sheep on the mechanical properties of the wool and described a relatively easy
chemical test for quality control. The ortho-para ratio appeared unaffected by
nutritional level while the resistance to compression of the high-nutrition wool
was marginally higher than that of the low-nutrition wool, and the bundle
tenacity was also higher. It was correlated with cystine and inversely with alkali
solubility. Alkali solubility was correlated with cystine content, while alkali
solubility and fibre diameter were independent within a nutritional level.

Kruger*® presented limited results which indicated that a tender portion of
a wool fibre, brought about by drought conditions, was intrinsically weaker
than the sound part of the same wool fibre.

Scheepers® investigated the effect of level of nutrition on the quality of
karakul pelts and concluded that it had no effect on felt thickness, hair diameter
or hair length of newly born karakul lambs.
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CHAPTER 5

SCOURING, CARBONISING AND EFFLUENT
TREATMENT

5.1 CONVENTIONAL SCOURING AND ASSOCIATED TESTS

5.1.1 Scouring Studies

Early studies™ * on scouring dealt with the variability of suint content in
South African raw wools and the effects thereof on grease removal and deter-
gent consumption. The benefits of steaming or cold steeping prior to scouring
were illustrated as well as the variations in detergent requirements and grease
removal due to variations in original grease levels and in the nature of the suint.
Subsequent studies” showed the beneficial effects of increasing mechanical
action and liquor temperature on grease removal.

Snyman and Veldsman'” investigated the effect of different rinsing condi-
tions on scoured wools containing alkali, hard and soft soaps, a synthetic
anionic detergent and a non-ionic detergent. Temperature and mechanical ac-
tion during rinsing were found to outweigh the effect of time of rinsing on
rinsing efficiency. The presence of potassium chloride adversely affected rins-
ing efficiency, indicating that water of a low electrolyte content was essential
for good rinsing. -

Grové” investigated the effect of variations in the mechanical conditions
on the scouring of raw wool and found that both rake and roller speeds could be
increased considerably without adversely affecting the appearance of the
scoured goods, or detergent consumption. Relatively high rake and roller
speeds combined with a high rate of feed gave the optimum running conditions
for the plant used. He subsequently” showed that detergent consumption could
be reduced considerably by employing a suitable rate of backflow. The deter-
gents showed widely divergent reactions to variation in the backflow rate. He
also found that the equilibrium solids concentration in the first bowl was in-
versely proportional to the rate of backflow and described a rapid method for
determining the amount of suspended solids by means of a barkometer. Kriel
and Veldsman™ found a 25% backflow optimum for a soap detergent (R Fluidol
W100) the build-up of solids showing a similar trend as that observed by
Grové®. Certain of the above studies were incorporated into his M.Sc. thesis by
Grové®.

When scouring locks (lox) under varying conditions of temperature in the
first two bowls of a pilot-scale scouring set, Grové'* showed that the first bowl
temperature was the dominant factor in determining detergent consumption,
minimum consumption occurring in the vicinity of 60°C in the first bowl and
62°C in the second. Albertyn and Grové' later confirmed that the build-up of
solids in the first scouring bowl decreased with an increase in backflow rate but
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in this study the consumption of an alkyl-aryl polyglycol ether detergent (R
Berol Lanco) increased.

In a study on the effect of detergency builders on the scouring of raw
wool, Grové™ found that, in the case of soap, sodium carbonate was the most
efficient builder, whereas sodium sulphate and sodium chloride had weaker but
very similar effects. Detergent consumption decreased sharply with increasing
builder additions-in the lower concentration ranges. Excessive amounts of sodi-
um carbonate appeared to have a significant effect on the colour of the scoured
wool.

Using the UBS method to determine the modification of wool and mohair
by alkali treatment for short periods of time Kriel”” concluded that scouring at
temperatures not exceeding 60°C in a concentration of 0,15% soda ash should
have little detrimental effect on the scoured fibres, grease protecting the fibres
against alkali modification. Differences in the behaviour of wool and mohair
were ascribed to differences in fibre diameter.

Due to inconsistencies in the published literature, Grové and Kriel® inves-
tigated the sorption of a number of non-ionic detergents by wool and found it-to
differ for the root (higher) and tip sections of the fibre and-to decreéase with
increasing ethylene oxide chain length. The results indicated that scouring with
a non-ionic detergent should be more efficient in the presence of soda ash and
this was confirmed in another study by Grové'*. Sorption was considered to be
negligible at 55°C in the case of neutral scouring or scouring in the presence of
sodium sulphate, although significant sorption occurred under acidic condi-
tions, for example at the iso-electric point (pH 3,9 to 4,5) of wool.

Swanepoel and Veldsman™® investigated various factors which can benefi-
cially reduce fibre entanglement during scouring including the use of a fleece
breaker, harrow and squeeze roller speeds, and rate of feeding.

Using pilot-scale scouring without backflow, Kriel and Albertyn*’ con-
firmed the findings of other workers that the grease removed in the first scour-
ing bowl was mainly unoxidised while the more tenacious oxidised grease was
removed in the subsequent scouring bowls. An even concentration of detergent
over the three bowls was found best for fleece wools, while a relatively higher
concentration in bowl 3 was better for locks, probably due to the more oxidised -
state of the grease on the locks. .

Swanepoel er al* showed that the grease removal efficiency of anionic
and non-ionic detergents was adversely affected by relatively high concentra-
tions of sodium sulphate in raw wool scouring liquors. An optimum range of
sodium sulphate concentration was found, the effect of sodium sulphate on
detergency being dependent upon the presence of suint from the raw wool.

Turpie* found that neutral scouring at higher temperatures resulted in noil
levels similar to those obtained at lower temperatures in alkaline scouring.
Variations in scouring conditions offered some benefit to subsequent mechani-
cal processing, provided they were carefully selected. Turpie*® also showed
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that when wool was rinsed in liquors of different pH values following conven-
tional scouring, the entanglement of the wool varied which in turn affected
combing. Combing performance depended on the pH of the liquor in which the
wool was rinsed, the reagent used to control pH and the residual grease level of
the scoured wool. Changes in combing performance were related to changes in
entanglement and could be reflected in either the vegetable count or the nep
count (sometimes both) of the slivers. The combing performance of wools
scoured in an alkaline medium could be improved by a subsequent rinse in an
acid medium.

From other studies, Turpie” concluded that neither the use of neutral
media during scouring nor the use of alkaline or acid media during rinsing,
could be expected to reduce the percentage noil by more than 15% and that
such treatments may involve slight increases in expenditure on chemicals.

Turpie** concluded that, for optimum values of neps and percentage noil
and if soda ash were used, the pH of the liquor in the first bowl must preferably
not exceed 9,5 and the temperatures should be below 60°C. If the resulting pH
values of the aqueous extract of the scoured wool were too low, however, it
appeared preferable, from both an economical as well as a processing point of
view, to adjust the pH in the second rather than the first scouring bowl. If ro
soda ash were used, the temperature of the liquor should preferably be 60/65°C.
He found** that, for difficult to scour fine Ciskei fleeces, satisfactory neutral
scouring and carding and combing could be achieved at temperatures of the
liquors in the bowls of 65°, 60°, 50° and 45°C respectively, initial charges of
detergent to the first three bowls of about 0,1, 0,02 and 0,02% m/v respective-
ly, and subsequent additions to the first three bowls of about 0,40, 0,15 and
0,05 (total 0,60) kg per 100 kg greasy wool.

Turpie and Gee** scoured a range of wools under neutral, slightly alkaline
and more severely alkaline conditions, using scouring liquors which varied
from slightly dirty to very dirty, to study the effects on the yellowness of the
wool. Neutral scouring gave lower yellowness than slightly alkaline or more
severely alkaline conditions, although differences present after gilling tended to
be reduced after combing. The more inferior styles of wool tended to suffer a
greater increase in yellowness.

In a limited study on the reduction in the contaminants of raw wool by
desuintage scouring, Turpie and Musmeci®® showed that the passage of raw
wool samples through the first bowl of a pilot scouring plant containing only
mains water, effected a significant reduction in all contaminants, i.e. mineral
matter, suint and grease. The temperature of the water was shown to be of
considerable importance.

Turpie and Gee® correlated certain properties of fleece wools with the
detergent requirements during scouring and showed that 77% of the variation
in detergent requirements could be accounted for by five parameters, viz. solid
dirt content, particle size of the dirt, entanglement of the tip portion of the
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staple, pH of the suint and yield (Fig. 13). Higher staple crimp values were
associated with higher entanglement of the staple tip and with finer dirt parti-
cles.

Mozes and Pretorius™ carried out a pilot-scale investigation to assess the
sludge removal efficiency of a screw conveyor, bucket elevator and overhead
settling tank system. The introduction of this system into the centrifugal efflu-
ent treatment system during the scouring of low yielding locks resulted in an
overall grease recovery of 60% and a total suspended solids removal of 60%.

In a laboratory study on 20 non-ionic detergents Mozes et al** showed that
scouring efficiency decreased with an increase in the detergent partition coeffi-
cient (Fig. 14). It was also found that the scouring efficiency increased and the
detergent partition coefficient decreased with an increase in the hydrophilic-
lipophilic balance (HLB) of the detergent.

In a laboratory investigation on the effect of a non-ionic type detergent
(nonylphenol, octylphenol and linear alkyl polyethoxylate) and HL.B (10,9 to
15,0) on both the first bowl and the overall scouring efficiencies in terms of
grease removal, Mozes* found the first bowl scouring efficiency to be best for
the linear alkyl polyethoxy type of detergent and an HLB of 15. The overall
scouring efficiency was generally high, independent of the parameters investi-
gated.
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5.1.2 Tests

Veldsman and Palmer' adapted the Column-and-Tray method to provide a
rapid method for determining the grease content of scoured wool. Veldsman*
developed a rapid terephthalic acid method for determining the total alkali in
scoured wool, the alkali content being important in respect of fibre damage,
yellowing, handle and pH conditions during dyeing. Alkalinity of the wool
could also promote microbiological attack of the wool under hot and humid
conditions.

Various rapid methods for the industrial control and monitoring of wool
scouring, including residual grease, alkali and soap in the wool, and the grease
content of the effluent and the moisture content of the grease, were described® **
. Veldsman and Palmer® offered an explanation why different laboratories
obtained different results in the ether extraction of wool, suggesting that the
ether quickly extracted oil (and residual grease), but also extracted the regain
water, though more slowly. As long as there was water present, residual soap
on the wool was hydrolysed to free fatty acid, and this was also extracted,
making the mass of extract too great.

Veldsman® introduced the concept of Washing Improvement Number
(WIN) as a rapid method of characterising the scourability of raw wool.

Kritzinger and McHardy* carried out a field study on a series of emulsion-
type sheep-branding fluids and elucidated the role played by various factors
which affected the scourability and legibility of such fluids. They showed that,
in the preparation and testing thereof, due account must be taken of the effect of
the type of wool on which the brand was put, the effect of time upon scourabi-
lity and legibility, and the type of scouring solution used.

Grové and Albertyn' found that irregular packing of the column in the
accepted Column-and-Tray method caused channelling when applied to
scoured mohair and subsequently'® developed a rapid method of fibre prepara-
tion (laboratory cutting mill) which reduced the problem. Jamison and Mus-
meci®® used forced draught evaporation to eliminate sputtering during the Col-
umn-and-Tray determination of residual grease on scoured wool. A mixture of
dichloromethane and chloroform was used as a grease-extracting non-flamma-
ble solvent. !

Musmeci and Turpie** described the application of a colorimetric method
for the determination of synthetic non-ionic detergent of the ethylene oxide type
in wool scouring liquors and recovered wool grease. When high dilutions of the
samples to be tested were used, a simple relationship between absorbance and
the concentration of detergent existed and the test could be completed within
about ten minutes.

Turpie and Van der Walt® established an improved method for the rapid
determination of non-ionic detergent in the cream, effluent and sludge from
wool scouring liquors and in recovered wool grease by evaporation of the
sample in an oil bath followed by extraction with dichloromethane and appli-
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cation of a colorimetric technique. By using radio-active techniques it was
concluded that, under suitable conditions of sample dilution and absorbance,
the method gave results which in 95 cases out of 100, should be within £ 10%
of the true value if three aliquots were tested, or within * 12,5% of the true
value if only one aliquot was tested.

Turpie™ described a procedure for the routine determination of the distri-
bution of solid dirt particles in raw wool and found the bulk of the dirt to lie
between 10 and 30 um (Fig. 15).

Subsequently Mozes and Turpie’ presented data on the particle size dis-
tribution of suspended solid dirt, determined by a filtration technique, for in-
dustrial liquors, centrifuged effluents and secondary sludges. In the case of the
liquors about 95% of the dirt particles were larger than 0,5 um (Fig. 16).

5.2 UNCONVENTIONAL SCOURING

Turpie and co-workers®® #7 1 2 59 si2 st 5% carried out wide-ranging
laboratory and pilot-scale studies on the unconventional scouring (in a concen-
trated wool grease emulsion) of wool and mohair in which the initial concentra-
tion of wool grease (sunflower oil being used in certain cases) and detergent in
the first scouring bowl was considerably higher than the equilibrium concentra-
tions frequently encountered in practice. It was shown that although the total
amount of grease carried forward by the wool to the second bowl was a func-
tion of both the amount of grease and the amount of detergent in the liquor, the
amount of grease removed from the fibre was not a function of the concentration
of wool grease in the liquor, but a function of the concentration of detergent
(Fig. 17). It was further shown that, at low (<0,1%) detergent concentrations,
the amount of grease not yet scoured from the fibre in bowl 1 was relatively
high, very sensitive to the concentration of detergent and changes in wool type,
while at high detergent concentrations (<0,5%) it was very low (tending to-
wards zero) and relatively insensitive to the concentration of detergent and
changes in wool type.

The unconventional scour was very efficient right from the commence-
ment of scouring, but without a backflow this efficiency deteriorated after a few
hours due to the rapid build-up of suspended sand in the liquor. It was conclud-
ed that the unconventional scouring of grease wool, utilising an emulsion in the
first scouring bowl of relatively high wool grease concentration, may be eco-
nomically attractive, also making a worthwhile contribution to the saving of
water and the reduction of effluent. Variability in residual grease levels was
lower than for conventional scouring and combing, tears were also better. The
relatively high detergent level present in the recovered wool grease could be
reduced by grease purification with the further possibility of re-using the recov-
ered detergent.

Turpie* also investigated whether the unconventional conditions pre-
viously claimed as producing superior results, could be brought about simply
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Fig. 17 Percentage grease not .yet scoured off the fibre in Bowl 1 versus concentration of
detergent in the liquor. (539

by allowing the grease and detergent contents of the liquor in the first bowl to
build up naturally but keeping the proportion of detergent to grease constant. It
was shown, however,that this was not so. Consequently, it was considered that
the .build-up of solids ‘in the liquor might be the key factor which limited
scouring efficiency. He also showed* that clay adversely affected scouring
efficiency by absorbing grease.and detergent.
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Turpie® further investigated the effect of certain liquor ’purification’ pro-
cedures conducied after every four hours of scouring on scouring efficiency. In
all cases scouring efficiency initially improved with time, passed through a
peak and then deteriorated. There appeared to be an optimum suint concentra-
tion at which maximum scouring efficiency took place, and above which any
further build-up of suspended solids and suint resulted in a progressive deterio-
ration in scouring efficiency. In a pilot-scale experiment on the effect of suint
concentration in the first scouring bowl on the scouring efficiency of an uncon-
ventional liquor, Turpie®® found that a suitable backflow rate, together with
suspended solids removal, were necessary in practice to achieve high scouring
efficiencies.

Turpie® carried out extended pilot-scale experiments in which liquor from
the first bowl was centrifuged for the removal of sludge, and the aqueous phase
from the centrifuge treated in a pilot- scale ultrafiltration plant for re-cycling to
the bowl. The cream phase was re-cycled to the bowl. An average backflow
rate of 2,8 €/kg of scoured wool was used to replace the volume of sludge and
concentrate discharged from the centrifuge and ultrafiltration plant, respective-
ly. Efficiency was found to decrease significantly with an increase of suint in
the liquor, and the latter also led to higher losses of grease in the concentrate
discharged from the ultrafiltration plant. Low suint concentrations and drastic
improvements in liquor handling (particularly pumping) were considered to be
of prime importance.

Studies by Turpie and Mozes™ indicated that moderately low, rather than
zero, concentrations of suint were desirable for maximum scouring efficiencies,
that a backflow would be necessary at some stage to maintain this efficiency,
and that de-stabilisation of the emulsion should be reserved for after-treatment
of the spent liquor. Destabilisation of the spent liquor with about 4% bitterns,
the magnesium-rich waste residue from a common salt recovery plant, followed
by centrifuging under suitable conditions, appeared to offer an efficient means
of obtaining high grease recoveries.

5.3 TREATMENT OF WOOL SCOURING LIQUORS

Veldsman and Turpie® reported on the removal of grease from scouring
liquors. During experiments carried out on different, specially prepared wool
scouring effluents, Turpie*® showed that the efficiency of evaporation from
evaporation ponds tended to be approximately proportional to the percentage of
the surface area of effluent not covered by grease.

Mozes and Turpie®® investigated flocculation of wool scouring liquors by
alum and polyelectrolytes and the variation in flocculation efficiency with pH
of the scouring liquor and the effluent produced from the liquor by centrifuging
for two polyacrylamide ranges of polyelectrolytes (comprising anionic, non-
ionic and cationic types). It was found that, in general, flocculation efficiencies
increased with decreasing pH values in the approximate range 5 to 8 and with
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increasing polyelectrolyte concentrations. Mozes and Turpie® also studied the
ultrafiltration of scouring liquor in-a pilot-scale ultrafiltration plant, using a
R Romicon hollow fibre cartridge and reported on the decay in the ultrafiltrate
flux with time, grease concentration and total solids, and the effects of the
concentration of grease and total solids in the feed on the quality of the ultrafil-
trate. . ;

Mozes and Turpie® investigated the microfiltration of wool scouring li-
quors and effluents on a specially designed laboratory- scale plant, their results
indicating that the microfiltration technique had potential. In further studies on
the microfiltration of wool scouring effluents using a pilot-scale plant fitted
with one of two long tubular cartridges, they™ found that an inlet pressure of
500 kPa and a backpressure of 250 kPa gave a good quality microfiltrate. A
24% decay in flux was obtained during 6 hours operation of the plant.

Certain aspects of the above work were incorporated in a Ph.D. thesis™ by
Mozes.

Turpie and Mozes® studied the particle size distribution of solid dirt in
South African fleece wools from a range of breeds. It appeared that efficient
removal of suspended solid dirt from the scouring liquors could be effected by
““micro-filtration’’ of such liquors through pores which were relatively coarse,
a pore size of about 3 wm producing a 95% rejection of the dirt.

5.4 DESTABILISATION WITH SEA-WATER, BITTERNS
AND MAGNESIUM CHLORIDE

Turpie and Mozes®™ 3 7 investigated the destabilisation of wool and
mohair scouring liquors by means of sea-water and considered it to have some
merit for operations taking place close to the sea or by using the salt constitu-
ents of sea-water. Subsequently Mozes® showed that three major constituents
of sea-water, namely sodium chloride, magnesium chloride and magnesium
sulphate were mainly responsible for the destabilising effect of sea-water on
wool scouring liquors. When treating industrial slugde with sea-water and then
passing it through a horizontal decanter and disc centrifuges in series, Mozes
and Turpie found that from 80 to 90% of the grease could be removed in the
form of a secondary sludge®*. Treatment in the same manner after storage for
several days at 65°C enhanced grease removal to 95%. Centrifugal treatment
was advantageous for all the categories of waste®. For centrifugally treated
liquors and effluents, it was found that storage (at 65°C) was important for
destabilisation efficiency. Residence times during centrifuging of 5 to 10 min-
utes seemed to be optimal in the case of all three categories of waste. Grease
removal after destabilisation was found to be correlated with bacterial activ-
ity7°7.

Subsequent studies by these and other workers®s s 72 707 724 773 786 77 821 838
centred on the use and advantages of either magnesium chloride or bitterns
(magnesium-rich waste residue from a common-salt recovery plant) in the des-
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tabilisation of scouring liquors and industrial sludges. A process called the
SAWTRI Bitfloc process was proposed™ for the treatment of sludge from the
wool scouring industry which involved an addition of magnesium chloride or
bitterns to liquid sludge, followed by centrifuging in a horizontal decanter
centrifuge. The by-products of this process were a centrate of reasonably low
residual grease content and a decanter sludge rich in grease and of spadeable
consistency.

Mozes and Turpie™ ™ showed that 6% (v/v) of bitterns was optimal for
both industrial scouring liquors and effluents. Storage was not required for
liquors whereas 5 days were optimum for the effluents. As little as 2% (v/v)
bitterns destabilised sludges. In general, grease removal was much higher for
bitterns than with sea-water.

In extended pilot-scale studies Mozes and co-workers™ monitored the
performance of a horizontal decanter centrifuge in the treatment of sludge from
wool scouring during continuous operation over two months, using bitterns as
flocculant. When 5% (v/v) of bitterns was added to the sludge prior to decanter
treatment, the decanter sludge contained over 70% of the grease and nearly
90% of the suspended solids originally present. In addition, significant reduc-
tions in the levels of bacterial count and chemical oxygen demand were ob-
tained in the aqueous discharge (centrate) from the decanter. In general, the by-
products of this treatment were a centrate of reasonably low residual grease
content and a decanter sludge rich in grease and of spadeable consistency.
About 1% of magnesium chloride was found to give better results than 5% of
bitterns™ **. In a laboratory study of the centrifugal treatment of industrial
wool scouring creams, Mozes® showed that the grease content of the grease
phase could be increased significantly and an aqueous effluent phase, virtually
free from grease, produced by addition of magnesium chloride prior to centri-
fuging.

In a pilot study®® to assess the performance of a clarifier disc centrifuge on
effluents destabilised with either bitterns or magnesium chloride it was found
that the wastes were clarified significantly at a feed flow rate of 500 €/h.
Addition of flocculant also reduced the residual grease content of the clarified
effluent and increased the solids content of the liquid sludge.

5.5 RECOVERY AND REFINING OF WOOL GREASE

Kriel er al"® investigated the pilot-scale refining of centrifugally recovered
wool grease, as well as the reduction of the ash content of the recovered grease,
using the sulphuric acid method, and the bleaching of the grease. Kriel and
Albertyn** carried out a pilot-scale investigation into some factors influencing
centrifugal wool grease recovery from wool scouring liquors.

Jamison*”® developed a laboratory-scale method for the extraction of wool
grease from raw wool scouring liquors, using perchlorethylene. The solvent
was emulsified in the liquor, and then separated from the degreased liquor
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centrifugally. Other solvents appeared to be potentially effective when used in
the same manner. The wool grease was recovered, mixed with solvent and dirt,
from which mixture it could be separated by suitable treatment. The grease
contained some detergent, however. Subsequent pilot-scale trials®' revealed
that petroleum hydrocarbon solvents had some advantages over chlorinated
hydrocarbons in the degreasing of scouring liquors. Further studies*” dealt with
pilot-plant scale scouring of raw wool with recycled liquor degreased and des-
ludged by a solvent extraction and centrifugal process. Jamison® also investi-
gated the distillation of mixtures of wool grease with white spirit and benzine,
both with and without the addition of water. A centrifugal evaporator and a
rising-and-falling film evaporator were used. The latter evaporator was pre-
ferred for reasons of simplicity and efficiency. Benzine was preferred to white
spirit by virtue of its ease of distillation.

According to Turpie and Musmeci® pllot-plant studies on the primary
centrifugal treatment of wool scouring liquors suggested that the pattern of
distribution of detergent, grease and methanol-insoluble matter in the cream,
effluent and sludge was affected by the particular non-ionic detergent selected.

In a laboratory study into the solvent extraction of wool grease from wet
sludge (water content about 40% ) Mozes* showed that 50/50 (v/v) mixtures of
dichloromethane with either petroleum spirit, n-hexane or benzine yielded
grease extraction levels of 84 to 90% on average.

5.6 MILD CARBONISING

Turpie®™ *’ proposed an alternative carbonising treatment, employing
milder, ‘““less effective’’ carbonising conditions which would allow a relatively
faulty wool to be carded and combed without the necessity to employ sophisti-
cated deburning devices to produce a clean top. The merits of such an alterna-
tive were illustrated by laboratory and pllot-scale work which indicated that
excessive loss of fibre substance and excessive damage to the fibres .occurred
when acid concentrations and immersion times in the acid bath were high, and
when associated mechanical treatinents were severe. While such conditions
were often necessary for total vegetable matter (VM) removal, the proposed
milder carbonising treatment together with the subsequent mechanical oper-
ations of carding and combmg could achieve falrly satisfactory cleanliness of
the material (for certain end-uses) while preserving or enhancing other attri-
butes such as mean fibre length, yield, and colour.
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CHAPTER 6

WORSTED PROCESSING

6.1 EFFECT OF HIGH DENSITY DUMPING

Strydom®* studied the effects of high density dumping (baling) on worsted
processing. Fleece wools (raw and scoured) and bellies (raw) were dumped in
one high density press, and subsequently converted into top. Dumping densities
ranged from 500 to 600 kg/m’ for the raw wools and around 300 kg/m? for the
scoureds, the latter being dumped at between 10 and 12% regain. Three
months elapsed between dumping and further processing of the raw wool, and
six weeks for the scoureds. No conclusive evidence of significant detrimental
effects could be detected in terms of either card wastes, percentage noil, top
and noil yield or in the Almeter Hauteur fibre length. In a follow-up study®*
two different wools were scoured industrially, pressed to approximately 300
kg/m® and stored for 6 months before processing. Both were pressed under
conditions of either ‘‘high’” or ‘‘low’’ regain. Compared with ‘‘normal’’
scoured bale densities (175 to 200 kg/m®), regain caused neither large nor
significant effects. Storage time was the largest single factor contributing to
differences in processing and top properties. As much as 75% fewer neps were
counted in the card sliver after storing the scoureds for 6 months. Card rejects,
comb noil and top and noil yields were either unaffected by storage or de-
creased slightly. On average, the tops were as much as 14% shorter after
processing scoureds stored for about 6 months.

6.2 POLYETHYLENE CONTAMINATION OF WOOL

Strydom®® carried out pilot-scale processing trials with wool which had
been packed in a new low fibrillating, high density polyethylene (HDPE) mate-
rial developed by a South African firm. The bales were deliberately excessively
damaged during conventional coring and grab sampling to accentuate differ-
ences between this material and conventional HDPE pack material. The remov-
al of HDPE remnants during processing was subsequently studied by seeding
scoured wool with HDPE strips on the feed lattice of the card and analysing the
processing wastes. Compared with the conventional pack, the new pack was
found to contaminate the wool to a lesser degree than the conventional pack.
The low fibrillating type also appeared to be more readily removed during
processing than the conventional type.

6.3 CARDING

Godawa' studied the effect of speed variations at the forepart of 2 worsted
card (clothed with flexible clothing) on fibre breakage as well as aspects relat-
ing to the entanglement of the scoured wool, residual grease content and addi-
tion of lubricant. An optimum surface speed ratio of 105 to 1 between the
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breast and feed rollers was established, while increasing the speed of the fore-
part of the card (up to the breast) by 20% effected some further 1mprovements
in mean fibre length. An open scour and the addition of lubricant prior to
carding (to bring the ether extractable matter to 1%) improved carding.

Aldrich et al* investigated the carding and combing of 64’s quality Mer-
ino wools differing in fibre length. Fibre breakage in carding was found to
increase almost linearly with increasing fibre length, with more open card
settings giving more efficient processing. According to the combing noil and
mean fibre lengths of the tops, considerable reductions in fibre length occurred
during the processing of long wools due to fibre breakage during carding (Fig:
18)s.

Turpie et al*® compared the carding performance of fillet and metallic
clothing and found that the single-swift metallic card gave results which fa-
voured its use in preference to the double-swift fillet or double-swift metallic
cards for a long wool of 64’s quality which was free to nearly free of vegetable
matter. Fewer neps were produced with metallic clothing but the removal of
vegetable matter was poorer. Turpie*’ studied the ability of the card to disen-
tangle wools which had already been carded or combed and concluded that the
creation of fibre hooks by the card limited its ability to disentangle fibres and in
cases of carded or combed wools an increase in entanglement could actually
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take place during carding. The use of such materials of low initial entanglement
provided an insight into the ultimate disentangling power of a card.

Turpie®* showed that increases in the card production rate per swift revo-
lution produced a significant deterioration in both carding and combing
performance, whereas a reduction in the speed of the main driving pulley to the
card produced effects during carding and subsequent combing which were
mostly marginal and of little practical consequence.

6.4 NOBLE COMBING

Kruger er al* investigated the factors which influence the dabbing forces on a
Noble Comb using an apparatus which simulated the actual dabbing process, a
reduction in dabbing force being related to a reduction in noil. It appeared that
the force required to push a brush into a bed of pins, depended primarily on pin
density, temperature of the pins, presence and type of oil, pre-gilling oper-
ations, sliver thickness, and fibre diameter, in that order. Other factors affect-
ing this force, but which were of a more secondary order, were depth and speed
of dabbing, regain, and tautness of the sliver.

Turpie and Kruger™ investigated the influence of circle temperatures on
percentage noil and found that the use of hot small circles produced the least
noil. Significant differences in large-circle temperature requirements were
found, however, for first and re-combing. In the case of re-combing minimum
noil was obtained when the large circle was cold. The percentage noil in the
case of re-combing depended to a large degree on the temperature difference
between the large and small circles. In the case of first combing the percentage
noil was not dependent on the temperature difference but rather on the absolute
values of the temperatures of the small and large circles. In a subsequent study
Turpie and Kruger*® used unconventional techniques to separate the combed
slivers from the small and large circles (Fig. 19). The regain of the tops, the
ratio of sliver weights from the large and small circles, the holding power of the
large circle and the percentage noil patterns for different temperature combina-
tions were investigated for both first combing and re-combing (Fig. 20). Some
of these factors were also investigated under conventional combing conditions
at different outside drawing-off roller (O.D.O.R.) settings. Circle temperature
combinations for minimum noil for the different combing conditions were out-
lined. Different patterns observed in these and the earlier experiments*? were
ascribed to changes in O.D.O.R. setting, ether extractable matter and with-
drawal force of the ingoing slivers.

In a further study** the effects of changes in the level of ether extractable
matter on the percentage noil-temperature patterns were studied at fairly close
settings of the O.D.O.R. The temperature requirements of the large circle for
minimum noil changed from cold for low ether extractable matter to hot for
higher ether extractable matter. It became apparent that at least three factors
affected the percentage noil-temperature relationships for different wools and
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different comb settings, namely the O.D.O.R. setting, the level of ether ex-
tractable matter and the degree of entanglement of the slivers. This work
formed the basis of an M.Sc. thesis™ by Turpie.

In further studies®® “* it was found that not only was the withdrawal force
of overwhelming importance in its influence on percentage noil, but that this
force was also an important factor as regards the choice of temperature for
minimum percentage noil at each setting of the outside drawing-off roller. The
m.f.1. and noil results obtained could be explained on the basis of the interac-
tion of fibre migration and fibre breakage. Therc was a general tendency for
m.f.1. to increase with increasing large circle temperature and also with in-
crease in O.D.O.R. setting. At low withdrawal forces a significant improve-
ment in m.f.l. was observed as well as a substantial decrease in percentage
noil.

The separation of short fine ‘‘down’’ and coarse (beard) karakul hairs on
the Noble comb was subsequently investigated by Turpie and Kruger** 2 and it
was found that they could be separated efficiently by using a large circle of high
pin density and a small circle of low pin density. The two combed slivers were
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produced simultancously and differed significantly in fineness and length. Kru-
ger’” reviewed the various methods (carding and combing) investigated at
SAWTRI for separating fibres of different diameters which could be applied to
separate, for example, karakul ‘‘down’’ from its coarse component and kemp
from mohair.

Turpie®” studied the removal of kemp from wool by means of the Noble
Comb and found use of wide settings on both the outside and inside drawing-
off rollers best for reducing the amount of medullated fibres, lower pin densi-
ties on the large circle being recommended for increasing the fibre length and
decreasing the fibre diameter of the top. For better removal of medullated fibres
by unconventional techniques, whereby the combed slivers from the large and
small circles were kept separate, had merit together with the use of low small-
circle temperatures and high large-circle temperatures.

6.5 RECTILINEAR COMBING

6.5.1 Effect of Different Lubricants

Kruger'® > 2 reported on the influence of lubricants in rectilinear comb-
ing and found that small additions of lubricants resulted in improved combing
conditions, optimum combing performance being obtained in each case at
about 2% fatty matter for vegetable and mineral oils and at about 1% for the
water-soluble compounds. Oil viscosity affected the efficiency of lubrication.
Large amounts of oil present on the fibres resulted in a reduction in the number
of neps present in the top, due to an increase in the size of the existing neps.
However, the addition of oil up to the optimum value had little influence on the
number of neps. Optimum withdrawal force was at about 5% oil (also optimum
noil).

Turpie* studied differences in performance during carding and rectilinear
combing brought about by the application before carding of fourteen different
lubricants. It was found that the mean fibre length and short fibre content of the
tops and the percentages of noil obtained during combing were more satisfac-
tory with certain lubricants than with others. An application level of 0,3%
added active matter was generally found to give optimum results. The active
matter content varied widely between lubricants (from 20 to 100%) so that
actual optimum levels of application could vary from 0,3 to 1,5%.

Strydom® later also compared the effect of various commercial processing
additives on the worsted carding and combing performance of two *‘different’’
wools under ‘‘normal’’ (65% RH and 20°C) and ‘‘adverse’’ (26°C/55% RH)
atmospheric conditions. Differences between products and between the results
for the different atmospheric conditions in terms of card waste, comb noil and
fibre length distribution in the top were generally small. The processing of the
good quality wool appeared to be insensitive to variations in the total extract-
able matter levels, but in the case of the inferior quality the best results were
obtained at a pre-comb level of around 0,9% (omw).
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6.5.2 Effects of Machine Settings and Moisture Levels

Godawa et al'* carried out a series of experiments to determine the factors,
some of which were identified by other workers, which could affect the comb-
ing performance of two rectilinear combs (St. Andrea and Schlumberger). It
was found that the percentage noil and the mean fibre length increased with
increasing gauge settings. Fibre breakage appeared to follow a complex pattern

- with gauge setting, and the two combs did not appear to follow the same trend.
There was, however, significant fibre breakage even at optimum comb settings.
An optimum gill amplitude setting occurred at approximately 6,5mm, mini-
mum fibre breakage occurring at this setting.

Turpie and Kruger* investigated the influence of moisture on carding and
rectilinear combing performance and found that the performance of rectilinear
combing was improved by combing at high regains (at least 22% in Fig. 21).
Practical values for relative humidity during gilling and combing appeared to be
between 68 and 80% . Carding of scoured wool at increasing regains resulted in
larger amounts of noil (Fig. 21). Carding at low regains, with an antistatic
agent applied before carding, was found to be beneficial provided water was
added during gilling to maintain the optimum regain for combing.

Aldrich™ investigated the combing performance of three types of comb
cylinders on the basis of top cleanliness, mean fibre length of the top and fibre
breakage. A comb cylinder with flat pins on the fine segment was found to give
only slightly less noil, but produced a top containing many more neps and
vegetable particles than one produced by a comb cylinder with round pins
throughout. A comb cylinder with saw-tooth type pins gave a performance
equal to that of a conventional comb cylinder as far as top cleanliness, m.f.1.
and fibre breakage were concerned. The mechanical strength of the former,
however, was found to be superior to that of a conventional comb cylinder.

Kruger and Aldrich®® showed that fibre breakage was linearly related to
comb gauge setting. Different types of combs did not produce appreciable
differences in percentage fibre breakage, while five preparatory gillings result-
ed in lower fibre breakage than 3 gillings. Only a moderate increase in the
mean fibre length of the top resulted when the gauge setting was increased
while the amount of noil increased appreciably. The amount of fibre breakage
seemed to be related to the migration of fibres, and consequent disarrangement
of fibres behind the top comb, during drawing-off.

Aldrich and Kruger*s showed that percentage noil depended upon gill-
feed, particularly at large gauge settings and a gill-feed giving a minimum
percentage noil was found to exist at each gauge setting. The optimum gill-feed
value increased linearly with gauge setting.

Percentage fibre breakage decreased slightly with increasing gill-feed at all
gauge settings, and increased with increasing gauge setting.

Aldrich and Kruger*® * developed an apparatus for simulating the with-

SAWTRI Special Publication — November 1987 51



/s NOIL

°ls NOIL

% REGAIN BEFORE COMBING

RH.= 80% RH.= 68 % RH.=55"%

— ® ° °
16 » IC
5
L] 20 2% 16 20 24 16 20 2

REGAIN OF WOOL IN CARD HOPPER (%) REGAIN OF WOOL IN CARD HOPPERCAJREGAIN OF WOOL IN CARD HOPPER(*s)

Fig. 21 Effect of regain on combing noil(346)

drawal action of a rectilinear comb, allowing the measurement of the force
necessary to withdraw a tuft of fibres from a pin bed at high speed. The average
withdrawal force per fibre was well below the breaking strength of the fibres.
The contribution of the withdrawal action to the fibre breakage encountered in
rectilinear combing should, therefore, be small.

