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B Introduction

The modern requirement of consistency
of production, coupled with an increas-
ing tendency towards automated process-
ing machinery, have created a need for
greater control over processing condi-
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the Effect of Yarn and Fabric Parameters

on Desizing Efficiency

Abstract

The control of fabric quality in terms of the basic structure, like yarn type, yarn count,
twist multiplier, ends per inch and picks per inch, cover factor etc. is very important, as
these parameters finally determine the quality aspects of the fabric during its interaction
with the chemicals used in the process. In this work an attempt was made to investigate the
influence of structural parameters of the yarn and fabric, like the yarn count, yarn twist
multiplier and the p.p.i. on the final performance of desized, 100% cotton fabric. Desizing
is the first stage of all the preparatory processes, wherein the size of the materials applied
to the warp yarn during weaving is removed. This process determines the performance of
the subsequent processes, such as the uniformity of scouring, bleaching, dyeing etc. which
is quite crucial in maintaining the quality of the finished fabric.
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tions. Rarely is the aim of the process to
eliminate impurities completely or to at-
tempt a perfect shade match, but instead
the goal is to produce a product “fit for
the purpose”, or to determine parameters
within whose limits the product is ac-
ceptable. It is axiomatic that a high qual-
ity product must normally be processed
over the shortest compatible wet process-
ing time. Hence, careful control over
the process parameters, like pH, time,
temperature, water quality, speed of the
machine, as well as the quality and quan-
tity of the chemicals is of prime impor-
tance. Equally important is the control
of the fabric quality in terms of its ba-
sic structure, like yarn type, yarn count,
ends per inch (e.p.i) and picks per inch
(p-p-1), twist multiplier (TM), cover fac-
tor and also the type of weave, as these
parameters finally determine the quality
aspects of the fabric during its interaction
with the chemicals used in the process.
Understanding of the above parameters
not only reduces the processing cost, but
also ensures reproducibility in day-to-
day production.

In our work we have tried to investigate
the influence of structural parameters of
the yarn and fabric, such as yarn count,
yarn T.M,. and the p.p.i fot the final per-
formance of the desized fabric [1 - 3].
100% cotton slivers were spun into two
different yarn counts at two different
TM. They were then used at two differ-
ent p.p.i’s. for weaving the fabric. Hence,
a 23 factorial design (i.e. three factors at
two different levels each) was used for
preparing different varieties of fabric.
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Predictions are done using regression
equations. The advantage of this system
lies in the fact that an empirical model
can be developed, which can then be used
to design fabrics with the desired proper-
ties [4]. A further comparison is made by
replacing the conventional ring spun yarn
with rotor yarns of equivalent count and
twist multiplier.

Materials and experimental
methods

The ring and rotor spun yarns were of
linear density of 29.52 tex (20s) and
24.60 tex (24s) with a twist multiplier of
3.6 and 4.0, produced from sliver made
of 100% Shankar6 cotton with a staple
length of 27 mm and a micronnaire value
of 3.6, obtained from Bombay Dyeing
Mills Ltd., Mumbai, (India). The fabrics
were woven with plain (1/1) weave using
a total of eight different weft yarns with
two different p.p.is i.e. 52 and 60. Warp
yarns of linear density of 29.52 tex (205),
with a 12% size pick up, were kept con-
stant for all the fabrics, and thus a total of
sixteen different fabrics were prepared.

Tensile strength

The tensile strength of the fabric was
determined on a Table Model (Metric)
TM-M Instron tensile strength tester. The
distance between the jaws for the testing
of the fabric was 20 cm, and the speed of
the lower jaw was 20 cm/min. The testing
was done by the raveling strip method
(ISO-13934). 10 samples of both warp
and weft directions were tested for each
and every fabric, and the CV% were of
the order of 5%.
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Table 1. Experimental plan for variables — Table 4. Treatment conditions and the response observed and calculated after desizing;
used for the fabric (ring and rotor spun ™ the values indicate the ranking of the individual responses.

yarns).

