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Abstract

Mechanical properties and hand evaluation af woollucrylic(W/4) blend knits were conducted before und
after repeated washing to get the optimum W/A blending ratio, which could help achieve the optimum
mechanical and hand properties of the knits. The five test fabrics using the yarns with different W/A blending
ratios(%), 100/0, 70/30. 50/50, 30/70, /100, were knitted. The fabrics were washed by a rotating drum type
washing machine. Then, objective mechanical and hand properties were evaluated by KES-FB. Kawabata
evalution system for fabric. The results are as follows: there was no change in the hand valwe of the knitted
Jabric with the W/A-blended yarn caused by the change in the blending ratio before washing. After washing,
however, the increase of acrviic’s blending rate caused the hending property to decrease proportionally, while
the friction coefficient of the surfuce property increased. Furthermore, the study showed that WiA 30/50
possesses the mast superior lensile property and shearing property. which could attain the optimum blending
ratio. Similar results in hand vafue were derived in all the samples. After washing, however, the increase in
acrylic’s blending rate caused a proportional decrease in KOSHI and an increase in FUKURAMIL In addition,
Wid 50/50 gained the biggest NUMERI value, again corresponding to the optimum blending ratio. Simifar
results in rotal hand value were derived in all the samples before washing. After washing, though, all the total
hand values decreased. and, us the wool fabric's blending rate increased, the total hand values proportionally
decreased further.
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care of wool products more difficult.” Many re-

1. Introduction

Wool is an ideal apparel material widely used
for high-quality wear. However, washing under
agitation, friction and pressure tn the prescnce
of hcat and moisture, felt shrinkage makes the

searches have been conducted to address shrin-
kage due to scales on wool fiber. Such resear-
ches can bec categorized into two main approa-
ches: non-shrink treatment with woolen fiber’™
and blending with other fibers.” Though fiber is

used in knitted fabric, wool cannot be easity
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used in low priced products due to its cost and
difficulty in managemcnt. Thus, generally, the
acrylic staple fiber, which has a similar appea-
rance and has the characteristics of wool, is
mixed in various degrees with wool.

The acrylic staple fiber, used for mixed spin-
ning with wool, is smooth, warm, lighter than
wool, washable and possesses good characteris-
tics afier wash and wear unlike wool. Frequent
physical friction, however, can cause pills, and
when the weather is dry, it is also likely to
create static electricity. Once wool is mixed with
acrylic, the advantage and the disadvanlage of
using both fibers are neutralized. Compared to
100% wool, this 1ype of mixed fiber is frequently
used in knitted fabric for sweatcrs or underwear
in the winter season, in various pricc ranges and
performances for manufacturers and consumers.”

Studies regarding wool-blending show that the
focus has been mainly on wool, wool/PET mixed
fabrics, or knitted fabrics. Studies on wool/ac-
rylics(W/A) mixed yarn have been done by se-
veral researchers: Inok Park (1999) showed that
when the fabric was rcpeatedly washed, durable
press property, thickness, volume, and (lexibility,

among other mechanical properties, showed little
change until the fifth washing. After repeatcd
washing, the fabric's mechanical properties drasti-
cally changed.” Also she compared the changes
in form during the wet and dry cleaning of W/A
15/85 and W/A 53/47 knitted fabrics. She presen-
tcd that as the frequency of the washing increa-
sed, the rate of shrinkage also gradually increascd.
Her study also showed that the higher the blen-
ding rate of wool, the higher the rate of shrinkage.