Aldrich and Kruger* investigated the influence of gauge setting and gill-
feed on the efficiency with which the rectilinear comb removed impurities. The
nep content of the top decreased with increasing gauge setting, provided an
efficient top comb was used, vegetable particle content decreasing with increas-
ing gauge setting. At very small gauge settings, the nep content of the top
increased with increasing gill-feed, while at higher gauge settings it showed a
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tendency to decrease. The number of vegetable particles in the top increased
with increasing gill-feed.

Aldrich and Kruger*® investigated the influence of the gap between pins,
percentage void, pin density and pin thickness on the combing performance of
top combs and established values for the gap and percentage void of the top
comb, giving a minimum impurity content in the top. No significant influence
of top comb characteristics on the mean fibre length and CV of fibre length of
the top could be found. The characteristics of the top comb appeared to be
relatively more critical than those of the cylinder in respect of the removal of
impurities. In a subsequent study*” they compared the combing performance of
a double top comb (Fig. 22) with that of the single top comb. For equal gauge
settings, the double top comb produced more noil but a top having fewer
impurities and a longer mean fibre length than the single top comb. The use of
the burr beater resulted in a small improvement in top cleanliness. Certain of
the above work on the rectilinear comb formed the basis of a Ph.D. thesis by
Aldrich®®.

Turpie* investigated the effect of applying water to wool slivers during
gilling on rectilinear combing. Optimum percentage noil was obtained when
the combed sliver emerged with a regain of 22%, while production rates de-
creased with increasing regain.

Godawa and Turpie™ fitted the top comb of a rectilinear comb with a
thermostatically controlled heating element, and the temperature of the top
comb pins was regulated between room temperature (21°C) and 90°C. There
was a small reduction in percentage noil when the top comb was heated up to
60°C, the reduction of percentage noil being due to more short fibres migrating
into the top.

Turpie and Benecke®™ investigated the effects on combing performance of
variations in sliver linear density both within and between slivers entering the
comb. It was shown that large variations in the ‘‘within-sliver’” CV of linear
density had no effect on percentage noil, mean fibre length or cleanliness of the
tops. While it was preferable to have a low ‘‘between-sliver’’ variation in linear
density, the comb was able to withstand fairly substantial variations in this
parameter without adversely affecting combing performance.

Turpie and Klazar*® found no detectable change in the combing perform-
ance of the rectilinear comb over the range of speeds from 50 to 165 nips/min.
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CHAPTER 7

WORSTED PROCESSING PERFORMANCE OF
SOUTH AFRICAN WOOLS

7.1 EFFECT OF RAW WOOL BLENDING

Turpie and CO-workerss?s 533 564 57 619 629 682 698 732 756 772 832 833 can'ied out a series
of wide-ranging studies, in which more than 120 different wool lots were
processed, to establish and quantify the effect on processing behaviour, of
blending wools (e.g. farmer lots) which differed in their basic fibre characteris-
tics, such as diameter and length, as well as the blending of fleece and non-
fleece wools. One of the main aims was to establish whether the processing
behaviour of a blend (mixture) of wools could be predicted accurately from the
behaviour of its components. It was found that although there were some ex-
ceptions, the processing behaviour of a mixture could be predicted fairly accu-
rately from the behaviour of its components (i.e. the mixture behaved largely
according to the weighted means of its components). When scouring was car-
ried out under carefully regulated conditions, the subsequent worsted process-
ing performance, including spinning, appeared to be solely a function of fibre
properties. The work indicated that, as far as the technical requirements of
topmaking and spinning are concerned, quite a significant reduction in the
number of different long wool market types may be possible, but this would
depend on the needs and ‘practical limitations within the industry. The main
findings are given below.

Initial studies on mixtures involving different class descriptions

Initially,** ** work was carried out on mixtures which conformed in
length, diameter range and composition to normal accepted trade practice, and
which were of style and quality commonly sought after in day to day trading.
The results indicated that up to the spinning stage, although large differences
were recorded between the performance of the various class descriptions of a
given length, the mixtures behaved, in most respects, as had been predicted.

Deterioration in style generally resulted in a deterioration in topmaking
performance, particularly during combing but not on spinning performance.
The conversion ratio, however, was largely independent of style (Fig. 23)*.
Previously Turpie** showed that a deterioration in style, due to weathering,
caused a deterioration in combing performance.

Mixtures involving different diameters and lengths

Further studies® *° were carried out on mixtures which did not conform to
normal trade practice at that time, in that the components selected embraced
limited variations of around 10 mm in length and 2um in mean fibre diameter.
Mixtures (50/50) of fleeces with fleeces and of bellies with bellies, were consid-
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ered. Again, it was not possible to detect any significant differences in the
performance of the blends relative to the predicted values up to the spinning
stage.

Subsequent studies™ were carried out on 50/50 mixtures of fleece lots
having components which varied by up to 5 um in mean fibre diameter. With
few exceptions results up to and including the top stage showed that the um
blend level (i.e. the difference in the mean fibre diameter of the blend compo-
nents, expressed in wm) had no apparent effect on processing performance up
to the combing stage. With regard to spinning, however, it was shown that the
pm blend level did have some effect. To maintain a commercial end breakage
rate, it was shown that spindle speeds would have to be reduced by about 230
rev/min for every unit increase in um blend level (Fig. 24). Results for MSS
confirmed this trend.

It was also shown*” that the finer wools suffered more fibre breakage than
the coarser wools during conversion to tops, the staple length to top mean fibre
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iength ratio decreasing from about 1,3:1 for a 20 um weol to about 1:1 for the
wools coarser than about 22um.

Further studies were carried out on 50/50 mixtures of fleece lots having
components which varied by up to five primary length classes, the primary
length classes studied being 6/8, 7/9, 8/10, 9/11, 10/12 and 12 months®® equi-
valent to unstretched staple lengths of 46, 53, 60, 67, 74 and 81 mm, respec-
tively. The term ‘‘length blend level’’ was used to indicate the number of
primary length classes by which the blend components differed (Fig. 24).

The effect of relatively large variations in both diameter and length on the
blending of fleece wools (in equal proportions) was also studied*. While the
blending of raw wool lots differing widely in length was previously® found not
conducive to optimum carding and combing performance, no significant effects
were found in this case®. In both cases, however, there was evidence that the
spmnmg potential actually improved when the length blend level was increased,
in some cases quite significantly™ ** (Fig. 24).

7.2 EFFECT OF BLENDING FLEECES WITH OUTSORTS

Turpie and co-workers™ " studied the effects of blending raw wool
fleeces with outsorts on subsequent processing performance up to spinning to
extend the work carried out by SAWTRI on raw wool blending. Three lots of
good topmaking fleeces (long, medium and short), nine lots of bellies (long,
medium and short lengths each in three different levels of vegetable fault) and
six lots of backs (long and medium lengths, both in three different styles,
namely good topmaking, average topmaking and inferior) were processed indi-
vidually and also in fifteen specific blends. With a few minor exceptions it
appeared that blending of these outsorts and fleeces did not detrimentally affect
the processing performance up to and including the spinning stage as predicted
from the weighted mean performance of the component parts (i.e. relative to
the performance or behaviour predicted from that of the components when
processed on their own).

Strydom and Turpie™ also studied the blending of inferior style fleeces
with either bellies or backs of similar quality but varying either in vegetable
fault or style. Long, medium and short fleeces and beilies and two long and
medium backs were selected. The fleeces, bellies and backs were processed
individually up to the spinning stage and also in predetermined 50/50 blends.
These blends comprised medium length fleeces with long outsorts, long fleeces
with medium outsorts and short fleeces blended with the short bellies. Differ-
ences between actual and predicted performance and properties in general,
were small and from a practical point of view could not be considered as large
enough to conclude that blending of these outsorts and fleeces had a serious
detrimental effect on processing performance relative to that predicted from the
behaviour of the components.
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7.3 EFFECT OF FIBRE PROPERTIES

In one of the earliest studies on the processing behaviour of South African
wools, Kruger er al'® compared the properties and behaviour of a group of
fleeces with a high fluidity grease (oil-tip or tigerstripe) with those of a group of
fleeces with low fluidity grease (white tip). The latter tended to be more weath-
ered and appeared to have a poorer processing performance than the former,
although it was difficult to draw meaningful conclusions in view of differences
in the mean fibre length and diameter of the two groups of wool prior to
processing.

In a limited study™ the processing performance of a Mutton Merino wool
(24 pm, 75mm in fibre length in the greasy state, 6,4 crimps/cm) was com-
pared with that of a 56/58’s quality (26,7um) Australian wool. The former
processed well and produced bulky yarns for knitting, the knitted fabric felting
less than the one Australian wool during washing because of its higher crimp
and good resiliency.

In another limited study Turpie and Shiloh** compared the processing
performance of two wools differing mainly in crimp and found that the two
wools performed similarly in carding, whereas the combing performance of the
undercrimped wool was better. This wool also produced stronger and more
regular yams.

Turpie and Hunter™® investigated the effect of changes in CV of fibre
length on spinning performance and found no consistent effect on end breakage
rates during spinning, whereas the yarn tensile and evenness characteristics,
particularly the frequency of neps, tended
to improve slightly with a decrease in the CV of fibre length, the effect being
largest for the finer yarns.

In a series of wide-ranging studies, in which close on 400 wool lots were
eventually processed into top on full-scale worsted machinery Turpie and co-
workers®® ¢ 7 2 833 83 93 quantified the effects of various raw wool characteris-
tics, such as length, diameter and crimp, on worsted processing performance
using multiple regression analysis. The question as to the effects of breed per se
on processing behaviour was also addressed and clarified.

Both multiquadratic and log-log regression analyses were carried out and
it was found that, in most cases, the two types of analyses produced a similar fit
to the data. Generally more than 80, and often more than 90%, of the observed
variation in the characteristics of the tops, including spinning performance,
could be explained in terms of fibre characteristics. Wools which were either
longer, coarser, of better style or less crimped (Fig. 25), were found to produce
less noil. The mean fibre length of the top improved with an increase in staple
length and fibre diameter and with an improvement in style.

Mean fibre diameter was generally the most important fibre parameter,
followed, by mean fibre length and staple crimp (or resistance to compression).
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Within the normal practical ranges, the coefficients of variation (CV’s) of
diameter and length generally had a small effect, an increase in CV of diameter
tending to affect spinning performance adversely (Fig. 26) whereas, if any-
thing, an increase in the CV of fibre length had the opposite effect. Where an
increase in fibre crimp had a significant effect, all other fibre properties being
constant, the effect tended to be an adverse one. Such wools were, therefore, at
a disadvantage within the context of this study (Figs 27 and 28).

At a given yarn linear density, spinning performance, as measured by the
mean spindle speed at break (MSS), improved with a decrease in mean fibre .
diameter (main effect), staple crimp and CV of diameter and with an increase in
mean fibre length and CV of fibre length (Figs 26 and 27).

Mathematical relationships (regression equations) were derived and docu-
mented to allow the effects of the various fibre properties on processing
performance to be predicted on the basis of the measured fibre properties (ex-
amples are given below):

% Noil = 4,27W16 + 0,008 W11.W3 - 0,204 W14.W16 - 0,454 W3.W16
+ 0,296 W16.W21 - 0,009 W10.W16 + 0,315 W16* - 0,011

W10.W21 + 7,5
71,7% fit

Top & Noil Yield % = -0,003 W20 + 0,002 W10.W20 - 0,002
W10.W1i4 + 1,156 W20 + 1,13
87,8% fit
Single Fibre Length(mm) = 1,94 W10 + 0,079 W3.W14 - 0,014 W23 W16
- 0,005 W10? - 0,127 W10.W16 + 8,95 W16 -
43,7
88,0% fit
Almeter Fibre Length(mm) = 1,890 W10 - 0,075 W14.W16 + 0,085
W3.W14 - 0,0048 W10?- 0,127 W10.W16 +
7,441 W16 - 39,7
87,6% fit
CSS = 3,682 + 7,54Z.P24 + 1,67Z.P25 - 30,55P15.W16 - 1,72P16.P24 -
1,15P24* + 1423
85,6% fit

CSS = 19.91 Tex* + 14,8 Tex.P24 + 8,14 Tex.P25 - 10,86P15,P16 -
8,74P15,P24 - 3,55P15,P25 - 2,58P24.W16 + 11250
84,7% fit

MSS= 1105Z + 441P15 + 183P24 - 6,27Z* - 12,8Z.P15 - 1.72Z.P24 -
1,19P24* + 2,48P24.P25 - 1,49P25* - 27307
82,7% fit

MSS = 430 Tex - 1151P15 + 32,8P25 - 21,6 Tex* + 36,4 Tex.P15 + 18,56

Tex.W16 - 94,3P15.W16 - 1 08P16 P24 + 24,4P24. W16 + 21302
80,7% fit
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Where W3 Style index
W10 Staple length, unstretched (mm)
W11 CV
W14 Mean fibre diameter (wm)
W16 Crimp frequency (no/cm)
W20 Wool base (%)
W21 VM clean (%)
W23 Methylene blue dye exhaustion (%)
P15 Mean fibre diameter of top (um)
P16 CV (%)
P24 Mean fibre length of top (Almeter Hauteur) mm
P25 CV (%)
Z No. of fibres in yarn cross-section

This study has generated valuable data on South African wools and their
processing, some of which are summarised in Table III.

7.4 EFFECT OF SHEEP BREED™ = = 5=

It is well-known that certain breeds of sheep produce wool which, on
average, differ in certain important characteristics (e.g. length, diameter and
crimp) from those of the Merino and which, therefore, will perform differently
during mechanical processing and in the yarn and fabric as illustrated by the
trends reported on elsewhere. What needed answering, however, was whether,
over and above these measurable differences, there were other differences be-
tween the wools originating from the different breeds which were reflected in
their behaviour during mechanical processing up to and including spinning
(Figs 29 and 30).

From multiple regression analyses and graphical techniques®* ® *2 ** it
appeared that, in the main, once the measured differences in fibre properties were
taken into consideration and corrected for, breed per se had little, if any role, in
determining the processing performance.

" The findings of the study therefore showed that, although different breeds
of sheep often produce wool which differ from each other in fibre characteris-
tics, such as length, diameter and crimp (as in fact also happens to a certain
extent within a breed) and which therefore also perform differently during pro-
cessing, the behaviour of a wool during processing is largely governed by its
objectively measurable fibre properties (including staple crimp or resistance to
compression) irrespective of breed.
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TABLE III
MEANS AND RANGES: GREASY WOOL CHARACTERISTICS AND PROCESSING DATA s
MERINO S.A.MUTTON MERINO DOHNE MERINO LETELLE CORRIEDALE
GREASY WOOL PARAMETERS N
Mean | Min. | Max. | Mean | Min. | Max Mean' | Min. Max. | Mean | Min. | Max. | Mean Min. | Max.
Mean Fibre Diameter (xm) 21,7 18,2 283 | 228 20,5 27,1 22,1 19,4 | 25,7 20,5 | 19,3 21,6 28,3 23,3 | 336
Mean Staple Length (mm) 69 34 108 76 57 110 82 55 104 78 52 98 89 63 140
CV of Staple Length (%) 16,4 7,0 40,9 16 10,9 | 30,0 12,4 8,8 16,0 12,1 9,0 14,7 16,8 9,0 28,4
Wool Base (%) 51,5 36,6 61,5 49,5 29,8 59,1 53,8 42,2 62,0 | 52,3 | 359 59,3 55,7 48,7 | 63,6
Grease Content (%) 14,6 9 10,8 8 15 13,5 9 19 14,0 10 20 10,8 6 19
Vegetable Matter (%) 2,0 0,2 20,3 2,03 0,2 8,9 1,7 0,4 5,6 14 0,3 3,2 1,0 0,1 3,0
Staple Crimp Frequency (cm?) 3,7 1,9 6,3 5,1 4,1 5,9 4,3 3,0 53 4,7 4,1 5,8 2,6 1,0 3,3
Duerden Crimp Ratio 0,91 0,64 1,30 1,38 0,87 2,1 1,08 0,74 2,54 1,04 | 0,82 1,24 1,17 0.69 | 1.43
PROCESSING PARAMETERS

Scoured Yield (%) 61,9 44,6 73,7 59,8 39,9 70,5 64,2 49,3 74,9 60,7 43,1 68,1 66,7 59,8 76,1
Card Rejects (%) 6,0 1,9 23,3 6,4 2,7 16,5 54 2,4 10,0 53 2,6 14,9 5.0 2,7 8,4 .
Comb Noil (%) 85,7 1,2 45,0 6,2 3,5 11,8 4,4 2,0 7,4 5.9 3,1 9,6 2,3 1,1 5,7
Top and Noil Yield (%) 58,5 | 40,2 | 734 | 57,0 | 333 | 70,2 | 62,0 | 450 | 746 | 58,6 | 367 | 66,5 | 64,4 | 57,1 | 75,1
Fibre Diameter (.m) 21,7 18,1 28,2 22,6 20,5 26,4 22,3 19,5 | 24,9 [ 20,6 19,6 21,3 28,5 23,3 | 33,6
CV of Diameter (%) 23,2 19,0 28,2 20,7 19,0 23,1 20,8 18,8 22,7 20,9 17,7 22,5 23,3 20,0 27,6
Resist. to Compr. (mm) 15,7 13 2! 20,3 1 24 18,4 1 24 19,4 1 23 15,8 1 20
Almeter Hauteur (mm) 57,2 314 98,3 54,7 39,5 73,0 61,3 49,5 77,0 58.2 40,3 74,0 70,7 51,3 | 115,0
CV of Hauteur (%) 44,9 20,6 | 59,0 49,3 34,2 63,2 49,3 354 | 60,2 | 48,7 34,5 | 63,6 51,1 39,0 | 66,3
Short Fibre (% < 25 mm) 103 | o001 | 32,8 | 12,5 3,4 33,1 10,8 30 | 20,5 [ 11,8 3,0 28,8 7,7 1,0 | 13,7
Long Fibre (L @ 5%, mm) 95,7 | 48,0 | 147,5 | 98,6 | 76,2 | 1280 | 96,8 | 91,0 | 1390 | 940 | 89,0 | 127,0 | 120,4 | 85,7 | 188,0
MSS (Rev/min) 10682 | 5400 | 13700 | 10535 | 6900 | 13000 | 10816 7000 | 13700 | 11114 [ 7200 | 13500 | 11209 7400 | 13200
No of Lots Processed 292 18 14 10 15
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7.5 INTER-PORT DIFFERENCES

Turpie®® compared the processing performance during topmaking of a 12
months 60/64’s good topmaking wool from the ports of Durban, Port Elizabeth
and Cape Town. An interesting finding, was the apparent rdle played by crimp,
the Cape Town wools in this specific instance having a poorer processing
performance because of their overcrimped nature. In a later study on a 10/12
months 60/64’s good topmaking wool, he™ found only slight differences in the
topmaking performance of the wools from the different ports. The differences
which were there were thought to be due to slight differences in staple crimp,
compressibility or weathering. Turpie and Robinson’™ found no significant
inter-port differences during spinning or weaving, yarns and fabrics also being
practically identical™.

7.6 RELATIVE PERFORMANCE OF LOCAL
AND IMPORTED WOOLS

Robinson and Turpie™ compared the performance and physical properties
of fibre, yarn and woven fabric produced from a 64’s quality imported Merino
wool, a Cape Merino 64’s wool and a 50/50 blend. The two raw wools were
closely matched, the only significant difference being the higher CV of staple
crimp of the imported wool. Differences in processing performance were
slight, and there were no significant differences in yarn properties and perform-
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ance durmg preparation or weaving. The three fabrics had very similar phys1cal
properties.

7.7 INTERLABORATORY TOPMAKING TRIALS

Strydom ez al*** * ** obtained a measure of the interlaboratory variation in
pilot-scale worsted processing test results by processing twelve replicate
batches of S.A. Merino bellies and backs into tops at SAWTRI and the CSIRO
Division of Textile Physics in Australia. There was good agreement between
the two laboratories in terms of observed trends as well as the relative ranking
of the wools in terms of processing criteria. There was no difference in mea-
sured top and noil yields although other parameters such as scoured yields, card -
waste and comb noil differed systematically. These differences could be attrib-
uted largely to differences in equipment and differences in processing condi-
tions between the two laboratories. The results confirmed both the usefulness
and the validity of mini- and pilot-scale techniques in worsted-processing re-
search aimed at ranking wools and assessing processing differences in general.

7.8 EFFECT OF STAPLE STRENGTH*

Cizek and Turpie®2 ¢ 2 9 %8 3,93 5 showed that the SAWTRI length/
strength tester developed for the automatic measurement of the profile, length
and strength of raw wool staples, provided useful information for predicting
combing performance, top and noil yield and the top length characteristics. It
was also shown that collective information on staple profiles could have useful
application in the prediction of the length distribution in wool and mohair tops.

In a study (to be published) involving 17 batches of wool varying in
diameter, length and staple strength characteristics, it was shown that the staple
strength characteristics played an important r6le in determining percentage noil,
hauteur, tail length and short fibre content of the resultant tops. It was shown
that tenacity should be measured both at standard gauge and at short gauge (20
mm) to more fully explain certain trends.

- The following relationships were obtained: :
% Noil = 0,00185X:Xs + 0,00114X: - 0,0077X:Xs + 12,8 85,7% fit

Hauteur = 0,0087X.X. - 0,0105X-X. + 48,4 - 90,3% fit
Tail Length = 0,0163X.X: - 0,0018X: - 0,0044X.X. + 20,9 94,2% fit
% Short Fibre = 0,0090X.X; - 0,0049X:X. - 10,7 72,6% fit

Where X: = Staple length (mm)

X: = The magnitude of the thinnest place
X5 = The position of the thinnest place
X: = Tenacity at standard gauge

Xs = Tenacity at short gauge

Xs = Mean fibre diameter

* See also Chapters 3 and 22.
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The tops were converted into yarns and the yarns tested. It emerged that
the effect of staple strength on yarn properties was largely due to its effect on
the fibre length characteristics of the top, i.e. on the fibre breakage pattern
during processing. There was some indication, however, that in addition to
this, the lower levels of staple strength were associated with higher CV’s of
yarn extension and work to break. A statistical analysis of the data confirmed
earlier findings that the yarn properties can be fairly accurately predicted in
terms of the fibre properties such as diameter length and crimp.

7.9 EFFECT OF TOP WITHDRAWAL FORCE

Kruger'* 2° «s 43 and Aldrich* developed a withdrawal force tester for
tops and slivers which allowed the forces required to draw a sliver beard
through a stationary bed of pins to be measured (monitored and recorded) by
means of a strain gauge assembly. Fibre length was found to be reflected in the
shape of the withdrawal curve and this fact was explored as a means of measur-
ing fibre length. It was shown'?* that withdrawal force measurements could be
used to indicate the extent of fibre alignment during the processing of card
sliver and to assess the optimum conditions for slivers in their preparation for
combing. Up to three gillings improved fibre alignment and so did higher drafts
in gilling, particularly in the first gilling. Withdrawal forces varied for the
different directions of the card sliver and a linear relationship was found be-
tween the average withdrawal force and percentage noil. The withdrawal force
was related to fibre alignment and percentage noil*® “* ** during combing and
also -determined the choice of needle temperature for minimum noil during
noble combing. The forces required to withdraw fibres in combs of variable pin
density were measured and it was found' that increasing pin density produced
significant increases in withdrawal forces. Fibre breakage during rectilinear
combing was ascribed to poor fibre alignment and the presence of fibre hooks.

7.10 PROCESSING LOSSES

Turpie® measured the processing losses during topmaking for a limited
selection of (six) medium/short South African wools varying in vegetable mat-
ter content. It was found that, although the actual drycombed top noil yields for
a specific level of top cleanliness were highly correlated with the yields predict-
ed by the core test, the actual yields sometimes differed appreciably. Further-
more, the actual processing losses did not bear any significant correlation with
the values for processing allowance, which appeared to depend on both VM
clean and wool base.

Turpie er al** showed that actual fibre losses, sustained during the pilot-
scale processing of 57 lots of short wools and outsorts, expressed as a percent-
age of the measured bone-dry, clean-scoured wool, ranged from 5 to 25% and
could not be explained adequately in terms of fault content or type of fault only.
Inclusion of data on the fribbiness of the wools (see 7.12), which were obtained
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by a test especially devised for this purpose, significantly improved the predic-
tion of fibre losses. Equations for predicting top and noil yields of short wools
and outsorts were presented which allowed a more accurate estimate of yields
than had been possible using the existing IWTO conversion formulae.
Turpie et al*® ** clearly illustrated the effect of ‘‘fribbiness’’ on processing
losses, an increase of 1% in fribbiness increasing fibre losses during processing
by about a 0,5%. ‘‘Double cuts’’ were an important source of ‘‘fribs’’ and
therefore an important cause of fibre loss during processing (see 7.12).

7.11 PROCESSING FAULTY WOOLS

Godawa and Turpie*® determined the best processing route for a blend
comprising three wools differing in vegetable matter content, with the most
heavily contaminated wool being described as ‘‘carbonising’’. It was found that
similar results were obtained whether the wools were processed on their own,
blended during gilling, blended prior to carding or blended in the greasy state.
The tops produced from the wools which were blended prior to carding or in the
greasy state, however, tended to be marginally shorter.

Schmidt and Turpie® investigated the influence of atmospheric condi-
tions, initial regains before carding and water added during gilling on the
performance up to combing of two different wools, heavily contaminated with
vegetable matter. From the results obtained, practical conditions suitable for
the processing of such wools appeared to be an RH of about 70%, a tempera-
ture of at least 21°C, a regain on the wool entering the carding machine of about
12% and an amount of water applied during gilling of at least 5% (o.m.f.).

7.12 EFFECT OF MECHANICAL SIFTING ON PROCESSING
OF LOCKS

Strydom™ processed binned Merino locks containing up to 2% seed, in
three length categories through a mechanical sifting apparatus, producing three
components in each case namely ‘‘long’’ and ‘‘short’’ components (compared
with the unsifted control) and a ‘‘waste’” product. Top and noil yields and
mean fibre lengths for the ‘‘long’’ component of each type were generally
better than those of the unsifted control batches, while the ‘short’’ components
generally processed worse than. the unsifted control batches. These differences
were also reflected in subsequent spinning tests. The appearance of the long
component was considerably better than that of the unsifted control.

Subsequently Strydom® blended three lots of average to inferior fleeces
(in a 1:1 ratio) with long, medium and short locks, either in the unsifted state or
after processing through a mechanical sifting apparatus to remove fribs, dags
and other impurities. Sifting, in general, had a beneficial effect on processing.
In general, the differences between the actual and predicted processing
performance, properties of the tops and spinning behaviour were not signifi-
cant.
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Strydom* also processed long, medium and short, good to average style
bellies, in blends with an appropriate length class of locks after the latter had
been sifted and confirmed the beneficial effect of sifting in terms of improve-
ments in fribbiness of the raw wool, fibre length, card wastes, comb noil and
top and noil yields. Card waste, comb noil and the short fibre content of the
tops tended to increase with an increase in fribbiness (Fig. 31). The improved
length characteristics of tops produced from the sifted batches were reflected in
improved spinnability.

7.13 PROCESSING KARAKUL AND OTHER PIGMENTED WOOLS

Turpie and Robinson™ processed a small quantity of the best grade pig-
mented wool (referred to as ‘‘merino black’’) on the worsted system into fabric.
While the light-fastness results of the naturally pigmented wool were below
standard, wet-fastness results were good, no bleeding of the pigment being
observed.

Strydom™ processed five lots of sorted and willeyed karakul, varying in
seed content and mean fibre length, into worsted tops and recorded the raw
fibre properties and processing performance. The raw fibre had low grease
contents and high suint levels compared with Merino wool, while the suint pH
was found to be fairly alkaline. It was established that the processing losses
were substantially higher than the IWTO processing allowances associated with
Merino wools. The tops were about 3-4 um coarser than the raw fibre.

Strydom and Van der Merwe®* processed two commercial types of sorted
karakul into yarns via the worsted, semi-worsted and the woollen route to
compare their relative processing performance. Based upon mass of scoureds,
the woollen route produced the highest sliver yield, followed by the semi-
worsted route and the worsted route. The worsted route, however, produced the
best slivers and yarns in terms of irregularity, neps and other imperfections.
There was very little difference in the tenacity of the worsted and semi-worsted
yarns, that of the woollen yarns being about 30% lower. Semi-worsted slivers
had a lower spinning potential than worsted ones. Considerable fibre breakage
occurred during carding.

7.14 EFFECT OF BACKWASHING

Kruger*? investigated the influence of backwashing and found that, al-
though the backwashing process induced some fibre felting, resulting in high
withdrawal forces, the subsequent processes satisfactorily removed this entan-
glement. Tops backwashed before combing had the lowest number of neps in
both the top and the yarn while the wool which was not backwashed gave more
spinning end breakages and a slightly more irregular yam. .

Turpie** showed that the combing performance of backwashed slivers was
dependent on the pH of the liquor during backwashing and on the reagent used
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to control pH. Combing performance deteriorated with deterioration in wool

...... RO, SO Y N

style brought about by weathering and this deterioration was accentuated when
backwashing took place at a pH higher than 10,5. For a good topmaking style
of wool, backwashing in an acid media appeared to result in improved combing
performance, but for optimum results a liquor pH of 6,5 should be avoided, a
slightly lower pH being preferred.

Turpie™ found that backwashing reduced the crimp frequency of fibres,
leading to much reduced noil during combing (Fig. 32) and to a longer mean
fibre length of the top. Sodium bisulphite in the backwashing bowl was less
advantageous than a wetting agent. The results for percentage noil showed that
the lot which was backwashed in the sodium bisulphite solution did not perform
as well as the lot backwashed in the normal manner, even when it had been
lubricated prior to combing.

@ Backwash omitted

3  Backwashed with wetting agent only

20 —

% NOIL

0 1 ]
2% 30 35 )
COMB GAUGE {mm)

Fig. 32 The Effect of Backwashing on Percentage Noil at Various Comb Gauge Settings(5749
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7.15 EFFECT OF STEAMING OVERCRIMPED WOOL

Strydom and Adriaanzen™ found that the steaming of slivers during pre-
paratory gilling had a small beneficial effect on the combing performance of an
overcrimped wool. Improvements in the mean fibre length of the top were also
evident, especially when steaming on the first and second preparer gilling, and
then combing from balls but omitting a steaming operation on the finisher.

7.16 EFFECT OF RECOMBING

Aldrich™ * developed a technique for measuring fibre breakage during
recombing on a rectilinear comb using radio-isotopes and illustrated that the
comb broke the finer fibres preferentially, resulting in a relatively fine noil,
with fibres longer than a certain ‘‘threshold length’’ also suffering significantly
more breakage.

Strydom®® recombed three undyed tops with mean fibre lengths from 52,7
to 60,3mm having moderate to high short fibre contents (12 to 17% of fibres
shorter than 25mm) and low residual vegetable matter at different gauge set-
tings. At the maximum setting the short fibres were reduced to between 5,0 and
7,5%, at percentages noil of between 4 and 5%. Improvements in the mean
fibre length and CV’s of fibre length, were small. Composite graphs relating
short fibre content and noil to comb gauge (Fig. 33) could be useful to assist the
comber in balancing the conflicting requirements of minimum short fibre con-
tent and maximum top to noil ratio.

7.17 SEMI-WORSTED PROCESSING

Cilliers** reported that lambswool could be processed satisfactorily on a
modified continental worsted system (combing omitted) although fibre cohe-
sion had to be increased during carding so that the card sliver could withstand
the tension between the doffer and the coiler. Slight milling of the knitted fabric
successfully obscured the neppiness.
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CHAPTER 8
SPINNABILITY* AND ASSOCIATED YARN PROPERTIES

8.1 RAPID ASSESSMENT OF SPINNING POTENTIAL

Turpie*® developed a rapid spinnability test in which the spindle speed of a
ring frame was increased in steps at a given rate during the spinning of wool
until all ends were down. The mean spindle speed at which these end breaks
occurred, defined as the MEAN SPINDLE SPEED (MSS) AT BREAK, could
be determined in about 1,5 hours and was found to be highly correlated with the
spindle speed (CSS) at which a commercially acceptable end breakage rate
(taken as 50 per 1000 spindle hours) occurred. The MSS at break was depen-
dent on several factors, such as yarn linear density, fibre fineness, mean fibre
length and possibly tenacity x extension, and could thus be used as a first step
to compare the spinning potential of different wool lots (Fig. 34).
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Fig. 34 The influence of Yarn Linear Density on the MSS at break for tops of similar length
but different fineness. (516)

*Note: The effects of fibre properties, wool blending and breed of sheep on
spinning performance have been covered in Chapter 7.
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Gee and Turpie*® showed statistically that the MSS technique could pro-
vide a measure of spinnability in about 1,5 hours with an accuracy 30 times
greater than that of a conventional end-breakage test. They found a cubic
relationship between CSS and MSS (Fig. 35) and recommended the following
formula for converting MSS to CSS:

Y = 0,00302X*+ 2,748
Where Y = CSS (expressed in r/min x 10%)
X MSS (expressed in r/min x 10?).

Strydom and Gee™ subsequently investigated the effect of twist on the
assessment of spinning potential by the MSS technique using tops varying in
fibre diameter, length and crimp ratio. Multiple regression analysis of the MSS
results showed that the effect of twist on MSS was small compared with the
combined contribution of mean fibre length, mean fibre diameter or, equiv-
alently, fibres in the yarn cross-section (Fig. 36). Increasing the tex twist factor
by 10 units, increased the MSS by only about 260 rev/min compared with an
improvement of 833 rev/min obtained by using a top 1 um finer or an improve-
ment of 550 rev/min obtained when using a top Smm longer. It also emerged
that the finer the yarn being spun from a given mean fibre diameter, the more
sensitive the MSS was to changes in mean fibre length.

8.2 EFFECT OF SPINNING SPEED ON END BREAKS AND YARN
PROPERTIES

Turpie and Hunter’ showed that while an increase in mean fibre length
and a decrease in mean fibre diameter generally affected spinning performance
and yarn properties favourably, an increase in spindle speed increased end
breakages but had little effect on yarn properties (Fig. 37). Statistically signifi-
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Fig. 37 Regression curves illustrating the effect of spindle speed and fibre length (mm) on
end breakage rate of a 21 tex yarn.(725
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cant correlations were found between spinning performance and certain yarn
properties but these were generally not high enough for purposes of prediction.

8.3 EFFECT OF DRAFT AND ROVING LINEAR DENSITY ON
SPINNING AND YARN PROPERTIES

Turpie and Marsland* varied the draft applied at the roving operation and
the linear density of the roving and yarn to study their effect on end breakages
and yarn properties. The rovings were produced on a double-apron high-draft
drawframe and the yarns spun on a double-apron ring spinning frame. There
appeared to be good justification for using 375 tex in preference to 250 or 500
tex, and for using a draft of 16 at the roving operation in preference to 12 or 20,
when spinning yarns of 16 to 28 tex. Under these conditions there were less end
breakages and the yarns were superior.

8.4 SPINNING AND YARN PROPERTIES OF DYED TOPS

The effect of differences in fibre friction, resulting from differences in top
dyeing, on the behaviour of the fibres during drawing (roller lapping) and
spinning (end breaks), was investigated by Kruger and Veldsman® who con-
cluded that it was not advisable to blend wools which differed in friction
(resulting from differences in their dyeing conditions).

Hunter** studied the effect of wool fibre properties on spinning perform-
ance and yarn properties for 27 dyed wool tops and compared the results with
those previously obtained for the undyed tops. In the main, the respective rdles
of the fibre properties, including crimp, in determining spinning performance
and yarn properties, were found to be similar for the dyed and undyed tops. The
after-chrome dyeing process applied to the tops did not appear to have a great
effect on the relationships between the yarn and fibre properties, although it
decreased yarn extension at break and hairiness and increased the frequency of
thin and thick places.

8.5 SIROSPUN

Strydom and Hunter® carried out a preliminary study, to establish the
effect of limited changes in either fibre diameter or fibre length on the spinning
performance and properties of Sirospun yarns. For the particular ranges of fibre
length and diameter covered, changes in both spinning potential (MSS) and
yarn properties were almost solely dependent upon changes in fibre diameter
(for average number of fibres in the strand cross-section — Fig. 38) for both the
Sirospun and conventional two-ply yarns. About 20 fibres per strand cross-
section appeared to be the spinning limit for Sirospun. The Sirospun yarns
generally had similar tenacities but higher extension, irregularity and frequen-
cies of isolated weak places, imperfections and faults, than the corresponding
conventional two-ply yarns.
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In a later study (unpublished) Hunter and co-workers illustrated the impor-
tance of fibre diameter and fibre length in determining the spinning and weav-
ing performance of Sirospun yarns as well as the yarn properties.
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Fig. 38 The effect of Average Number of fibres per Strand Cross-section on MSS and

frequency of isolated weak places (Shirley Breaks).(864)
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CHAPTER 9
WOOLLEN PROCESSING

9.1 PROCESSING PERFORMANCE OF SOUTH AFRICAN WOOLS*

Van der Merwe™ investigated the possible application of bleached karakul
in Shetland-type hosiery yarns. He found that carding removed a significant
proportion of the very coarse karakul fibres, and blending the karakul with
about 50% of a cross-bred wool enabled a yarn to be produced which resem-
bled a Shetland-type yarn. He assessed spinning performance by the MSS* test,
suitably adapted to the woollen system, and found that MSS decreased as the
mean fibre diameter increased (i.e. number of fibres in the yarn cross-section
decreased (Fig. 39).

