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Abstract

Work wear woven fabrics have wide application in the area of sports, industrial textiles
and defense. The performance characteristics of these fabrics are important with respect
to their specific application. To improve the performance of woven work wear fabrics, dif-
ferent compositions of weft yarns with polyester/cellulosic material were used to produce
fabric specimens on a picanol air jet loom. The effect of the composition on the tensile
strength, tear strength and pilling of woven fabric specimens was studied. It was concluded
that the fabric with a higher composition of modal and polyester produced better tensile
strength in group G-1 as well as in group G-2. The fabric produced with modal as weft yarn
also exhibited higher tear strength along the filling direction. The effect of pilling was also

studied and it was found that modal and combed cotton produced low pilling as compared

with other materials.
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B Introduction

The use of woven fabric is very prevalent
in industrial applications like industrial
textiles, sports and defense. The perfor-
mance properties of work wear woven
fabrics are important with respect to
the life of the garment. The performance
of woven fabrics is evaluated from
strength, dimensional stability and ser-
vice ability. The woven fabric composi-
tion can be easily modified during pro-
duction by changing the composition of
filling yarn by introducing the concept of
tertiary blends. The changing of filling
yarn is much easier as compared to that
of warp yarn to improve the performance
during fabric production without losing
the efficiency. Hence such a technique
was introduced to change the blend ratio
of fabrics by using weft yarns with differ-
ent blend ratios and/or materials. Using
this concept we might be able to change
the technical application of these fabrics.

Fasola et al. [1] explained in his study
that the performance properties of woven
fabric depends upon both the inherent
fibre properties and geometrical arrange-
ment of fibres in yarn and fabric as well
as on process parameters. Chattopadhyay
[2] stated that factors like fibre, yarn and
fabric construction have a significant ef-
fect on the performance properties of
woven fabrics. Emel et al. [3] studied
the mechanical properties of lightweight
wool/polyester blended fabrics. It was
found that the maximum tensile and tear
strength value for light weight apparel
fabric can be obtained by blending poly-
ester due to its softer and better handle
and drape. Hussain et al. [4] studied that

the performance specifications, including
the fibre and blend type, yarn and fabric
count, weave, fabric areal density, break-
ing force and fabric colour and finish.
Sulzer [5] explained that woven fabric
technology is based on geometry. Fabric
is produced from millions of fibres as-
sembled together in a specific geometry.
The properties of fabric depend upon
the fibre type, yarn structure and fabric
geometry.

Khoddami et al. [6] studied the effect of
hollow fibres on the tensile, pilling and
abrasion resistance and concluded that
the breaking force of yarn and fabric has
a negative relationship with the fibre po-
rosity. It was also evident from the results
that the hollow fibres possess higher stiff-
ness and bending resistance by keeping
all other properties similar to those of
solid polyester fibre. S Abdel-Fatah et al.
[7] showed that high tenacity fibre like
polyester exhibits higher pilling, while
the low tenacity fibre like wool displays
low pilling in woven fabric. Thus a blend
of wool and polyester produced better
performance and pilling results.

Das [8] studied the frictional charac-
teristic of 100% polyester fabric, 100%
viscose, polyester /cotton and polyester/
viscose blended fabrics. It was concluded
that factors like fibre and blend type as
well as the proportion, crimp height, yarn
and fabric structure determine fabric fric-
tional properties. In polyester/cotton and
polyester/viscose blended fabric the fric-
tional force increases with an increase in
the cellulose component.
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Malik et al. [9] stated that the strength of
yarn depends upon the constituent fibres,
yarn and fabric structure and also some
other factors. S. Bhardwaj and S. Juneja
[10] stated that blending makes the fabric
manufacturing process more economical
because of the price stability of man-
made fibres.

In this study tertiary blends were used
with cotton/polyester in the warp direc-
tion and blends and pure yarns of cel-
lulosic fibres in the weft direction to im-
prove the performance of woven fabrics.

B Experimental part

Material

Polyester/cotton (60:40) blended yarn
with 29.53 tex linear density was used
for fabric warp and 36.91 tex yarns with
different blend ratios and materials in
the weft direction to develop nine dif-
ferent fabric samples. The blend ratio of
weft yarns is given in Table 1.