Although there have been various types of
researches on W/A blending, which is widely
used as an alternative to wool for knitled fabric,
comprehensive studics on the various mechani-
cal properties of knit fabrics due to the biending
ratio of the W/A mixed yarn currently sold, and
hand cvaluations after washing, are still lacking.
Some researches have been made on the hand
evaluation of knitted fabrics. Inok Park'® obser-
ved, after the wet and dry cleaning of W/A 15/
85 and W/A 53/47 knitted fabrics, that the Total
Hand Evaluation (T.H.V.) of the W/A 53/47
knitted fabric decreased slightly afler wet clea-
ning. Jeongah Ju and Hyoseon Ryu(2004)"”,
Hye-Jin Cho et al.(2004)'? studicd subjective and
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objective texture and sensibility of weft knits
depcnding on knit structural characteristics, which
showed that hand evaluation is also greatly
aftected by the structure of the knitted fabric
and the knitting conditions. As such, researches
on the mcchanical properties of wool-processed
fabric, fabric mixed with wool and other fibers,
and wool knitted fabric, and subjective or ob-
jective hand evaluations, have been actively
conducted. Until now, however, few studjes have
been donc on hand cvaluations before and after
washing knitted fabrics according to the blen-
ding ratio of the W/A blended yarn. Therefore,
this study attempted to show the effect of W/A
blending on mechanical and hand properties be-
fore and after washing, and to obtain the opii-
mum blending ratio of W/A-blended yarn, which
has superior mechanical and textural properties,
while retaining the advamageous qualities of
wool. It is believed that the results of this study
will be a big help to customers who wish to
protect their wool knitted clothing, and will offer
manufacturers of wool kaitted fabrics the opti-
mum production conditions that can hclp them
come up with the best mechanical and lextural
praperties for their products. The results of the
study are also expected (o pave the way for many
more knitted products through the blending of
raw materials.

II. Experimental
1. Mawerials

1) Yarns
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Whitc and scourcd wool 100%(2/48'%), acrylic
100%(2/50's), woolfacrylic-blended, W/A 70/30,
50/50, 30/70 (2/50's), yarns were used for the
manufaciuring of test knitted fabrics. The charac-
teristics of the five species of yamns are sum-
marized in {Table 1).

2} Preparation of the Test Fabrics

The test fabrics were knitted by a weft knit-
ting machine (SHIMASEIKI SES124 S) with 48
inch width, 12 gages, and all needle knitting struc-
ture (0x0 rib stitch), presented in {Fig. 1), under
the same kniiting conditions with loop 5.4 mm
long and degree of knit density.

2. Treatment amd Evaluation Methods

1) Washing Method

The specimens were prepared in size of 50x
50cm and the evaluation was performed by the
washing mcthod (KS C 9608). The washer, which
is the rotating drum-type washing machine
(TROM WD-RIMC, LG Electronics} was under
the same washing condittons of general cloths.
The washing was carricd out for 40 minutes at
30°C temperature with commercial all-purpose
detcrgent with a regular washing course. The
time spent for washing, rinse, and spin-drying
was an hour and 20 minutes. Five times of wa-
shing cycles were carried out.

{Fig. 1) Structure of All Needlc Knitting,

{Table 1) Characteristics of the Wool/Actvlic Blend Yamns

Samplc Bleading Ratio Thickness of -
Nao. Charactcristics
Code  wool(%)  Acrylic(%) Yam
1 W 100 1] 2/48's 221 Wool Top
2 70130 70 30 2/50's 3” Regular Antipilling 22p Wool Top
3 50/50 50 50 2/50' 3” Regular Antipilling 221 Wool Top
4 30170 30 70 2/50' 3" Regular Antipilling 224 Wool Top
5 AL00 0 100 2/50's 3% Regular Antipilling
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2) Hand Properties

Samples were prepared into 20x20cm. Objec-
tive hand properties were determined through
KES-FB(Kawabata Evalution System for Fabric,
Kato Tech. Co. Ltd) based on the methods pro-
posed by Hand Evaluation and Standardization
Committee(HESC) in Japan. Mechanical proper-
tics of 6 characteristics(tensile, bending, shearing,
compression, surface, and thickness & weight)
and 16 items were measured at 65% RH and
20C in the controlled room. The primary hand
values were calculated from the equation of
KN-402-KT to obtain KOSHI(stiffness), NUMER!
{smoothness), FUKURAMI{(fullness and softness).
Total hand values were calculated from the
equation of KN-301-WINTER.

M. Results and Discussion

1. Mechanical Properties of W/A Knits

1) Tensile Properlies

Before washing, the tensile property did not
show any difference in the linearity of load
extension (LT) and tensile energy (WT) as the
blending rate of wool decreased, presented in
{Fig. 2>(a),(b). Tcnsile resilience, however, de-
creased proportionally, proving that the wool
fiber greatly affected resilience, shown in <Fig.
2>(c). After washing, though, the tensile pro-
perty of all blended yarns and the A100 before
washing was either retained or decrcased
slightly, except for the WI100 knitted fabric,
whose tensile property drastically increased due
to pilling and shrinkage; its tensile property
increased, and its drape property and sense of
wear improved.