Van der Merwe®” assessed the spinnability, on the woollen system, of
sixteen virgin wools, a carbonised wool, a karakul lot and a bleached lot of the
same karakul type, individually, as well as in blends, by means of the modified
Mean Spindle Speed at Break (MSS) method. Multiple regression analysis of
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Fig. 39 Effect of Increasing Mean Fibre Diameter on the Spinnability of 100 Tex
Karakul/Wool Yarns.(930)

* MSS and spindle speed values given in the various publications are about
25% too low because of a faulty rev. counter on the spinning frame.
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Fig. 40 Regression lines illustrating the effects of fibre length, fibre diameter (D) and resis-
tance to compression (RC) on the mean fibre length of carded wool.(
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the results of the 68 wool lots showed that spinnability deteriorated when CV of
diameter and resistance to compression increased but improved as mean fibre
length increased up to a mean fibre length of 80mm.

In a subsequent study Van der Merwe and Brydon®*® explored the possibil-
ity of using karakul, in blends with other types of wool, to produce simulated
tweed yarns. He found that such yarns and fabrics could be produced from
different types of karakul in blends with 50% Corriedale wool. When a kempy
type karakul was added to the blends very interesting surface effects were
obtained.

In a wide-ranging study on S.A. wools, Van der Merwe®® ** ** ** and
Gee®*® processed some 68 lots of wool, varying in mean fibre diameter, mean
fibre length and resistance to compression, on the woollen system of manufac-
ture into yarns of 100 tex Z250, which were knitted into single jersey fabrics.
(These studies formed the basis of a Ph.D. thesis)**. Multiple regression analy-
sis of the results yielded equations by means of which the effects of the various
fibre properties on processing performance, spinnability and yarn and fabric
properties could be explained (Figs 40 to 42). The results showed that mean
fibre diameter and CV of fibre diameter were the most important fibre proper-
ties influencing processing performance and yarn and fabric properties. The
next most important fibre property was resistance to compression, followed by
mean fibre length, with CV of fibre length apparently being of little signifi-
cance. The results also showed that an increase in mean diameter increased
cross card variation, slubbing and yarn unevenness, the frequency of thin and
thick places, yarn hairiness, fabric specific volume, bursting strength and air
permeability, but decreased carding yield, yarn specific volume, fabric mass,
fabric pilling and felting shrinkage (Figs 41 and 42). Changes in CV of diame-
ter affected most of the dependent variables in a similar way to mean fibre
diameter although, for the relatively coarse linear density yarn (100 tex) spun,
variation in fibre diameter did not have a significant effect on spinnability
(MSS).

The most important observation with respect to fibre bulk resistance to
compression was that increased resistance to compression resulted in deteriora-
tion of yarn tensile strength and fabric strength properties in general. Increased
resistance to compression caused an increase in fibre breakage during carding,
yarn extension at break and yarn specific volume, but caused a decrease in
cross-card variation, MSS, yarn tenacity and hairiness, fabric abrasion resis-
tance, bursting strength, permeability to air, and felting shrinkage (Figs 40 to
42).

Increased mean fibre length was in most cases beneficial to yarn and fabric
properties. When mean fibre length increased, the carding yield, MSS, yarn
extension, fabric abrasion resistance and bursting strength improved. Yarn ir-
regularity, however, increased when mean fibre length increased (Fig. 41).
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Fig. 42 Res%gession curves illustrating the effect of fibre properties on knitted fabric bursting
strength.(966)

9.2 WOOLLEN SPUN WRAP YARNS

Van der Merwe et al®® ** ** described the production of wrap yarns direct-
ly on the woollen card by fitting hollow spindles to the delivery end (Fig. 43)
and gave some preliminary results for karakul and wool mixtures. The system
was considered to have potential for most, if not all fibre types processed on the
woollen system, eliminating the need for a separate spinning machine. In later

84 SAWTRI Special Publication — November 1987



Fig. 43 The production of a woollen wrap yarn directly on a woollen card.(898)
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work, however, they developed a very simple separate unit which could be fed
by the condenser bobbins and which allowed a single adjustment for draft (see
next page).

Van der Merwe®™ °® and Brydon®® ** ** ' studied the effects of wraps per
meter, wrapper filament linear density on the properties of woollen spun wrap
yarns and those of plain fabrics knitted from these yarns. It was found that an
increase in filament linear density resulted in higher yarn strength, increased
elasticity, improved fabric abrasion resistance (Fig. 44) and greater bursting
strength. Fabrics produced from wrap yarns were superior to fabrics produced
from the ring yarn with respect to abrasion resistance, bursting strength, air
permeability, and stitch clarity.

The above authors also investigated®™ *° *2 ** ! the effects of applying draft to
a woollen slubbing during wrap spinning and the associated changes in yarn
linear density. Various levels of draft were used to produce both wrap-spun
yarns and ring-spun yarns for comparison. The undrafted wrap yarn was found
to be more regular and gave higher values of extension, but lower values of
tenacity, than the drafted yarns (which were finer). Increasing the level of draft
was found to increase tenacity within the limits of draft investigated, while also
increasing irregularity and decreasing yarn extension. Drafting had little or no
effect on fabric specific volume, air permeability or area shrinkage.
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CHAPTER 10

THE PRODUCTION AND PROPERTIES OF
FRICTION-SPUN WOOL AND
WOOL BLEND YARNS

Hunter et al"™ investigated the effect of wool fibre properties on friction
(Dref II) spinning limits and yarn properties and found that the finest yarns
which could be spun had similar yarn linear densities ( = 95 tex), irrespective
of the fibre characteristics. In contrast to ring spinning, the number of fibres in
the yarn cross-section varied widely ( = 115 to 255) at the spmnmg limits. The
fibre length of the top had little effect on the yarn properties or spinning limits,
probably because of fibre breakage at the card roller reducing differences in
mean fibre length. Spinning performance was adversely affected by staple
crimp. Yarn irregularity (CV) was found to be proportional to n®* where n
represented the average number of fibres in the yarn cross-section (Fig. 45),
while yarn tenacity varied from about 1,4 to 4,2 cN/tex. Subsequently, Robin-
son et al** used the novel feature of the DREF II 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
could be made to predominate on the yarn surface whilst a cheaper fibre, such
as carbonised wool noils, made up the body of the yarn. In this manner, the
yarn, and subsequent fabric, had the aesthetic qualities of the speciality fibre in
spite of the fact that it only makes up a small proportion of the whole.

Bathie and Hunter** spun four types of fine wool noils, differing in vege-
table matter content and fibre characteristics, on the Dref II into two linear
densities and at different perforated spinning drum and card cylinder speeds. A
higher card cylinder speed tended to remove slightly more vegetable matter and
to produce more regular and but more hairy yarn than the slower speed. On
average, about 45% of the vegetable matter was removed by the spinning
system. The sliver with the greatest fibre length ( = 46 mm), and which also
had the lowest resistance to compression, produced the fewest end breakages
and also the best yarn.

Spencer and Taylor™ investigated the effect of solvent scouring and mill-
ing on the properties of Dref II karakul yarns. Fibre shedding occurred during
milling but there was an improvement in yarn strength. Hunter et al** studied
the properties of karakul yarns spun on a Dref II machine and found the spin-
ning limits to range from about 140 to 190 tex with the tenacity of the 250 and
500 tex yarns, ranging from about 2 to 3,7 cN/tex at the highest twist levels
employed. Yarn irregularity was related to the average number of fibres in the
yarn cross-section.
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Fig. 45 The relationship between yarn irregularity and the average number of fibres in the
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Thierron® ** spun wool/polyester yarns successfully on a Dref I friction
spinning machine as well as a short staple ring spinning machine, the Dref III
providing considerably higher production rates than the ring spinning machine
and also involving fewer processing steps. Yarns were spun to different linear
densities, twist levels and at different spinning speeds. The Dref III spinning
performance was favourable at relatively low speeds, but higher speeds gener-
=lly caused a deterioration in yarn properties. The best yarn tenacity was ob-
tained with the type of opening roller (10°) recommended for man-made fibres.
The best yarn regularity, but lowest tenacity, was obtained when the wool and
polyester were blended on the drawframe. The properties of the ring-spun yarns
were generally superior to those of the friction-spun yarns.
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CHAPTER i1
WOOL WORSTED RING-SPUN YARN PROPERTIES

11.1 EFFECT OF FIBRE PROPERTIES

In a senes of Wide—rangll’lg Studles229 479 483 494 547 630 695 712 769 832 833 893 ll'l Wthh
several hundred wool lots, differing widely in their fibre characteristics, were
processed into yarn, Hunter and co-workers investigated the relationships be-
tween the physical properties of the yarns and the fibre properties. Multiple
regression analysis was used to identify and quantify the effects of the various
fibre properties on the yarn properties and a number of empirical relationships
(equations) were derived which allowed the properties of a yarn to be calculated
beforehand (i.e. predicted) trom the fibre characteristics, within certain con-
straints. The relative importance of the various fibre properties in determining
the yarn properties (and therefore quality) was established and quantified.
Some of the earlier work formed the basis of a Ph.D. thesis*” by Hunter.

From these studies the overriding importance of fibre diameter clearly
emerged, it being followed in importance by fibre length and then fibre crimp
(or bulk resistance to compression - see Fig. 46). Fibre tenacity was of obvious
importance in determining yarn tenacity and fibre extension in determining
yarn extension, but these generally vary little in practice when the wool is
undyed and untreated and generally only need to be considered when the wool
has been chemically treated (e.g. dyed and/or shrinkproofed) or in those isolat-
ed cases where the wool has been excessively damaged during growth (e.g.
micro-organisms) or during scouring. Wools with a localised tenderness (break)
generally break at this position during mechanical processing (notably carding)
and the change in fibre length manifests itself in the properties of the yarn but
not the ‘‘tenderness’’ as such. Similar considerations probably apply to fibre
friction.

The effects of distribution of fibre diameter and length (e.g. CV’s, skew-
ness, kurtosis) although often having a significant effect on certain yarn proper-
ties, were generally small for the ranges normally encountered in practice.
Their effects generally become important when either their ranges became ex-
treme or when relatively fine yarns (i.e. relatively few fibres in the cross-
section) were spun or both.

Detailed mathematical relationships and supporting graphs (see for exam-
ple Fig. 47) were given in various publications, the results indicating that a
measure of fibre crimp (e.g. staple crimp or resistance to compression) was
important for the accurate prediction of certain yarn properties.

In general it emerged that** *” *? yarn irregularity (CV %) was proportion-
al to n™* (where n is the average number of fibres in the yarn cross-section)
while the frequency of thin and thick places were approximately proportional to
n* (Fig. 48).
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Fig. 46 Percentage contribution of the various fibre properties towards explaining the ob-
served variations in yarn tensile and evenness characteristics (average over 50 and 25 tex

yarns, neps excluded)833)

The following approximate relationships were derived™:

Irregularity o (Fibre Diam.)*® (Fibre Length)®* (Compr.)*' (Tex)**
a (Fibre Diam.)"® (Fibre Length)®* (Tex)*
a (Fibre Length)®* (No. of Fibres)®

Thin Places o (Fibre Diam.)’ (Fibre Length)? (Tex)*
a (Fibre Length)? (No. of Fibres)*

Thick Placesa (Fibre Diam.) (Fibre Length)? (Tex)*
a (Fibre Length)? (No. of Fibres)®

Neps a (Fibre Length)? (CV of Length)"® (Tex)"*
a (Fibre Diam.) (Fibre Length)? (CV of length)
(Short Fibres)*! (Tex)?

Classimat a (Fibre Diam.)’ (Fibre Length)**(CV of Length)"*(Tex)"
Faults
a (Fibre Diam.)* (Fibre Length)**(Tex)"

Tenacity  « (Fibre Diam.)** (Fibre Length)®*(Compr.)*?(Tex)*?
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tension o« (Fibre Diam.)Y"(Fibre L pngth\oﬂ (C({\n’lp!-_)‘c"7
(Tex)" 7 (Tw1st Factor)° i
Hairiness « (Fibre Diam.)"* (Fibre Length)® (Short Fibres)*'
(Compr.) ™" (Tex)"*
Compr. = Resistance to compression

The interrelationship between the various yarn parameters characterising
yarn irregularity, was also investigated* and, in general, it was found that yarn
irregularity (CV) and the frequency of thin and thick places were highly corre-
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Fig. 47 Regression curves to illustrate the effects of fibre properties on yarn breaking
strength and extension(769)
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lated with one another and therefore, strictly speaking, could not be regarded as
independent variables describing different aspects of yarn irregularity*:.

Within the context of this study and within the general ranges of fibre
properties covered, finer, longer and less highly crimped wools generally per-
formed best. Where fibre crimp (or bulk resistance to compression) had a
statistically significant effect, it was an adverse one™? 7 ®2 3 85 92 except for
yarn hairiness which decreased with an increase in staple crimp (or bulk resis-
tance to compression)®®, this being based upon the assumption that other fibre
properties, such as diameter, remain constant.

An increase in CV of fibre iength had a beneficial effect on certain yarn
properties but an adverse effect on yarn extension and the frequency of neps
and faults.

Gee™ found that a positive skewness in diameter distribution was associat-
ed with more thin places but fewer neps in the yarns and that higher values for
CV, skewness and kurtosis of fibre diameter tended to produce inferior yarns
while higher values for the corresponding length properties generally gave
better yarns.

Tables of ‘“‘average’” or ‘‘typical’’ values have also been derived for the
yarn tensile and evenness characteristics® “* ** which can be used in quality
control and research laboratories as a basis of reference.
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Fig. 49 Predicted vs observed irregularity for 25 tex yarns (numbers represent different
breeds)(833)
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11.2 EFFECT OF SHEEP BREED

Hunter et al** ®* ** *2 investigated the rdle of sheep breed in determining
the relationship between wool fibre and yarn properties, using multiple regres-
sion and graphical techniques. They concluded®” that the physical properties of
a yarn were determined by the fibre properties (characteristics), such as diame-
ter, length and crimp (or resistance to compression), including their distribu-
tions, and only in so far as breed affected these properties did it have an effect
on the yarn properties (see, for example, Figs 48 to 50).

In other words, the yam properties were determined by the fibre proper-
ties, with breed per se playing little, if any, additional role.

11.3 EFFECT OF BLENDING DIFFERENT RAW WOOL LOTS

Hunter and co-workers®® ! s s% sx0 e 72 &2 &3 8 carried out a series of
studies to establish and quantify the effects on yarn properties of blending
wools (farmer lots) which differed in their basic fibre characteristics, such as
diameter and length as well as the blending of fleece and non-fleece wools. One
of the main aims was to establish whether or not the behaviour (performance)
of a blend (mixture) of wool in yarn form could be predicted from the behav-
iour of its components. The results of the various individual studies have been
summarised’?,

On the basis of the above studies it was concluded that the blending of
wool lots with limited differences in diameter and length resulted in yarns with
physical properties which were close to those predicted from the behaviour of
the yarns produced from the component lots. Where blending involved wools
differing greatly in their mean fibre diameter (e.g. 3 um or more), resulting in
an increase in the CV of diameter, an adverse effect on certain yarn properties
could occur particulary when spinning fine yarns. It was found that, within
limits, the blending of wools differing in fibre length could have a beneficial
effect on certain yarn properties but an adverse effect on other yarn properties,
such as extension and neps. Changes in the mean fibre diameter and mean fibre
length of the blend (mixture) were however, always reflected in the yarn prop-
erties as already discussed (see Fig. 51 for example).

11.4 RELATIONSHIP BETWEEN FIBRE LENGTH IN THE TOP AND
THAT IN THE YARN

Hunter et al™ processed some 50 wool tops, covering a range of fibre
diameter, length and crimp; into yarn on the Coritinental system followed by
ring spinning. The mean fibre lengths in the tops and the yarns were compared
and it was found that the mean fibre length in the yarn was lower than that in
the top, the difference being a function of fibre length and crimp. The longer
wools suffered a greater deterioration in fibre length than the shorter wools,
with fibre diameter appearing to play no role.
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11.5 YARN HAIRINESS* AND DIAMETER

Hunter®” measured the hairiness of a wide range of dyed a:
commercial wool worsted yarns and related it to certain fibre and ya
ties. The data was used to draw up average or reference values for the
of wool worsted yarns for use in quality control laboratories. The v:
fered according to whether the yarn was measured from a spinning tub
(i.e. after rewinding) and whether it was dyed or undyed. Rewing
increasing fibre diameter and yarn linear density increased hairiness. I
showed that, after rewinding, the hairiness of wool and wool/polyeste
Lepended both on the winding speed and type of winding machine us
_zalso investigated™ the effect of blend level on the hairiness of two-ply wc
g -vester and wool/acrylic yarns and showed that the wool yarn was the
___ airy, hairiness increasing with increasing synthetic content.
‘4 Barella, Hunter and Co_workerSBSI 841 B48 855 860 873 874 875 878 879 888 894 895 901 9!
== 7% carried out a number of studies on wool and mohair yarns with a
g establishing empirical relationships (using multiple regression analysis,
< <~¢n yarn diameter and hairiness on the one hand and yarn linear density (
t“‘ﬂ(,j twist and the fibre properties (diameter and length) on the other hand. T
a/’ = « the “‘Digital ITQT’’ hairiness meter developed at the Institute for Tex
1 ==""_ pnology in Spain to measure yarn diameter as well as various hairint
r[‘é qmeters as well as to the Shirley Hairiness Meter to measure yarn hairine
p e standard distance; of 3mm from the yarn axis and reported on the correl
at between the two instruments®” ** *“. They showed that, in general, ya:
Wteg e eter® 7 e .increa'sed with an incrgase in yarn linear density and
Jiad re As¢€ in yam twist while yarn hairiness increased with an increase in yar
- density and fibre diameter and a decrease in yarn twist, fibre length an
(Or resistance to compression)™® ° s« &7 &7 &7 &8 %01 953 The diameter of
‘rl//‘p worsted yarn was found to be about 1,35 times that of its singl
N/o/p ent, this value being close to the theoretical value of 1,5*°. The hairi
of singles polyester yarn tended to be higher than that of the correspondin

Iless y arn. Some of the trends differed from those observed with a Shirle

woOr ss Meter. .

ﬂa‘rlj‘lfhe variance length curves (unevenness) for yarn hairiness were deter
- b

f the ITQT Digital hairiness meter* ** ** and also for yar
</ means o g y
. 64 926 959‘

diam;:; Should be noted that yarn hairiness is also referred to in other sections ¢
th-s C aptef-
i

ARN STIFFNESS AND COMPRESSIBILITY

11.6 s ateT and Slinger'* investigated different ways of measuring yarn flex
See a 150 i
*
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ural rigidity and resistance to compression and adapted the ring- loop method,
proposed by other workers, for measuring yarn stiffness. They showed that
yarn resistance to compression was highly correlated with yarn stiffness as
measured by the more time-consuming and tedious ring-loop method. Singles
and twe ply yarns followed the same functional relationship between yarn
linear density and flexural rigidity, with dyeing increasing yarn flexural rigid-
ity. Yarn flexural rigidity appeared to have only a slight effect on knittability.
This work was presented as an M.Sc. thesis* by Hunter.

Hunter et al*® showed yarn flexural rigidity to be approximately linearly
related to yarn linear density indicating considerable freedom of fibre move-
ment, flexural ridigity also increasing approximately linearly with mean fibre
diameter. An increase in yarn twist also increased flexural rigidity.

Van Rensburg et al** found that fibre diameter had an overwhelming
effect on yarn flexural rigidity, accounting for more than 90% of its observed
variation. At the same mean fibre diameter, the flexural rigidities of the wool
and mohair yarns were similar. Yarns with a-higher twist were marginally

20.

FLEXURAL RIGIDITY (mN.mm?)

Wool 50 tex S380
Wool 50 tex S640
Mohair 50 tex S386

xoe

0 ' i ; N y
15 20 25 30 k) 40
MEAN FIBRE DIAMETER (. m)

Fig. 52 The relationship between yarn flexural rigidity (G) and fibre diameter for wool and
mohair(854) :
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stiffer than yarns with a lower twist (Fig. 52).
A close relationship was found between yarn stiffness and the stiffness of
1 x 1 rib fabrics.

11.7 YARN FRICTION*

Recognising the critical importance of yarn friction in determining stitch
length (i.e. fabric dimensions) and yarn breakages in knitting, Baker and Kru-
ger'” developed a method for evaluating yarn frictional forces during the actual
knitting process. The apparatus, which worked on a strain-gauge principle, was
mounted on a V-bed (flat-bed) knitting machine and found to provide a measure
of yarn frictional force, this measure being defined as the ‘‘inverse of knittabi-
lity”” (I.K.).

Slinger and Veldsman'* investigated the effect of different dyeing tech-
niques on yarn friction and found that equalising acid and acid milling dyeings
did not alter the friction appreciably while the latter increased with increasing
premetallised dye concentrations. High friction was recorded for after-chrome
dyeings, which increased as the percentage dichromate added, increased. The
efficacy of different softening agents and of waxing in reducing the friction was
also investigated. The handle of the knitted cloth was found to be dependent to
some extent on the yarn friction. The ease with which the yarn could be knitted
(knittability) was closely related to yarn friction.

Kruger® investigated yarn-to-metal and yarn-to-yarn friction, measured
on the SAWTRI Yarn Friction Tester, and showed that yarn-to-metal friction
was independent of yarn linear density, only the twist method of measuring
yarn-to-yarn friction being influenced by yarn linear density. The shrinkproof-
ing treatments studied did not affect yarn friction, particularly when the yarns
were subsequently waxed.

Hunter* showed that the friction of yarns differing in linear density was
related to the amount of wax per unit length of yarn ug/cm) rather than the
percentage of wax based upon mass. He studied® the waxing of wool yarns
and the friction of yarns waxed with waxes having different melting points and
showed that room temperature affected the amount of wax applied but not the
friction when the amount of wax applied was constant. Yarn friction was large-
ly independent of the yarn linear density and the original yarn friction when the
yarns were waxed under optimum conditions.

Kruger* discussed various aspects relating to yarn friction including the
measurement thereof, with particular reference to the SAWTRI Yarn Friction
Tester.

Galuszynski®® described a new method, allowing the yarn assembly in a
woven fabric to be simulated, for measuring yarn-to-yarn frictional force. The
yarn-to-yarn frictional force was examined in terms of yarn tension, contact

* See also Chapter 12.
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angle, speed, crimp and linear density. It was found that it increased with
tension, contact angle, crimp and linear density, whereas the yarn speed had a
fluctuating effect. McMahon™ showed that yarn frictional forces decreased
with increasing guide diameter.

Hunter and Turpie™ carried out some trials involving the application of a
lubricant during backwashing which was claimed to obviate the need for wax-
ing hosiery yarns. The trials involved an assessment of spinning performance,
yarn properties, and knitting performance. The work confirmed that the lubri-
cant obviated the need for waxing hosiery yarns produced from dyed tops, and
no deterioration in spinning performance was observed.

11.8 YARN WEAK PLACES

Slinger® applied two of the statistical distributions used in evaluating the
rupture of materials to the breakage of a worsted yarn. The one, the Weibull
distribution or third asymptotic distribution, was found to fit the observations
better. From this it was concluded that a power function held between the
average breaking strength and the length of yarn tested. The assumption of
independence, on which the above distributions were based, was tested.

Van Rooyen et al* investigated the occurrence of isolated weak places
(Shirley Constant Tension Winding Test) in commercial wool worsted yarns
and found it to be related to the average yarn strength, yarn irregularity and
twist, but independent of the skewness and kurtosis of the strength distribution.
In a very limited trial, where pairs of yarns of constant average strength, but
with different levels of isolated weak places, were knitted, no difference in
knittability due to differences in Shirley Test results could be detected.

Hunter*' “ investigated the question as to whether a yarn always broke at
its thinnest place or whether the twist that runs into such places increased their
strength so that they no longer represent the weakest place in the yarn. He
concluded that the linear density (i.e. thin places) played the major réle in
determining yarn strength, twist redistribution playing a secondary r6le. About
80% of the observed breaks occurred at either the thinnest or second thinnest
place.

Other sections deal with the rdle of isolated weak places in subsequent
knitting and weaving as well as the rapid measurement of such isolated weak
places798 942 971 9712 998.

11.9 YARN FAULTS AND CLEARING

Hunter and Veldsman' investigated a simplified method for evaluating
the efficiency of electronic and other yarn clearers using an Elkometer for
detecting uncleared faults. The Elkometer setting required for different yarn
linear densities was determined. . '

Hunter*® also reported fault analysis results obtained on the Classimat on
some 400 kg of different yarns, paying special attention to the variability in the
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results within a yarn lot. Confidence limits were calculated and found to be
larger than those predicted by a Poisson distribution, except for very low
counter (objectionable faults) results. The importance of controlled regain was
demonstrated. He gave the following table of confidence limits for different

counter results.
TABLE IV

PREDICTED 95% CONFIDENCE LIMITS FOR CLASSIMAT
COUNTER RESULTS*

Actual Confidence Limits Confidence Limits
Result (x) Predicted from suggested by Uster
experimental data =% 3 Vx)
=+ 2'S.D)*
1 153 1+3
2 2% 2t 3
5 5+5 gt
10 10+ 7 10+ 9
20 20 £ 12 20 £ 13
50 50 £ 23 50 £ 21
100 100 = 41 100 £ 30
150 150 = 58 150 + 37
200 200 = 74 200 + 42
300 300 *+ 108 300 = 52
500 500 + 176 500 + 67
1000 1000 £ 353 1000 *= 95

*S.D. = Standard Deviation

11.10 KNOTS IN SINGLES AND TWO-PLY YARNS*

Hunter and Gee** measured the frequency distribution of knots in some
commercial singles and two-ply worsted yarns and found them to satisfy a
Poisson distribution in the majority of cases. Confidence limits were calculated
for the number of knots measured over a certain length of yarn. An average of
70 knots per 100 km was found for the singles yarns tested and 60 per 100 km
for the two-ply yarns. McMahon® ** investigated the effect of different yarn
joins (Fisherman’s knot, weaver’s knot, air splice) on the tension of a running

* See also 11.14
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yarn in capstan-like conditions in terms of guide diameter and yarn linear
density for all-wool worsted yarn. The results showed that the Fisherman’s knot
caused a greater increase in yarn tension than the weaver’s knot. The spliced
join produced the lowest increase in yarn tension.

11.11 YARN TWIST

Wolfaardt'® studied the changes which occurred in the twist of a worsted
yarn during different winding processes from cop (spinning tube) to either weft
or warp in the fabric. Generally Z-twist yarns gained a small amount of twist.

Hunter* compared manual and automatic twist test results and empha-
sised the operator errors inherent in the former and the greater reproducibility of
the latter. He also studied*' the effect of prior wetting of wool worsted yarns,
on the twist values obtained on an automatic twist tester, and found the results
obtained on the wet yarns to correspond closely to those obtained on the dry
yarns using standard test methods. The agreement between the automatic twist
test results and the nominal values was excellent, the correlation between the
manual twist test results and the nominal and automatic test values being slight-
ly lower, due mainly to a larger error factor in the manual values.

Hunter*” studied the twist of a large number of commercial wool worsted
hosiery yarns destined for machine knitting and found that twist variability was
related to Uster yarn irregularity although the relationship was not a very strong
one. He also derived empirical relationships between yarn twist and linear
density e.g.

Twist (turns/m) = 3074 x tex®

The average twist factor of the yarns was about 25 (turns/cm \/tex).

11.12 EFFECT OF TWIST ON FRESCO YARN PROPERTIES

Hunter and Andrews** investigated the effect of twist on the tensile prop-
erties of cabled (Fresco) wool and wool/polyester yarns and arrived at the twist
combinations which maximised yarn strength and extension. The effect of sin-
gles twist on yarn tenacity was slight while relatively low levels of both plying
and cabling twist produced maximum yarn tenacity. Yarn extension on the
other hand, benefitted by an increase in both plying and cabling twist, with the
effect of singles twist again being small. Equations were derived which enabled
the spinner to predict the resultant linear density of the cabled yarn from the
single yarn linear density and the plying and cabling twist.

11.13 EFFECT OF TWIST ON THREE-PLY YARN PROPERTIES

Van Aardt and Hunter’™ investigated the influence of singles and plying
twist on the tensile properties of three-ply yarns and derived levels and combi-
nations of singles and three-ply twist for optimum tensile properties (Figs 53
and 54). A means of predicting the resultant linear density from the single yarn
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linear density and plying twist (i.e. correcting for yarn contraction) was de-
rived. Generally tenacity increased with increasing plying twist and increasing
singles twist, until a maximum was reached after which it decreased. Extension
increased with increasing plying twist but was only slightly influenced by sin-
gles twist. Irregularity and imperfections were not influenced by twist. Hairi-
ness decreased slightly Wwith increasing singles twist. Plying twist had a far
more important effect on the yarn tensile properties than singles twist, it being
preferable to use a relatively low singles twist together with a relatively high
plying twist. This could, however, lead to problems with twist liveliness.

11.14 TWO-PLY YARN PROPERTIES

‘Hunter”s gave some limited information on the irregularity and tensile
properties of two-ply and singles yarns, also relating the breaking strength of
the two-ply yarns to that of the constituent singles yatns. Subsequently Hunter
and Gee™ presented more detailed information on the properties of a large
number (over 400) of commercial wool and wool/polyester two-ply yarns (in-
cluding Repco and Sirospun). Graphs and tables of average or typical values
were presented for the various yarn properties which can be used for ‘quality
control and reference purposes (Table V).

Cilliers™ investigated the influence of the level and direction of plying
twist on the breaking strength and extension at break of two-ply worsted yarns

... TABLEV
AVERAGE VALUES FOR WOOL YARNS®?
RING REPCO SIRO
e
Property No. of | Mean |CV- (%)| No. of | Mean [CV (%)| No. of | Mean |CV (%)
Yarns Yarns Yarns

Liniear Density (tex) - 322 57 . 25 7 : 48 2 | 41 .| 41 . 27
Friction(cN) . 45 | 38 20 7 34 17 21 34 15
Thin Places per 1000m* 322 | 4 196 7 | 26 | 76 35 19 69
Thick Places per 1000m* 322 7 123 4 32 85 35 24 55
Neps per 1000m* 321 9 94 7 5 34 41 15 82
Knots per 100 000m (singles and two-ply) 46 |147%+ | 56 7 67 76 21 95 76
Breaks per 1000m* 46 5,6 215 7+ 13,8 95 21 22,7 77
o S5 E | n 8|8
b, imat Faults per 100km 9
Fibre Dismeter Cm) 06 | 22 5 7 2 1 a2 | 2 7
nmn(m) 182 60 15 7 68 8 21 67 6
Cal Tenacity of Weakest Place (¢cN/tex) 46 5,3 13 |7 4,9, 7 3 46 | 23
Actual Tenacity of Weakest Place (cN/tex) 46 4,8 20 7 4,1 13 33 4,1 3
Dynamat Extension (%) undyed 183 21,0 23 —_ — — 35 19,7 27
Dynamat Extension (%) dyed 139 14,6 35 7 20,0 13 6 17,1 9
Dynamat Tenacity (cN/tex) undyed 183 7,4 9 - — - 35 7,5 10
Dynamat Tenaclty (cN/tex) dyed 139 6,7 13 7 7,3 5 6 73 4
Tensorapid Tenacity (cN/tex) undyed 9 8,2 4 - - |- 27 76 | 11
Tensorapid Tenacity (cN/tex) dyed 37 7,6 8 7 7,5 5 6 7,5 2
‘Tensorapid Extension(%) undyed 9 18,2 13 —_ — — 27 15,5 a3
Tensorapid Extension(%) dyed 37 14,9 28 7 16,3 17 6 13,2 17
Hairiness (Hairy/m) undyed - 13 36 25 — = = 29 15 21
Hairiness (Hairs/m) dyed 37 36 25 7 37 15 6 25 7
Singles Twist/Plying Twist** 54 0,88 17 —_ — —_ i = —

*Dependent upon yarn linear density
“R‘ﬁn
##xConsidered- to be high
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and found a positive relationship between yamn strength and elongation at
break. It was found that twist-on-twist yarns were stronger than the convention-
al reverse-twist yarns. The optimum twist of twist-on-twist yarns was lower
than the optimum twist of twist-against-twist yarns. A table was drawn up to
show the expected decrease in yarn strength if the plying twist was decreased
below the optimum values.

Hunter** compiled average values for the CV of plying twist of two-ply
commercial hosiery yarns for tests carried out at different gauge lengths and
arrived at average values of 9,3, 9,0 and 5,8% for gauge lengths of 25, 50 and
100cm, respectively. For 2,5cm it was of the order of 21%.

Hunter*” investigated the relationship between the yarn evenness charac-
teristics of two-ply and single yarns and prepared a table of ‘‘average’’ or
“‘expected’’ irregularity values for two-ply yarns of different linear densities
and spun from fibres varying in mean fibre diameter. The table showed good
agreement with values derived by means of a regression equation from a similar
table for single wool worsted yarns. In the case of the commercial two-ply
yarns, fibre diameter and yarn linear density had the greatest effect on yarn
evenness. Equations were obtained by means of which the irregularity (CV in
%) and the frequencies of thin places, thick places and neps of two-ply yarns
could be predicted with a fair degree of accuracy from those of the single yarns.
The effect of yarn linear density on irregularity and the frequency of thin places
is illustrated below for singles and ply yarns (Fig. 55).

11.15 CORRELATION BETWEEN DIFFERENT YARN TENSILE
TESTER RESULTS

Hunter and Veldsman™* investigated the correlations and empirical rela-
tionships between worsted yarn tensile properties as measured on constant rate
. of loading (Uster Dynamat), constant rate of extension (Instron) and constant
rate of traverse (Goodbrand pendulum) single thread testers. They also deter-
mined the correlation between yarn irregularity and CV of yarn strength and the
relationship between yarn breaking strength and yarn linear density at a con-
stant twist factor. The breaking strength and extension values obtained on the
three different types of instruments were highly correlated and the CV of
strength measured on the Uster Dynamat (CRL) was best correlated with yarn

_ irregularity.

11.16 EFFECT OF DIFFERENT CARDING LUBRICANTS

Hunter and Grobler** investigated the effect of various lubricants (applied
prior to carding) on yarn properties and found that, within the range covered,
the different lubricants and levels of application had only a slight effect on yarn
properties. In practice therefore, the choice of lubricant and level of application
should be governed by factors other than yarn properties. Differences in the

106 SAWTRI Special Publication — November 1987



SINGLES L4
TWO-PLY" o
THREE-PLY &

YARN IRREGULARITY (CV IN %}

[ ] [ ]
% [ ]
* * *
T 20 ER [ 50 ®
YARN LINEAR DENSITY (RESULTANT TEX)
800
SINGLES [
TWO-PLY o]
THREE-PLY &
8
3
-
8ol
«
&
]
a
z
E
200
°
o i P
10 40 50 60

YARN LINEAR DENSITY (RESULTANT TEX)

F_ig. 55 Effect of yarn linear density on the irregularity and frequency of thin places for
singles and ply yarns(517)

SAWTRI Special Publication — November 1987 107



dichloromethane extractable matter content, within the narrow range covered
(effectively 0,4 - 0,8%), also had no significant effect on the various yarn
properties investigated. Nevertheless, extraction of the yarns with benzene
methanol effected a slight but significant increase in both yarn strength and
extension.

11.17 EFFECT OF CERTAIN YARN DYEING AND
FINISHING TREATMENTS

Hunter ez al’> studied the effect of afterchrome black dyeing, shrinkproof-
ing, softening and steam- and sodium-bisulphite setting on yarn for flexural
rigidity, friction tensile properties, linear density etc. of wool worsted yarns.
They found that the DCCA and to a lesser extent the R Dylan treatment in-
creased the strength and extension of dyed yarn but decreased that of the
undyed yarn. An increase in both the intrinsic fibre strength as well as the
interfibre cohesion accounted for this observation. The resin treatment in-
creased the inter-fibre cohesion and consequently the yarn breaking strength.
Addition of a softening agent decreased the yarn breaking strength by decreas-
ing the inter-fibre friction. The softening agent appeared to affect the dyed yarn
more than the undyed yarn. None of the treatments affected the yarn flexural
rigidity significantly, although an interaction appeared to exist between the
softening agent and doubling. Sodium-bisulphite setting decreased the intrinsic
fibre strength and consequently the yarn breaking strength. Blank bath treat-
ment at a pH near the iso-electric point of wool caused the least change in the
tensile properties of the yarns. To explain the results a quantity called the
cohesiveness of the fibres within the yarn was defined.