Nine different grey fabric samples with
29.53 tex warp and 36.91 tex weft, respec-
tively, and 45 ends/cm and 25 picks/cm
were woven in a 2/1 S-twill design with
160 cm width on a Picanol Omni air jet
loom (PICANOL GROUP, Belgium) us-
ing the material mentioned in Table 1.

Method

All samples were produced on an air jet
Picanol Omni Plus weaving machine
at the Be Be Jan weaving unit limited,
Faisalabad (Pakistan). The machine was
equipped with a tappet shedding mecha-
nism and ran at 1200 meters per minute.
The weft was changed for sample produc-
tion with nine different types of weft yarn
materials, as given in Table 1. The fabric
samples were produced in controlled at-
mospheric conditions: relative humidity
76% and temperature 26 °C. De-sizing
and bleaching processes were performed
at the processing lab of the National Tex-
tile University, Faisalabad, Pakistan. De-
sizing, bleaching and scouring of grey
samples were performed according to the
chemicals and conditions given in Table 2.

All the woven fabric samples processed
were conditioned before testing and char-
acterisation. The fabric areal density was
determined according to ASTM-3776,
and the fabric thickness was measured
according to ASTM-D1777. A standard
test method - ISO 13934-01:1999 was
used to determine the breaking force of
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Table 1. Weft materials for fabric.

w
=

# Sample Code
100% B
100% CC
100% M
100% P
B:C (50:50)
M:C(70:30)
PC (52:48)
Hollow P
L:C(55:45)

©I® NP OE~WIN =

Table 2. Chemicals for desizing and settings.

Description
100% bamboo
100% combed cotton
100% Modal®
100% Polyester
50% bamboo and 50% cotton
70% Modal® and 30% cotton
52% polyester and 48% cotton
20% hollow polyester and 80% cotton
55% linen and 45% cotton

Parameters Units De-sizing Scouring Bleaching
Enzyme De-sizer ml/l 2 - -
Wetting agent g/l 1 2 1
NaOH gll - - 4
Detergent g/l - 2 -
Sequestering agent g/l - - 2
Stablizer g/l - - 2
L:R - 8:1 - -
pH % 6.5 - 10.0 ~ 10.5
Temperature °C 50 ~ 60 80 ~ 90 80 ~ 90
Time h 0.75 1 1

Table 3. Fabric constructional components.
Group Material w::iat::'i;:m vl::it;:i‘(t:’ e;l}fnaz Thi(::rr:less, Warpozrimp, Weft:/:orimp,

B:C (50:50) 58.50 244.80 0.51 16.77 6.37

Bamboo 59.25 242.86 0.51 18.70 6.92

G-1 Modal 57.25 242.15 0.51 14.56 8.48
Hollow P 59.00 241.83 0.51 18.18 6.22

M:C (70:30) 59.00 241.5 0.50 15.38 7.9

100% CC 60.50 234.66 0.50 18.74 6.73

G2 P:C (52:48) 59.50 233.86 0.48 16.69 6.81
L:C (55:45) 60.90 233.70 0.49 17.48 7.28

100% P 60.25 229.60 0.50 18.26 6.61

the specimens. The tear strength was
determined according to ISO 13937-
01:2000. Surface pilling of the fabric was
measured by an ICI pilling box using the
standard procedure BS 5811.

I Results and discussion

The mean of five values of each physical
parameter of the fabric samples is given
in the Table 3.

Effect of weft material on breaking
force

Nine fabric samples with different weft
materials were tested for breaking force
along the warp and weft direction in
a scoured state. The mean of five values
of breaking force for both the warp and
weft is shown in Figures I and 2 (see
page 52).

Effect of weft material on weft breaking
force

Nine samples with different weft materi-
als were tested for breaking force. The ef-
fect of the weft material on the breaking
force is shown in Figure 1. The analy-
sis of variance (ANOVA) in Table 4 in-
dicates that the effect of the weft mate-
rial on the breaking force of the woven
structure in the weft direction was highly
significant, with a more than 95% confi-
dence level (P-value less than 0.05).