2) Bending Properties

As the bending property decrcased, the abili-
ty to form curves improved, presentcd in (Fig.
3)>(a). In the case of thc course direction before
washing, the wool fabric with a 70% bending
ratio, or higher, showed high bending rigidity
(B), while the wool fabric with a 50%-or-below
bending rate decrcased in bending rigidity, or
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(Fig. 2) Tensile Property of the W/A Blend
Knits.

becare more flexible. After washing, the ben-
ding rigidity of the blendcd yarns and the A100
knitted fabric decreased, while that of the W100
increased, although it was impossible to deter-
mine its exacl measurement because its thick-
ness surpassed thc measurement limit. A hyste-
resis of the bending moment (2HB) due to the
blending rate of the wool fabric showed similar
results. After washing, however, shown in <{Fig.
3)(b), the result was similar to that of the ben-
ding nigidity above, and the wool fabric with a
50%-or-below bending rate showed a considera-
ble decrease in the hysteresis of the bending
moment, resulting in an increasc in flexibility.
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{Fig. 3)> Bending Property of the W/A Blend
Knits.

%) Shearing Properties

Shearing property, presented in (Fig; 4>, to-
gether with bending property, affects drape pro-
perty, which makes the fabric fit well into the
human body, and allows casy movement. It is
onc of the most important clements that can
dictate outcr appearance, form, and wear. As the
number of shecaring stiffness (G) decreases, it
becomes easier for the fiber to be delormed.
Both directions of the fabric showed a fixed
value, regardless of the type and blending ratio
of yarns. The yam's blending ratio did not affect
the fabric's shearing property. After washing,
however, the fabric was considerably affected
by the type and blending ratio of the yarns. The
WI100 knitted fabric showed the most drastic
change. As the blending ratc of the wool dec-
reased, the shearing property also gradually
decreased. Compared to that of W100, the shea-
ring property of A100 was very small. The
valuc of the hysteresis of the shear force (2HG)
was the Icast in W00, and the largest in Al100,
before washing. Afler washing, howcver, based
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{Fig. 4) Shear Property of the W/A Blend Knits.

ot the value of W/A 50/50, which was the least,
the hysteresis of the blending yarns' shear force
increased as the acrylic and wool blending ratios
increased. As a result, the curve of the graph
showed a mirror image of the left and right
parts of the graph. Thercfore, the result showed
that modification of form was easiest when the
blending ratio was W/A 50/50.

4) Compressional Property

Compressional property is a property refated
to volume, tineness, opulence, and thickness of
tabrics. Shown in {Fig. 5)(a),(b),{c), beforc wa-
shing, an increase in acrylic's blending rate
appeared to force the compressional property to
somewhat decrease. After washing, however, as
the wool's blending ratc increased, the lincarity
of the compression thickness (LC) and thc com-
pressed cnergy (WC) both increased, which
meant that the wool was hard to compress be-
cause of the high resistance Lo the initial com-
pression. In particular, the compressional proper-
ty seemed to be linearly proportional to the
blending rate, rcvealing that the content of the
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wool had a dominant effect on the compressed
property.

5} Surface Properties

Related to smoothness of fabrics, together with
the basic mechanical characteristics of fabrics,
surface property is a characteristic that greatly
influences the value of the hand. In general, a
decrease in the characteristic values of the sur-
face mcans an increase in surface property, as
surface property causes the sliding of the sur-
face. Shown in (Fig. 6)(a),(b),(c), after washing,
nevertheless, an increase in wool's blending rate
made the surface smoother, rcsulting in a dce-
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rease in the avcrage friction coefficicnt, the
average deviation of the friction coefficient, and
the value of the surface roughness. It is believed
that this is because the bends of the surface of
knitted fabrics are hidden, and the knitting struc-
ture becomes obscure due to the pilling of wool.
Al00, which does not pill, showecd no diffe-
rences after wushing, and the surface property
was almost the same before and after washing.