Hunter?” did a limited study on the dyeing and shrink-resist treatment of
wool yarns and found that after-chrome dyeing or chroming alone, always
decreased yarn (and fibre) strength while treating them with DCCA increased
the yarn (and fibre) strength, substantially. The chroming rather than the dyeing
stage appeared to be responsible for the decrease in strength. Dyeing followed
by DCCA treatment was preferable to the reverse in terms of yarn tensile
properties.

11.18 CONFIDENCE LIMITS IN IRREGULARITY TESTING

Hunter** arrived at some confidence limits for irregularity test results and
pointed out* some faults which could occur during irregularity testing if proper
precautions were not taken.

11.19 VARIANCE-LENGTH CURVES FOR YARN IRREGULARITY

Grosberg and Palmer® * * " ' carried out analytical studies of the underly-
ing principles of the variance-length curve of a yarn, the theory of the Uster
Irregularity tester and integrator for finding the variance-length curve, as well
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as experimental methods for determining the variance-length curve as quickly
and accurately as possible. They gave some examples of variance-length curve
and their use in practice. Their relatively quick method of determining th
variance-length curve agreed well with the Uster instrument method. Grosbery
1+ also derived an equation whereby it was possible to calculate the variance
length curve of a yarn, knowing the variance of the slivers and he discussed th
detection of faulty processes in worsted drawing by means of the variance
length curve of yarn irregularity (in terms of Huberty’s K).

~ Grosberg and Palmer’ discussed the requirements of a theory of drafting
and attempted a more limited theory based upon a previous model. Thre:
successively more complicated methods were set up and compared with experr
mental results.

De Beer* studied the practical validity of Grosberg’s® theoretical relation-
ship as modified and simplified by Giesekus. He also described a method”
whereby the linear density of wool worsted strands, could be determined by
using an Uster evenness tester. The method seemed to provide results with aa
accuracy within the limits normally demanded by industry.

Hunter®* used the irregularity (CV) corresponding to different *‘test
lengths’’ (by means of the ‘‘Inert’’ test on the Uster) of a wide range of
commercial single wool worsted hosiery yarns to obtain different points on the
variance-length curve. Most of the values were found to be correlated with
normal yarn irregularity but not with mean fibre diameter and length. Long-
term variation in yarn linear density (over 100 metre lengths) was found to be
independent of the short-term yarn irregularity but was .dependent upon the
average yarn linear density. Tables were prepared of ‘‘average’ values for the
yarn irregularity corresponding to different ‘‘test lengths’’.
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CHAPTER 12

KNITTING

12.1 USE OF POSITIVE FEED AND STORAGE FEED

Knapton** discussed the various types of positive feed units and their
principles and advantages in knitting by controlling yarn tension, loop length
and fabric dimensions. He recommended* that the yarn input tension to the
knitting zone should be about 0,1 cN/tex and listed some recommended *‘med;j-
an’’ run-in-ratios for various structures, as well as the yarn linear densities be st
suited for double-jersey machines of various gauges.

Robinson and Green™ investigated the use of two types of storage feed
units (revolving drum and stationary drum) on a fully-fashioned machine. Oc-
casionally the revolving drum type created a difference in the mean twist value
of the yarn between cone and fabric. This difference became critical when the
knitting machine stopped and the storage feed unit commenced, or continued to
wind on. Faults appeared in the fabric in the form of horizontal lines of distort-
ed loops created by the torque present in the yarn.

12.2 YARN INPUT TENSION

Cawood et al™ determined the effects of the yarn tension before and after
five different positive feed mechanisms during knitting (interlock) on stitch
length and the strength, extension and hairiness of the yarns. They found that
the input tension to the positive feed had a slight effect on stitch length. The
unravelled yarns which had been waxed were found to have slightly higher
breaking strength and extensions at break but were more hairy than the un-
waxed yarns. Certain positive feed mechanisms or yarn storage units decreased
yarn hairiness. The knitting and unravelling actions generally decreased yarn
strength and extension and increased hairiness. Cawood et al** found that,
within limits, the input tension between the positive feed and the knitting zone
did not affect yarn breakages while an input tension to the positive feed of
about 1 cN gave the best knitting performance.

12.3 EFFECT OF TAKE-DOWN TENSION

Robinson et al™ studied the influence of take-down tension and stretcher
board width on knitting performance and fabric dimensional properties. Fabric
take-down tension had a significant effect on the knitting performance, the
effect being dependent on either fabric tightness or yarn linear density or both
(Fig. 56). An increase in stretcher board width did not influence the knitting
performance. The effect of take-down tension on fabric properties was less
evident after wet relaxation but still present in the wales/cm and fabric thick-
ness.
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Hunter et al’, Dobson et al"* and Robinson et al**® fitted devices (me-
chanical and compressed air) at individual feeders of an 18 gauge double-jersey
machine, which enabled knitting to be carried out without take-down tension.
These devices reduced the number of yarn breakages during the knitting of
relatively tight fabrics and also reduced lengthwise fabric shrinkage but tended
to increase widthwise shrinkage. The adverse effect of high fabric take-down
tensions on the knitting performance of relatively tight fabrics and on fabric
length distortion during knitting, and therefore potential length shrinkage, was
confirmed.

12.4 FLY GENERATION DURING KNITTING

Kerley and Stocker'®® found that yarn input tension was important in the
generation of fly during knitting, overdyeing with afterchrome dyes giving a
significant increase in fly waste. Premetallised and afterchrome dyes appeared
to lead to much greater fly production during knitting, with dyeing below the
boil reducing fly generation in the case of afterchrome dyes but not in the case
of acid milling and premetallised dyestuffs. No effect of machine speed, lubri-
cants or softeners on fly was observed.

Stocker and Miiller found fly formation during knjtting to be relatively
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high at high temperatures (33°C) and humidity (75% RH) conditions, and
recommended 20°C and 65% RH for the knitting of waxed wool yarns.

12.5 EFFECT OF MACHINE SETTINGS

Buys and co-workers®* ** * =7 jpvestigated the influence of certain ma-
chine variables (e.g. dial height, run-in-ratio, timing and knitting sequence) as
well as run-in-ratio on the knitting performance (yarn breaks) of interlock and
Punto-di-Roma on three different double-jersey machines and found certain
differences in the trends and behaviour of the different machines which they
ascribed to differences in the cam systems and distribution of take-down ten-
sion amongst other things. The optimum dial height depended upon run-in-ratio
and other factors, a run-in-ratio of 1:1 generally pproducing fewer holes than
one of 1,5:1. Machine settings were suggested for improved knitting perform-
ance. They concluded that the effect of some machine settings had previously
been underestimated and that large improvements in knitting performance could
be obtained when the correct (optimum) machine settings were used. Some of
the above work formed the basis of an M.Sc. thesis* by Buys.

12.6 EFFECT OF ATMOSPHERIC CONDITIONS

Hunter er al*™ investigated the effect of atmospheric conditions on the
knitting performance of wool worsted yarns on an 18 gauge double jersey and a
28 gauge single jersey machine. The trend was for yarn breakages during
knitting to decrease as the temperature increased, provided the relative humid-
ity was constant (Fig. 57). Where relative humidity had an effect, the trend was
for yarn breakages to decrease as relative humidity increased. High temperature
and relative humidity therefore appeared preferable from the point of view of
reducing yarn breakages. Atmospheric conditions generally had a greater effect
on unwaxed than on waxed yarns (Fig. 57).

12.7 EFFECT OF DIFFERENT TYPES OF KNOTS

Hunter et al*' compared the knitting performances of three different knots
(dog, Fisherman’s and weaver’s) and found that the number of yarn breakages
during knitting, attributable to knots, depended upon the fabric structure and, in
the case of the Punto-di-Roma structure, also on the particular feeder at which
the knot occurred. The different types of knots did not differ much in their
performance during knitting, although, on average, the weaver’s knot caused
the least yarn breakages and the dog knot the most. None of the 750 knots
knitted into the interlock structure caused holes whereas for the Punto-di-Roma
structure more than 5% of the knots resulted in holes, knots being responsible
for about 50% of the total number of holes. The corresponding figure for the
plain single jersey structure was approximately 6% while for the interlock and
satin stitch structures it was zero. Other yarn breakages were largely due to thin
places, the total number of breakages being reduced by waxing and decreasing
fabric tightness.
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12.8 EFFECT OF YARN PROPERTIES AND LUBRICATION
ON KNITTABILITY

Yarn flexural rigidity was found'® to have a small effect on knittability.
Hunter and Slinger® showed that knittability on a Lawson FAK was mainly
affected by yarn-to-metal friction, knittability deteriorating with an increase in
friction in spite of the fact that positive feed was employed.

Hunter™®, using a force-measuring instrument (strain-gauge) developed by
Baker and Kruger' fitted to a V-bed machine, showed that the forces required
to knit soft twist yarns were similar to those required to knit high twist yarns
indicating that changes in yarn flexural rigidity due to changes in yarn twist had
little effect on knitting forces. Knitting forces were related to yarn friction (Fig.
58) first decreasing with increasing wax level on the yarns after which they
remained more or less constant. Stitch (course) length was dependent upon the
yarn friction, input tension and cam setting, but was independent of yarn linear
density. Optimum yarn friction was obtained at about 0,8 ug/cm, and was
independent of the number of wax applications. When knitting force was plot-
ted against cover factor a minimum was generally observed at a cover factor of
about 1,2 (Fig. 58).

Knapton and Schwartzkopff*” studied the structural knitting performance
(SKP) of all-wool double-knit fabrics and found that when knitting at the opti-
mum SKP, increasing the knitting machine speed-did not adversely affect knit-
ting performance and knitting efficiencies were at their best.

Hunter™ investigated the factors affecting stitch length on a fully fa-
shioned plain machine. He found that the average distance between the needle
stems and the throats of approximately the first three fully forward sinkers, at
the instant of loop measuring, critically affected the stitch length. An instru-
ment was designed which could be used to measure the distance. The predicted
stitch length agreed very well with the actual stitch provided the yarn input
tension and fabric take-up tension were kept low. In a follow-up study*” it was
shown that stitch length and its variation were highly dependent upon input
tension and yarn friction, with a wax level of about 0,55 ug/cm giving the best
knitting conditions. Greater variation in stitch length occurred at the needles
closest to the selvedges than at the more central needles.

Robinson et al*® °2 developed ways of measuring knittability whereby
stitch length was systematically decreased (i.e. fabric tightness or machine
tightness factor increased) and the number of yarn breakages per 100km of yarn
knitted, recorded. The MTF at which 100 yarn breaks per 100km of yarn
knitted occurred was calculated and defined as the ‘‘knittability”’ of the yarn
(Fig. 59).

" Hunter et al’" ¢ ¢ investigated the effect of yarn properties on the number
of yarn breakages, when knitting different single and double jersey structures
on circular machines of different gauges and equipped with positive feed. The
relative importance of the various yarn properties in determining yarn break-
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ages (holes) during knitting was found to depend upon the fabric structure and
tightness. Hunter ez al** found that yarn-to-metal friction, yarn linear density,
yarn tensile properties and yarn irregularity all at some stage had an effect on
yarn breakages during knitting, although their significance and relative impor-
tance depended upon the fabric structure. For example, yarn friction appeared
to' be less important for Lacoste and satin-stitch structures than for the plain
structure®. A reduction in yarn friction, by an effective lubrication or waxing
treatment, was generally the most effective way of improving knittability. It
was concluded that'waxing could be very beneficial provided it was carried out
under minimum tension and with least damage particularly in the case of fine
yamns. (Cawood ez al** also found waxing more beneficial for coarse than for
fine yarns). The trends obtained when MTF was kept constant were often
different to those obtained when stitch length (SCSL) was kept constant® *,
The most striking difference was that when MTF was kept constant, an increase
in yarn linear density caused a decrease in the number of yarn breakages during
knitting due to the fact that the stitch length was increased so as to keep MTF
constant, Robinson et al** having also observed this. On the other hand, when
the stitch length was kept constant an increase in yarn linear density caused-an
increase in the number of yarn breakages due to the fact that the coarser yarns,
being knitted at the same stitch length as the finer yarns, were actually being
knitted at.a higher tightness (MTF). This would simulate conditions, in prac-
tice, where a thick place or slub occurs in the yarn and illustrated the harmful
effect these could have on knitting performance. It was concluded® that, under
the relatively severe knitting conditions (i.e. high tightness factors) employed,
an increase in yarn breaking strength and yarn extension at break and a decrease
in yarn friction and yarn irregularity had a beneficial effect on the number of
yarn breakages. Thick places in a yarn, or knitting coarser yarns at a constant
stitch length, had an adverse effect on the number of yarn breakages during
knitting, but if knitting was carried out at a constant tightness factor, coarser
yarns generally performed better than finer yarns, provided the yarn linear
density remained within the range suitable for the pamcular gauge of machine.
Nevertheless, at commercial tightness factors, other yarn properties such as
knots, slubs and thick places could be expected to play an important rdle in
determining the number of yarn breakages (holes) during knitting.
Silver*™ found that the class of dye influenccd the knittability of the yarn
when dyed in cheese form. It was found that the knittability was worst for 1:2
metal-complex, and improved progressively for chrome, reactive, acid rmllmg,
equahsmg acid and undyed (best). At acceptable low levels of friction, yarn
extension was' the most 1mportant property determining the knittability of the
dyed yams. A second series of dyeings was undertaken in order to investigate
the influence of dyestuff concentration on the knittability. A reactive dye and a
1:2 metal-complex dye were chosen and the yarn lots dyed at 1, 2, 3, 4 and 5%
(o.m.f.) dyestuff for each dye type. Correlations between dyestuff concentra-
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tion (for the 1:2 metal-complex dye) and knittability and between concentration
and yarn extension were found to exist but no correlation was found with the
reactive dye.

In the case of double jersey tuck structures, Hunter* found that most yarn
breakages occurred at the interlock feeders and it was shown that a high run-in
at these feeders and an intermediate run-in at the tuck feeders gave the best
knitting performance.

Hunter et al** also investigated and compared the knitting performance
(yarn breakages) at different feeders within a pattern repeat for a range of single
jersey structures (seven in all including Satin Stitch, 1/1 Weft-knitted Locknit,
Lacoste fabric, Cross-tuck 1 x 1), on a 28 gauge single jersey Jacquard ma-
chine, equipped with positive feed. A run-in-ratio of 1,5:1 was employed when
all-knit and alternate knit-miss courses were incorporated in the same structure
while a run-in-ratio of 1:1 was used when knit-tuck and all-knit courses were
incorporated in the same structure. Consistent results were obtained for the
different course lengths. Feeders at which most breakages occurred were identi-
fied for each structure thus enabling the knitter to improve knitting performance
by supplying yarns with superior tensile properties at these feeders, when feed-
er blending was feasible. Robinson er al** found that tucking (in accordion
structures) affected knitting performance, it being possible to knit the straight
and alternate accordion structures at the tightest stitch lengths and producing
the lightest fabrics. Nevertheless, for fabrics of similar mass per unit area, the
no-tuck structures knitted best, followed by the selective accordion and then the
straight and alternate accordion structures.

In another study, Hunter and Andrews™® investigated the effect of different
types and levels of lubricant on the knitting performance of wool worsted yarns
on single and double jersey circular knitting machines fitted with positive feed.
They found that on the double jersey machine, knittability generally followed a
similar trend as yarn friction, although optimum knitting performance appeared
to occur at a higher level of lubricant (Fig. 60) The paraffin waxes (A to D)
performed best while the emulsion lubricant H (emulsified mineral oil) per-
formed relatively poorly. Waxes with different melting points performed simi-
larly provided they were applied at the same level.

Hunter et al** found that the presence of a few isolated cones of unwaxed
(i.e. high-friction) yarns on multi-feeder single and double jersey circular knit-
ting machines, equipped with positive feed, did not appear to affect knitting
performance adversely provided the rest of the yarns were well waxed. In such
cases, the waxed yarns probably maintained sufficient wax on the knitting
needles to facilitate the knitting of the unwaxed yarns. Waxing the yarn, by
means of solid paraffin wax discs, generally had a beneficial effect on the
knitting performance of the two double jersey structures (interlock and Punto-
di-Roma), but not on that of the two single jersey structures (plain and satin
stitch).
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12.9 DOUBLE JERSEY PLATING AND PLUSH

A v

Stocker and Kerley*” described a way in which plush fabrics could be
produced on a double jersey circular machine using a dial needle latch opener,
wire needle support (presser foot) and a wire for preventing the latches from
closing, while Wolfaardt*® discussed the relatively easy machine modifications
required for the production of double jersey plated fabrics.
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CHAPTER 13

KNITTED FABRIC PROPERTIES

13.1 EFFECT OF YARN AND FABRIC STRUCTURE

Kerley* * and Kerley and Swanepoel* investigated the influence of
cover factor and structure on the abrasion resistance of knitted fabrics as mea-
sured on a Stoll Flex Abrasion Tester. He reported that the results were affected
by the elasticity of the fabrics, a more stretchable fabric ‘‘riding’’ with the
abradant over the diaphragm surface of the instrument and therefore suffering
less abrasion.

Schulze and Stocker investigated various aspects associated with the
production and properties of Double Piqué fabrics (French, Swiss and an eight-
course piqué) knitted with different rates of yarn intake. They recommended
the median rate of yarn intake as the best starting point for double piqué fabrics
of any structure. In a follow-up study*® various physical properties of the
fabrics were measured and related to a fabric tightness factor. Steaming the
fabrics reduced fabric stiffness, thickness and pilling propensity.

For the Punto-di-Roma structure (constant MTF) Hunter** found that
Martindale abrasion resistance improved with an increase in the fabric mass,
yarn twist and fabric density, and deteriorated with an increase in the yarn
linear density (for a constant fabric mass and density). Pilling propensity de-
creased as yarn twist and fabric density increased. Bursting strength increased
with an increase in yarn strength, yarn linear density and fabric density. Air-
permeability increased as yarn twist increased and it decreased as the fabric
mass per unit area or fabric density increased.

13.2 EFFECT OF FIBRE PROPERTIES AND SHEEP BREED

Hunterand co_workersﬁs 594 "689 772 776 792 793 832 833 872 893 932 made anrin_depth
study of the effects of wool fibre properties, such as mean fibre diameter and
length, CV of fibre diameter and length and staple crimp (or bulk resistance to
compression), on the physical properties of single (plain) and double jersey
fabrics (1x1 rib and Punto-di-Roma). They used multiple regression analysis to
determine and quantify the various effects and also to establish whether or not
the breed of sheep from which the wool originated had any additional effect on
fabric properties over and above its effect on the fibre properties as such.
Empirical relationships (regression equations) between fibre and fabric proper-
ties were established, documented and some of these relationships were illus-
trated graphically. Some 200 different wool lots were converted into fabric
giving a total of some 700 fabrics.

In general, mean fibre diameter was found to have the greatest effect on
fabric properties (Fig. 61) followed by mean fibre length and staple crimp (or
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bulk resistance to compression). The effect of fibre length was often not that
large considering the ranges covered. The actual relationship between fibre
length characteristics and fabric properties often also depended upon whether
the physical tests were carried out on the fabrics prior to or after dynamic wet
relaxation.

Occasionally the CV’s of fibre diameter and length of fibre properties
affected certain fabric properties, for example fabric stiffness and drape in-
creased slightly with an increase in CV of fibre diameter, but the effects were
generally small and negligible in practice for the ranges of CV’s normally
encountered in practice. The handle of the knitted fabrics ** was directly related
to mean fibre diameter, CV of diameter and the blending of wools differing in
mean diameter appearing to have little effect on the handle/diameter relation-
ship.

The main findings can be summarised®* as follows:

Abrasion: Fabric resistance to abrasion increased (i.e. mass loss de-
creased) with an increase in fibre diameter and length and also in some cases
with a decrease in resistance to compression (Fig. 62). The following approxi-
mate relationships applied:

% Mass Loss a (Fibre Diam.)'?’ (Fibre Length)®’ (Compr.)’
« (Fibre Diam.)'? (Fibre Length)®’

The various breeds generally followed the same relationship as illustrated
for the single jersey structure in Fig. 63.
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Pilling: Although the results for the different structures and states of relax-
ation were not always consistent, the overall trend was for resistance to pilling
to improve (i.e. pill rating to increase) with an increase in fibre diameter (main
effect), length and resistance to compression (Figs 64 and 65), with the differ-
ent breeds behaving similarly (Fig. 66). The following approximate average
relationship applied:

Pill rating « (Fibre Diam.)*® (Fibre Length)*" (Compr.)"'

Bursting Strength: In virtually all cases, bursting strength increased with
a decrease in fibre diameter (main effect) and resistance to compression and in
most cases also with an increase in fibre length, the various breeds behaving
similarly. The following approximate relationship applied:

Bursting Strength « (Fibre Diam.)™* (Fibre Length)>* (Compr.)®*

Drape and Bending Length: The drape and bending length (stiffness) of
each structure were largely determined by fibre diameter, increasing as fibre
diameter increased, with the different breeds following the same general trend
(Fig. 67). Bending length also tended to increase with an increase in resistance
to compression. The following approximate relationships applied:

Drape Coeff. a (Fibre Diam.)*®
Bending Length a (Fibre Diam.)** (Compr.)*”

Air-Permeability: Air-permeability increased with increasing fibre diam-
eter (main effect) and fibre length and with decreasing fabric mass, the effect of
fibre length probably being due to its effect on yarn hairiness and bulkiness.
For the Punto-di-Roma and single jersey structures, air-permeability also tend-
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Fig. 67 Predicted vs observed drape coefficient for 1x1 rib (different numbers represent
different breeds).(932)
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ed to decrease with an increase in resistance to compression. The various
breeds followed the same relationship. The following approximate relationship
applied:

Air-Permeability a (Fibre Diam.)*® (Fibre Length)®* (Fabric Mass)®

Felting Shrinkage: Felting shrinkage depended upon fabric structure but
generally increased with a decrease in fibre diameter (main effect), resistance to
compression and fabric mass and sometimes also with a decrease in the CV of
fibre length, the different breeds following the same general relationship. The
following approximate relationship applied:

Felting Shrinkage o (Fibre Diam.)' (Compr.)®’ (Fabtic Mass)"”

-Crease and Wrinkle Recovery: Although the trends were not always
consistent for the different fabric structures and crease recovery tests (IWS and
Monsanto), there was a tendency for crease (or wrinkle) recovery to increase
with increasing fibre diameter and sometimes also with increasing fibre length.

Delaney*" investigated the effects of fibre diameter and crimp on various
bending parameters (e.g. visco-elastic, hysteresis, residual curvature) of Punto-
di-Roma fabrics and found a significant difference in the behaviour of the fabric
in the course and wale directions respectively. In the case of the latter, fibre
diameter and fabric thickness played equally significant r6les in determining
the bending characteristics whilst for the former, fabric thickness was the most
important. Bulk resistance to compressmn was found to play only a minor role.
Significant differences were found in the responses of the knitted and woven
fabrics to bending stresses, and these were explained in terms of fabric geome-

try.
13.3 EFFECT OF WOOL STYLE AND CLASS DESCRIPTION

Hunter and Robinson*' studied the physical properties of knitted fabrics
produced from South African Merino wool of various styles and class descrip-
tions as well as from mixtures of the different types of wool. Only in a few
isolated cases were differences of any importance observed between the physi-
cal properties of the fabrics produced. Taking an overall view of all the results,
it appeared that, although large differences were often observed between the
lots in the earlier processes up to the yarn stage, the differences between the
physical properties of the fabrics produced within each series were generally
small. The fabric properties were almost solely determined by the fibre dimen-
sions and physical properties and only insofar as differences in style and class
description were reflected in the fibre properties, did they affect the fabric
physical properties.

13.4 EFFECT OF BLENDING DIFFERENT RAW WOOL LOTS

Hunter and co-workers* ¢ ™ 82 gtudied the effect of blending raw wool
lots (farmer lots), differing in their fibre characteristics such as length and
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diameter, on knitted fabric properties and investigated whether the behaviour of-
the blends (mixtures) in fabric form could be predicted from the behaviour of
their individual components in the fabric. The general conclusion was that the
physical properties of the fabrics containing wool blends or mixtures could be
predicted from the weighted mean properties of the individual components and
that the fabric properties were largely determined by the mean fibre properties,
the main ones being mean fibre diameter and to a lesser extent mean fibre
length and staple crimp or bulk resistance to compression.

13.5 DIMENSIONAL PROPERTIES AND STABILITY

Schulze* discussed the various factors involved in the dimensional stabil-
ity of knitted outerwear fabrics, while Veldsman*® showed that the fully re-
laxed state of all-wool, double jersey fabrics could be achieved commercially to
within the 8% tolerance limits of area shrinkage by first decatising the fabrics,
followed by tumbling in a charged system of perchloro-ethylene. Spin-drying
for two minutes, followed by a 10-minute tumble-drying at 70°C, completed
the operation. A final one-minute decatising, Hoffman pressing or calendering,
gave a smooth, attractive appearance, handle being neither flabby nor harsh.

Schulze*® reported on the fabric physical properties of a wide range of
double jersey structures after wet-relaxation, Hunter showing that the proper-
ties of these fabrics were largely a function of fabric structural tightness factor
rather than of the particular structure.

Wolfaardt®? ** found that approximately 10 minutes uninterrupted tum-
bling in steam at atmospheric pressure, followed by 15 minutes tumble-drying
at 70°C, was an effective means of relaxing all-wool, shrink-resist treated
plain-knit and 1x1 rib structures. Tumble-drying, however, did tend to distort
1x1 rib fabrics, the degree of distortion depending upon fabric tightness and
extensibility and sample size and shape. He showed*' that the 3-minute Austra-
lian Wool Board standardised wash-relaxation test was effective for relaxing
shrink-resist treated wool knitted fabrics, although subsequent tumble-drying
relaxed the plain fabrics further as opposed to flat drying. This did not apply to
the 1x1 rib fabrics. His results indicated that loop length was an unreliable
measure of felting.

Knapton®™ showed that by the use of a tumble-drying technique, the fully-
relaxed states of simple and complex knitted structures in wool, were geometri-
cally predictable and uniquely determined by the length of yarn in the Structural
Knit-Cell (SKC). The mechanism of relaxation differed from the felting mecha-
nism. In any other state, fabric dimensions were not easily predictable as they
were dependent on processing variables. In subsequent washing of untreated
wool plain-knitted fabrics, the general shape of the area shrinkage/time curves
(Ag/t) was defined by two parameters, (a) the ‘‘saturated felted value’’ and (b)
the rate of change factor of the (Ag/t) curves. For treated fabrics, the general
shape of the (Ag/t) curve was linear and could be defined by one parameter. For
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untreated or under-treated fabrics, linear and area dimensions in washing were
dependent upon most yarn and fabric variables. Two ‘‘Tightness Factor’’ (TF)
expressions were suggested. The ‘‘Structural Tightness Factor’’ (STF) which
took into account the energy state of the fabric, and the ‘‘Machine Tightness
Factor’” (MTF), which represented an industrial means of setting any machine
to any desired fabric quality. A means of setting double-knit machines to the
most desirable run-in ratio was also suggested.

Wolfaardt and Knapton® showed that the K- values of a plam-kmtted
structure were only really constant with changes in loop length when the struc-
ture was in its fully-relaxed state, the latter best being achieved by tumble-
drying. K .appeared-to still depend upon yarn linear density. even in the fully
relaxed state. Dimensional changes due to felting were largely (but not entirely)
associated with loop contraction (i.e. felting' shrinkage of the yarn).

Knapton®™ proposed various definitions ‘and relationships in an attempt to
establish a unifying system of nomenclature for the geometry of complex Knit-
ted structures. He also discussed the concept of a standard yarn intake ratio.
Knapton and Schwartzkopff* extended the concepts of full-relaxation and di-
mensional constants and geometry developed for single jersey fabrics by other
workers, to double jersey fabrics and introduced the concept of a structural
knit-cell as the smallest repeating unit of fabric structure together with appro-
priate cell-stitch length (SCSL) and dimensional constants (K- or U-values).
The concept of machine tightness factor (MTF) was also developed. Use was
also made .of the concept of Structural Tightness Factor previously introduced.
They® showed that using the concepts of the fully-relaxed fabric state and the
Structural Knit Cell (SKC), the shape of the SKC of the Punto-di-Roma struc-
ture was geometncally determined, and predictable in the fully-relaxed state,
being defined by a series of constants (K-values). These K-values could be used
to predict finished fabric dimensions and mass in the fully-relaxed state.

Wolfaardt*” made a theoretical study of the geometry of 1x1 rib structure
and calculated the standard tightness factor to be 6 and the ‘corresponding
machine tightness factor (MTF) to be 11,9. He and Knapton®® proposed a
geometrical model of the smallest repeating unit or structural knit cell (SKC) of
the fully-relaxed 1x1 rib structure, based upon an elastica configuration. They
found dimensional constants determined expenmentally to agree well with
those calculated theoretically.

- Buys* investigated the dimensional propertxes and K values of eightlock
and double eightlock pure wool structures and found that, in cértain cases, the
K-values were slightly dependent upon the SCSL. At a constant stretcher board
width, length and width shrinkage depended upon the SCSL Whereas the area’
shrmkage was' largely independent of SCSL.

Silver and Creed*” showed that dimensionally stable all- wool smgle jersey
fabric could be attained by scouring, setting and shrink-resist treating the fab-
rics. The finishing routine had no adverse effect on the physical properties of
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the fabrics. Relaxation shrinkage could not be contained by any setting treat-
ment and scouring was selected to remove the relaxation shrinkage.

Hunter e al’”, Dobson et al’* and Robinson ez al*® showed the advantages
to be gained in increased fabric dimensional stability by knitting with virtually
zero take-down tension on circular double-jersey machines to which special
devices had been fitted for this purpose.

13.6 MEASUREMENT OF FABRIC UNEVENNESS

Kruger and co-workers™ developed a relatively simple apparatus for the
detection of defects, such as barré and streakiness, in fabrics. The image of a
slit illuminated by a small lamp was focussed onto the fabric and either the
reflected or transmitted radiation analysed. Reflected radiation was collected by
an integrating sphere and detected by two photomultipliers, one sensitive to the
green and the other to the near infra-red. A phototransistor was used for the
detection of transmitted light. Differences in depth of colour for a blue shade
show up in the response of the green-sensitive photomultiplier but not in the
response of the infra-red detector (which was insensitive to the dye) or the
phototransistor. Other ’faults’ could be detected by all three detectors. It was
possible to obtain a quantitative measure of barré and streakiness with the aid of
an electronic counter.

Hunter and Smuts*® measured the variation in surface irregularity of single
jersey fabric by means of a stylus lightly resting on, and traversing along, the
fabric surface as well as the variation in transmitted light measured by means of
a photodensitometer, and found them to be related to yarn irregularity. The
latter method appeared to be the more promising for obtaining a measure of the
unevenness of knitted fabrics. Subjective rankings of fabric streakiness were
correlated with all these variables. The effect of an increase in stitch length on
the results obtained for surface irregularity was different to that on the fabric
irregularity results measured by transmitted light. In the case of the surface
irregularity test the sample had to be mounted carefully since slight variations
in mounting tension caused large variations in the results.

13.7 COCKLING AND PUCKERING

Kerley* reported on a simple technique, for the planning of rib cuffs and
welts for fully fashioned garments, that was based on the classical knitting
geometry of plain and 1x1 rib fabrics. The effects of cover factor and some
common loop ratios at the join of 1x1 rib and plain fabrics on puckering at the
knitted join and the effects of cover factor and some yarn characteristics on
cockling in plain-knitted fabrics were also reported. He linked cockling to twist
distortion and yarn irregularity, twist liveliness and coarse fibres being aggra-
vating factors. Hunter et al*® found cockling to be particulary severe in wool-
/mohair blends, deteriorating with an increase in mohair content. They related
cockling to short-term variation in yarn torque resulting from variations in fibre
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diameter and yarn linear density and twist, certain factors during knitting aggra-
vating the problem. Setting the yarns had little effect on cockling while auto-
clave setting of R Synthappret treated fabric effected a significant improvement.

Robinson er al** ™ defined different forms of loop distortion, including
cockling, with the aid of photographs. Cockling was found principally in fab-
rics containing wool or mohair. The average cockle was found to extend over 7
to 8 loops and it was found that cockling was generally associated with thick
places in the yarn which had a low twist. A simple method of quantifying the
severity of cockling in single jersey knitwear knitted from wool or wool blend
yarns involving a set of SAWTRI standard photographs of cockling was devel-
opedm 79

Robinson and Green® concluded that the unevenness of the yarn mainly
determined the degree of cockling, cockles forming when a relatively thick
place in the yarn coincided with a relatively thin place in either the preceding or
succeeding course or both. Lower-twist yarns tended to be more prone to
cockling and also loosely knitted fabrics. Wool yarn developed untwisting
torque when wetted out, which, together with high yarn irregularity, were the
prime factors in cockling. Wool yarns for plain single jersey knitwear should be
spun from wool of sufficient fineness and with sufficient fibres in the cross-
section to ensure minimum cockling.

Robinson and Green®* compared the cockling of two yarns spun from a
local and an imported wool respectively and found that the local wool fabric
cockled more than the one knitted from the imported wool. Although the local
wool produced a yarn generally more even than the imported wool, the latter
contained a lower frequency of thick places with a relatively small cross-section
and it was felt that this, and possibly torque differences, were mainly responsi-
ble for the observed differences in cockling.

Robinson et al®* ™ ™ ™ attempted to correlate certain fibre and yarn
properties with the degree of cockling. Mean fibre diameter and crimp frequen-
cy were found to have a significant effect on cockling for a specific yarn linear
density. The evenness of the yarn was very important in the degree of cockling.
Coarser and undercrimped wools tended to increase cockling (Fig. 68).

In a later study, Robinson and co-workers™ ™ investigated the effects of
shrinkresist and anti-cockle treatments and found that a chlorination ’pretreat-
ment’ of the fabric gave the greatest single anti-cockle effect, even more effec-
tive than a standard bisulphite anti-cockle treatment. Chlorine- R Hercosett
shrinkresist treatment of the fabric gave a slightly better effect than chlorination
alone.

Robinson et al’ " also investigated the cockling of fabrics knitted on
three different types of machines with completely different knitting actions,
namely, fully-fashioned, flat-bed and RTR machines. Flat-bed knitting pro-
duced a fabric with a higher cockling rating (better) than fully-fashioned knit-
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ting with the circular knitting action giving relatively lower cockling ratings
(worse) in the case of fine wools.

13.8 TYPICAL PHYSICAL PROPERTIES OF COMMERCIAL
DOUBLE JERSEY FABRICS

Hunter and Smuts™ measured the physical properties, generally associated
with fabric quality, of a range of commercial double jersey fabrics. Those of
the pure wool Punto-di-Roma fabrics were related, by means of multiple linear
regression analyses, to the various fabric structural parameters, such as mass
per unit area, density, run-in-ratio and machine tightness factor. Graphs were
prepared of the various fabric properties plotted against the fabric mass per unit
area (g/m?) for use in quality control laboratories to assess the performance of
similar wool double jersey fabrics relative to these commercial fabrics. The
abrasion mass loss at 10 000 cycles was found to be highly correlated with that
at 20 000 cycles. The former was also correlated with the number of cycles to
end-point and was considered the preferred method of determining abrasion
resistance. According to the results obtained on the all-wool fabrics, a mass
loss at 10 000 cycles, of more than about 5,5% could be regarded as excessive,
and would, on the average, correspond to an abrasion resistance (cycles to end-
point) of roughly 20 000 cycles. The fabric drape was shown to be highly
correlated with bending length.

In a later more comprehensxve study, Smuts and Hunter’! measured the
physical properties of more than 500 knitted wool fabrics (mostly double j jersey
structure). The results were related by means of multiple linear regression
analyses to fibre diameter and certain fabric structural parameters. The various
fabric properties were plotted against fabric mass (g/m?) for the various struc-
tures and reference tables were prepared for these structures showing the effect
of fabric mass and machine tightness factor on the air-permeability, bursting
strength, abrasion resistance and bending length. These graphs and tables can
be used in practice as a basis of reference, i.e. to assess the performance of
similar wool fabrics relative to other commercial fabrics.

13.9 DOUBLE JERSEY TUCK STRUCTURES

Hunter* investigated the dimensional properties and knitting performance
of four double jersey tuck structures (Single Piqué, Royal Interlock, Pin-tuck
and Texi-piqué) knitted on an 18 gauge machine from a shrinkresist-treated
wool worsted yarn and employing different SCSL’s and run-in-ratios. The
dimensional constants (K-values) were in general dependent upon the run-in-
ratio even after dynamic relaxation and washing. The characteristic appearance
of the Single Piqué structure depended upon the run-in-ratio (interlock-to-tuck
feeder). In a follow-up study®™, the physical properties of three structures were
compared for a wide range of course lengths and run-in-ratios. It was concluded
that the bagging propensity of these fabrics was generally high, making them
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unsuitable for end-uses, such as trousers and slacks, where bagginess could
present problems. The fabric properties were in many cases affected signifi-
cantly by either the course length (run-in or SCSL) or run-in-ratio or both. Of
the four structures, the Single Piqué appeared to be the most promising from a
commercial point of view. Nevertheless, the relatively high relaxation shrink-
age and low dimensional stability of these tuck structures could limit their
suitability to certain end-uses only (e.g. dresses, skirts, etc.).