Expt. H Enz. Temp. % Wt. loss Tegewa rating
o Variables No. P conc. P Observed | Calculated Observed | Calculated
Combination ' 1t (x1) | TM(xz) | PPAL(x) 1 66 (0 | 05 (+1)* | 80 (-1)" 132 12.97 7 7.8
y ) » ) 2 66 (0) | 04 (0) 90 (0) 13.55 13.58 8 8
p 3 » 1 3 62(1) | 04 (0) | 100 (+1) | 1157 11.37 6-7 6
3 4 “ 4 4 6.2(-1) | 0.4 (0) | 80 (1) 11.43 11.70 6-7 6
. ; “ “ 5 7.0(+1) | 05 (+1) | 90 (0) 12.92 12.95 7 7
. > P P 6 66 (0) | 04 (0) | 90 (0) 13.63 13.58 8 8
7 62(-1) | 03 (1) | 90 (0) 10.74 10.71 6 6-7
6 + - + 8 66 (0) | 05 (+1) | 100 (+1) | 13.09 13.32 7 7
7 + 1 - 9 70(+1) | 04 (0) | 80 (1) 12.51 12.70 7 7
8 Ml 1 1 10 66 (0) | 03 (-1) | 100 (+1) | 11.40 11.63 6 6-7
11 7.0(+1) | 0.4 (0) | 100 (+1) 12.87 12.60 7-8 7
Table 2. Actual values corresponding to 12 7.0(+1) | 03 (1) | 90 (0) 11.67 11.67 6 6
coded levels related to the fabrics. 13 6.2 (-1) 0.5 (+1) 90 (0) 11.75 1n.71 6 6
14 6.6 (0) | 03 (-1) | 80 (-1) 12.64 12.40 7 7
Level Variable 15 6.6 (0) 0.4 (0) 90 (0) 13.49 13.58 8 8
Count(xq) | TM(x2) | p.p.i.(x3)
o 20 36 52 Table 5. Actual values and ranked position of weight loss, as well as the Tegewa rating for
Ml 24 40 60 optimisation of the desizing process.

Table 3. Recipe for desizing, and variables,

g]ﬁ?rit}zgl’; levels, used in the desizing Case No. | Temperature corE:r:eznyt?:teion pH Wt. loss (rank) Tege(vly:nllz)atmg

1 80 0.3 6.2 10.84 (25)* 6 (17)*

Level 2 80 0.3 6.6 12.64 (11) 7(7)

Parameter 4 0 +1 3 80 0.3 7.0 11.63 (18) 6 (17)

oH 6.2 6.6 70 4 80 0.4 6.2 11.43 (21) 6(17)
Enzyme 03 04 05 5 80 0.4 6.6 12.98 (7) 8 (1)
concentration 6 80 0.4 7.0 12.51 (12) 7(7)
Temperature, °C 80 90 100 7 80 0.5 6.2 11.31 (23) 6(17)
NaCl 10 g/l 8 80 0.5 6.6 13.20 (3) 7-8 (4)
Time 30 minutes 9 80 05 7.0 12.45 (13) 7(7)
MLR 1:30 10 90 0.3 6.2 10.74 (26) 6 (17)
1 90 0.3 6.6 12.27 (14) 7(7)

12 90 0.3 7.0 11.84 (16) 6 (17)

Weight loss 13 90 0.4 6.2 11.91 (15) 6-7 (14)
Conditioned samples were accurately 14 90 04 6.6 13.63 (1) 8(1)

. .. 15 90 0.4 7.0 13.01 (6) 7(7)
weighed before and after the desizing 6 90 05 62 1.75(17) 6(17)
treatment, and the weight loss (in per 17 90 05 6.6 13.25 (2) 8 (1)
cent) was calculated as: 18 90 0.5 7.0 12.92 (8) 7(7)

19 100 0.3 6.2 9.63 (27) 6 (17)
Wt. loss = [(W1-W,)/W ] x 100 20 100 0.3 6.6 11.40 (22) 6-7 (14)
21 100 0.3 7.0 11.10 (24) 6(17)
where, W and W, are the weights of the 22 100 0.4 6.2 11.57 (19) 6 (17)
fabric before and after the desizing treat- 23 100 04 6.6 1319(4) 7-8(4)
. 24 100 0.4 7.0 12.87 (9) 7-8 (4)
ment respectively. 25 100 05 6.2 11.47 (20) 6(17)
26 100 0.5 6.6 13.09 (5) 7(7)
Shrinkage 27 100 0.5 7.0 12.81 (10) 6-7 (14)

The shrinkage (in per cent) was deter-

mined by measuring the decrease in dis- Table 6. Tensile strength of the fabric before and after desizing.