6) Thickness and Weight
A change in thickness and weight appearcd to
show similar results before and after washing.
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Presented in {Fig. 7)(a),(b), before washing, the
thickness and weight showed almost similar values,
regardless of the type of fiber or the blending
rate. After washing, an increase in wool's blen-
ding rate caused the fabric 10 become thicker
and heavier. This seems to be attributable to pil-
ling, due to scaling activities caused by the pil-
ling of wool afier washing.

2. Hand Evalnation of W/A Knits

1) Hand Value

Presented im {Fig. 8>(a), KOSHI(stiffness) had
low values, between 2~4 in all samples, showing
general flexibility. This is believed to be due to
the flexible characteristics of kmitted fabrics.
The wool fabric's blending rate increascd after
washing, and the value of KOSHI proportionally
increased, but only slightly. This may be because
the pilling of wool increases the value of KOSHI.

Presented in {Fig. 8)(b), the value of NUMERI
(smoothness) before washing was 3~5 in all
sumples, relatively higher than that of KOSHI,
and the values seemed to increase. W/A 50/50

4 F
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W /A Biending Hatio( 9%

{a) Thickness(T)

o

Thickness {mm)

= ® =Drfore watning
—fl— Aller wrashing

100

80 r

60 F

weight {ma/crf)

®--® - "= = - @ -gefore washiny
40 r —— Afl2s w0ilng

20 p

w100 70/30 50/50 30/70 A100
W/A Blending Ratio(%)

(b} Weight(W)

{Fig. 7> Thickness & Weight of the W/A Blend
Knits.
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{Fig. 8) Hand Value of the W/A Blend Knits.

showed thc largest valuc, confirming that it was
the smoothest and softest, and that it had the
most flexible blending ratio, among vanous types
of blended yarns.

Presented in (Fig. 8)(c), the value of FUKURAMI
(fullness and softness) is about 10 in scope,
which is the fargest value in terms of hand
evaluation. As wool's blending rate decreased,
the value of FUKURAMI scemed to decrcase as
well, resulting in a gradual decrcase in volume.
This shows that FUKURAMI possessed similar
tendencics in terms of changes in compressed
propertly, thickness, and weight, proving that it
would be affectcd by these properties.
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{Fig. 9 Total Hand Valuc of the W/A Blend
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Evaluation: O(very poor) - S{excellent).

2) Total Hand Yalue

Total hand value shows a comprehensive re-
sult of all the dynamic characteristics and the
hand value. Shown in {Fig. 9>, it is within [~5
grades. It is understood that the bigger the total
hand value, the better the hand value will be.
All “five knitted fabrics resulted in the value of
about 2 or so, showing that there is no relation
between the total hand value and the types and
blending ratio of fibers. After washing, however,
all the values decreased. As the value of the
wool fabric’s blending rate decrcased, the valuc
seemed to increase consistently. Therefore, it is
understood that knitted fabrics that have higher
blending rates have poorcr total hand values
after washing.

IV. Conclusion

After producing knitted fabric samples wsing
W/A-blended yamns, mechanical propertics and
hand evaluation were conductled before and after
repeated washing to get the optimum W/A blen-
ding ratio, which could help achieve the opti-
mum mechanical and hand properties of the
knits. The results of the experiment and analysis
are as follows: There was no change in the
hand value of the knitted fabric with the W/A-
blended yarn caused by the change in the blen-
ding ratio before washing. After washing, how-
ever, the increasc of acrylic's blending rate
caused the bending property to decreasc pro-
portionally, while the friction coefficieni of the

surface property increased. Furthermore, the study
showed that W/A 50/50 possesscs the most
supcrior tensile property and shearing property,
which could attain the optimum blending ratio.
Similar results in hand value were derived in all
the samples. After washing, however, the inc-
rease in acrylic's blending rate caused a propor-

tional decrease in KOSHI and an increase in

FUKURAMI. In addition, W/A 50/50 gaincd the
biggest NUMERI value, again corresponding to
the optimum blending ratio. Similar results in
total hand value were derived in all the samples
before washing. After washing, though, sll the
total hand values dccrcased, and, as the wool
fabric’s blending rate increased, the total hand
values proportionally decreased further.
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