13.10 SEWABILITY

Kelly et al*” and Hunter and Cawood®® measured the sewability of commercial
double jersey fabrics on an L & M Sewability Tester and investigated the effect
of several yarn lubricants as well as certain experimental variables on sewabi-
lity. Variation in needle diameter within needles, of nominally the same size,
significantly affected sewability (Fig. 69) and the sewablhty of commercial
fabrics depended upon the percentage of dichloromethane extractable matter
and fabric tightness (Fig. 70). The addition of lubricant to yarns already con-
taining processing lubricants and natural waxes did not materially improve
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Fig. 69 Relationship between Needle Diameter and Sewability for Sewmg Needles of the
same Nominal Size.(67
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sewability. Some average values for sewability were given for various commer-
cial knitted fabrics. '

13.11 REJUVINATING FUZZED AND PILLED GARMENTS

Kerley™ proposed a method whereby pills and fuzz could be removed
from knitted garments by shearing.

13.12 KNITTED END-USES FOR KARAKUL*

Kerley*” discussed some end-uses for karakul wool and described some -
work carried out at SAWTRI in which the fibre was converted into Milano rib-
knitted fabric which was tailored into a fashionable jacket for leisurewear
which showed good wear characteristics.

13.13 CO-WE-NIT FABRICS

Robinson, Layton and co-workers® *® 3t 36 324 31 3w 361 45 ghowed that a
great number of different structures and designs could be produced on a Ras-
chel type Co-we-nit machine and, in combination with colours, many different
effects could be produced suitable for men’s outerwear fabrics. The subtle
differences of the various colour and Co-we-nit effects introduced a completely
new concept in cloth design. Applications of karakul, wool, mohair and syn-
thetic fibres in sunfilter curtaining and upholstery were described.

*See also next section (13.13).
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CHAPTER 14

WEAVING
14.1 YARN SIZING AND WAXING

Robinson and Layton®? investigated the sizing and weaving performance
of singles wool worsted yarns, using a modified Hergeth sample sizing ma-
chine. They concluded that sizing of all-wool worsted yarns could effectively
be carried out, although yarn linear density was a dominant factor in respect of
weaving performance. Desizing of the fabrics in preparation for piece dyeing
necessitated the use of an enzymatic desizing agent. Robinson et al*”' *° de-
scribed the production and finishing of light-weight all-wool shirting fabrics
which involved the sizing of the singles yamns and which had good machine
washable properties. _

Robinson and Layton® showed that a relatively short wool could be
blended with cotton and short staple polyester fibres and satisfactorily pro-
cessed into fabric, sizing increasing the yarn strength. A standard size mix gave
satisfactory results for relatively coarse yarns but not on the finer yarns, the
latter requiring higher add-ons. The size performed better on the wool/cotton
and wool/polyester yarns than on the all-wool yarn indicating that a better size
for the wool fibre was required. Later Robinson and Layton®* extended the
work on sizing to cover ring and rotor yarns in wool/cotton blends (60/40 and
40/60) in three different yarn linear densities, all-wool worsted ring yarns and
all-cotton rotor yarns being used for purposes of comparison. The yarns were
sized (10% size mix) and weaving trials carried out on both conventional and
projectile weaving machines. The yarns lost some strength during preparation,
but sizing increased the yarn strength to above the original values. The rotor
yarns generally had higher size pick-ups and abrasion resistance than the ring
yarns. The cotton and cotton-rich blends benefited most from sizing, the rela-
tively poor performance of the wool component again indicating the need for
further work to find a more suitable size. Subsequently Robinson and Layton®®
applied 22 different size formulations to fine worsted singles yarns to assess
their effect on weavability during the weaving of a light-weight all-wool gaber-
dine fabric only. Certain of the formulations were found to perform satisfac-
torily.

McMahon*® carried out a limited study to determine the effect of warp
waxing of two all-wool worsted yarns on weavability. Four wax products were
selected. The results showed that significant reductions in breakage rate for
both singles and two-ply yarns could be achieved by waxing.

14.2 WEFT TENSION AND WEFT SKEWING

Robinson* showed that the more the twill was broken up the lower the
percentage skewness, with the skew line following the twill lines only in the
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case of the step 1 twills. The skew increased with increasing boldnéss of the
twill line. He developed a method of calculating the expected percentage skew
(RSF) from the weave structure and direction of yarn twist. In a subsequent
study he* showed that fabric width and sett played a role in fabric skewing. An
increase in weaving tension also increased fabric skewing and fabric contrac-
tion in the loom state was found to be related to skewing. In a later study**, it
was shown that'yarn twist was very important in terms of weft skewing, the
higher the twist factor the greater the skewing (Fig. 71). Conventional S-warp,
S-weft fabrics (i.e. where the folding twist was in the S-direction) gave higher
skew than all other twist combinations in fabrics where the skew was in the
same direction as the twill. When the direction of skew opposed the twill
direction the use of S-warp,-S-weft yarns gave minimum skew. It was also
found* that weft tension had an effect on weft skewing and that suitable
temples, which hold the fabric out to full reed width, were essential, the full
width temple and strong ring temples giving the best results with minimum
skewing. Late shed timing with a low backrest and minimum warp tension gave
much less skew than the other settings used.

The above work on weft skewing formed the basis of an M.Sc. thesis*’ by
Robinson.
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Fig. 71 Change of % skew with folding twist. (326)

SAWTRI Special Publication — November 1987 137



McMahon** measured the fluctuations in weft tension on a double rapier
loom, at different tension settings, a weft accumulator reducing the maximum
transient tensions significantly.

14.3 WEAVABILITY

In an attempt to explain observed differences in weavability in a mill,
Hunter et al™ compared the physical properties of commercial lots of two-ply
ring-spun and Repco self-twist (STT) weaving yarns, spun from similar wools.
The frequencies of isolated weak places, as measured on a Shirley Constant
Tension winding tester for the STT and ring-spun yarns differed significantly.
The ring-spun yarns averaged 0,7 breaks per 10 000m, the STT yarns spun on a
Repco Mk I machine 21 breaks per 10 000m, and the STT yarns spun on the
Repco Mk Il machine 38,7 breaks per 10 000m. These ditferences ranked the
yarns in the same order as their commercial weaving performance. All the
breaks in the constant tension winding test occurred at a thin place of relatively
high twist. For the STT yarns, the breaks during the constant tension winding
test generally followed a Poisson distribution.

Robinson and co-workers*? *? carried out weavability trials on a large
number of worsted yarns (wool and wool blend) and showed, by means of
multiple regression analysis, that weavability (warp breaks per 1 000 ends per
100 000 picks) warp breaks could be predicted with an 83% fit to their data
(Fig. 72) from yarn properties, such as isolated weak places (Shirley test),
extension at break, tenacity, linear density (tex), objectionable faults (Classi-
mat), thin places and knots. The most important property by far was the occur-
rence of isolated weak places. The following best fit equation was obtained®?

972

Weavability = A (0,033 BE + 0,106 BD - 0,097 BC - 0,244 BF
W) + 0,013 EF + 0,781 CF - 0,023 DE - 0,00048 DG
-66C-17F -167C-154 B + 0,71 BC
+ 362,2

n =71, R =091
Contribution to % fit

where A = isolated weak places (No. of Shirley 27
breaks per 1 000m at a tension of 211cN)
B = extension 17
C = tenacity 16
D = tex 11
E = objectionable faults 6
F = thin places 5
G = knots 1
83%
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Hunter et alP ** confirmed the importance of isolated weak places, as
measured by three different techniques (Shirley, Tensorapid and SAWTRI

Tester), in determining weavability.

McMahon** ** reported on the effect different types of knots and splices
have on the tension developed in worsted yarns under conditions similar to
those encountered by a yarn during weaving as well as on the effect of guide

diameter on yarn frictional forces™:.
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CHAPTER 15
WOVEN FABRIC PROPERTIES

15.1 EFFECT OF FIBRE PROPERTIES AND SHEEP BREED

Hunter’ Smuts and co_workers726 733 763 776 780 783 791 832 B33 872 893 932 946 made an
in-depth study of the effects of wool fibre diameter, length and crimp (or bulk
resistance to compression) characteristics on the physical properties of plain
and cavalry twill weave fabrics. They used multiple regression analysis to
determine and quantify the various effects and also to establish whether or not
the breed of sheep from which the wool originated had any additional effect on
fabric properties over and above its effects on the fibre properties as such.
Empirical relationships (regression equations) between fibre and fabric proper-
ties were established and some of the relationships were illustrated graphically.

The results obtained are summarised below®. In all cases the various
breeds behaved in a similar manner and in accordance with their measured fibre
properties. Fig. 73 illustrates this and the accuracy of prediction.

Bending Length and Drape: Both bending length and drape were almost
solely determined by fibre diameter, there also being a trend for bending length
(i.e. stiffness) to increase slightly with an increase in CV of fibre diameter. An
increase in fibre resistance to compression or a decrease in fibre length (twill)
was associated with an increase in drape although it could be that these fibre
properties affected other fabric properties, such as weave crimp, and that they,
in turn, affected fabric drape.

Delaney*® also investigated the effects of fibre diameter and crimp on the
bending properties of cavalry twill weave fabrics. Samples were taken through
an isothermal bending stress/strain cycle, and from the hysteresis observed,
various bending parameters were determined. An increase in fibre diameter
resulted in an increase in stiffness, and a decrease in residual curvature and
hysteresis loss. Mean fibre diameter explained by far the greatest variation in
the results, followed by fibre length and staple crimp.

Abrasion: The abrasion resistance of the twill weave fabrics tended to
improve (i.e. mass loss decreased) with an increase in fibre length, an apparent
effect of fibre diameter being due to its effect on fabric mass.

Strength: Tensile and bursting strength decreased with an increase in fibre
diameter and resistance to compression or staple crimp (Fig. 74). In some cases
an increase in fibre length or a decrease in CV of length also resulted in an
increase in strength.

Extension: Extension at break decreased with an increase in fibre diame-
ter (main effect) and also with an increase in resistance to compression (twill)
and a decrease in fibre length (plain).

Air-Permeability: Air-permeability decreased with decreasing fibre diam-
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eter (main effect) and increasing fabric mass, and in the case of the twill weave,
also with an increase in fibre resistance to compression.

Shiloh*” had previously investigated various aspects related to the labora-
tory testing of air-permeability and derived an equation for the prediction of the
air-permeability of composites.

Wrinkle Recovery: The overall tendency was for AKU and IWS wrinkle
recovery to increase with a decrease in fibre diameter, with the effects of the
other fibre properties being small and mostly inconsistent. (See also section on
Wrinkling).

Felting Shrinkage: Both relaxation and felting shrinkage decreased with
an increase in fibre diameter, while felting shrinkage also decreased with an
increase in tibre resistance to compression. No correlation was found between
felt ball density results and woven fabric felting shrinkage, the latter being
mainly dependent upon fibre diameter whereas the former was mainly depen-
dent upon fibre resistance to compression (or staple crimp).

Weave Crimp: Weave crimp (weft crimp in the case of the plain weave)
decreased with an increase in fibre diameter. In the case of the plain weave
fabrics, changes in the fibre properties of the weft yarn caused changes in the
weft crimp and opposite changes in the warp crimp (i.e. crimp interchange),
weft crimp decreasing with increasing fibre diameter (main effect), CV of fibre
diameter and fibre length.

Hygral Expansion: Hygral expansion increased with increasing staple
crimp (or resistance to compression) and weave crimp, the effects of other fibre
properties being due to their associated changes in weave crimp. The various
breeds once again behaved according to their fibre properties (Fig. 73).

/
/
/

FABRIC BREAKING STRENGTH (N)
]
c
<]
&
=]
&
Z
£
=3
=]
=
»

—_ " RESIST. TO

g “-COMPR.
i R 15 mm
’ \‘\._\‘\ 17 mm
e 19 mm

“ Ry v

400+

20 21 22 23 24 25 26 27 28 29 30 31 3R
FIBRE DIAMETER ( um)

Fig. 74 Regression curves illustrating the effects of fibre diameter and resistance to compres-
sion on fabric breaking strength (cavalry twill),(726)
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15.2 EFFECT OF WOOL STYLE AND CLASS DESCRIPTION

Slinger and Godawa'™ compared the processing performance and woven
fabric properties of a good quality (uniform fibre character, well defined and
regular crimp, kind handle and absence of deviating fibres) with that of a poor
quality wool. It was found that the fabric woven from the good quality wool
had a kinder handle, higher breaking strength, higher felting rate and was less
stiff than the fabric woven from the ‘‘poor quality’’ wool. Nevertheless, the
latter was coarser than the former and the former was also relatively more
undercrimped which could explain the observed differences in fabric proper-
ties.

Hunter and co-workers™ ™ studied the physical properties of woven fab-
rics produced from South African Merino wool of various styles and class
descriptions as well as from mixtures of the different types of wool. It was
concluded that, although large differences were often observed between the lots
in the earlier processes up to the yarn stage, the differences between the physi-
cal properties of the fabrics produced within each series were generally small.
The fabric properties were almost solely determined by the fibre properties and
only insofar as differences in style and class description were reflected in the
fibre properties, did they appear to affect the fabric properties.

15.3 BUNTING FABRICS

Robinson™ found that long coarse wools performed best in all-wool bunt-
ing fabrics, but did not recommend them for commercial use in windy loca-
tions. They did not compare favourably with wool/nylon bunting materials.
Subsequently Robinson and Alcock® tested storm size flags of various intimate
blends of coarse wools and nylon for performance based on time and wind
velocities. Whilst the addition of 10% nylon gave the highest rate of improve-
ment, 70/30 - wool/nylon blend bunting was considered to give the best results
in respect of flying life, aesthetic properties and economics.

15.4 LENO WEAVES

Robinson et al** investigated the incorporation of leno weave units into a
plain all-wool ladies’ dress material of approximately 160-180 g/m’ in various
percentages, for purposes other than design and showed that there were possi-
ble advantages accruing from this practice in respect of fabric wrinkling pro-
pensity and stiffness, without detracting too much from the original fabric
appearance. Disadvantages were slight increases in fabric thickness and slightly
higher air-permeabilities. In a further study, Robinson and Ellis** investigated
the effect of incorporating leno and up to 5% of either multi-filament or mono-
filament nylon into light-weight worsted suitings, some fabrics being shrink-
resist treated. It was shown that a combination of leno and filament yarns gave
improved performance. The monofilament yarns caused no problems in weav-
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ing, fine monofilament yarns being preferable.

Robinson and Ellis*® described, with the aid of diagrams, various light-
weight leno-weave (5% leno) all-wool shirting and Safari suiting fabric struc-
tures. The leno fabrics were slightly thicker and tended to have a slightly
reduced abrasion resistance than plain weave fabrics. The fabrics had a high
relaxation shrinkage, but the addition of 0,75% resin reduced felting shrinkage
without impairing handle. The leno fabrics had similar mechanical properties to
those of a plain weave fabric but appeared to have slightly improved wrinkle
resistance and greater air permeability.

15.5 CROTCH WEAR IN TROUSERS

Bird and Hunter*® evaluated trousers returned to retailers because of unac-
ceptable wear in the crotch region. Tests on fabric cut from the trouser legs
were conducted using three different abrasion machines. None of the three
abrasion tests appeared capable of predicting the problem of crotch wear and
there was no correlation between the results of the different abrasion machines.
Alkali solubility was slightly higher in the crotch area than the leg area of the
trousers but the difference was small in relation to the degree of wear which
took place.

15.6 CORRELATION BETWEEN DIFFERENT ABRASION TESTS

Bird™ compared the results obtained on three different abrasion testers on
plain and twill weave fabrics differing in fibre content and mass. He found that
no two tests ranked the fabrics in the same order. The correlation between
abrasion tests, even where significant, did not allow for the results of one tester
to be predicted from those of another. The degree to which each fabric and yarn
property affected the result, varied between abrasion tests. The weft yarn ten-
sile strength was a significant factor in the three standard abrasion tests applied.

15.7 PHYSICAL PROPERTIES OF COMMERCIAL WOVEN FABRICS

Hunter and Smuts®* measured the physical properties of some 174 com-
mercial wool and wool blend fabrics with a-view to establish preliminary
‘‘average’’ or ‘‘reference’’ values for those fabric properties often used to
characterise fabric quality. The results were plotted against fabric mass and a
table of ‘‘average’’ values prepared to facilitate the practical use of the data.
Insufficient fabrics were available to allow a distinction to be made on the basis
of fabric structure.

15.8 FABRIC HANDLE

Hunter et al*” investigated the effect of wool fibre diameter and crimp on
fabric handle, objectively measured according to the Kawabata system, for
plain- and twill-weave fabrics. Fibre diameter generally had the main effect on
fabric stiffness (Fig. 75) and handle, the latter being evaluated according to the
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requirements for summer suitings, while fibre crimp had the main effect on the
fabric shearing properties (Fig. 76) and bending hysteresis. Fibre crimp and
fabric thickness appeared to increase in importance when the fabric handle was
evaluated in terms of the requirements for winter suitings. In certain cases, the
effects of the fibre properties on the fabric handle and mechanical properties
could be explained in terms of their effects on fabric properties, such as thick-
ness, weave crimp and mass.

15.9 HYGRAL EXPANSION*

Mandel” showed that woven fabrics which had been set (chemically or
otherwise) were less stable to changes in relative humidity than fabrics which
had not been set, with tighter fabrics more stable than more loosely woven
ones. Making up the fabric at intermediate relative humidity (= 65% RH) was
preferred, i.e. extremes in relative humidity should be avoided during making
up. Garments made up under high relative humidity conditions would shrink
when exposed to relatively dry conditions. Hoffman pressing for two minutes
caused fabric shrinkage due to a decrease in regain, while ironing with a very
damp cloth caused hygral-expansion.

Shiloh ez al’® *" investigated the effects of fibre properties, notably diame-
ter and crimp, and weave crimp on hygral expansion of plain and twill weave
fabrics. It was found that fabric geometry, as reflected in weave crimp, was the
most important factor contributing to hygral expansion, higher weave crimp
leading to higher hygral expansion. Weave crimp also increased with an in-
crease in staple crimp as did hygral expansion. This confirmed the results
obtained in various other studies. The results obtained on the 108 all-wool
fabrics, and on six identical mohair fabrics produced, confirmed that fibre
cross-sectional swelling and fabric geometry (mainly weave crimp) played the
main réle in determining hygral expansion, fibre properties such as diameter,
staple crimp and bilateral structure, mainly being of importance when they
cause a change in weave crimp (Fig. 77).

15.10 FABRIC SEWABILITY, SEAM SLIPPAGE,
AND SEAM PUCKER

Hunter and Cawood** found very high correlations between percentage
sewability and average penetration force, for twill and plain weave fabrics
woven from wools differing widely in their fibre characteristics. Lower, but
still highly significant, correlations were also found between the sewability of
some of the same fabrics when measured on the L & M and HatraSew testers
respectively. Fabric sewability deteriorated with an increase in fibre bulk (crim-
piness) and fabric mass.

*See also 15.1
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Galuszynski*” presented a theoretical analysis of the principles of seam
slippage in woven fabrics and showed that the amount of seam slippage, or
fabric resistance to seam slippage, depended on such factors as yarn-to-yarn
friction, yarn-to-sewing-thread friction, yarn flexural rigidity, and stitch and
fabric geometry. He showed®™ °* that the fabric resistance to needle piercing
was closely related to the product of fabric tightness and mass (Fig. 78), with
an increase in needle diameter always increasing the needle penetration forces.
The trends were largely independent of whether or not a sewing thread was
used, although the latter significantly changed the magnitude of the forces. He
also investigated ways of reducing seam slippage in woollen fabrics for leisure
wear'*, '

Galuszynski* *¢ compared medium ball and slim-set needle points in
terms of the forces opposing needle penetration of woven fabrics and found that
needles with the medium ball points generally produced smaller forces than
those with slim-set points. This trend was generally independent of stitch
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length, pressure of presser foot or sewing speed. A thick ball point needle
(diameter of 1,00 mm), in some cases, produced greater forces than the set
point needle.

Galuszynski®” *” investigated the factors which affect seam pucker as well
as the measurement of seam pucker and the correlation between different meth-
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ods of measuring seam pucker (Fig. 79). He developed an apparatus (Pucker-
meter) which allowed seam pucker to be measured easily and relatively quick-
ly. His theoretical analysis®’ of the mechanisms involved in producing seam
pucker, illustrated the importance of presser foot pressure, the coefficient of
friction between presser foot and fabric and that between the two fabrics, the
fabric elastic properties and the radius of curvature of the front part of the

presser foot.

rating
w
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v
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P (%)
Fig. 79 Relation between Puckermeter resutts and AATCC rating.77)

15.11 DIMENSIONAL STABILITY TO FUSING,
PRESSING AND DRY-CLEANING
Silver and Roberts® investigated the effectiveness of the ’heat-shock’
treatment as a means of inducing fabric dimensional stability and found that the
time and temperature of treatment were of little significance compared to the
prior addition of moisture to the fabric. A moisture add-on of 30% (omf)
followed by a heat-shock’ treatment of 15 seconds at 120°C gave rise to a warp
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shrinkage of about 6% (Fig. 80). Subsequent commercial steam and fusion
pressing routines resulted in a further warp shrinkage of only 1 to 2% com-
pared to 4 to 5% without such a heat-shock treatment.

Investigating the effect of fusing temperature and time on dimensional
changes of outer fabrics, Cawood and Robinson™ found that, in many cases,
both fusing temperature and time significantly affected the shrinkage of the
fabrics although the effects were small, within the ranges of temperature and
time used for commercial fusing. The fusing shrinkage of the all-wool fabrics
was relatively low compared to that of the polyester fabrics. The shrinkage
measured immediately after fusing was higher than that measured after the
fabric had been conditioned (at 20°C and 65%), because of a loss in moisture
during fusing.

Robinson er al** measured the fusing shrinkage of both the outer fabric
and the interlining when twelve commercial interlinings were fused to an all-
wool 2/2 twill outer fabric. The results indicated that the interlining played a
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significant rdle in the dimensional stability of the laminated fabric. The degree
of shrinkage of the interlining depended upon the fusing temperature, duration
of fusing and upon the particular interlining. The shrinkage also depended on
the atmospheric conditions under which it was measured. ,

Robinson ez al** subsequently confirmed that the interlining played a sig-
nificant rdle in determining the dimensional properties of the laminated fabric.
The shrinkage of the interlining depended upon the type of interlining used and
upon the direction in which the interlining.was aligned, relative to the outer
fabric, and to some extent, the glue itself (Fig. 81).

Curve No. Details
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Fig. 81 Regression curves illustrating the effect of fusing temperature (C) (at constant time
of 15s where applicable) on fusing shrinkage in the warp (S:) (wool fabric).(766)

15.12 BOND PEEL STRENGTH

Robinson and Gee*” investigated the effect of various fusing conditions
and of wetting-out or dry-cleaning on the bond peel strengths of different outer
fabrics fused to three interlinings.

Interlinings bonded to all-wool fabrics generally had lower bond strengths than
when bonded to synthetic fabrics, the average bond peel strength being
8N/2,5cm. Fusing conditions of 165°C (machine setting), to give an actual
fusing temperature of 127-132°C, 20s and 300 kPa (3 bar) pressure were sug-
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gested as a general guide for obtaining adequate bonding. Wetting-out and dry-
cleaning of the laminates generally caused a decrease in the bond strength.

Robinson et al* studied the effect of industrial fusing conditions on fabric
shrinkage and bond peel strength. Twenty fusing presses at eight companies
were involved, the temperature, time and pressure settings being monitored.
The main findings were that the average shrinkage after conditioning was at an
acceptable level. However, bond peel strengths varied from very low values to
acceptable levels and no individual company or type of press produced consis-
tently good results.

Galuszynski and Robinson™ subjected outer fabrics, interlinings, and the
laminates of both to steaming and commercial dry-cleaning and found that the
steaming operation hardly affected the shrinkage of the laminates and resulted
in relatively low shrinkage of the outer fabrics in the case of all-wool and
wool/polyester and the interlinings alone. Dry-cleaning hardly affected the
shrinkage of the outer fabrics alone, but had a significant effect on the shrink-
age of both interlinings and laminates. The bond peel strength changed due to
steaming and commercial dry-cleaning.

15.13 KARAKUL INTERLININGS, CURTAINING AND UPHOLSTERY

Robinson and Slinger** investigated the use of karakul in interlinings for
men’s outerwear and it was concluded that satisfactory interlinings could be
produced using karakul.
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CHAPTER 16

DYEING AND FINISHING

16.1 CONVENTIONAL AQUEOUS DYEING

Thorpe and Veldsman™ investigated ways of improving the levelness of
reactive dyeing of South African wools, the unlevelness being due to the weath-
ered tips dyeing more deeply than the roots. It was found that a permosulphuric
acid pre-treatment promoted level dyeing but adversely affected fastness to
washing. In a follow-up study* the efficiency of certain recommended auxil-
iaries for improving levelness (i.e. reducing the tip, middle and root differences
in dye uptake) was evaluated.

Slinger et al'* made a critical study of various recommended processes for
dyeing wool below the boil in both laboratory and industrial trials, with specific
reference to afterchrome black. Dyeing below the boil was generally superior to
conventional dyeing in terms of fibre and yarn tensile properties, fabric abra-
sion resistance and spinning performance. The large effect of dyeing on fibre
and yarn friction was also illustrated. Conventional dyeing reduced bundle
tenacity from about 12,0 cN/tex to about 10,5 cN/tex with the value for dyeing
below the boil being about 10,9 cN/tex.

Thorpe et al'* evaluated and compared various levelling agents used by
the local textile industry in terms of levelling action and economy and identified
those that performed best for premetallised dyes, acid milling dyes and Xylene
Fast P dyes respectively.

. Swanepoel and Mellet™ ' " investigated some factors which determine
the degree of fixation of vinyl sulphone (reactive) dyestuffs to wool and found
that adequate fixation in commercially acceptable dyeing times could be
achieved at temperatures as low as 90°C, provided that the commercial unreac-
tive B-sulphatoethyl sulphone dyestuff was converted to the reactive vinyl sul-
phone derivative in a separate operation prior to actual dyeing. Activation had
to be performed in such a way (e.g. over a long period at room temperature)
that hydrolysis of the reactive site was restricted to an absolute minimum.
Certain auxiliaries greatly improved dye levelness.

Kupczyk™ reported on the bleeding and staining of certain dyestuffs dur-
ing machine washing as well as the perspiration fastness of certain dyes, show-
ing that bleeding was more prevalent in alkaline detergent solutions than in
neutral solutions, while the reverse was true for staining. Acid milling dyes of
the Benzyl, Alizarine, Coomassie and Carbolan types gave good fastness rat-
ings to alkaline perspiration and washing. Kalinowski* recommended a recipe
for dyeing ‘‘Baby Pinks’’ with good light-fastness.

Swanepoel and Van der Merwe*’ investigated the continuous pad-steam
dyeing of wool using reactive dyes dissolved in concentrated solutions of urea
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and found that this method generally resulted in lower covalent fixation values
and wet-fastness ratings than were obtained by the conventional methods. Fast-
ness to rubbing was satisfactory and the nature of the surfactant or dye assistant
did not appear to affect fixation or fastness. To ensure level dyeing, a powerful
wetting agent had to be used in the dye liquor. Swanepoel er a*’ found the pad-
batch process to result in better dye fixation than the pad-steam process al-
though the latter offered the advantage of being a single continuous process.

Swanepoel™ presented a paper on certain aspects of dyeing at an Inter-
national Symposium on Dyeing and Finishing in Port Elizabeth. He** isolated
and identified several derivatives formed by the reaction of urea with model
compounds and showed that covalent bonds were formed between urea and the
typical reactive groups present in fibre-reactive dyestuffs. Reaction of commer-
cial fibre-reactive dyestuffs with solutions containing “C-labelled urea, in some
cases lead to the formation of radio-active dyestuff derivatives. In padding
methods of dyeing, however, reaction conditions were not sufficiently severe to
cause the formation of measurable quantities of the dyestuff-urea products.

Van der Merwe et al** investigated the reactive dyeing of wool below the
boil and developed a method to dye wool at 60°C from a solvent-assisted
medium and at 80°C in the presence of a reducing agent. Strydom and Moun-
tain*® described a semi-continuous method for the dyeing of wool with dichlor-
otriazinyl reactive dyes. The wool was pretreated with a sodium bisulphite
solution containing a wetting agent, followed by drying. The goods were subse-
quently padded with the reactive dye dissolved in a urea-sodium bisulphite
solution, and fixed by baking at 100°C for 15 minutes. Unfixed dyestuff,
residual bisulphite and urea were removed by rinsing in aqueous ammonia.
Fastness to washing and alkaline perspiration was good and the mechanical
properties of the fabrics did not suffer to a significant extent.

Roberts™ studied the effect of three cationic agents, applied as an after-
treatment, on the alkaline perspiration fastness of several classes of dye applied
to wool. An epoxy quarternary ammonium compound resulted in significant
improvements in this respect, particularly when applied by a padding technique
with subsequent baking. He™ presented evidence of the benefits accruing from
the use of N-2,3-Epoxypropyltrimethylammonium chloride as an aftertreatment
for acid and reactive dyes on wool. A pretreatment with this compound was
found to be far less effective.

16.2 CHROME DYEING

Roberts® showed the minimum quantity of chromate necessary for the
production of deep colours of high wet-fastness on wool for four chrome dyes.
Determination of residual chromium content in the spent dye liquors suggested
that levels of about 1 mg/€ may be found although occasionally levels as high
as 5 mg/€ may exist. A method for the removal of residual chromium based
upon its reduction to the trivalent state and subsequent precipitation as the
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hydrated oxide, assisted by a primary coagulant and a polyelectrolyte was
investigated. Laboratory results showed that the use of a sedimentation system
could reduce the level of chromium to about 25 wg/€ while the use of a filter
system could possibly achieve complete removal. The additional cost of the
proposed treatment was negligible in terms of both chemicals and time. The
importance of avoiding the use of excess sequestrants was stressed.

Roberts* subsequently achieved a saving of time in the afterchrome dye-
ing of wool, by commencing the dyeing at a higher temperature than normal
and controlling exhaustion by means of a steady reduction in pH, the final pH
being that at which chroming occurs. It was possible to avoid the necessity of
reducing the dyebath temperature prior-to addition of the dichromate, by its
gradual addition over a period of 5 minutes, at the dyeing temperature.

Roberts** also determined residual chromium values after dyeing untreat-
ed, chlorinated and chlorine/ R Hercosett-treated wools with chrome dyes using
various levels of dichromate. At relatively low levels of dichromate, little
difference in residual chromium was found between these substrates. As the
level of dichromate increased, residual chromium, in the case of the chlorine/ R
Hercosett-treated wool, increased at a much greater rate than for untreated
wool.

Maasdorp™ ™ #* 0 showed the effect of chroming temperature, acid
concentration (pH) and chrome type on the residual chromium concentration in
the dye liquor and concluded that the lowest residual chromium content was
attained in the lower concentration ranges for formic and lactic acid, and in the
upper concentration ranges for acetic acid, or at a pH of between 3,5 and 3,8
for all the acids. He suggested™ an alternative afterchrome technique for the
chrome mordant dyeing of wool which incorporated an afterchroming tempera-
ture of + 25°C followed by a short steaming process. :

Using a scanning electron microscope (SEM) and an energy-dispersive X-
ray system (EDX) to locate chromium in mordant-dyed keratin fibres, Maas-
dorp®™ showed that the chromium was evenly distributed and not affected by
fibre type, chroming temperature or a steaming process, although less chromi-
um was deposited in dyed fibres at a low chroming temperature (25°C).

Maasdorp™ used a simple diffusion equation to monitor the initial fast
absorption of chromium by dyed and undyed wool. The rates of absorption
(diffusion) of chromium by undyed wool, showed an unusual reversal of nor-
mal reaction kinetics, an increase in chroming temperature causing a decrease

.in the rate of absorption. With dyed wool substrates, on the other hand, the
opposite was found i.e an increase in chroming temperature caused an increase
in the rate of absorption of chromium. The apparent activation energy necess-
ary for chromium to be absorbed by dyed wool decreased with decreasing pH
and was independent of acid type.

Certain aspects of the above studies were incorporated into a Ph.D. the-
sis*” by Maasdorp.
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16.3 DYEING OF SHRINKRESIST-TREATED WOOL

The production of pastel pink shades and fastness properties of certain
dyestuffs on R Basolan (DCCA) shrinkproofed wool were investigated by
Kupczyk' ™ who found that, by and large, acid dyes, and to some extent 1:2
metal complex and afterchrome dyestuffs, had somewhat inferior wet-fastness
properties on chlorinated material. This, however, was not the case for the R
Remazolan dyestuffs and certain of the acid dyes and the range of R Neopolars
studied. Results achieved with dyeing below the boil were generally not very
satisfactory from a wet-fastness point of view. He also compared the perform-
ance of various optical brightening agents.

Swanepoel and Viviers' investigated the fixation of Remazolan dyestuffs
on shrinkproofed wool and found that the fixation values varied from dyestuff
to dyestuff depending upon the concentration of unreactive dyestuff present,
but the response of the various dyestuffs, in terms of fixation, to the various
treatments applied to the wool, was similar.. It was also concluded that, with the
exception of treatments which produced a high concentration of thiol groups in
wool, the common shrinkproofing methods were unlikely to influence the rate
of dyeing or the degree of fixation of R Remazolan dyestuffs significantly,
although the importance of proper neutralisation of wool following reactions
conducted in acidic media was emphasized.

Swanepoel and Van Rooyen* investigated ways of reducing the mass loss
suffered when wool shrinkproofed with DCCA was dyed, by introducing cross-
linkages into the protein thereby reducing the solubility of the protein. They
found that the loss in mass could be reduced by applying a suitable protective
agent during an aftertreatment (e.g. R Sulfix A or formaldehyde) immediately
after the anti-chlor treatment.

16.4 TRANSFER PRINTING

Hayes et al’* showed that all-wool fabrics could be transfer- printed under
moist conditions using reactive dyes. The support medium could be prepared
with paper coated with a hydrophilic film, superimposed on a hydrophobic
barrier, with the dye paste being applied to the former. Prechlorination of the
wool significantly assisted dye uptake and fixation. Furthermore, steaming of
the printed fabric was also found to improve fixation. Subsequently*” a poly-
ethylene-paper laminate was found to have excellent dye release properties
when used as a temporary support for reactive dyes, with virtually all the
dyestuff on the support being utilized.

Further studies by Roberts® on the printing of wool by the wet transfer
route showed that the quantitative transfer of colour from a commercially avail-
able poly-ethylene-paper laminate support was possible. The effect of tempera-
ture, time and wet pick-up on rates of transfer, print definition and penetration
was shown and the wet- fastness characteristics attainable without a wash-off
summarised.
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16.5 RADIO FREQUENCY DYEING AND FINISHING

Van der Walt and Van Rensburg™ compared the drying of wool and wool
blend fabrics by dielectric and conventional heating systems and found that the
energy consumption and drying energy cost in the dielectric dryer increased
slightly when the fabric regain decreased to a value of about 15%, below which
it increased more rapidly with further decreases in the regain. The dielectric
drying energy cost increased when the distance between the electrode plates
increased, but was lower than that of the conventional oven drying when drying
to regain values higher than 15%.

In a number of studies at SAWTRI, Barkhuysen, Van Rensburg and co-
workers™ 7 %! %% jnyestigated the radio frequency (RF) dyeing of wool and
other fibres on a pilot-scale Fastran continuous top-dyeing machine and com-
pared it with conventional dyeing. They concluded that the RF dyeing tech-
nique compared favourably with conventional dyeing and held a number of
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Fig. 82 Relationship between temperature and dye fixation for various dyes during RF
dyeing(967)
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advantages, RF dyeing in most cases producing similar or slightly better results
than conventional dyeing as far as dye fixation, processing performance and
yarn and fabric properties were concerned. Their studies also indicated that less
fibre damage occurred during RF dyeing. Significant savings, particularly in
terms of energy (as high as 80%), appeared to be possible with the RF tech-
nique when compared with conventional dyeing techniques.

Barkhuysen and Van Rensburg® also investigated the effect of RF gener-
ator anode current on the dyeing temperature and the effect of dyeing auxil-
iaries in the pad liquor on the dye fixation, fastness ratings and colour strength
of wool dyed in an RF dyeing machine. It was found that acceptable dyeings
were obtained at relatively low anode current settings (i.e. at relatively low
temperatures — see Fig. 82). Furthermore, auxiliaries, such as urea, thickening
and de-aerating agents, did not affect the dye fixation and wash-fastness ratings
of RF dyed wool. More level dyeings were obtained, however, in the presence
of thickening and de-aerating agents.