tance between a pair of straight lines of Tensile strength before desizing | Tensile strength after desizing
50 cm length marked parallel to both the Sr.No Quality in newtons in newtons

warp and weft directions, as a result of Count/TM/PP.I. Ring Rotor Ring Rotor

o Warp | Weft | Warp = Weft | Warp = Weft | Warp = Weft

desizing. 1 20/3.6/52 367.0 | 366.0 | 358.0 | 326.0 | 396.0 | 434.0 3960 | 388.0

. 2 20/3.6/60 380.0 | 400.0 | 338.0 | 352.0 | 420.0 | 482.0 | 385.0 | 445.0

Shrinkage = [(L1-L2)/L1] * 100% 3 20/4.0/52 374.0 | 396.0 | 368.0 | 348.0 | 403.0 @ 470.0 K 404.0 | 428.0

) 4 20/4.0/60 420.0 | 440.0 | 368.0 | 365.0 | 467.0 | 532.0 | 414.0 | 456.0

Where, Ly and L, are the distances be- 5 24/3.6/52 334.0 | 336.0 | 318.0 | 288.0 | 360.0 | 395.0 | 348.0 | 345.0

tween the parallel lines on the fabric, 6 24/3.6/60 340.0 | 354.0 | 338.0 | 302.0 | 374.0 | 427.0 | 377.0 | 380.0

respectively, 8 24/4.0/60 398.0 | 365.0 | 3425 | 353.0 | 440.0 & 441.0 | 382.0 | 439.0
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Tegewa rating

An iodine solution was prepared by
dissolving 10 g of potassium iodide in
100 ml of water, then 0.65 g of iodine
was added, and it was diluted with water
to the volume of 800 c¢cm3. Next, etha-
nol was added to increase the volume
to 1 litre. The desized fabric was put in
the prepared solution for 1 minute and
then rinsed with cold water. It was then
dabbed with filter paper and immediately
compared with the violet scale.
Experimental design

For the weaving of the fabric, a 23 facto-
rial design was made to use, and the vari-
ables taken in to account were yarn count,
yarn twist multiplier (TM), and picks per
inch (p.p.i.). The experimental plan for
variables used for the fabric (ring and ro-
tor spun yarns) are presented in Table 1
whereas the actual values corresponding
to coded levels related to the fabrics are
shown in Table 2.

For optimisation of the conditions for
desizing, the Box—Behnken [5] model
was used. The variables were pH, tem-
perature, and enzyme concentration;
three levels of which were chosen (see
Table 3).

I Results and discussion

Optimisation of the variables
for desizing process

The actual recipe for desizing as well as
the variables with their different coded
levels and actual values are shown in
Table 3. The treatment conditions and the
response observed and calculated after
desizing are presented in Table 4. To op-
timise the process, the various responses,
i.e. weight loss and Tegewa rating, were
ranked (refer Table 5), where maximum
values were given the rank of “1”, and

Shrinkage, %

Table 7. Percent increase in tensile strength of the fabric after desizing.

Quality
Sr. No Ring

Count/TM/p.p.i Warp
1 20/3.6/52 7.90
2 20/3.6/60 10.46
3 20/4.0/52 7.79
4 20/4.0/60 11.24
5 24/3.6/52 7.62
6 24/3.6/60 10.15
7 24/4.0/52 7.78
8 24/4.0/60 9.94

Increase in tensile strength after desizing, %

Rotor
Weft Warp Weft
18.68 10.73 19.77
20.57 14.09 26.59
19.05 9.91 23.13
20.94 12.35 24.88
17.47 9.49 19.01
20.63 11.71 25.71
18.86 8.81 18.00
20.81 11.57 24.45

Table 8. — Actual values of shrinkage, Tegewa rating, and weight loss after desizing.

