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Abstract

Cashmere fiber has soft hand and good elasticity. However, it exhibits shrink because of its scale. In this work, cashmere yarn
(38.26 tex) was treated using NaCl-KMnO, to reduce the shrink of cashmere yarn. Orthogonal design and fuzzy comprehensive
evaluation were used for optimizing treating parameters. Experimental results showed that the yarn shrink percentage of treated
yarn was 0.56% which was less than that untreated yarn, and the treated yarn strength had a little drop compared with untreated
yarn. The fiber scale outline of treated yarn could be observed by SEM, but the scale edge is blunt and irregular.
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1. Introduction

Cashmere fiber, as a special animal fiber
and high quality textile material, has soft
handle and good elasticity. In the delicate
and expensive processing or excellent
comfort during wearing, water is
inevitable [1]. Zhan [2] investigated the
interaction between water and pore size
distribution in cashmere fibers. The pore
structure of cashmere and the interaction
of water with fibers caused a difference
in the melting enthalpy between bulk
water and free water in cashmere.
Cashmere consists of a cortex layer
and scale layer. The scales of cashmere
fibers are damaged in the process of
high-temperature dyeing, consequently
the mechanical properties of cashmere
fiber decrease [3,4]. Moreover, cashmere
fiber is more sensitive to oxidants as
compared with wool fibers, for example
the scales of cashmere fiber are damaged
at a potassium permanganate content of
9%, while the scales of wool fiber are
clear [5].The
are believed to be a major contributor to

scales of animal fibers

the felting shrinkage of products made
from these fibers. Whewell [6] reported
that the felting or milling shrinkage
of wool fabric is primarily due to the
scaliness of the fibers. Therefore, the
scales of cashmere fibre cause the felting
thereof or of fabrics as well. However,
the felting property of cashmere fibers

influences the dimensional stability of
cashmere fabric [7]. The dimensional
stability of fabric influences the comfort
and look of such articles after repeated
laundering [8]. The mechanism of fiber
felting is very complicated. In general,
felting is a form of tangling produced by
the persistent rootward migration of the
individual fibers, which is caused by the
directional frictional effect of the fibers
[9,10]. Studies on wool fiber anti-felting
treatment have been reported widely,
however there are few reports on the anti-
felting treatment of cashmere fibers. Li
[11] reported the anti-felting treatment
of cashmere fibers using potassium
permanganate, where oxidised cashmere
had a low felting assembly volume and
directional frictional effect. Fibre anti-
felting treatment is beneficial to large
lot production. To be suited to small
production, we investigated the shrink-
proof treatment of cashmere yarn by
potassium permanganate in a saturated
solution of sodium chloride.

2. Experimental
2.1. Materials

White cashmere yarn was purchased from
Huixing Cashmere Limited Co., China,
The yarn linear density was 38.26tex,
yarn strength 151.6¢N, and yarn breaking
elongation 37.8%.

Chemical agents were as follows:
potassium permanganate (Tianjin Fine
Chemical Limited Co.), glacial acetic
acid (HAc) (Tianjin Fine Chemical
Limited Co.), and sodium sulfite (Tianjin

Hongyan Chemical-agents Co.).

2.2. Yarn shrink-proof
treatment procedure

The disulfide bonds and peptide bonds in
the fiber scale break when the fiber reacts
with potassium permanganate in the
solution of potassium permanganate and
additives under a certain temperature.
fiber
dioxide

surface  has
(MnO,)  which
shows a brown colour on the surface.

Moreover, the
manganese

The reaction is shown by Equation (1) as
follow

HOOC ~CH(NH2) -CH, -S
| +KMnOs = 2HOOC — CH(NH:) — CHSOsH +MnOs |

HOOC ~CH(NH2) ~CH: -8 v
P-COO" ( 1 )

P—CONH - P+KMNO; - +MnO; |
P— NH;"

Oxidised fibers are treated in the reducing
solution of sodium sulfite and additives
to remove the brown colour on the
surface; the reaction process is as follows
(Equation 2):

MnO,+ 4H'+2e = Mn* +2H,0  (2)
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Cashmere yarn was treated by potassium
permanganate in a saturated solution
of sodium chloride (NaCl-KMnO,). A
saturated solution of sodium chloride can
prevent the over-oxidation of fiber during
the treatment and, in turn, serious fibre
damage.