Van Rensburg et al’”* discussed and summarised the use of RF energy for
the dyeing and bleaching of textiles with specific reference to the studied car-
ried out at SAWTRI.

16.6 FOAM DYEING AND FINISHING

Van der Walt and Van Rensburg*? reviewed the literature on low add-on
techniques and foam finishing and reported on some preliminary trials on the
shrinkresist treatment of wool fabrics applying R Synthappret BAP and R Her-
cosett 125 on a laboratory FFT (Foam Finishing Technology) machine. At low
wet pick-up levels, there were differences between the resin levels on the fabric
face and back, respectively.

Van der Walt and Van Rensburg® showed that wool and mohair fibres
could be successfully dyed with metal-complex and reactive dyes using a Gas-
ton County laboratory foam finishing (FFT) machine. Level dyeings were ob-
tained at wet pick-ups ranging from 40% to as low as 20%, it being important
that surfactants be selected having the required foaming and good wetting
properties. The dye fixation and fastness ratings of foam-dyed fabrics com-
pared favourably with those obtained by conventional techniques. It was found
that for the same urea add-on level (on mass of wool), foam dyeing (reactive)
produced higher covalent fixation values than conventional pad dyeing. The
foam dyeing and finishing of wool and other fibres formed the basis of a Ph.D.
thesis** by Van der Walt.

16.7 SOLVENT DYEING AND FINISHING

Swanepoel and Roesstorff** carried out a preliminary investigation into
the dyeing of wool from a charged solvent system and described a charge
consisting of a mixture of an anionic surfactant, an alkylolamide and water
which could be used for the emulsification of a large number of wool dyestuffs
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in a perchloro-ethylene medium. Dyeings of satisfactory wet-fastness and level-
ness could be obtained at 90°C and recovery of the solvent was facilitated by
absorption of most of the water by the wool. Van der Merwe et al*® investigat-
ed the reactive dyeing of wool below the boil and developed a method to dye
wool at 60°C from a solvent-assisted medium and at 80°C in the presence of 2
reducing agent. -

Van der Merwe and Van Rooyen*® showed that all-wool knitted fabrics
could be stabilised in respect of both relaxation and felting shrinkage, by treat-
ment with R Synthappret LKF in a perchloro-ethylene solution followed by
autoclave steaming. They** described a method of dyeing wool with reactive
dyes from a charged perchloro-ethylene solution. The charge consisted of
water, glycerol, sodium dodecyl-benzenesulphonate and lauryl mono-ethanola-
mide. By dyeing at 100°C for 20 min in the charged system, the fastness
properties of such dyeings were found to be similar to those obtained by means
of an aqueous system. They subsequently** developed a method for dyeing
wool with reactive dyes from perchloro-ethylene, utilizing co-solvents compris-
ing glycerol, ethylene diglycol, sodium dodecylbenzene-sulphonate and lauryl
mono-ethanolamide overcoming previous problems associated with the forma-
tion of an azeotrope. Dyeings of fastness properties similar to those of aqueous
dyemgs were obtained after dyeing in the solvent medium at 100°C for only 40
minutes.

Various aspects of solvent dyeing and bleaching have been studied by Van
der Merwe*™ while Veldsman** discussed the properties of organic solvents
required for use in textiles as well as their applications in the field of textiles.

Hanekom and Van der Merwe** investigated the shrinkresist treatment of
wool with hexachloromelamine in perchloro-ethylene and found that, although
effective, several disadvantages needed overcoming:

Van Rensburg* ** ** showed that wool could be bleached successfully in
emulsions of hydrogen peroxide and optical brightening agents in perchloro-
ethylene. The degree of whiteness of the wool increased when the reaction
temperature, reaction time and concentration of an optical brightening agent or
hydrogen peroxide increased. Provided the concentration of the hydrogen per-
oxide was kept reasonably low, no excessive chemical degradation of the wool
was found. Van Rensburg and Scanes® also showed that wool could be
bleached with emulsions of aqueous permonosulphuric acid in perchloro-ethyl-
ene.

" Meissner and Mclver™ showed that wool could be dyed successfully with
reactive dyes from a solvent system by the use of the solvent-soluble complex
of dye and a cationic surface active agent, provided that small amounts of water
or ethylene glycol were added to the dyeing liquor. These compounds seemed
to act as fibre-swelling agents rather than as co-solvents for the dyestuff.

. Roberts and Botha*' devised a laboratory system of dyeing wool with
reactive dyes from an aqueous charged perchloro-ethylene system whereby the
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wet-fastness properties, hue, depth of shade and brightness characteristics were
comparable with those obtained by conveniional aqueous dyeing and which
eliminated difficulties associated with earlier methods, such as the retention of
auxiliaries by the fibre and the necessity of using large quantities of emulsifying
agents. The low liquor-to-goods ratio and shorter dyeing time at the boil could
make a significant contribution towards reducing energy consumption.

Veldsman ez al* described the solvent dyeing (laboratory and bulk) of
wool using the hexadecyl pyridinium chloride derivative of reactive dyes and
perchloro-ethylene in the presence of 40% water and 20% acetic acid at a
wool-to-liquor ratio of 1:20.

Roberts** used an aqueous charged solvent system to dye a 50/50 blend of
wool/Orlon. Reactive dyes were used for the wool component and cationic dyes
for the acrylic component. Control of the rate of dyeing could be exercised
through the use of an anionic auxiliary and a temperature arrest period.

16.8 SIMULTANEOUS DYEING AND FINISHING TREATMENTS

Van der Merwe et al** described a one-bath aqueous shrinkproofing-dye-
ing procedure. Subsequently Silver ez al*” reported on the simultaneous shrink-
proofing and dyeing of a wool fabric by a padding operation. The padding
liquor consisted of a polyurethane resin (its isocyanate groups converted to the
bisulphite adducts), a polyacrylate resin, a reactive dye, urea and a wetting
agent. After padding, the fabrics were steamed under atmospheric conditions.

Van der Merwe and Van Heerden*” found that after a chlorination pre-
treatment, an all-wool fabric could be dyed and shrinkproofed simultaneously
by padding with 2,8% R Revertex 275, 0,5% R Hercosett 70 and up to 2% of a
reactive dye (o.m.f.) followed by steaming at atmospheric pressure and drying.
The treated fabric showed hardly any felting shrinkage during washing. Al-
though the covalent dye fixation was poorer than for the urea-dyed samples, the
fastness properties were almost identical. The handle of the treated fabric was
rather harsh.

Van Rensburg™ described the simultaneous shrinkresist and flame-retar-
dant treatment of all-wool fabrics with chlorine- R Hercosett/ THPOH or chlo-
rine-THPOH (see also ref. 621). Fig. 83 illustrates the effect of % THPOH on
the Limiting Oxygen Index (LOI). The treatment produced fabrics with a very
soft handle, without the use of any softening agent. He discussed the effect of
the different treatments on certain fabric properties. He®® subsequently showed
that the chlorine-THPOH treatment generally reduced the rate of exhaustion of
dyes onto wool although more dye could be exhausted onto wool treated in this
manner than onto untreated wool. The treatment also increased covalent fix-
ation of reactive dyes and had little effect on the light-fastness of dyed wool.

Van der Walt et al* investigated the simultaneous dyeing, flame-retardant
and shrinkresist treatment of prechlorinated wool fabrics using various reactive
dyes and THPOH. The process produced level dyeings and the fabrics were
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shrinkresistant with acceptable LOI values. Furthermore, the handle and
strength of the fabrics were acceptable, but in most cases there was some
evidence of ring-dyeing. In general, slightly paler shades were obtained with
the dye/THPOH treatment than those obtained with conventional exhaust dye-
ing, using the same concentration of dye.

16.9 FABRIC BLEACHING*

Van Rensburg*? showed that wool could be bleached successfully with
hydrogen peroxide with an organic phosphonic acid (HEDP) as a stabilising
agent without imparing its mechanical properties. The organic phosphonic acid
derivative used, compared favourably with the conventional stabilising agents
and could be used in acid as well as alkaline bleaching baths, a higher degree of
whiteness being obtained under alkaline conditions. HEDP, however, also
bleached the wool slightly in the absence of hydrogen peroxide in an acidic
medium. '

Van Rensburg** also showed that a new commercially available reductive

* Bleaching in solvent medium is covered under the previous section.
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bleaching agent R (Blankit D) for wool was better than other conventional
reducing agents and also compared favourably with hydrogen peroxide as
bleaching agent. It also led to the whitest fabrics with the highest alkali solubil-
ity (Fig. 84).

Van Rensburg® studied various aspects relating to the reductive aftertreat-
ment of peroxide-bleached wool, using either sodium dithionite or sodium
metabisulphite. The dithionite treatment resulted in a whiter bleach but also
more damage.

16.10 YELLOWING AND LIGHT DEGRADATION

Van Rensburg'® investigated the artificial sunlight-yellowing of wools
bleached by fifteen common bleaching methods. Best bleach, with regard to
both the immediate effect and to the stability of the bleach, was obtained by
successively oxidizing the wool with hydrogen peroxide and reducing with
dithionite. Bleached wool irradiated in the wet state yellowed more rapidly than
samples of normal regain. Application of an optical brightening agent to
bleached wool seriously impaired its light-fastness. The rate of sunlight-yellow-
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ing of optically-brightened wool could be retarded by treatment with thiourea-
formaldehyde or with urea-formaldehyde®™. The protective effect obtained by
these reagents could be made more fast to washing by using a catalyst.

Van Rensburg and Burroughs® studied the yellowing of bleached wool
during dyeing and found that the use of formaldehyde sulphoxylate was benefi-
cial in reducing such yellowing.

Van Rensburg® showed that, although certain research workers had found
that the presence of a covalent bond between dye and cellulose led to an
increased light-fastness, this phenomenon could not be substantiated in the case
of reactive wool dyes. The presence of a covalent bond between wool and the
dye in fact sometimes led to a decrease in the stability of the dye against
degradation by light. It was found that the assumption that covalent fixation of
dyes would lead to low states of aggregation approaching the monodispersed
state, was not true in the case of reactive wool dyes which occurred in the wool
fibre in the aggregated form.

16.11 MELANIN-BLEEDING AND BLEACHING OF KARAKUL

Kriel et al” discussed various factors involved in the bleeding of pigment
from karakul wool and investigated the influence of the pretreatment history of
the fibre on subsequent bleeding. They concluded that the use of alkaline media
should be avoided in the processing.of pigmented fibres if subsequent bleeding
is to be prevented. If processing under alkaline conditions is unavoidable,
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neutralisation of the processed material was advisable. An efficient and inex-
pensive way of achieving this was to terminate the concluding wet process by
brief treatment in dilute acetic acid solution.

Van Heerden et al** formulated a cheap but effective recipe for bleaching
karakul which also resulted in limited fibre damage.

Van Rensburg and Heinrich*® investigated various aspects of the mordant
bleaching of karakul, showing that the highest degree of whiteness was ob-
tained at a pH of about 7 and a temperature of about 50°C. Whiteness was
related to alkali solubility (Fig. 85), the former increasing rapidly when the
concentration of hydrogen peroxide was increased, up to a certain value,
whereafter little further increase was noticed. Mordant bleaching had practical-
ly no effect on fibre tenacity and breaking extension, but increased the alkali
solubility significantly. It was also found that the mordanting and bleaching
liquors could be re-used.

Trollip et al*® reported on the effects of pH and temperature on the ferrous
mordant treatment of karakul prior to a peroxide bleach. An indirect procedure,
not based on the isolation of pigment granules, was used to approximate the
extent of iron reaction with the pigment. The temperature at which the best
mordanting results were obtained was shown to be strongly dependent on pH
and the optimum pH values and temperatures, which produced the best mor-
danting results without causing excessive wastage of iron via precipitation,
were identified. See also ref. 99]a

Maasdorp and Van Rensburg® described SEM and EDS studies of mor-
dant bleached karakul. They determined the distribution of iron within medul-
lated and solid karakul fibres and found the highest concentration of iron within
the cavities (medullae) of the medullated fibres. Similar levels of iron were
found within the fibres after the mordanting and bleaching stages, respectively.

16.12 MOTHPROOFING

Swanepoel and co-workers investigated the estimination of R Dieldrin by
polarography* and the electro-reduction of R Dieldrin and R Aldrin®. Swane-
poel®* also investigated the use of urea solutions and the techniques used for the
continuous dyeing of wool by this method, namely pad-steaming or pad-batch-
ing, in the application of mothproofing agents. R Dieldrin (Shell), R Mitin FF
(Ciba Geigy) and R Eulan WA (Bayer), could be applied to wool by the urea
method in the same manner as the dyestuff.

16.13 FLAME RETARDANT TREATMENTS*

Basch® applied various tetrakis-hydroxymethyl phosphonium chloride
(THPC)-amide polymers to wool fabrics by a pad-dry-cure process. THPC-
urea-ammonia produced fabrics with high Limiting Oxygen Index (LOI) val-

* Also covered under other sections.
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ues, but increased the stiffness of the fabrics. THPC-sulphamic acid-thiourea
produced soft fabrics showing little strength loss and high LOI values but
inadequate fastness to washing. From the accumulated data, the efficiency of
sulphur relative to phosphorus (in phosphonium form) on wool was evaluated
and a relationship between LOI and the level of sulphur and phosphorous
content derived (Fig. 86).

16.14 LIQUID AMMONIA TREATMENT OF WOOL*

Preliminary laboratory trials, carried out by Barkhuysen’“ indicated that
wool could be dyed with a reactive dye from a liquid ammonia dyebath. In this
respect, the addition of 10% water to the liquid ammonia produced more level
dyeings and increased the depth of shade (K/S) values (Fig. 87). Reaction times
of only a few seconds resulted in fabrics with acceptable appearance and good

* See also Chapter 19.3.

SAWTRI Special Publication — November 1987 165



20

0 5 10 13 20

Percentage water in liquid ammonia (v/v)
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the dyed samples(736)

dye fixation. No hydrolysis of the dye occurred. Steam removal of the ammo-
nia was preferable to removal by heat. A chlorination pretreatment of the
fabrics did not prove to be of any real advantage as far as depth of colour was
concerned.

16.15 TREATMENT OF DYEHOUSE EFFLUENT

Weideman and Van Rensburg® studied the effect of electroflotation,
using aluminium electrodes, on the chemical oxygen demand (C.0.D.), dis-
solved organic carbon (D.0.C.) and colour values of liquors containing acid,
disperse, mordant and basic dyes in the presence and absence of wool grease.
In general, electroflotation followed by sieving, filtering or centrifuging, re-
duced the C.0.D., D.O.C. and colour values of the liquors considerably. The
presence of wool grease resulted in some improvement in colour in the case of
basic dyes. Electroflotation was found superior to flocculation with aluminium
sulphate.
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16.16 SETTING OF YARN AND FABRIC

The use of special reagents to overcome problems of unpleasant odours
associated with the use of bisulphite and urea to produce permanent creases
during steam-pressing (wet) was investigated by Mellet and Swanepoel” who
showed that the reagents introduced by the CSIRO compared favourably with
the Si-Ro-Set process when the creased fabric was subjected to cold water
(20°C) but compared unfavourably when the creased fabric was subjected to
water at a temperature of 75°C.

Swanepoel ez al" * described a method and apparatus (Creasometer) for
assessing the permanence (durability) of pleats (creases) set in wool woven
fabrics.

Van Rensburg*? investigated the effect of autoclave setting of yarn on the
rates of exhaustion of different types of dyes (1:1 metal complex, 1:2 metal
complex, acid milling, acid levelling and reactive). Setting at high tempera-
tures (110 and 120°C) increased the rates of exhaustion of practically all the
dyes. Some dyes were affected more than others. The effect of setting on the
degree of whiteness, urea-bisulphite solubility (UBS), breaking strength and
snarling twist of the yarn was also investigated (Fig. 88). The UBS seemed to
be more sensitive to setting than did the dye affinity (Fig. 88), decreasing when
setting temperature or timé was increased. When the wool was set at 110°C for
5 to 10 minutes, the UBS was reduced by almost 50%. Yarn whiteness, break-
ing strength and extension also decreased as the setting conditions became more
severe. It was found that very mild setting conditions were sufficient to reduce
snarling to acceptable levels.

Van Rensburg and White®® showed that relatively mild setting conditions
(e.g. two five-minute cycles at 100 or 105°C) reduced the snarling twist of
plied yarns, or yarn on large cones (1,7 kg, 20cm diameter) to acceptable
levels. The rate of dye exhaustion increased when the regain of the yarn imme-
diately prior to setting at 110° and 120°C increased. When setting was carried
out at 100°C, however, the regain of the yarn had little effect on the rate of
exhaustion, except when the regain was higher than 25%. Autoclave setting
increased the degree of covalent fixation of certain reactive dyes, but had little
effect on most other reactive dyes.

Turpie and Marsland’™ showed that both the choice of lubricant applied
prior to spinning and the autoclave steaming conditions had significant effects
on the resultant streakiness of piece-dyed wool fabrics.

Trollip and Raabe®™ investigated the possibility of using sulphur dioxide
gas in the sulphitolysis step in a setting process for wool. It was shown that the
internal pH of the wool and the presence of ionic surfactants influenced the
extent of gaseous sulphitolysis. Thus, while sulphitolysis was strongly inhibited
at pH’s lower than about 3, two maxima in the extent of the reaction were
found at pH’s of about 4 and 5,5. An anionic surfactant on the wool surface
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was found to inhibit gaseous sulphitolysis while a cationic surfactant was
shown to promote the reaction, which was also dependent on the water content
of the samples. Good setting could be achieved following short treatments with
sulphur dioxide, provided that the initial water content of the wool was suffi-
ciently high (Fig. 89).
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Fig.-89 Influence of water content on the set obtained (eva!uated in water) following a 60
second SO: pretreatment and a 30 second steaming/pressing cycle(%86)
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CHAPTER 17

FELTING AND DESOILING BEHAVIOUR AND
SHRINKRESIST TREATMENTS

17.1 DESOILING DURING FABRIC LAUNDERING

Ferreira and Van Wyk” showed that laundering efficiency (soil removal)

improved with increasing temperature and varied according to the detergent
used.
The desoiling efficiency of various household detergents, using a laboratory
washing machine (washwheel) and measuring light reflectance, was studied
and compared by Long and Den Heijer'* who illustrated the effects of detergent
concentration, repeated washing and using different detergents. Subsequently
Den Heijer™ studied the cleansing efficiency of various detergents in a house-
hold washing machine (Bendix). The effects of water hardness and speed of the
washing machine varied according to the detergent and so did the amount of
felting shrinkage which occurred. Swanepoel and Van Rooyen®* found desoil-
ing to be related to felting, with foam playing a much more important role in a
rotating drum type of machine, desoiling being influenced by the liquor used
and washing time (Fig. 90). Excessive foam reduced the efficiency of washing.
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Fig. 90 Curves depicting the rate of desoiling of soiled wool samples in various machines and
in two different detergent solutions(256)
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Swanepoel and Van Rooyen®* concluded that wool had superior desoiling
properties to most other textile fibres, satisfying the basic requirements for
good desoiling characteristics better than any other fibre, desoiling being better
in alkaline detergents.

Swanepoel 2 %2 and Cave®* ** reported that most shrinkproofing treat-
ments improved the already good soiling resistance of wool. Easy-care fabrics,
achieved without the application of resins, exhibited improved desoiling, the
opposite applying to those involving resins.

Swanepoel and Van Rooyen®? investigated the relationship between the
rates of felting and soil removal when wool fabrics were washed in domestic
washing machines under various conditions of agitation, machine load, and
foaming. It was shown that this.relationship was a direct one for a particular
detergent solution used in the machine. At higher loads, the rates of felting and
desoiling were retarded, but the linear relationship was still maintained. Effi-
cient soil removal with less felting could be obtained by the selection of a
suitable detergent.

Cave*?, (M.Sc. thesis),* studied the improvements in the soil resistance
and desoiling of wool treated with a polyamide-epichlorohydrin resin (R Herco-
sett 57) with and without the application of a soil-release (fluorocarbon) agent.
Prechlorination improved soiling resistance while the application of a resin
decreased it. The application of a fluorocarbon improved the soiling resistance.

17.2 FELTING SHRINKAGE OF LOOSE WOOL, TOPS AND FABRICS

Veldsman and Kritzinger* studied the felting properties of South African
Merino wools and developed a laboratory technique for obtaining a relative
measure of the feltability of scoured wools based upon the strength and porosity
of the felt obtained. They confirmed that fine wools gave a less porous and
stronger felt than coarse wools but that the change in porosity from the loose
wool state to the felted state was greater for coarse wools. Undercrimped
wools, particularly copper-deficient wools, had a much greater felting propen-
sity than overcrimped wools. A change in crimp had a much greater effect than
a change in diameter. Weathered wools felted more than sound wools and the
effect of weathering could be greater than the effect of fibre diameter. It was
shown that fibre diameter and weathering played similar roles in the felting of
Australian and South African wools. The effect of crimp variations in the
Australian wools was, however, much less pronounced. Swanepoel and Velds-
man™ ' also showed that weathered wool tips behaved differently during
shrinkproofing. Veldsman® discussed the effects of weathering and shearing
time on felting.

Van Wyk®, (M.Sc. thesis), investigated the various factors which influ-
ence the effectiveness of the shrinkproofing of wool fabrics and in one of the
earliest investigations on woollen flannel fabric shrinkage during laundering
with sodium sesquicarbonate, he™ showed that, to reduce felting shrinkage, it
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was advisable to keep the temperature as low as possible when washing the
wool fabrics under alkaline conditions. The adverse effect of increasing liquor
temperature on wet and dry fabric strength was also illustrated. In a follow-up
study, once again on unshrinkproofed fabric, involving eleven different house-
hold detergents, and incorporating the influence of pH, Ferreira and Van Wyk”
showed that the effect of laundering temperature on fabric shrinkage largely
depended upon the detergent used, with maximum shrinkage occurring within
the temperature range of 45 to 65°C. Higher pH’s during laundering appeared
to be associated with lower levels of felting shrinkage. They used oil, however,
to suppress excessive foaming and Faure and Hartley'” showed that this drasti-
cally altered the felting behaviour associated with the various detergents. These
workers showed that the laundering shrinkage of a woollen flannel fabric de-
creased with an increase in foam, the addition of an anti-foaming agent increas-
ing felting.

In a study on shrinkresist treated (R Basolan DC) woollen flannel fabrics,
Hartley and Veldsman® showed that maximum shrinkage occurred at between
25 and 40°C with the rate of shrinkage different for the two washing machines
and lower with a lower speed of the rotating drum of the washing machine. It
was concluded that a laundering temperature of 50°C was desirable for good
soil removal and low shrinkage, provided the pH of the washing liquor was
kept close to neutral. In a further study* they investigated the effects of dyeing
and simultaneous dyeing and shrinkproofing (R Basolan DC and R Dylan ZB)
on fabric shrinkage and found that most of the dyeings affected fabric shrinkage
during laundering, the efficiency of shrinkproofing being affected by certain
dyestuffs and the sequence of the treatment.

Faure™ developed two methods (weighing ball saturated with water or
measuring the average diameter of the ball) for accurately determining the
volumes of felted balls when comparing the felting characteristics of loose wool
by means of the felt-ball density (Aachen test) method which had been devel-
oped by the German Institute of Wool Research.

Faure® * 12 2 2+ developed an instrument for accurately measuring the
diameter of highly compressed felt-balls, speedily and easily and showed that
many factors affected the felting density of the balls produced in the Aachen
test and that these had to be rigorously controlled if reproducible results were to
be obtained. Standard testing conditions, for reproducible test results, were
arrived at for untreated top samples. He concluded, on the basis of tests on
untreated and shrinkresist-treated tops and fabrics produced from them, that it
was unlikely that the ‘‘Aachen felting test’” could be used as a quantitative
measure of fabric shrinkage during laundering, at best it was a qualitative
measure. The top shrinkage test appeared better in this respect.

Faure'® also investigated the effect of fibre length on felting propensity as
assessed by the Aachen felt-ball density and top shrinkage test. Although both
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tests followed the same trends, no definite conclusions could be drawn concern-
ing the effect of fibre length on felting shrinkage.

Den Hejjer'” further investigated the Aachen felting test with a view to
produce maximum differences in felting rates between different types of wool
(treated and untreated) and between various blends of wool and mohair. The
felting rates of different breeds of wool, including an Australian cross-bred
wool, were also studied.

Long and Veldsman™ investigated the effect of washing machine loading
on fabric shrinkage on two different commercial washing machines and found
one machine to give much more reproducible and consistent results than.the
other. Overloading both machines resulted in less shrinkage but at the expense
of laundering efficiency (desoiling). Low liquor-to-goods ratios resulted in
higher felting shrinkage.

Faure and Long'” investigated the effect of factors such as speed of rota-
tion, liquor volume and temperature, concentration of detergent, total liquor to
load ratio and time of tumbling on the shrinkage of a knitted fabric in the Cubex
washing machine. Methods of relaxing the fabric prior to washing were also
investigated. They concluded that fabric shrinkage increased with an increase
in temperature up to 70°C and an increase in the rotational speed of the cube
and with a decrease in liquor volume and the amount of detergent used. The
addition of an anti-foaming agent had little effect on shrinkage, if anything, it
increased it. Measuring shrinkage after one fixed period of time (e.g. 30 min.),
instead of doing the whole shrinkage/time curve, was recommended.

The conditions required to test woven wool fabrics for machine washabi-
lity were investigated by Long and Den Heijer'* using Bendix and Cubex
washing machines and suitable test conditions were evolved for the Cubex. An
increase in liquor volume and a decrease in load effected a decrease in shrink-
age. Cotton make-weights effected considerably more shrinkage than machine
washable wool make-weights.

Swanepoel and Van Rooyen®* evaluated the rate of felting and soil remov-
al for domestic washing machines employing four different methods of agita-
tion (rotating drum, impeller, vertical agitator and dunker) and two commercial
detergents. Desoiling was found to be directly related to rate of felting, with
foam playing a much more important role in the rotating drum machine than in
the others. For machines in which the goods remained submerged throughout
washing, the rate of felting was not significantly influenced by the liquor used,
but the rate of desoiling was affected.

Van Rensburg and Barkhuysen®® compared the dimensional changes and
durable press (DP) ratings of wool, wool/cotton and other fabrics washed in
four different washing machines and showed that the three local washing ma-
chines correlated significantly with the Kenmore washer, although considerable
differences existed between the various machines. To obtain a significant corre-
lation with the Kenmore washer, the washing machine and sample size had to
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be selected according to the type of fabric (Fig. 91).

Munden and Kerley™ compared e felting shrinkage of a variety of wool
fibres differing widely in their physical characteristics, and found littie correla-
tion between tests carried out on the loose fibre, on the fibre in yarn form, and
when the yarn was knitted into a fabric. They concluded that the physical
characteristics of a fibre that determine the felting shrinkage of the fabric were
different from those determining the shrinkage of the loose fibre. During initial
washing treatments, dimensional changes of the fabric were largely due to loop
configuration changes while subsequent changes were caused by felting of the
yarn itself. Godawa et al** found no definite relationship between the launder-
ing shrinkage of knitted fabrics and yarn linear density (Constant Cover Factor)
in the case of Dylan Z top treated wool.

Knapton et al** studied the felting behaviour of untreated plain-knitted all-
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Fig. 91 The shrinkage values obtained on the 30cm x 30cm samples compared with those
obtained on 60cm x 60cm samples under the same washing conditions(688)
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wool fabrics and derived mathematical equations to describe the felting rate.
They showed that the felting behaviour of untreated wool (not shrinkproofed)
depended upon fibre, yarn and fabric variables and the complex interactions
among these variables, the effect of fabric tightness predominating. They found
that coarser wools had a lower felting rate than finer wools but a higher satura-
tion felting shrinkage and ultimately produced a denser felt. Turpie and Shi-
loh** showed that an overcrimped wool felted less in the Aachen felt-ball
density test but more in the sliver shrinkage test than an undercrimped wool,
the felting shrinkage of the knitted fabric following the same trend as that of the
felt-ball test.

Turpie and Barkhuysen™ found that sliver carbonising involving a rela-
tively short immersion time (15s) in the acid bath, had no material effect on
compressibility or felt-ball density.

Hunter et al™ investigated the inter-relationship between fibre properties,
loose wool felting and fabric (knitted and woven) felting for more than 50
widely different wool lots. Fibre diameter was found to have a predominant
effect on the felting shrinkage of the woven and Punto-di-Roma structures
whereas fibre crimp (or bulk resistance to compression) had the predominant
effect on loose wool felting and the felting of the single jersey and rib struc-
tures. Loose wool feltability by itself provided a reasonable measure of fabric
felting shrinkage only in the case of the rib structure. A combination of fibre
properties generally provided a better indication of fabric felting shrinkage than
any of the fibre properties taken individually. The absolute level of fabric
felting shrinkage, as well as the relationship between fabric felting on the one
hand and loose wool felting and fibre properties on the other, were dependent
upon fabric structure and yarn twist.

Van Rensburg and Barkhuysen®® used multiple regression analysis to de-
termine the correlation between various fibre properties such as diameter,
length and crimp and the felting shrinkage of wool in the form of loose fibres,
top (sliver) or fabric for wools varying widely in diameter length, and staple
crimp. In general, reasonably high correlations were found between the fibre
properties and the shrinkage of the wool (70-80% fit). There was a poor corre-
lation, however, between fabric felting shrinkage and top or loose wool shrink-
age. A significant correlation was found between the height of the scale edges
of the fibres and fabric felting shrinkage.

17.3- SHRINKRESIST-TREATMENT OF TOPS

The continuous shrinkproofing of tops by the R Basolan DC process was
investigated by Van Rensburg and Veldsman® both in laboratory and industrial
trials, in terms of the concentration of the chlorinating agent, salt concentra-
tion, temperature, pH and reaction time. Optimum treatment conditions were
arrived at in the laboratory trials while the industrial trials showed the process
to have potential. An increase in yarn twist decreased end-breakages during
spinning.

SAWTRI Special Publication — November 1987 175



Godawa et al** compared the processing and felting behaviour of a Dylan
Z shrinkresist-treated top during re-combing, drawing and spinning with that of
an untreated control (50/50 Cape Australian blend 64’s quality 11/12 months).
It was found that there was little difference between the with-scale and against-
scale friction of the treated fibres, the treatment appearing to increase the with-
scale friction slightly and to reduce the against-scale friction. The shrink-resist
treated wool had a poorer spinning performance than the untreated wool and the
yarns were also slightly more irregular.

Swanepoel and Veldsman™ '* showed that weathered wool tips were more
difficult to clear after the wool had been shrinkproofed by the permanganate/
brine process, the KMnO. penetrating the weathered tips more deeply and react-
ing more quickly with the tips.

Swanepoel et al’* found that the substantivity of wool towards R Hercosett
after chlorination at a pH of 2 could be enhanced by dechlorinating. Thiol
groups resulting from the dechlorination appeared to take part in the adsorbtion
of the resin. They also described a method based upon gas chromatography
which they found suitable for quantitatively determining the resin on wool.
Swanepoel and Dangerfield** subsequently showed that polyamide-epichloro-
hydrin (PAE) resin reacted with the thiol- and amino-groups in wool to produce
covalent grafting of the resin to the surface of the wool. The extent of the
occurrence of this reaction was considered sufficiently great to play a signifi-
cant part in the retention of the resin by the wool.

Van der Merwe and Van Heerden*’ reported on some factors which played
an important rdle in the effectiveness of the R Hercosett treatment of tops.

Veldsman and Swanepoel** investigated the influence of the rate of chlor-
ination on shrinkproofing with DCCA and found that a change in reaction rate,
caused by changing the temperature or the reagent concentration, slightly af-
fected the resistance of the treated materials to felting. A change in the pH on
the other hand affected the very nature of the reactions involved and changed
the efficacy of the treatment substantially.

Hanekom and Barkhuysen** described an improved continuous chlorina-
tion process (tops or fabrics) involving padding the wool with a solution con-
sisting - of an alkali salt of DCCA and an acid mixture of an inorganic and
organic acid at pH levels between 1 and 2. Very effective and uniform chlorina-
tion was achieved with this process when padding on 1,5% active chlorine.

Weideman and Grabherr*® used a polyamide-epichlorohydrin resin to ren-
der wool shrinkresistant employing the potassium salt of DCCA at a low pH
(1,5-2,0) as a pretreatment, the wool being evenly treated using a pad mangle
and four bowls. The resin could also be applied after the DCCA treated tops
had been processed into knitted fabrics.

Hanekom ez al*” showed that tops could be shrinkresist-treated by chlorin-
ating with a DCCA solution at a pH of 2,0 followed by treatment with an acid
colloid methylolmelamine resin solution containing a polyethylene softener.
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Treatment of the tops with 1,5% active chlorine, (DCCA) followed by the
application of a mixture consisting of a 2% acid colloid resin and 1% polyeth-
ylene softener (o.m.f.) produced highly shrinkresistant knitted fabrics which
dyed levelly in all cases. The re-combing performance of the shrinkresist-
treated tops was quite satisfactory. The shrinkresist treatment was also carried
out successfully on an industrial scale at a local textile mill. Hanekom and
Barkhuysen*° showed that relatively stable concentrated DCCA solutions with
a low pH value were obtained by using a mixture of an organic-and an inorganic
acid. Different organic acids, or combinations with inorganic acids, could be
used to adjust the pH of the chlorination solution and to .prevent or retard the
precipitation of the DCCA from the solution.

Weideman et al** studied the swelling of polyamide-epichlorohydrin
(PAE) and methylolmelamine resin films in buffer solutions at various pH
values as well as the shrinkage of wool treated with these polymers. The
swelling of the former generally decreased with an increase in pH, while the
latter resin did not appear to swell. The shrinkage of wool treated with the PAE
resin increased when the pH of the buffer solution increased from 3,4 to 7,0
whereafter it decreased. Chlorinated wool without resin behaved in a similar
manner. The shrinkage of PAE resin-treated wool increased when the ionic
strength of the washing solution increased. The shrinkage of wool treated with
the other resin, decreased almost linearly when the pH of the solution in-
creased. A static soaking pretreatment reduced the shrinkage of chlorinated
wool as well as that of polymer-treated wool.

Weideman and Van Rensburg™ described a method whereby the presence
of a methylolmelamine resin on wool could be detected by means of infrared
spectroscopy after dissolving the wool in sodium hydroxide. Similar attempts
to detect a polyamide-epichlorohydrin resin were unsuccessful, due to the simi-
larity between the spectra of wool and the polyamide resin. It also appeared
possible to detect the presence of a polyethylene softener on the shrinkresist-
treated wool, using this method.

Van Rensburg and Barkhuysen™ showed that wool tops and fabrics could
be shrinkresist-treated successfully by chlorination and the application of an
acid colloid prepared from a methylolmelamine resin. The C£/acid colloid
treatment compared favourably with other commercially available processes.

Van Rensburg and Barkhuysen* *' developed a system whereby wool
tops could be.continuously shrinkresist-treated on a conventional suction drum
backwash using chlorine gas dissolved in water as pretreatment. The equipment
was unsophisticated and the release of chlorine gas into the atmosphere was
negligible. This pretreatment offered several advantages over hypochlorite/sul-
phuric acid and was considerably cheaper. The build-up of salts in the chlorina-
tion liquor was also lower (Fig. 92). It was used in conjunction with R Herco-
sett 125, R Nopcobond SWS 10 and acid colloid resins to produce shrinkresis-
tant wool. The treatment could also be carried out on loose stock on a modified
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suction drum machine. At relatively high chlorine levels (4 to 6%) the lustre of
wool and other keratin fibres increased.

Van Rensburg er al”* showed that the treatment of wool with chlorine gas
dissolved in water caused less fibre damage than a treatment with sodium
hypochlorite and sulphuric acid, progressively more scale being removed from
the fibre as the reagent concentration increased (Fig. 93).

17.4 SHRINKRESIST-TREATMENT OF HAND KNITTING YARNS

Swanepoel and co-workers® ** investigated the R Hercosett 57 resin treat-
ment (2 to 2,5%) of hand-knitting yarns, and found that although effective
shrinkresist effects were obtained in most cases, there were instances when
felting occurred because of unlevel deposition of resin on the wool. Den Heijer
and Swanepoel®™, investigating the dyeing and shrinkproofing of locally avail-
able commercial hand-knitting yarns, concluded that hand-knitting yarns of
sufficient dimensional stability to washing in household washing machines,
could be obtained by shrinkproofing with DCCA of sufficient strength to give
3,3% active chlorine on the mass of the wool. The sequence of shrinkproofing
and dyeing of the yarn influenced the dimensional stability of the end-product
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but whichever sequence was employed, special care had to be exercised to
ensure that the goods were subsequently neutralised properly. Cilliers et al*!

and Smuts et al*” found that adequate shrink-resistance of hand-knitting yarns
could be achieved with 4,5% DCCA.