Quality Shrinkage% Tegewa rating | Weight loss, %
Sr. No Ring Rotor i i

Count/TM/p.p.i Warp | Weft | Warp | Weft Ring @ Rotor | Ring | Rotor

1 20/3.6/52 4.83 5.56 5.28 4.71 6-7 6 9.69 8.42
2 20/3.6/60 4.95 6.12 6.33 6.60 7-8 5-6 8.50 7.42
3 20/4.0/52 4.62 573 4.90 5.73 7 7 8.80 8.74
4 20/4.0/60 5.38 6.38 6.16 6.16 6 6-7 8.50 8.16
5 24/3.6/52 4.70 5.20 4.67 4.95 7 7 10.00 | 9.20
6 24/3.6/60 4.80 6.14 5.55 6.27 7 6-7 8.40 7.89
7 24/4.0/52 4.63 5.63 4.33 4.46 7-8 7-8 9.25 8.66
8 24/4.0/60 4.73 6.20 5.20 6.06 7 7 8.90 8.61

with decreasing values of weight loss and
Tegewa ratings, the ranks were progres-
sively increased. The individual ranks for
weight loss and Tegewa rating were then
added to get a cumulative overall rank-
ing. The treatment conditions of case 14
gave the minimum cumulative ranking
value of “2”, and hence this was consid-
ered as the optimised desizing condition®.
The optimised conditions for the desizing
experiment thus obtained refer to a tem-
perature of 90 °C, a pH of 6.6, and an en-
zyme concentration of 0.4% owf.

Statistical analysis

The response surface equations for the
fabric properties are shown in Table 9.
The negative coefficient of a variable in

Shrinkage, %

aresponse surface equation indicates that
the particular property or response de-
creases with an increase in that variable,
while a positive coefficient indicates that
the same property increases with the in-
crease in the variable analised [4]. But
the sign and magnitude of the coefficients
of the interaction between the variables
again modify this trend. The relationship
between the response and variable are
shown with the help of 3-D graphs (Fig-
ures 1 - 8 see pages 97, 98, 99 and 100).

Shrinkage

In the case of shrinkage, the trend ob-
served indicated slightly higher values
in the weft direction than that observed
in the warp direction. This is due to the
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Figure 1. Response surface plot of shrinkage per cent of fabric after desizing in weft direction (weft : ring yarn).
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Table 9. Response surface equations for fabrics; ** All the response surface equations are

in coded units.

Response

Response Surface Equation**

Increase in tensile strength
warp (ring)

429.940-19.2437x1-121.612x-7.825x3+5.33437 x4 Xo+0.356522x1 X3+
+2.26562x2x3-0.0992187x1X2X3

Increase in tensile strength
weft (ring)

450.215-22.3575x1-110.137x2-7.36375x3+5.55312x1xp+0.38x1X3
+1.89062x,x3-0.0945312x1X0X3

Increase in tensile strength
warp (rotor)

-507.137+22.4962x1+129.225x5+10.3456x3-5.82094x1x2.0.444812x1x3
-2.55937x9x3+0.113 672x1X2X3

Increase in tensile strength
weft (rotor)

-1957.99+80.33x1+537.037x,+33.7437x3-22.3125x1x-1.35937x1x3
-9.11562x%3+0.376562x1XX3

Shrinkage after desizing
warp (ring),%

223.380-9.11250x1-61.3x-4.0675x3+2.54687x1%0+0.17x1x3
+1.14375x2x3-0.04766X1X2X3

Shrinkage after desizing weft
(ring),%

687.755-31.32x1-181.425x,-11.5462x3+8.24531x1x2+0.529375x1X3
+3.075x2x3-0.1395%1X2X3

Shrinkage after desizing
warp (rotor),%

77.835-3.18375x1-22.7375%,-1.23625x3+0.91875x.x+0.05656x1 X3
+0.4094x5.x3-0.0172x1X2X3

Shrinkage after desizing weft
(rotor),%

-692.784+29.581x1+184.965%,+11.907x3-7.9475x1.%-0.5024x1.X3
-3.145x2.x3+0.1347x1XoX3

Weight loss, % (ring)

-36.375+5.694x1+10.8125x,+1.13125x53-1.375x1%-0.1141x4x3
+0.284375xox3+0.028125x1XX3

Weight loss, % (rotor)

122.985-4.31875x1-28.275x2-2.09125x3+1.1125x4x2+0.07469x 1 X3
+0.50625x2x3-0.01875x1X2x3

Tegewa rating (ring)

-595.25+23.625x1+155.625%p+11.4375%3-6.09375x1x-0.453%1X3
-2.96875xox3 +0.117187x1x2X3

Tegewa rating (rotor)