Yarn pretreatment in water (40°C for
10 min) — NaCl-KMnO, treatment —
rinsing (25°C, three times) — Na,SO,
reduction treatment — rinsing (25°C,
three times) —drying

Bath ratio 1:50. Reduction treatment
condition: Na,SO, content 25 g/L, HAc
20 ml/L, and 45°C for 15 min

NaCl-KMnO, treatment of yarn was done
using the orthogonal experiment method.
Orthogonal design parameters are shown
in Table 1.

2.3. Property test
Yarn shrinkage percentage (YFP):

100 cm yarn was folded four times
lengthwise, then folded yarn was put into
a plastic bottle of 65 mmx65 mmx85 mm
dimensions, next 150 ml of liquid soap was
added at 40°C, and the bottle was capped.
The bottle was put into a box at a rotating
speed 60 rpm for 30 min, after which the
yarn was taken out from the bottle, dried at
80°C in an oven, and then the yarn length
L (cm) was measured. In accordance with
reference [12], the yarn felting percentage
was calculated by Equation 3:

10
YFP(%) = 100

x100%  (3)

20 yarns were tested for each sample, and
then the average of YFP was calculated.

Yarn tensile property:

The yarn tensile property was tested
on a YGO20A single yarn strength
tester according to the GB/T3916-1997
standard. The yarn length was 500 mm
and the tensile speed 500 mm/min. 50
yarns were tested for each sample, and
then the average of the yarn strength and
elongation was calculated.

58

Level Temperature Tin_1e KMnO, Auxiliary
°C min content % content %

1 30 10 1 1

2 40 20 2 2

3 50 30 3 3

4 60 40 4 4

Table 1. Orthogonal design parameter for NaCl- KMnO, treatment

Yarn elastic recovery (YER):

Yarn of 300 mm length was selected as
a test sample. One end of the yarn was
fixed, the other loaded at 46 g for 3 min,
and the yarn length (L) was tested again.
Taking off the load, the yarn was relaxed
for 2 min, and then the yarn was loaded
at a pre-tension of 1.5 g,, and the yarn
length (L,) was tested. The yarn elastic
recovery (YER) was calculated according
to Equation (4):

L1 _Lz

2

YER(%) =

x 100% )

20 yarns were tested for each sample, and
then the average of YER was calculated.

Scale observing of fiber:

The fibers were taken out from yarn,
and the scale of the fiber was observed
by means of a scanning electronic
microscope, where the fibers were coated
with gold, and then the observation was
performed.

3. Results and Discussions

The results of NaCl-KMnO, treatment are
shown in Table 2. Fuzzy mathematics has
been widely used in many fields to solve
engineering problems. In an multi-index
orthogonal experiment, the multi-index
system of the orthogonal experiment
is analysed by the related method of
fuzzy mathematics [13,14]. The fuzzy
orthogonal method fuzzifies the results
of orthogonal experiments, and then the
experimental data is processed with the
theory and method of fuzzy mathematics,
which can estimate not only the main
effect of factors but also their optimum
combination, and more information can
be obtained under the same experimental
workload. To evaluate the YEP, strength,

elongation and YER of treated yarn
and obtain an optimum combination
of
mathematical theory is used for analysis

treatment parameters, fuzzy
of orthogonal experimental results in
shrink-proof of cashmere yarn. Based
on fuzzy mathematical theory [15], the
subordination degree and comprehensive
evaluation value for YEP, strength,
elongation and YER is shown in Table 3.
Based on the results listed in Table 3, four
fuzzy sub-sets of experimental factors are

as follows:

C,=(0.329, 0.327, 0.191, 0.153),

C,=(0.265, 0.296, 0.262, 0.177)

C,=(0.231, 0.319, 0.236, 0.214),

C,=(0.229, 0.217, 0.260, 0.293)
According to the principle of the
the
individual factor influencing degree is as
follows: C =0.329, C,=0.260, C,=0.319,
C,=0.293

maximum subordination degree,

Thus, the degree of individual factors
influencing the fuzzy comprehensive
evaluation value is listed as: C>C>C,
>C,, that is, the temperature>KMnO,
content >time>auxiliary content. The
optimum parameters for shrink-proof
of cashmere yarn are 2% KMnO,, 4%
auxiliary, temperature 30°C and 20 min
treatment time.