17.5 SHRINKRESIST-TREATMENT OF HOSPITAL BLANKETS

Van Wyk™ shrinkproofed 36 blankets by five different methods after mill-
ing and scouring and subjected the blankets to user trials at a large hospital. He
concluded that on the basis of effectiveness, general appearance and handle, the
permanganate/salt and R Basolan DC (BASF) processes were superior to the
other treatments applied.

17.6 SHRINKRESIST-TREATMENT OF FABRICS

The treatment of wool fabric (doctor flannel) with dichloroisocyanuric
acid (DCCA) prior to shrinkresist-treatment with Primal K3 polyacrylate resin
was investigated by Du Toit and Louw', it being concluded that this shrink-
proofing sequence used low-cost chemicals and.gave improved abrasion resis-
tance and little or no adverse effect on handle or yellowness.

Den Heijer'™ investigated the effect of various wetting agents on the Baso-
lan DC (BASF) shrinkproofing of fabric and found that they differed in their
effects on the stability of the solution, exhaustion of Basolan and shrinkproof-
ing effectiveness.

Den Heijer and Abrahams'® compared various commercial DCCA pro-
ducts in terms of chlorine content, solubility in water, effectiveness of shrink-
proofing, handle and yellowing of shrinkresist-treated woollen fabric materials.
No difference in shrinkproofing effects was observed provided the concentra-
tions were such that equal strengths of active chlorine were obtained. Differ-
ences in handle and yellowing were obtained, these depending upon the pH
used during treatment.

Swanepoel and Becker® reported on the shrinkproofing (DCCA) and re-
duction bleaching (sodium formaldehyde sulphoxylate with and without flu-
orescent brightening agent) of wool. The application of a resin to improve the
light-fastness of fluorescent brightened wool material was also studied. Recipes
were formulated for shrinkproofing and bleaching of easy-care wool fabrics in
pastel or bright shades as well as in undyed whites.

Swanepoel and Handley* discussed the prevention of wool shrinkage by
polymer treatments. Hanekom et al*** investigated the shrinkresist-treatment of
wool fabrics with an alkylated methylolmelamine resin R (Aerotex M3) and
found that adequate shrinkresist properties could be imparted by the application
of methylolmelamine resin-polyethylene mixtures without significantly affect-
ing the handle of the fabrics. Pretreatment of the wool fabrics however, was
essential. Acid colloid resin-treatment of the fabrics proved to be especially
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effective. Results indicated that resin add-on levels of 1 to 2% were sufficient
to impart the required resistance to felting shrinkage to most woven and knitted
wool fabrics. -

Den Heijer* investigated the effectiveness of various pretreatments in
terms of resin (Primal K3) deposition on wool fabrics and recommended either
sodium hypochlorite or DCCA. Weideman and Grabherr*” found that a woven
wool fabric could be rendered shrinkresistant in a continuous process using 2%
DCCA (1,2% active chlorine) and 0,3% polyamide-epichlorohydrin resin
(PAE resin), when chlorinating at a pH of 1,5 or 2,0. When a mixed resin
(PAE/polyacrylate) was used, 1% DCCA (0,6% active chlorine) was sufficient
as a pretreatment to produce a shrinkresistant fabric.

Van Rensburg® studied some factors affecting the shrinkresist-treatment
of wool fabrics by chlorination followed by a treatment with a polyamide-
epichlorohydrin (PAE)-polyacrylate dispersion and found that the addition of
certain polyacrylates to the PAE polymer reduced the degree of shrinkage of the
chlorinated fabrics. The minimum concentration of PAE required for successful
shrinkresist-treatment depended on the level of chlorination, and increased with
decreasing levels of chlorination (Fig. 94). Some PAE/polyacrylate dispersions
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Fig. 94 The percentage area shrmkage of wool treated thh different concentrations of active
chlorine and PAE polymer(534
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were unstable and coagulated.

Weideman and Grabherr®' employed the potassium salt of dichloroiso-
cyanuric acid (DCCA) at low pH values (1,8 — 3,4) in a pad mangle to
increase shrinkresistance of wool fabrics. The influence of the temperature of
the DCCA solution in the pad mangle on the degree of shrinkresistance ob-
tained, was studied as well as the effect of various softeners on the shrinkresis-
tance of.fabrics treated with a polyamide-epichlorohydrin resin. They also in-
vestigated*™ the effect of the degree of chlorination and various additives in the
resin bath on the shrinkage of R Hercosett-treated woven wool fabrics. Some
additives appeared more sensitive to the level of chlorination, while others were
more sensitive to the level of resin.

Weideman er al’® found that the addition of water to various organic
solvents affected the degree of shrinkage of wool fabrics (untreated, chlorinated
and resin-treated) washed therein in different ways, the shrinkage sometimes
being higher in solvent-water mixtures than in solvent or water only. The
shrinkage curves of chlorinated and resin-treated wool differed from that of
untreated wool.
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CHAPTER 18

WOOL/MOHAIR BLENDS

18.1 YARN AND FABRIC PRODUCTION AND PROPERTIES*

Cilliers" reported on the processing of different wool/mohair blends on a
modified continental system followed by spinning on a double apron ring frame
and showed that long coarse mohair fibres migrated preferentially to the yarn
surface and the shorter fine wool fibres to the yarn centre. He'™ also investigat-
ed the spinning of different wool/mohair blends on the French (Continertal)
system and determined the influence of yarn linear density, composition, twist
factor and spinning speed on spinnability, yarn breaking strength, elongation at
break and levelness. In general, the coarser yarns could be spun more satisfac-
torily. The number of ends down during spinning was lowest for the 20%
mohair blend. Indications were that yarns containing more mohair, should be
spun with a higher twist factor to obtain a reasonable spinning performance.
Yarns containing smaller amounts of mohair could be spun at higher speeds
than those with more mohair. Spinning waste was of the order of 1to 3%. Yarn
hairiness was found to be related to mohair content. Cilliers*” also compared
the spinning performance (French system) and yarn properties of wool blended
with artificially crimped mohair, the latter being crimped by the method used to
crimp wool fibres artificially.

Den Heijer"” found that the shrinkage of wool/mohair blends, as deter-
mined by the Aachen felt-ball density test, decreased with increasing mohair
content.

Slinger and Godawa'” and Bowring and Slinger' investigated the yarn
properties and light-weight tropical fabric properties of different blends of a
64’s quality wool and a BSFK quality mohair. They reported conflicting results
for crease recovery and wrinkling tests and recommended wearer trials to re-
solve the difference. Nevertheless, it appeared that the effect of the finishing
procedure overshadowed any trend due to mohair content. In a follow-up study,
Slinger and Robinson** found that different wool/mohair blends had no appar-
ent effect on laboratory measured crease and wrinkle recovery, with the coarser
fibres producing stiffer fabrics as expected. The crimped wool fibres gave
fabrics with greater elasticity than that of the mohair fabrics, with increased
yarn crimp improving AKU wrinkling.

Hunter and Kruger*® investigated the frictional propertles of yarns contain-
ing different percentages of mohair and found that friction increased with in-
creasing mohair content. By scouring or extracting the yarns with a solvent

* Wool/mohair fabrics are also dealt with in Chapter 21.
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prior to waxing, the yarn friction, subsequent to waxing, could be reduced
considerably. It was therefore suggested that it was not inherent differences
between the mohair and wool fibres, as such, which influenced the yarn fric-
tion, but that it was the ether extractable matter present on the mohair which
adversely affected lubricating efficiency of the paraffin wax.

The minimum friction of the waxed yarns was found to be correlated with
the ether extractable matter content of the yarns*® (Fig. 95).

Hunter et al*® investigated the dimensional properties and washing shrink-
age of various blends of mohair and wool single jersey fabrics and showed that
felting shrinkage of the unshrinkproofed fabrics decreased with increasing mo-
hair content and was very close to zero for the pure mohair fabrics. On the other
hand loop distortion (cockling) increased considerably with increasing mohair
content. Fabric distortion was particularly bad under severe conditions of sol-
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Fig. 95 Minimum friction of waxed yarns vs. ether extractable matter prior to waxing for
certain unscoured, scoured and extracted yarns (melting point of wax 63°C)(403)
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vent dyeing. By treating the fabrics knitted from untreated yarn with Synthap-
pret LKEF followed by autoclaving, or alternatively autoclave-steaming the fab-
rics knitted from 4%2% DCCA treated yarns, reduced cockling and shrinkage
to an acceptable level provided the irregularity and mohair content of the yarns
were not excessive.

. Hunter er al™ ** established and quantified the effects of mohair fibre
diameter and length on the physical properties of wool/mohair suiting type
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woven fabrics. They illustrated the large effect of ageing on wrinkle recovery
and that of fibre diameter. The effect of mohair on wrinkle recovery was found
to depend upon the particular test method used to assess wrinkle recovery (see
section dealing with wrinkling).

Smuts and Hunter** measured various physical properties of some sixty
wool/mohair woven fabrics (mainly plain weave suiting fabrics) with the main
objective to establish ‘‘average’’ values for the physical properties of such
fabrics which could be used as a basis of reference when similar fabrics were
being evaluated in practice. The results were plotted against fabric mass and
average values were calculated and tabulated for the various fabric properties to
facilitate their use for quality control purposes.

Shorthouse and Robinson*” ** reported on the affect of mohair fibre diam-
eter, yarn twist, oil content and dyeing on the properties of mohair loop and
brushed loop yarns containing a wool/nylon yarn as ground and wrapper as well
as on their performance in a woven blanket construction.

Smuts ez al* studied the effect of fibre properties on the shear properties
of plain and cavalry twill fabrics woven from wool and wool/mohair (wool
warp, mohair weft) lots varying widely in fibre length, diameter and crimp.
The fibre properties generally only had a small effect on the fabric shear. Of the
wool fibre properties, fibre crimp (or bulk resistance to compression) had the
most significant effect on shear stiffness, the latter tending to increase as fibre
crimp increased. Shear hysteresis appeared to be little affected by variation in
fibre properties. For these fabrics, the small changes in shear stiffness had little
effect on the fabric drape coefficient. Drape coefficient was mainly determined
by bending length, and the former could be fairly accurately predicted from
bending length and shear (Fig. 96).

Galuszynski and Robinson®™ reported on the making-up properties of
wool/mohair suiting fabrics and on ways of reducing seam pucker.

18.2 SCRATCHINESS ASSOCIATED WITH COARSE FIBRES

Swanepoel and Veldsman®™ described a method of reducing fabric
scratchiness which involved treating the fabric with sodium bisulphite and ei-
ther ethylene glycol or polyvinyl alcohol, the latter providing a finish which
was fast to laundering.

Maasdorp and Van Rensburg® used a scanning electron microscope to
show that wool and mohair fabrics assessed subjectively as prickly, had a
percentage of coarse fibres protruding a short distance from the fabric surface.

18.3 DISTINGUISHING BETWEEN WOOL AND MOHAIR FIBRES

Scheepers®™ suggested using the fibre profile, as determined microscopi-
cally, to distinguish wool from mohair while Slinger and Smuts** proposed the
use of differences in against-scale fibre friction as a way of distinguishing wool
from mohair. Smuts et al’® subsequently used the fact that mohair generally had
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a lower against-scale fibre coefficient of friction than wool as a criterion for
separating the components of a wool/mohair blend. It was found that the fre-
quency distribution curve of the single fibre friction of a diverse range of
mohair was displaced from that of wool, although overlapping occurred. For
fibres in the undyed and unprocessed state, the differences between wool and
mohair fibre friction were more distinct than for fibres removed from finished
fabrics. The frictional force depended slightly on the fibre diameter and crimp.
Weideman and Smuts®' showed fibre friction to be related to scale height.

Subsequently, considerable work was carried out by Weideman et al** *¢
1% on the scale height method (developed by the Deutsches Wolforschungsin-
stitut) whereby the heights of scales, as measured on a scanning electron micro-
scope, are used to distinguish wool from mohair (Fig. 97). It was shown that
there was a significant overlap in the heights of wool and mohair scales, al-
though the scale height of wool was generally higher (greater) than 0,7 um and
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that of mohair less than 0,6 um (Fig. 97). The scale height distributions of a
number of wool and mohair samples, originating from various parts of the
world, were measured so as to build up data for assessing the scope and accura-
cy of the scale height method. '

18.4 A COMPARISON OF WOOL AND MOHAIR DYEING
BEHAVIOUR

Kriel et al"* compared the dyeing behaviour of wool and mohair and
discussed possible reasons for the differences they observed.

Swanepoel® compared the dyeing behaviour of wool and mohair and
concluded that the rate of dyeing was greater for mohair than for wool of the
same diameter. The rate of dyeing of both wool and mohair decreased with
increasing fibre diameter and the depth of shade increased with increasing fibre
diameter at the same concentration of dyestuff. Mohair appeared deeper in
colour than wool of equal average diameter containing the same concentration
of dyestuff, due to differences in fibre surface structure (lustre). Later Roberts
and Gee** compared the dyeing characteristics of mohair with those of lustrous
Corriedale wool of similar fibre diameter and also found the rate of dyeing and
equilibrium exhaustion for the mohair to be greater than those for wool. Instru-
ment and visual assessments of depth of shade indicated little differences be-
tween respective fibres dyed to the same nominal depth. Fastness to washing,
rubbing, and perspiration were also similar’*. Their results also indicated that
the lustre associated with the mohair fibre was responsible for its apparently
greater depth of shade when compared with other less lustrous wools, support-
ing the findings of Swanepoel**. Van Rensburg’ dyed various keratin fibres
which differed significantly in lustre, such as mohair, Corriedale, Falkland and
Merino wool with 12 different dyes and then exposed them to Xenon light for
various periods. It appeared that lustre had no effect on the light-fastness rat-
ings or the rate of fading.
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CHAPTER 19
WOOL/COTTON BLENDS*

19.1 PROCESSING ON THE WORSTED SYSTEM

Turpie® investigated the processing of wool/cotton blends on the worsted:
system and found that scoured 6/7-month wool and mechanically opened cotton
could be successfully carded, gilled and combed in blends of 70/30 and 50/50
wool/cotton. In the latter case the production rate was about 50 to 60% of that
for wool alone. Significant improvements in performance were possible by
applying 0,5% lubricant prior to carding (Fig. 98). The improvement in the
performance of the cotton component due to lubrication was more pronounced
than that of the wool. Drawing and spinning of re-combed tops composed of
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. 98 The effect of card production rate on the percentage noil obtained during combing
70/30 and 50/50 wool/cotton blends499)

* Wool/Cotton blends also feature in Chapter 20.
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55/45 wool/cotton were successfully carried out on conventional worsted equip-
ment.

Schmidt and Turpie®” studied the effect of different grades of cotton,
lubrication and card production rate on nep formation during the carding of
50/50 wool/cotton blends, best results being obtained with about 0,5% lubri-
cant on the wool component of the blend. Nep formation was found to increase
with increasing carding rate.

Turpie and Marsland®* carried out spinning trials on ring and Repco spin-
ners using rovings prepared from a combed 55/45 wool/cotton blend and an
uncombed 67/33 cotton/wool blend and found that the wool-rich blends (pre-
pared on worsted system) could be spun satisfactorily alone on the worsted ring
frame, and on the Repco with the assistance of a nylon muitifilament core and
binder thread. The ring-spun yarns almest matched an average all-wool worsted
ring yarn (containing short wool) in physical properties (excepting for exten-
sion) but the Repco yarns were generally of a poorer quality.

19.2 PROCESSING ON THE COTTON (SHORT STAPLE) SYSTEM

Blends of cotton and wool containing from 20 to 60% wool, were pro-
cessed by Aldrich*? into 20 and 30 tex carded type yarns on a standard cotton
system, using three methods of blending and four different types of wool. The
strength (Fig. 99) and extension of the yarns decreased linearly with an increas-
ing percentage wool in the blend. The irregularity of the 30 tex and the cotton-
rich 20 tex yarns compared favourably with standard carded type cotton yarns.
The waste extracted in the blowroom and at the card depended on the type of
wool used.

Aldrich®* also investigated the processing performance of 67/33 cotton/
wool blends using three methods of blending (blowroom, card and first draw
frame) and wool in three different forms, (scoured, open top and top). Combed
cotton sliver was also blended with wool top at the first drawframe to produce
combed type yarns. Processing performance of the blends offered no serious
problems, the number of end-breaks being in each case well below the commer-
cial level. When scoured wool was blowroom blended, the card waste was
slightly higher than when using open top or when processing the cotton compo-
nent alone. Amongst the carded yarns the blowroom blend of open top and raw
cotton generally produced the best quality yarn. The combed type yarn was
only slightly stronger than the strongest carded type yarn, but was far superior
in yarn irregularity and nep content and was also less hairy. Fabric tensile
properties, abrasion resistance and air-permeability were largely insensitive to
the method of blending or to the type of wool used. Blowroom blending offered
the advantage of using a standard production line.

Veldsman et al*” investigated the effect of various parameters on the rotor
spinning of a 38mm lambswool into 60 tex yarn. With metallic wire opening
rollers, a speed of 6 000 r/min and a rotor speed of 35 000 r/min were found
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beneficial towards resultant yarn properties. Tenacities of the resultant 60 tex
yarn were lower when compared to those of worsted-spun yarns and irregularity
values were low by IWTO standards. Subsequently, Veldsman and Taylor®
studied the effects of various machine parameters as well as lubrication on rotor
spinning of all-wool and a 75/25 wool/cotton blend. Pinned opening rollers
were found best for spinning, the type of lubricant making no real difference on
spinnability. Pinned opening rollers with speeds less than 7 000 r/min and
smooth nozzles were preferable in terms of yarn properties, two of the lubri-
cants improving yarn properties. For 75/25 wool/cotton sliver, spun on the
cotton system, an opening roller speed of less than 7 000 r/min was preferable,
no difference being found for the 55 and 65mm diameter rotors. Relatively high
yarn twist factors were generally used. Robinson and Layton®™ found that a
standard size mix performed better on coarse than on fine yarns and better on
wool/cotton and wool/polyester yarns than on all-wool yarns (a short wool was
used).

Robinson and Layton** compared the physical properties, sizing and
weaving of wool/cotton ring and rotor yarns and found the ring yarns to per-
form better than the rotor yarns.

Spencer and Taylor™ showed that artificial de-crimping of wool by back-
washing in a solution of sodium bisulphite and drying under tension improved
the spinning properties of the fibres during rotor spinning but weakened the
yarn. Backwashing alone and drying under tension produced better spinnabi-
lity, a stronger yarn and other yarn properties close to those of the control.

Spencer and Taylor™ found that a minimum of about 25% cotton was
necessary to enable wool/cotton blends to be processed satisfactorily into laps
in a cotton blowroom. This blend could also be spun into coarse yarns on a
rotor (OE) spinning machine.

Spencer and Taylor” studied the removal of vegetable matter from
scoured wool during the processing of wool/cotton blends on the cotton system.
Relatively short scoured wool with moderately heavy vegetable content could
be processed successfully, when blended with cotton in 75/25 and 50/50 ratios,
on standard cotton machinery, the preferred route being via a tandem card.
There appeared to be no necessity to comb the wool when spinning relatively
coarse- yarns. Rotor spinning appeared to be limited to coarse yarns.

Hunter and Toggweiler* investigated the processing of wool and wool/
cotton blends using chute feeding to the card. Yarns were spun on both ring and
rotor machines. Chute feeding overcame problems sometimes experienced with
lap formation at the scutcher. Lapping and low web cohesion occurred during
the carding of the 100% wool, the blends generally performing better. Vegeta-
ble matter (burrs in particular), was a source of problems, especially during
rotor spinning. Fig. 100 illustrates the effect of blend level on ring and rotor
yarn tensile properties.
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Hunter er al** compiled some average values for the physical properties of
rotor yarns, including wool, from published information.

19.3 FABRIC DYEING AND FINISHING AND
PHYSICAL PROPERTIES

Shiloh et al* treated a 55/45 wool/cotton blend fabric with various quanti-
ties and types of resin and cross-linking agents and found that the wash-and-
wear properties of the fabric could be improved to commercially acceptable
levels although dry wrinkle recovery could not be improved, washing improved
the fabric handle.

Hanekom et al*® treated wool/cotton blend fabrics with various types of
resins in an attempt to obtain satisfactory durable press (DP) properties and
found that the fabrics could be chemically treated to provide satisfactory wash-
and-wear and mechanical performance, even at low levels of application. When
properly blended, the cotton component inhibited shrinkage, but to obtain DP
performance, resin treatment was generally essential. The polyurethane resin (R

Synthappret LKF) applied from solvent medium was found to be promising.
The relationships between the wrinkling performance and various other proper-
ties were also reported.

Shiloh and Hanekom** also studied the properties of cotton rich blend
fabrics. Three fabrics were woven from 30/70 wool/cotton yarns, two of plain
weaves (200 g/m? and 140 g/m?) and the third a poplin (200 g/m?). It was found
that different fabric structures and masses required different levels of DP treat-
ments to achieve a good balance between mechanical properties and wrinkling
performance (Fig. 101). The heavier fabric required a higher level of resin (=
10%) than the lighter fabric ( = 5%). The major physical properties of the
fabrics were not significantly changed after a severe washing test. Durable
press treatments reduced pilling by apparently slowing down migration of the
fibres to the surface of the fabric. An increase in the wool component improved
the mechanical performance of DP treated blends and decreased the flexural
rigidity.

Leigh* investigated the hydrogen peroxide bleaching of wool/cotton fab-
rics using conventional cold-pad-dwell and pad-steam methods under both acid
and alkaline conditions. The highest whiteness per unit of peroxide applied,
without significant degradation, was obtained by the use of silicate-stabilised
peroxide in an overnight cold-pad-dwell process. Subsequently Barkhuysen and
Leigh®” found that sodium chlorite was not a very effective bleaching agent and
that reducing agents were less effective than hydrogen peroxide. Pad-dwell,
pad-bake or pad-steam treatments generally produced similar results.

Van Rensburg® showed that THPOH-ammonia and an oligomeric vinyl
phosphonate flame-retardant produced flame-retardant wool/cotton fabrics with
LOI values higher than 27,0, the treatments being fast to washing. The effect of
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various shrinkresist treatments on the LOI values of the fabrics was also stud-
ied, slightly higher LOI values being obtained when the fabrics were first
flame-retardant treated and then shrinkresist treated, than when the order of
treatment was reversed.

Barkhuysen and Van Rensburg® investigated the effect of liquid ammonia
and DP resins on the dimensional stability and crease recovery angle of 30/70
wool/cotton blended fabrics. A pretreatment with liquid ammonia, and the
subsequent removal of ammonia by hot water, followed by a resin treatment,
produced fabrics which changed less than 2% in area after a two-hour wash
test. They also investigated® the effect of THPOH and liquid ammonia on the
LOI values and certain physical properties of the fabrics. It was found that a
treatment with THPOH, followed by a treatment with liquid ammonia produced
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fabrics with LOI values higher than 27. The LOI values were, however, lower
than those obtained by the conventional THPOH/ammonia vapour treatment.
The wool/cotton and all-cotton fabrics were found®*® to differ significantly in
their response to liquid ammonia and durable press treatments. For example,
the addition of certain silicones to aminoplast resins increased the crease recov-
ery angle of all-cotton fabrics, but decreased that of the wool/cotton fabric.
Also treating the wool/cotton fabric with DMDHEU type resins resulted in
lower crease recovery angles and DP ratings than treating with melamine-
formaldehyde type resins. Pretreating the wool/cotton fabrics with liquid am-
monia increased the strength of the resin-treated samples, but had a slight
adverse effect on DP ratings. Strength retention at different curing temperatures
was inversely related to crease recovery (Fig. 102).

Barkhuysen®” found that the effect of liquid ammonia on fabric dimen-
sional stability and physical properties was lower for all wool fabrics than for
33/67 wool/cotton fabrics.
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Fig. 102 The increase in crease recovery angle and the percentage strength retention of
resin-treated wool/cotton fabrics as a function of curing temperature(
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Van Rensburg™ found that the properties of light-weight fabrics, compris-
ing a cotton warp and a wool or mohair weft, compared favourably with those
of intimately blended 55/45 wool/cotton fabrics, the crease recovery angles and
strength loss of the fabrics. generally increasing when resin concentration or
curing temperature increased. For the same level of resin, the cotton warp of
the wool/cotton blends contained about 40% more resin than the cotton warp of
the all-cotton fabric. Care should therefore be exercised during the resin treat-
ment of wool/cotton blends not to damage the cotton component in the blend by
the application -of too high a level of resin.

* Van Rensburg and McCormick™ studied the simultaneous dyeing and DP
treatment of 55/45 and 33/67 wool/cotton fabrics using DMDHEU resin, am-
monium nitrate catalyst and direct, acid or reactive dyes. For the direct and acid
dyes unlevel dyeings were obtained, the dyes showing a higher affinity for the
cotton. Certain cotton reactive dyes behaved in a similar manner. However, a
number of wool reactive dyes gave level dyeings, with similar uptake of dye by
the wool and cotton. The crease recovery angles and the percentage dye fix-
ation increased with increasing resin. Resin level did not seem to have an effect
on alkaline perspiration fastness, wash fastness and dry rubbing fastness, these
generally being good. The wet rubbing fastness of the samples was somewhat
lower.

Robinson*" discussed the production of seersucker fabric constructions
and specifications for new constructions based on differential shrinkage of wool
and cotton, were given in detail. Fabric details and samples were given.
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CHAPTER 20

WOOL/SYNTHETIC BLENDS

20.1 THE PRODUCTION AND PROPERTIES OF RING-SPUN
STAPLE YARNS

Aldrich and Grobler** compared the properties of wool, wool/polyamide,
wool/polyester and wool/acrylic intimately blended yarns. The addition of 25%
acrylic fibre or more, reduced the elongation at break, but increased tenacity
compared to pure wool yarns. The twist for maximum yarn strength was lower
for wool/polyester and wool/acrylic blended yarns than for wool/polyamide
(Fig. 103). Wool/polyester and wool/acrylic fibre blends showed inferior elas-
tic recovery properties from elongations of 4, 8 and 12% when compared with
pure wool and wool/polyamide yarns (Fig. 104).

Hunter and Turpie® investigated the influence of polyester types (normal,
low pilling and high bulk) in wool/polyester blends, and of different additives

50/50 Wool/Polyamide

50/50 Wool/Polyester

50/50 Wool/Acrytic

TENACITY (gf/tex)

300 400 800 900 1 1
TWIST (turns per metre}

Fig. 103 Yarn tenacity versus twist (t.p.m.) (Yarn count = 26 tex)454)
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on the end breakage rate during spinning and on the yarn physical properties.
The effects of the type of polyester and additive and of polyester level on the
end breakage rate during spinning were not large while certain of these varia-
bles had a very pronounced effect on some of the yarn properties.

Robinson et al* obtained the following graph (Fig. 105) for the tenacity of
different yarns.

Strydom®* conducted spinning trials on blends of two polyester fibres-and
different wools ranging in fibre diameter and length and found that spinning
potential, as measured by the mean spindle speed at break technique (MSS),
was determined solely by yarn tex (or fibres in the yarn cross section) in the
case of the polyester-rich blend (Fig. 106). The spinning potential of the wool-
rich blends was lower than that of the polyester-rich blend, but the difference
was smaller for the finer and longer wool component. The effect of variations
in wool diameter and length on MSS was found to be roughly only one-half to
one-third of the effect previously observed for 100% wool worsted yarns. The
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wool fibres, being shorter and coarser than the polyester fibres in general,
migrated to the yarn surface.

20.2 PHYSICAL PROPERTIES OF COMMERCIAL
WOOL/POLYESTER YARNS

Hunter and Andrews®® measured the tensile properties and irregularity of
90 commercial wool/polyester yarns (40% wool/60% polyester to 60%
wo0l/40% polyester) and presented the results graphically. The graphs could
be used in practice for reference purposes i.e. by a quality control laboratory
for determining how a particular wool/polyester yarn compared with other
yarns having a similar linear density and composition. Recently Hunter and
Gee™ also presented average values for the physical properties of wool/polyes-
ter two-ply ring and Repco yarns.

20.3 CORE-SPUN RING YARNS

Kruger™ studied core-spinning of wool using a 22 dtex textured multi
filament nylon as core. The physical properties of the core-spun yarns were
better than those of the 100% wool yarns and the knitting performance of the
core-spun yarns was also better. Compared to intimately-blended yarns of sta-
ple nylon and wool, the core-spun yarns were stronger and more resistant to
pilling, whereas the intimate blends showed better abrasion resistance.

Robinson and Smuts*' reported that core-spun yarns required less warp
tension during weaving than pure wool worsted yarns. Sizing did not improve
the weaving performance of core-spun yarns, but waxing did. Core-spun yarns
were much stronger than the unsized pure wool yarns and performed much
better during weaving although stripping of the wool could be a major problem.
Knot slippage was a major cause of warp breaks.

Subsequently Robinson*® applied various additives to wool during draw-
ing, prior to spinning or to the yarns during beaming. Both core-spun and all-
wool worsted yarns were subsequently spun and then woven into a standard
shirting fabric. Weaving trials showed that certain additives improved weaving
performance, and even improved the weavability of all-wool yarns to a level
comparable to that of core-spun yarns. Some additives decreased felting shrink-
age to some degree. Aldrich and Grobler”* made a study of the tensile proper-
ties of wool core-spun yarns with various multifilament yarns as cores and
found that the tenacity of the yarns depended on the strength of the core and the
wool/core ratio, an increasing wool/core ratio resulting in a lower yarn tenacity.
Whether the core was textured or not did not have any apparent influence on the
tensile properties of the yarns. The tenacity and breaking energy of a 24 tex
core-yarn, having a core of either 22 or 44 dtex textured polyamide, increased
with increasing twist showing a maximum. strength at approximately 800
turns/m. The percentage increase in tenacity, however, depended on the wool/
core ratio.
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Shiloh** “* also investigated the yarn and fabric properties for all-wool and
wool/nylon, core-spun and wool/polyester staple fibre blend yarns (see Chapter
20.7). Robinson and Marsland® described the spinning of core-spun and
wrapped core-spun yarns on a conventional ring spinning machine and com-
pared their properties with those of conventional all-wool worsted yarns (Fig.
107). The former yarns appeared to have considerable potential for both weav-
ing and knitting.

_ CORE
' - WRAPPER
DOUBLE /
ROVING -
1. DOUBLE ROVE WRAPPED 2. DOUBLE ROVE DOUBLE
CORE-SPUN CORE-SPUN

\

\
\

\ \

3. DOUBLE ROVE 4, SINGLE ROVE 5. SINGLE ROVE
WRAPPED-SPUN WRAPPED-SPUN WRAPPED CORE-SPUN

Fig. 107 Schematic diagram of core and wrap yarns(907)
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20.4 STRETCH YARNS

Strydom®* produced two worsted-type stretch yarns (wool and 45/55
wool/polyester) by assembly-winding two ends of each of these with an elasto-
meric component, followed by conventional uptwisting. The wool stretch yarn
proved to be about half as strong as the wool/polyester stretch yarn but its
extension at break test results were approximately 50% higher. The extension
values were found to increase with an increase in elastomer linear density and
stretch ratio and an’increase in the level of uptwisting.

20.5 KNITTING PERFORMANCE AND KNITTED FABRIC

PROPERTIES OF RING-SPUN YARNS

Woltaardt and Buys™ described a technique for manufacturing double-
jersey fabrics containing low percentages of nylon flat filament in which the
wool was plated onto both sides of a synthetic ground structure or ‘‘scrim’’. In
this way the unique advantages of wool were combined with the more benefi-
cial physical properties of the synthetic component. The resulting fabrics could
be knitted with higher efficiency and performed better during washing, than all-
wool fabrics of equivalent mass and tightness. In a subsequent study Wolfaardt
et al** studied the knitting performance and physical properties of intimate,
core-spun and plated wool/polyamide blend fabrics and the influence of fabric
tightness, finishing procedures and shrinkproofing. It was found that 22-gauge
plated fabrics which had been autoclaved and decatised and for which the wool
had been treated with a shrinkproofing agent (R Hercosett or DCCA) were
preferable to fabrics produced in other ways.

Van der Merwe and Silver” described a sequence of processes by means
of which plated double jersey fabrics (Punto-di-Roma) knitted from wool
(80%) and nylon (20%) could be rendered machine washable. The processing
sequence comprised autoclave decatizing (KD) of the fabric, treatment with
R Synthappret LKF (Bayer), autoclaving and finally winch dyeing. Total pro-
cessing shrinkage i.e. from machine state to finished state did not exceed 8,5%
in area for wool/nylon plated fabrics and 14% for fabrics knitted from wool/ny-
lon core-spun yarns.

McNaughton ez al** investigated the production of wool rich warp knitted
(Queenscord) fabrics on a 36 gauge Raschel machine, a textured polyester
filament on the front bar and an intimate blend yarn of wool and nylon on the
back bar giving a fabric containing 60% wool, proved to be superior to other
fabrics made from polyester on the front bar and wool/nylon core-spun on the
back or intimate blends of wool and nylon on both bars.

Buys ez al** produced ‘‘semi-locknit’’ fabrics through feeder blending of
either untreated wool yarns or DCCA-treated wool yarns, with either polyester
(continuous filament) or cotton yarns. For untreated 70/30 wool/polyester fila-
ment fabrics or 50/50 wool/cotton fabrics, autoclave decati-
sing followed by a 1,5% R Synthappret LKF treatment produced machine
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washability. For DCCA-treated wool/polyester fabrics, autoclave decatising, or
heat-setiing plus 2% aminoplast resin, also produced machine washability. The
50/50 wool/cotton blends could also be rendered machine washable after an
aminoplast resin treatment preceded by autoclave decatizing.

Silver and Van Heerden®* investigated the stabilising of wool/acrylic sin-
gle jersey fabrics to laundering using untreated and chlorinated wool tops and a
resin (polyurethane, silicone, aminoplast or polyamide-epichlorhydrin). In a
later study Silver”™ determined the best finishing routine for dimensionally
stable wool/acrylic fabrics using feeder-blended textured acrylic yarns followed
by scouring (solvent or aqueous), heat-setting and shrink-resist treatments
(aminoplast or polyurethane resins).

Robinson er ai** investigated the knittability of short staple wool blend
yarns (wool/cotton, wool/polyester and wool/acrylic) on a 28-gauge single jer-
sey machine. They found that the wool/acrylic yarns performed relatively poor-
ly, in some cases worse than that of the all-wool yarns of the various blends
(Fig. 108). The wool/cotton and wool/polyester yarns performed best although
the 100% cotton and polyester yarns knitted best of all.

A decrease in wool content mostly resulted in an increase in the bursting
strength and abrasion resistance of single jersey fabrics”, and slightly reduced
their pill ratings, ease of sewing and relaxation shrinkage (Fig. 109). The K -
values of the fabrics depended on whether the blend was predominantly hydro-
philic (giving higher K -values) or hydrophobic (giving lower K -values). Poly-
ester was well suited for blending with short wools.
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Hunter et al’ spun yarns to various linear densities from cotton, 50/50
cotton/polyester, polyester on the cotton system as well as from wool, 50/50
wool/polyester and polyester on the worsted system, and knitted them into
various single and double jersey structures. When the knitting performance of
the yarns was assessed in terms of machine tightness factor (MTF), the knitting
performance generally improved with an increase in yarn linear density (Fig.
110). However, when knitting performance was assessed in terms of stitch
length (SCSL), the knitting performance deteriorated with an increase in yarn
linear density, at the relatively high MTF’s employed. This meant that coarser
yarns could be knitted to higher machine tightness factors whereas finer yarns
could be knitted to shorter stitch lengths, confirming the findings of earlier
studies.

20.6 REPCO (SELF-TWIST) SPINNING AND YARN AND
FABRIC PROPERTIES

Robinson and Turpie® described the concept and principles of spinning
Repco Wrapped Core-Spun (RWCS) yarns (initially developed by Robinson et
al®® with specific reference to the spinning of fine mohair yarns and their use in
light-weight mohair/wool fabrics), their properties as well as those of the fab-
rics knitted from them. Fig. 111 illustrates the principle of spinning RWCS
yarns. In the initial studies the yarns were subsequently uptwisted.

Robinson ez al** showed that fine (RWCS) yarns could be spun and knitted
successfully into light-weight double jersey fabric. The properties of the yarns
and fabrics were compared with similar yarns and fabrics knitted from spun
polyester yarns and found to offer certain advantages.

Turpie and Marsland** showed that the use of nylon filaments improved
the evenness characteristics of Repco-spun wool yarns which were spun at or
beyond the designated spinning limit of the wool, the "wrapped core’ technique
enabling 64’s quality wool to be spun into yarns as fine as 9 tex (Fig. 112).

Turpie and Marsland®” investigated the influence of various spinning con-
ditions on RWCS yarn properties and concluded that the apron roller groove
depth and the creel position should be normal and that normal light rovings
should be used. Low roller loadings were found to be of some advantage from a
nep frequency point of view. Very low uptwist factors were successfully used
in the trials. Turpie and Marsland®® described how the Repco Mark I Spinner
could be modified so that eight ends of RWCS yarns could be produced simul-
taneously (i.e. production doubled) without undue adverse effect on yarn prop-
erties and spinning performance.