-447.250+18.875x1+113.75x,+7.4375x3-4.6875x1%2-0.3125x1x3
-1.875xox3 +0.0781x1X2X3

higher e.p.i (65) as compared to the p.p.i
(52, 60), due to which (refer Table 9) the
stress generated during weaving in the
weft direction is more than that in the
warp direction. Hence, when the fabric
is wetted out and relaxation is allowed,
the internal stress and strain in the yarn
tend to relax, leading to individual yarn
shrinkage, which in turn causes the
shrinkage of the fabric in the respective
yarn direction [6, 7. It was also found
that the shrinkage in both the warp and
weft directions was more in the case of
fabric having a higher p.p.i. This is due to
the fact that higher p.p.i results in greater
yarn stress being developed during weav-
ing as a larger number of yarns have to
be accommodated in the same space, and
hence this has the propensity to revive
the stress generated by relaxing in the
wet stage, resulting in shrinkage of the
fabric. For similar reasons it was also ob-
served that the shrinkage was less in the
fabrics of finer yarn in the weft.

Tensile strength

The tensile strength of the fabric before
and after desizing are listed in Table 6. It
was found that the tensile strength of the
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Figure 3. Response surface plot of increase per cent in tensile strength in per cent of fabric after desizing in weft direction (weft : ring

yarn).
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Figure 4. Response surface plot of increase in tensile strength in per cent of fabric after desizing in weft direction (weft : ring yarn).
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Figure 5. Response surface plot of weight loss in per cent, after desizing in weft direction (weft : ring yarn).
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Figure 7. Response surface plot of Tegewa rating of fabric after desizing (weft : ring yarn).
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Figure 1. Response surface plot of shrinkage per cent of fabric after desizing in weft direction (weft: ring yarn).

fabric increased after desizing in both di-
rections (refer Table 7). The increase in
tensile strength was found to occur with
an increase in the shrinkage,% i.e. the
higher the shrinkage percent, the greater
the tensile strength was. Another observa-
tion was that, though the shrinkage (in per
cent) was of the order of 4.5 - 6.5%, the
increase in tensile strength (in per cent)
was within the range of 7.8 - 26%. In other
words, the increase in tensile strength was
much higher than that of the shrinkage (in
per cent). This is because shrinkage oc-
curs in both directions, and therefore the
fabric structure becomes denser. The load
bearing number of e.p.i or p.p.i, depend-
ing on the direction in which the tensile
strength of the fabric is measured, also
increases, producing an increase in the re-
sultant tensile strength (%) much higher
than the original value. It was also noticed
that the increase in tensile strength (%)
was more in the weft direction than that of
the warp direction when compared to the
original grey fabric. On one hand this may
be attributed to the warp yarn being sized,
as desizing would result in a decrease in
tensile strength. On the other hand, the
fabric shows an increase in strength due
to its shrinkage, as the number of warp
yarns is higher in the same width of the
fabric. Similarly, shrinkage also occurs in
the weft direction, which causes enhanced
fabric assistance. These two mutually op-
posing processes, acting predominantly
on the warp yarn, cause a relatively lower
increase in tensile strength (in per cent)
than that occuring in weft direction, where
there was no size. This contention is also
supported in literature [7, 8, 11].

Weight loss and Tegewa rating

The weight loss was found to be higher
in the fabrics of ring yarn in the weft di-

100

rection than in the fabrics with rotor yarn
in the weft direction, and a similar trend
was also established for the Tegewa rat-
ing (refer Table 8, see page 97). This can
be due to the fact that ring yarns have a
more consolidated yarn structure, and
hence the projection of the ring weft on
the warp is confined to a smaller area as
compared to the fabric of rotor yarn in the
weft. In other words, for the same count
and TM, the ring yarn will have a lower
diameter as compared to the rotor yarn,
and thus it exerts a physical hindering
effect on the desizing liquor, which less
effectively acts on the warp yarns. This
not only leads to a lower weight loss in
the fabric, but also reduced desizing ef-
ficiency [9 - 18].

M Conclusion

The desizing efficiency is not only de-
pendent on the process condition, but is
also, to a large extent, determined by the
yarn and fabric structure, such as yarn
count, yarn TM, the type of weave and
also the fabric construction parameters.
Hence, during processing, proper atten-
tion should be paid to ensure not only the
proper chemicals, at a specific concen-
tration, but also the yarn and fabric con-
struction parameters. Otherwise, the final
product would fail to satisfy the desired
specifications.
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