Cashmere yarn was treated under the
optimum parameters, where the treated
yarn properties were as follows: YFP
0.56%, strength 136.7cN, elongation
40.9%, and YER 4.5%. Foruntreated yarn,
the YFP was 1.16%, strength 151.4cN,
elongation 37.8%, and YER 4.5%. Figure
1 displays the scale morphology of fibre
from the yarn, which shows that the scale
of fibers from the treated cashmere yarn
can be seen by SEM; however, the scales
of fibers from the treated cashmere yarn
have some damage and no bamboo-like
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- Teorgp. Tni1ni1ne clgr:l::e(:l"t I.::‘::tlga;ty Y;oP Striagth Elong/:tion YOI/EOR
/o %

1 30 10 1 1 1.25 146.3 44.68 4.36

2 30 20 2 2 0.97 144.8 43.49 4.15

3 30 30 3 3 0.84 141.5 42.88 4.09

4 30 40 4 4 0.76 138.2 40.01 3.82

5 40 10 2 3 0.54 142.8 42.95 3.95

6 40 20 1 4 0.66 146.2 44.65 4.34

7 40 30 4 1 0.59 136.8 39.62 3.76

8 40 40 3 2 0.54 133.6 37.78 3.48

9 50 10 3 4 0.49 140.0 42.02 4.01

10 50 20 4 3 0.58 134.5 37.98 3.47

11 50 30 1 2 0.83 138.3 39.88 3.81

12 50 40 2 1 0.63 134.8 38.12 3.51

13 60 10 4 2 0.72 133.7 37.76 3.40

14 60 20 3 1 0.74 134.8 38.01 3.49

15 60 30 2 4 0.88 138.2 40.02 3.84

16 60 40 1 3 0.82 135.6 38.16 3.54

Table 2. Results of NaCl-KMnO,, treatment

No. Teor(r:lp. Tirpe KMnoO, I:;ft"eanrty YFP Strength | Elongation | YER Co:v;n;zl;si:snive
min | content% % % cN % % value

1 30 10 1 1 0.000 1.000 1.000 1.000 0.685

2 30 20 2 2 0.364 0.882 0.828 0.777 0.680

3 30 30 3 3 0.542 0.622 0.740 0.713 0.648

4 30 40 4 4 0.643 0.362 0.338 0.426 0.461

5 40 10 2 3 0.935 0.724 0.750 0.564 0.756

6 40 20 1 4 0.774 0.992 0.996 0.979 0.921

7 40 30 4 1 0.863 0.252 0.269 0.362 0.476

8 40 40 3 2 0.924 0.000 0.003 0.064 0.308

9 50 10 3 4 1.000 0.504 0.616 0.628 0.402

10 50 20 4 3 0.875 0.071 0.032 0.000 0.297

11 50 30 1 2 0.548 0.370 0.306 0.415 0.423

12 50 40 2 1 0.818 0.095 0.052 0.096 0.313

13 60 10 4 2 0.691 0.008 0.000 0.021 0.225

14 60 20 3 1 0.664 0.095 0.036 0.075 0.252

15 60 30 2 4 0.480 0.409 0.327 0.447 0.422

16 60 40 1 3 0.558 0.158 0.058 0.128 0.253

>b, 2.473 | 2.068 1.571 1.725

(Zb,)" | 0.329 | 0.265 0.231 0.229

>b, 2.461 | 2.150 2.171 1.635

(Zb,)" | 0.327 | 0.296 0.319 0.217

2b,, 1.434 | 1.967 1.608 1.954

(2b,;)" | 0.191 | 0.262 0.236 0.260

2b, 1.151 | 1.334 1.458 2.206

(2b,)" | 0.153 | 0.177 0.214 0.293

Table 3. Subordination degree and comprehensive evaluation value
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EVEY - 28008 SEM

(b)

KYEY-28MB SEM

Fig. 1. Scale morphology (SEM) of cashmere fibers from yarns: a) untreated yarn, b)

treated yarn

morphology, the scale edge of fibers from
the treated cashmere yarn are blunt and
irregular, compared with the scales of
fiber from untreated cashmere yarn. The
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scale change is believed to be the major
contributor to the shrink-proofing of the
treated cashmere yarn.

4. Conclusions

Cashmere yarn can be treated by
potassium permanganate in a saturated
solution of sodium chloride (NaCl-
KMnO,) under optimum parameters to
reduce its shrinkage. Treated cashmere
yarn has a low yarn felting percentage,
but the strength shows a little drop and
elongation has a little rise compared
with untreated yarn. Although the scale
morphology of fibers from the treated
cashmere yarn has some damage, the
fiber scales’ outline of the treated yarn
can be seen by SEM, which plays an
important role to cashmere identification.
Shrink-proof treatment of cashmere
yarn provides a new way for developing
cashmere fabric with a shrink-resistant
function.
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