Robinson and Marsland®' compared the properties of fabrics produced
from grandrelle or twist yarns spun on the ring system, the Repco system and
by the RWCS system. The RWCS yarns performed best in weaving and pro-
duced fabrics equal to, or better than, those produced by the two other yarn

types.
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Turpie™ investigated the effect of staple crimp on the properties of fabrics
knitted from RWCS yarns. He found that an increase in crimp tended to de-
crease fabric air-permeability slightly. The other effects were either small or
negligible and, taking an overall view, it appeared that the effects of staple
crimp on the physical properties of the fabrics were of little practical conse-
quence.

Robinson er al® produced single and double jersey fabrics in 60%
wo0l/40% polyester in different ways, viz. intimate fibre blended yarns, core-
spun yarns, plying of yarns and by feeder blending during the knitting process.
The physical properties of both yarns and fabrics were assessed. Generally,
blends produced in the spinning process gave the most acceptable fabrics with
the RWCS yarns giving the most even and regular surface effect.”

Cawood et al’” discussed the properties of some fine RWCS yarns and the
knitting performance under commercial conditions on a 28-gauge double jersey
machine as well as the fabric properties. The yarn and fabric properties, as well
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as the knitting performance of RWCS yarns spun on a modified Repco using
short wools of differing length and diameter, were statistically analysed.

Strydom and Marsland™ described the spinning of a range of short wools
(32 to 44mm) by the RWCS technique as well as the preparation of these wools
on the short staple (cotton) system. The tenacity and irregularity of the yarns
spun on the modified Repco compared favourably with those of Repco wrapped
core-spun yarns spun on an unmodified Repco using long wools, and those of
other comparable short staple all-wool yarns.

Shorthouse and Robinson®¢ ** and Robinson et al** described the use,
performance and advantages of RWCS yarns and variations of such yarns, e.g.
Repco wrapped-spun (RWS), Repco core-spun (RCS), in men’s socks, most of
these yarns being knitted without being uptwisted. The yarns were spun with
various different filaments, textured or flat filament nylon or polyester, and
appeared to offer advantages above conyentional yarns in certain cases. The
wear performance of the socks was also evaluated and compared with commer-
cial products.

Shorthouse and Robinson® spun Repco wrapped core-spun (RWCS) and
Repco wrapped spun (RWS) wool yarns, having textured nylon or polyester as
the filament component, to limiting counts and knitted them into medium and
fine gauge double jersey fabrics (Punto-di-Roma and Interlock). The yarns
knitted satisfactorily, direct from the spinner’s package, in self-twist (ST) un-
cleared and unwaxed form and the fabrics had acceptable handle and appear-
ance.
In an extension of the work,”” yarns were spun to a range of linear densi-
ties from three different tops; viz. (1) polymer treated tops pretreated by the
sodium hypochlorite/sulphuric acid process, or (2) polymer treated tops pre-
treated by the new SAWTRI gaseous chlorine process and (3) untreated. The
yarns knitted satisfactorily, direct from the spinner’s package, into medium and
fine gauge double jersey fabrics. After dyeing, the untreated fabrics were
shrink-resist treated in fabric form.

20.7 WOVEN FABRIC PROPERTIES* _

Shiloh and co-workers*? “* compared the mechanical properties and wrin-
kling of light-weight wool-rich fabrics woven from wool/nylon core-spun yarns
(textured or untextured nylon multifilament cores), wool/nylon and wool/po-
lyester staple intimate blend yarns, and all-wool yarns, respectively. In one
case a fumed aluminium oxide (Alon) was applied to the wool tops, prior to
spinning, so as to increase fibre cohesion. This product increased the yarn
tensile properties and the fabric frictional couple (Mo). The. wool/polyester
intimate blend fabric had better wrinkle recovery than the fabric containing the
wool/nylon core-spun yarns. The twill fabrics generally performed better than

* Wrinkling is mostly dealt with in a separate section (Chapter 21).
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the plain weave fabrics in terms of wrinkle recovery but worse in terms of
pilling and certain mechanical properties. The fabrics containing the core-spun
yarns appeared to offer. certain advantages, in terms of pilling propensity for
example, but did not have as good resistance to abrasion and bagging as the
fabrics containing the staple blends. Autoclave decatising was found to be
advantageous provided the fabrics had not been heat-set. No one particular
fabric showed overall superiority to the other fabrics.

Shiloh and Slinger*” reported on the consequence of blending wool with
three different types (normal, low-pilling and high bulk) of polyester in differ-
ent proportions and concluded that increasing amounts of polyester improved
most of the mechanical performance of yarns and plain weave fabrics, with the
breaking strength and the efficiency of transfer of fibre properties to the yarns
and the fabrics being best for the normal polyester and worst for the high-bulk
polyester. It was found, that the 60% wool and 40% low-pilling polyester
blend fabrics were very satisfactory in all tests. When the fabrics were auto-
clave-decatised it was found that 40% polyester was sufficient for obtaining
satisfactory durable press performance with untreated wool blends.

In a follow-up study** shrinkproofed wool was used to blend with polyes-
ter and converted into plain and 2/2 twill weave fabrics. It was found that by
increasing the polyester component, the mechanical properties were improved,
and by comparing the results with those obtained for untreated wool and poly-
ester blends, it was found that the DCCA treatment resulted in a considerable
reduction in the tensile properties of the blends. A significant decrease in area
shrinkage also occurred when the polyester component was increased, together
with an improvement in crease recovery under conditions of high humidity.

Hunter and Smuts® studied plain weave light-weight (200g/m?) fabrics
woven from wool/polyester intimate blends using two polyester types (low-
pilling and normal) and six blend levels. The strength, abrasion resistance,
flexural rigidity, dimensional stability and D.P. ratings of the fabrics increased
with increasing polyester content. The fabrics containing the normal polyester
type in most cases performed slightly better than the low-pilling types. Auto-
clave-decatising decreased fabric flexural rigidity and improved wrinkle and
crease recovery, dimensional stability and appearance after washing. In a fol-
low-up study Smuts and Hunter* applied two polymers (polyurethane and
silicone) from solvent systems to wool and wool/polyester plain weave light-
weight fabrics. Both polymers reduced the felting and improved the appearance
after washing of the wool-rich blends to levels similar to those of the polyester-
rich blends. Polymer treatment also slightly reduced the relaxation shrinkage of
all fabrics. Fabric stiffness and tear strength were increased by both polymers.
Bursting strength and flat abrasion deteriorated slightly when the silicone poly-
mer was applied.

Smuts and Hunter’® investigated the woven (plain and 2/2 twill 190g/m?)
fabric properties of a range of wool/acrylic blends. Increasing levels of acrylic
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reduced flex abrasion but improved certain other fabric properties, the twill
weave being worse than the plain weave in terms of pilling and abrasion resis-
tance. The wool/acrylic blend fabrics generally compared unfavourably with
wool/polyester fabrics studied previously. The yarns containing a finer (3,3
dtex) acrylic were in most cases supenor to those containing a coarser acrylic
(4 9 dtex). As would be expected in view of the wool being untreated, wash-
ing shrinkage decreased with increasing levels of acrylic. Treating the fabrics
with a polyurethane polymer (solvent system) and a mixture of the bisulphite
adduct of a polyurethane and a polyacrylate polymer (aqueous system) reduced
the relaxation and felting shrinkage of the wool-rich blends to levels similar to
those of the acrylic-rich blends®®. Both treatments increased fabric stiffness and
the resistance to flat abrasion of the 2/2 twill fabrics. They concluded that the
wool/polyester blend fabrics were generally equal or superior to the wool/acry-
lic fabrics and that a blend level of approximately 60/40 wool/polyester may be
the best combination from the point of view of comfort and durability, although
a resin treatment would still be required to reduce felting shrinkage if the fabric
was to be given a severe wash. This could be achieved with 2% polyurethane
or 5% silicone resin, the latter appearing to be preferable.. They also applied**
a polyurethane and a polyurethane/polyacrylate polymer mixture, from solvent
and an aqueous system, respectively, to the fabrics. The low-pilling polyester
produced fabrics with inferior tensile properties compared to normal polyester,
although in other respects there were no significant differences. The main
advantage of the polymer treatments was to reduce the felting shrinkage and to
improve the appearance after washing.

Galuszynski'™ discussed fabric cover factor and tightness and recom-
mended the use of tightness, rather than cover factor, as a measure of fabric
structure, particularly when different weaves are being compared.
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CHAPTER

ARl am

1

WRINKLING OF WOOL AND WOOL BLEND
WOVEN FABRICS

21.1 CREASE AND WRINKLE RECOVERY TESTS

Various laboratory tests (Shirley and Monsanto crease recovery angles,
IWS Thermobench, AKU and FRL) have been used at the Institute for assess-
ing crease and wrinkle recovery.

Slinger and Smuts™' developed a method of quantifying the wrinkle sever-
ity of a fabric containing random wrinkles (e.g. AKU and FRL tests) whereby a
light stylus traversed the surface contours of a wrinkled fabric (resting lightly
on the fabric), its movement being transferred via a spring to the load cell of an
Instron where it was converted into an electrical signal and analysed. Later this
system was modified and improved (by for example replacing the load cell with
a rotary variable differential transducer)*?, eventually leading to the self-con-
tained SAWTRI Wrinklemeter.
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Slinger carried out a comprehensive study on the crease and wrinkle re-
covery and other mechanical properties of wool fabrics and presented the work
as a Ph.D. thesis*.

21.2 EFFECT OF FIBRE PROPERTIES

In the case of both mohair and wool, Hunter, Smuts and co-workers™ ™
71 893 92 92 found a trend for wrinkle recovery to deteriorate with an increase in
mean fibre diameter, the trend being least pronounced and often absent for the
Monsanto test. For the IWS and Monsanto tests, the wool/mohair fabrics (i.e.
mohair weft and wool warp) generally performed better than similar all-wool
fabrics containing wool fibres of the same diameter as the mohair. For the AKU
test, however, there was little difference between the wool and mohair fabrics
of the same diameter. This once again illustrated the fact that different test
methods can produce contradictory trends. The above-mentioned trends are
illustrated in Figs 113 and 114. It was found that the different atmospheric test
conditions generally produced similar trends in terms of fibre diameter.

Staple crimp™ 7 ™ 82 8 92 (or hylk resistance to compression) and breed
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Fig. 114 IWS Thermobench Wrinkle Recovery vs Mean Fibre Dlameter (Plain Weave: Weft
Direction)®46
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of sheep (Merino and allied breeds) appeared to have little effect on fabric
wrinkle recovery as assessed by the various test methods.

21.3 EFFECT OF BLENDING WITH SYNTHETIC FIBRES

Wool/Polyester: Studies®” «3 57 56 s 6% inyolving different types of poly-
ester (normal, low-pilling and high bulk) showed that these polyester types
differed little in their wrinkling properties, the low-pilling polyester possibly
being marginally better. Increasing polyester content tended to improve the
wrinkle recovery of deaged fabrics (and sometimes also of aged fabrics) as
assessed by the FRL, AKU and IWS Thermobench tests, but had neither a large
nor a consistent effect on Shirley and Monsanto crease recovery angles. Figs
115 to 117 illustrate some of the trends.

Wool/Acrylic:* ** s Little difference was found between FRL wrinkle
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Fig. 115 The relationship between wrinkle severity index (H x T) and polyester content(527)
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recovery and crease recovery (Monsanto) of blends involving 3,3 dtex acrylic
and those involving 4,9 dtex acrylic. Monsanto crease recovery of aged and
deaged plain fabrics and of deaged 2/2 twill fabrics deteriorated with increasing
acrylic content (Fig. 116), the effects generally being more pronounced for the
plain weave than for the twill weave. For the IWS Thermobench test, the
general trend for the plain weave fabrics (aged and deaged) was also for wrin-
kle recovery to deteriorate with increasing acrylic content (Fig. 117), whereas
for the twill weave fabrics, acrylic content had no apparent effect except when
the test was carried out under standard conditions in which case wrinkle reco-
very once again deteriorated with increasing acrylic content. For the AKU test,
wrinkle recovery also deteriorated with an increase in acrylic content in the case
of the deaged fabrics while it either remained constant or improved in the case
of the aged fabrics. On the other hand the wrinkle recovery, as assessed by the
FRL (aged and deaged) method, generally tended to improve with increasing
acrylic content. Certain of the above trends are illustrated in Figs 116 and 117.
The fabrics containing polyester generally performed better than those contain-
ing acrylic and appeared best of the synthetic fibres from the point of view of
wrinkle recovery. .

Shiloh and co-workers*?  compared the wrinkling and mechanical pro-
perties of wool-rich plain and twill-weave fabrics containing all-wool, wool/ny-
lon core-spun and wool/nylon and wool/polyester intimate blend yarns. No one
particular fabric consistently performed better than the others although the pre-
sence of the synthetic component offered some advantages in terms of fabric
wrinkling and certain mechanical properties.

21.4 YARN AND FABRIC STRUCTURAL VARIABLES 312 358 380 407 858 902

In one of the earliest studies, Smuts ez al'* found AKU wrinkle recovery to
improve with fabric sett until it reached a maximum after which it decreased.
Smuts et al’*® observed better wrinkle recovery for fabrics woven under high
warp tension (giving a relatively high weft crimp).

Slinger and Gouws*” found that for plain weave fabrics, involving fabrics
varying in pick density and yarn linear density, Shirley and FRL crease reco-
very values improved with an increase in fabric thickness.

‘In some limited trials on 2/2 twill-weave wool fabrics, in which only
fabric sett was changed, Slinger and Robinson** found that fabrics with a mass
of 262g/m? and a cover factor of 25,5 performed slightly better during wear and
Monsanto and FRL wrinkling than either the tighter (and heavier) or looser (and
lighter) fabrics.

In a study on wool fabrics, involving four different weave structures and
two-ply yarns differing in twist direction (i.e. SS, SZ, ZS and ZZ) and different
scouring, crabbing and cropping conditions, Smuts ez al** found that weave
structure had the main effect on wrinkle recovery, both FRL and Shirley wrin-
kle recovery values improving with an increase in float length. Smuts** was

SAWTRI Special Publication — November 1987 219



awarded an M.Sc. degree for his work on the mechanical and wrinkling proper-
ties of woven wool fabrics. Slinger (Ph.D. thesis)*"! found that the thickness of
a series of plain weave was a better indication of wrinkle recovery than were
the other fabric parameters, thicker fabrics wrinkling less. High plying twist in
the weft yarn also affected wrinkling beneficially.

Studies*s 5% 582 628 6% 73 jnyolving plain and 2/2 twill light-weight (200g/m?)
wool, wool/polyester and wool/acrylic fabrics showed that in most cases the 2/2
twill fabrics had superior wrinkle and crease recovery properties as assessed by
the Shirley, IWS, AKU and FRL tests. For the Monsanto test differences
between the twill and plain weave fabrics were insignificant for 100% wool but
generally increased as the percentage polyester, or acrylic, particularly the
latter, increased, being as high as 50° for 100% acrylic. Smuts ez al'* found
higher yarn twist beneficial. The direction of the plying twist appeared to have
little effect™® *°.

Smuts and Hunter**® ** also investigated the effects of yarn parameters,
such as singles and plying twist factor, plying twist balance and yarn type
(singles, two-ply or fresco) and fabric parameters, such as weave structure and
cover factor, on wrinkle recovery. It was found that these parameters generally
only had a very small effect on fabric wrinkle recovery, the effect of ageing
being far larger. The two test methods used (AKU and IWS) showed contradic-
tory trends in a number of cases. For the AKU test, the fabrics containing the
fresco yarns tended to have slightly better wrinkle recovery than those fabrics
containing the unbalanced two-ply yarns (two-ply twist = singles twist), these
fabrics in turn being slightly better than than the fabrics containing the balanced
two-ply yarns (two-ply twist = 0,67 x singles twist) or singles yarn. For the
IWS test, the fabrics containing the fresco and singles yarns performed similar-
ly, and were slightly better than the fabrics containing the unbalanced twist
yarns, the fabrics containing the balanced twist yarns performing worst. The
effect of weave structure was not the same for the two wrinkling tests and
neither were the effects of fabric mass and thickness.

21.5 CORRELATIONS BETWEEN DIFFERENT WRINKLING
PARAMETERS AND TESTS* = = %

.From the above discussion it is evident that different laboratory tests for
wrinkle or crease recovery give contradictory trends and it was therefore decid-
ed to investigate the correlation between the different test methods and para-
meters in more detail. Earlier studies® * ** indicated a poor correlation be-
tween AKU results on the one hand and multiple-pleat and Shirley results on
the other, the latter two being reasonably well correlated when the tests were
carried out under the same atmospheric conditions. Generally** AKU para-
meters, SD, H and H x T, measured after 1 hr, were highly correlated with each
other, a correlation of 0,95 being obtained for a wide range of wool, mohair,
synthetic and blend fabrics (n = 84). The values obtained for these parameters
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under the (20°C/65% RH) test conditions, were also highly correlated (r = 0,9)
with those obtained under ’non-standard’ (27°C/75% RH) test conditions.

The Monsanto values obtained on aged fabrics with the ’standard’ test
were highly correlated (r = 0,96) with those obtained with the *non-standard’
test, the correlation (r = 0,66) being lower for deaged fabrics. The Monsanto
results (standard test) obtained on aged fabrics were highly correlated r =
0,98) -with those obtained on the deaged fabrics.

The correlation between IWS values obtained on aged and deaged fabncs
was 0,78 for the ’standard’ test and 0,93 for the ’non-standard’ test, while the
correlation between the ’standard’ and ’non-standard’ test results was 0,97. The
correlation between IWS and AKU results was about 0,7, conducting the two
tests on fabrics having the same regain not improving the correlation to any
marked extent. There was a better correlation between the IWS and Monsanto
values for aged (r = 0,9) than for deaged fabrics (r = 0,7), the correlation
generally being lower when the tests were carried out under ’non-standard’
conditions.

It was concluded™ that, although the results obtainéd with the different
test methods (AKU, IWS and Monsanto) were correlated, the correlation coef-
ficients were generally not high enough for the different tests to consistently
rank different fabrics in the same order in, terms of wrinkle recovery or to give
similar trends.

21.6 EFFECT OF FINISHING CONDITIONS

Smuts et al** found that chemical setting caused a deterioration in dry

wrinkle recovery but improved wet wrinkle recovery and that good wrinkle
resistance did not necessarily imply good wrinkle recovery. -
Slinger and Smuts™ investigated the effect of setting, by vacuum steaming
fabrics of different constructions and densities and found that in most cases
wrinkling and crease recovery properties were adversely affected, cloth shrink-
age also with increasing vacuum steaming, followed by formaldehyde treat-
ment which also had an adverse effect on fabric wrlnklmg

Smuts er al** * investigated the effects of crabbing, scouring and cropping
variables on the mechanical properties and wrinkling of wool worsted fabrics.
Of these variables only the pH of the scouring liquor had a significant effect.
From a consideration of the Mo results it appeared-that crabbing under high
roller pressure followed by scouring under low roller pressure was the best.
After weave structure, scouring pH influenced the fabric properties, notably
wrinkle resistance and Mo, the most. The change brought about was consistent
with the notion of increased set (and better wrinkle 'recovery) at high pH of
scouring liquor. Weaving at relatively high warp tension and decatizing for
long periods gave optimum (best) fabric wrinkling but at an economic disad-
vantage*®. Slinger (Ph.D. thesis)*'! found that autoclave decatizing had a bene-
ficial effect on wrinkle recovery. He established the preferred decatizing condi-
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tions, as far as wrinkle recovery was concerned. The beneficial effect of auto-
clave decatizing was also observed in other studies®™.

Kelly and Hunter*** compared the wrinkle recovery and certain other pro-
perties of light-weight all-wool plain- and twill-weave fabrics treated with ei-
ther a silicone resin or a polyurethane resin. The fabrics treated with a commer-
cial silicone polymer showed good dimensional stability and increased flexural
rigidity without any loss in bursting strength. The treatment appeared to impart
some resistance to deageing in wool fabrics prior to wrinkling. The fabrics
treated with 10% silicone performed best in terms of wrinkle recovery. Smuts
and Hunter*” also found silicone to improve the dry crease recovery of wool
and wool blend fabrics. They found that treating wool/acrylic® * and wool/po-
lyester** fabrics with a polyurethane polymer and a mixture of the bisulphite
adduct of a polyurethane and a polyacrylite polymer, generally only had a small
effect on fabric wrinkle recovery.

21.7 WRINKLING AND BENDING OF FUSIBLE INTERLININGS

Shiloh** studied the wrinkling and bending of fusible interlinings in which
a series of apparel fabrics were bonded both to a cotton base cloth and to a
worsted base cloth and their wrinkle severity determined by means of the Sivim
Wrinklemeter. Buckling and cantilever tests were also done, and the wrinkling
behaviour and bending performance were compared. Fabric wrinkling in the
wet state was about 50% higher than in the dry (65% RH) state, the fused and
unfused fabrics behaving differently and also depending on whether the fabrics
were fused to wool or cotton. Fusing inhibited the recovery from deformations,
probably due to larger frictional restraints. In that particular study wrinkle
severity was correlated with flexural rigidity and the bending and wrinkling of
the corporate fabrics were affected more by the lining fabric than by the face
fabric.

21.8 WEARER TRIALS

Slinger and Van der Merwe*® reported on some wearer trials carried out on
trousers treated with R Synthappret LKF and stated that the resin improved the
smooth-drying and wet wrinkling properties of the fabric but caused a deterio-
ration in wrinkling.

Slinger and Robinson** reported on the physical properties of 2/2 twill
weave fabrics differing in sett and woven from an R42 tex/2 yarn. Wearer trials
were also carried out on trousers produced from the fabrics, with specific
reference to wrinkling. They concluded that the fabric (260g/m®) with an inter-
mediate sett (30,4 ends/cm x 27,1 picks/cm) performed best in terms of labora-
tory and wear wrinkling.
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CHAPTER 22

INSTRUMENT AND MACHINE DEVELOPMENTS

22.1 TOP SAMPLING MACHINE

Mandel et al'"' developed a top sampling machine to eliminate the very
difficult and time consuming process of the traditional top ‘‘squaring’’ or
‘““‘worsted draw’’ technique. It produced an unbiased sample from a top in a
relatively short time.

22.2 WITHDRAWAL FORCE TESTER™ = w0 us u6 27 3 ae et o

Kruger®**"” described an apparatus, called a Withdrawal Force Tester (Fig.
118), by means of which the force necessary to withdraw a tuft of fibres from a
sliver inserted in pins could be measured so as to investigate fibre movement
during gilling and combing and the forces involved in each case. An account
was given of the use of this apparatus in investigations of withdrawal-force
variations for different sliver weights and withdrawal speeds and to determine
the extent of fibre alignment and cohesion in slivers. There was a relationship
between withdrawal force and percentage noil. In most cases, the withdrawal
force per fibre was well below the fibre breaking load. Fibre breakage obtained
in rectilinear combing was ascribed to bad fibre alignment and fibre entangle-
ment.

Fig. 118 Essential parts of the apparatus for measuring withdrawal forces. A — stationary
pin-bed; B — jaws; C — pillar; D — lead screw; E — metal plate with strain gauges.

22.3 COMPRESSIBILITY TESTER* *

A simple apparatus was designed (Fig. 119) for measuring the resistance
to compression of a randomized sample of loose wool. It consisted of a cylin-
drical brass chamber in which a conditioned sample of wool is compressed for
exactly a minute under a load of 1 kg, the height to which the wool is com-
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Fig. 119 SAWTRI Compressibility Tester.
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pressed providing a measure of resistance to compression (RC) and fibre crim-
piness.

22.4 'YARN FRICTION TESTER .

The SAWTRI Yarn Friction Tester was developed in 1967226 Y Wthh
used strain gauges to measure the tension generated in a yarn due to friction.
An updated (modernised), lighter and more compact instrument, called the
SAWTRI Yarn Friction Meter, was subsequently.designed by Frazer (Fig.
120). An input tensioner and associated tension measuring head were added.

Fig. 120 SAWTRI Yarn Friction Meter.

22.5 SCOURED WOOL ENTANGLEMENT METER*: “°

Kruger* “° described an instrument capable of determining the degree of
entanglement of scoured wool. The results obtained with it correlated well with
the carding and combing performance of the wool. Fibre length was found to be
directly related to the entanglement reading. A parameter called the entangle-
ment factor was defined to give a measure of the state of entanglement.

22.6 MIKRONMETER™

Boshoff and Kruger™ described a relatively simple and inexpensive porta-
ble instrument, called the Mikronmeter, developed by the National Physical
Research Institute of the CSIR in collaboration with SAWTRI, by means of
which an estimate of wool fibre diameter could be obtained rapidly, and which
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was based upon the diffraction of white light, the diameter of the fibre sample
determining the size of the circular diffraction pattern (Fig. 121).

e

Fig. 121 The Mikronmeter.

22.7 ROTOR GILL BOX

In 1973 SAWTRI unveiled its rotor gill box which at that time was one of
the fastest gill boxes in the world. It was exhibited by Messrs Petrie McNaught
at the 1975 ITMA exhibition (Fig. 122). An M.Sc. thesis was prepared on the
engineering aspects and design of the gill box by Klazar™.

22.8 WRINKLEMETER**

Kelly*¢ described some developments aimed at automating the FRL and
AKU wrinkle recovery measurements by using an instrument to measure and
compute the severity of wrinkling. Later developments led to the construction
of an instrument, called the SAWTRI Wrinklemeter (Fig. 123). This instru-
ment, which incorporates a micro-computer and video-monitor, measures the
wrinkles inserted in a fabric and automatically subjects the results to computer
analysis, from which is then obtained a print-out of the severity of wrinkling,
including the average height and slope of the wrinkles.
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Fig. 123 SAWTRI Wrinklemeter.

22.9. SLD MONITOR

Klazar er al*** developed the SAWTRI Sliver Linear Density (SLD) Moni-
tor, which when fitted to the output of the most modern type of gill boxes,
successfully monitored sliver linear density variations at delivery speeds of up
to 300 m/min. Its concept allowed continuous and on-line monitoring. Off-limit
variations could be detected rapidly by the SAWTRI SLD Monitor, which
could be set to either illuminate a warning light or to stop the machine. Vari-
ations in sliver linear density of less than 1% were readily detectable and the
monitor was useful for checking machine settings. An improved model (Fig.
124) as well as some industrial trials were reported later by Maskrey and
Currie™.
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Fig. 124 SLD Monitor Mk3-Schematic Layout.(754)

228 SAWTRI Special Publication — November 1987



22.10 COMB™

Turpie et al’™ described a working model of a novel high-production comp
imtended for combing fibres on the long staple system (Fig. 125). Novel fez
tures of the comb included its modular design, continuous linear action, -lov
noise level and the fact that it lent itself to automation.

Fig. 125 SAWTRI Comb.

22.11 AUTOCREEL

A major effort led to the development of the SAWTRI Autocreel (Fig.
126), a highly sophisticated advanced automatic feeding machine for feeding
slivers into a gill box*?. It was designed by Klazar and Cizek with some
assistance from the National Electrical Engineering Research Institute of the
CSIR, and is being manufactured under licence by Messrs Cognatex, a member
of the SAVIO Group in Italy. At the last ITMA in 1984, this firm exhibited an
integrated two-stage gilling operation featuring robotics as the connecting link
between the two stages, and the SAWTRI Autocreel as an integral part of the
second stage. The unique feature of the SAWTRI invention in this application
is the path taken by the cans of slivers during feeding and the way in which the
feed mechanisms can accommodate that path: This invention enables virtually
uninterrupted feeding, ‘automatically- sphcmg-m any replacement slivers when
they run out or break, and resulting in extremely high operating efficiencies.
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Fig. 126 SAWTRI Autocreel.

22.12 DEFRIBBER®**

Research at SAWTRI showed that the degree of ‘‘fribbiness” (largely
very short staples and second or double cuts) of raw wool played a significant
role in the amount of fibres which was rejected as waste during topmaking and
a method involving a hand operated laboratory defribbing apparatus was de-
vised to obtain a reproducible estimate of the fribbiness of the wool (Fig. 127).

Fig. 127 The Defribber.
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22.13 WOOLLEN WRAP-SPINNING DEVELOPMENT

Van der Merwe and co-workers®™ ** * ** modified a woollen card so as to
allow wrap-spun yarns to be produced directly on the card (Fig. 128). Subse-
quently Brydon and Van der Merwe™ #° *2 3 1@ degcribed a separate machine
which they had constructed for wrap-spinning of woollen slubbings (Fig. 129).

4 —

L 70 ax

Fig. 128 The production of wrap yarn on a woollen card without rubbing aprons.

1. Fibre ribbon 6. Hollow spindle

2. Tape roller 7. False twist cross

3. Tape 8. Wrap yarn

4. Counter roller 9. Condenser winding drum

5. Filament package

Bobbin Feed rollers Delivery rollers Package

N / \ e

e |
/
sgr’lfﬁr"’e Hollow spindle False twister Surface drum

Fig. 129 Apparatus for drafting woollen slubbings.

22.14 CONTINUOUS SHRINKRESIST TREATMENT PROCESS

Van Rensburg and Barkhuysen®* developed a process whereby wool tops
are shrinkresist-treated on a continuous basis on a modified suction-drum back-
washing unit (Fig. 130) using chlorine gas for the prechlorination stage. This
stage is followed by the application of a polymer to complete the shrinkresist
treatment.
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Fig. 130 Wool tops being passed through a suction-drum backwashing machine for chlorina-
tion.

22.15 AUTOMATIC STAPLE LENGTH/STRENGTH TESTER

Cizek and Turpie®?  *® *» *5 and Turpie et al’”** described the SAWTRI
Staple Length/Strength Tester for the routine automatic measurement of the
cross-sectional profile and length of a wool staple, the position and cross-
sectional area of its thinnest place, its tenacity and the work required to break it
(Fig. 131). Strength measurements can be carried out at the maximum practical
gauge and/or at short gauge. The instrument can also be used for length and
profile measurements of mohair. The information provided was shown to have
useful application in the prediction of combing performance, the strength mea-
surements at short gauge providing useful additional information in respect of
percentage noil. It was also shown that collective information on staple profiles
could have useful application in the prediction of the length distribution in wool
and mohair tops.
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Fig. 131 The SAWTRI Staple Length/Strength Tester.

22.16 HIGH-SPEED YARN TENSILE TESTER™ °**

_ Cizek (Patent Application No. 86/2796) developed and constructed a very
high speed automatic yarn strength tester which can test yarn at a speed of some
10 000 breaks per hour. Hunter et al™ ** gave some results obtained with the
prototype instrument and showed that its results correlated well with the weava-
bility of worsted yarns etc. (Fig. 132)™.
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Fig. 132 Elevation (Schematic) of SAWTRI High Speed Yarn Strength Tester(®73)
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22.17 PUCKERMETER

Galuszynski®” ** developed a relatively simple apparatus, called the SAW-
TRI Puckermeter (Fig. 133), for quantifying the degree of seam pucker, the
lengths of a seamed fabric sample measured tensionless (i.e. in its puckered
state) and under tension (puckering just removed) respectively, being used to
arrive at a measure of pucker.
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Fig, 133 SAWTRI Puckermeter.
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CHAPTER 23
PUBLISHED REVIEWS

Various SAWTRI staff members have over the years undertaken reviews
on diverse subjects, some comprehensive and detailed while others were more
limited in their scope. Some reviews dealt purely with SAWTRI’s research
activities and facilities while others covered research done in different parts of
the world on a specific subject. The ones dealing with wool and wool-related
subjects are briefly listed below in two groups, namely reviews which dealt
solely with SAWTRI’s studies and those which were more general, covering
research carried out globally. For the sake of having a complete bibliography,
articles dealing with SAWTRI’s wool-related activities and facilities are listed.

23.1 SAWTRI’S WORK

Veldsman49 220 228 308 342 367 412 452 489 490 491 545 662 674 755 regularly reviewed VaI‘iOUS
aspects related to SAWTRI’s research activities and facilities. In certain cases
he dealt with specific topics including wrinkling®', pollution resulting from
textile wastes®, processing behaviour of South African wools'® ™, machine
washability'®, shrinkresist treatments®, knittability®!, cockling®, dyeing and
finishing™¢, chemical modifications (shrinkresist treatments, dyeing, bleaching,
durable press) and wrinkling®®.

Den Heijer et al* gave a synopsis of work carried out at SAWTRI on
DCCA shrinkproofing, including aspects of yellowing.

Strydom* and Veldsman®® discussed the advantages of ammonia treat-
ment and briefly referred to the flame retardant treatment and mercerisation of
wool/cotton blends.

Strydom®* briefly referred to some of SAWTRI’s research achievements
while Vogt**® and De Wet Olivier* briefly described some of the facilities and
activities of the Institute and the latter also discussed® ** *! various aspects
related to the Co-We-Nit system of producing fabrics. He also summarised
work done on the use of fibre friction for distinguishing between wool and
mohair*,

Turpie™ *° discussed the historical background, and some research activi-
ties and findings of the Institute and also described”™ some of the achievements,
machines and instruments which had been developed at the Institute while
Maasdorp and Van Rensburg® described new analytical techniques and instru-
ments available in the field of textile chemistry.

Turpie™ reviewed recent studies carried out at SAWTRI, and related the
raw wool properties that count most in textile processing while Vogt* dis-
cussed changes in the South African wool clip related to the relative importance
of various wool fibre properties in textile processing. Hunter et a/” summar-
ised some of SAWTRI’s research on the effect of wool fibre properties on
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woven and knitted fabric properties. Van der Merwe and Veldsman** briefly
reviewed some of SAWTRI's research on karakul and Robinson®” that in the.
field of fusing. Brydon®* ** * reviewed studies at SAWTRI on the production
and properties of woollen spun wrap yarns.

23.2 GENERAL

Veldsman'* ' ** gave a detailed review of the weathering of wool in a
series of articles.

Van Wyk® ¢ reviewed the factors which play a rdle in the felting of wool
and the research carried out in various parts of the world in this particular field.
He also briefly reviewed methods for rendering wool fabrics shrinkresistant®.

Swanepoel* briefly surveyed the current position as far as durable creasing
of wool fabrics was concerned while Louw® gave details of the Si-Ro-Set and
Immacula processes of durable creasing and pleating of wool fabrics and com-
pared their advantages, disadvantages and chemical reactions. Swanepoel and
Handley?” reviewed the application of polymers to wool to prevent felting
shrinkage. Veldsman'® ' ** reviewed developments in the fields of dyeing and
finishing of wool and achieving dimensionally stable fabrics®'.

Van Rensburg and Mozes™ reviewed current legislation and mill practice
in South Africa with respect to wool scouring effluents and gave the specificati-
ons for effluents to be discharged into streams, rivers and municipal sewers, as
well as some tariffs charged by certain municipalities for the discharge of
effluents.

Tworeck, Ross and Van Rensburg®* discussed the use of reclaimed water
in the textile industry.

Veldsman® briefly discussed some important basic facts in the carboni-
sing of loose wool with minimum damage to the fibres while Mozes*® reviewed
the carbonising of raw wool and the treatment and purification of wool and
mohair scouring wastes®*.

Van Rensburg?! 8!8 86 81 82 priefly reviewed the latest trends in making
fabrics flameproof and discussed the toxicology of fires and burning textiles,
including statistics related to burn injuries and the factors which cause death.
Veldsman™ also briefly discussed the importance and economics of flame re-
sistant treatments.

Louw and Boshoff™ reviewed charged system dry-cleaning and the dura-
bility of water-repellent finishing while Van der Merwe and Strydom** discus-
sed various aspects related to solvent dyeing. .

Van der Walt™® discussed the rdle of energy measurements in increased
dyehouse profitability and described equipment for measuring the consumption
of steam, electricity and water during a dyeing process. A typical example of
monitoring a winch-dyeing operation involving wool fabric and reactive dyes
was given. Van Rensburg and Van der Walt™ discussed the energy savings
possible through proper maintenance of steam lines.
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SAWTRI’s work in this field. He later™ gave specific attention to dimen
stability of wool worsted woven fabrics in making up as well. He also d.
sed some of the parameters which influence the physical properties of
double jersey fabric®!.

Hunter™ ° #¢ published some technical data and information on vat
aspects of textiles while Hunter and Cawood™ reviewed the field of sewabi.
sewing needles, threads and seams. Cawood*® published a review on fus
while Galuszynski*® reviewed factors which affect seam pucker in fabri

Veldsman discussed comfort aspects of textiles™, dimensional stability
dry-cleaning®, performance testing®?, noise control in textile and clothi.
mills* and textiles in the year 2000%.

Bird™ reviewed the prediction of textile wear performance with specifi
reference to abrasion.

Aldrich® #2 and Veldsman® reviewed the use of radio-isotopes in the
textile industry, including the studies carried out at SAWTRI. Kruger” review-
ed the application of strain gauges in the textile industry, with specific refer-
ence to SAWTRI’s work on the measurement of withdrawal and dabbing forces
as well as yarn friction.

Galuszynski and Robinson*’ undertook a survey in which 56 leading
clothing manufacturers participated and produced a general picture of the pro-
duction and problems of this sector.
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