The fabric samples in group G-1 almost
have the same fabric area weight and
weft density, among which the modal
has the highest strength in the weft direc-
tion due to its higher tenacity and break-
ing force, while bamboo produces least
breaking force because of its low tenacity
and breaking force.
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Figure 1. Effect of weft yarn material on weft breaking force.

Table 4. ANOVA for tensile properties in wefi direction. S = 0.9986, R-Sq = 98.72%,

R-Sq(adj) = 98.43%.

Source DF ss mMS F P

Factor 9 3072.626 341.40 342.33 0.000

Error 40 39.891 0.997

Total 49 3112.518

z

8’ 800 -

5 i

£ 600 -

=3 i

g 400 -

“(7)' -

<@ 200 -

@ i

c

2 0 -
© =) £ m =) ) Q o o
3 ] S N 0 < o b R
§ & - & 3|8 = B &

o 2 - Q| o S o T
@ £ = a Sy
G-1 Weft materials G-2

Figure 2. Effect of weft material on warp breaking force.

Table 5. ANOVA for tensile properties in warp direction. S = 1.536, R-Sq = 96.15%,

R-Sq(adj) = 95.26.

Source DF SS MS F P
Factor 9 2356.36 261.82 110.99 0.001
Error 40 94.36 2.36
Total 49 2450.72

The group G-2 samples produced lower
fabric area weight as compared with
G-1. It can be inferred from these fabric
specimens that the 100% polyester and
polyester blend show the highest value of
breaking force due to their greater tenac-
ity and breaking force. The linen/cotton
blend produces low breaking force due to
its low tenacity and breaking force in this

group.
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Effect of weft material on warp
breaking force

The effect of weft material on warp
breaking force is shown in Figure 2.
The analysis of variance (ANOVA)
shown in Table 5 reveals that the effect of
the weft material on the breaking force of
the woven structure in the warp direction
was also highly significant, with a more
than 95% confidence level (P-value less
than 0.05).

Noting the G-1 group in Figure 2,
the specimen which is produced with
modal weft yarn also has the highest
breaking force in the warp direction,
while bamboo possess the least strength,
thus exhibiting low breaking force in
the warp direction.

The specimens in group G-2 produced
slightly lower fabric area weight due to
the low crimp value. The fabric produced
with PES/CO blend yarn in the weft
direction produced higher strength in
the warp direction.

Effect of weft material on tear strength
Nine fabric samples with different weft
materials were tested for tear strength
along the warp and weft direction in
a scoured state. The mean of five values
for the tear strength for both the warp and
weft is shown in Figures 3 and 4.

Effect of weft material on weft tear
strength

The effect of weft material on the weft
tear strength is shown in Figure 3.
Analysis of variance (ANOVA) indicates
that the effect of the weft material on
the tear strength of the woven structure in
the weft direction was highly significant,
with a more than 95 % confidence level
(P-value less than 0.05 Table 6).

The samples in group G-1 have similar
weight but the material has better tenac-
ity, breaking force and elongation, pro-
ducing good results for tear strength.
Since the modal has the highest tenacity
and breaking force in this group, it pro-
duces the highest tear strength. Bamboo
has the least tenacity and hence gives
poor tear strength.

When bamboo is blended with cotton its
tear strength is improved due to the bet-
ter tenacity and breaking force of cotton.
Similarly in the case of modal when it is
blended with cotton the tear strength of
fabric is improved due to the higher te-
nacity and breaking force of modal.

For group G-2, polyester with higher
tenacity and breaking force along with
better elongation produces better tear
strength when blended with cotton. Cot-
ton and linen yarn both have low tenacity,
breaking force and elongation at break,
and hence produce poor tear strength
among this group.

Effect of weft material on warp tear
strength

The effect of weft material on the tear
strength of warp is shown in Figure 4.
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The analysis of variance (ANOVA) in
Table 7 revealed that the effect of weft
material was statistically significant, with
a 95% confidence level (p-value less than
0.05).

The warp tear strength of the bamboo
and bamboo blend is slightly higher than
other samples in group G-1 due to the
higher elongation at break of bamboo. If
the two groups are compared with each
other it is obvious that the trend of the
tear strength is related to the weight of
the fabric.

Effect of weft material on fabric pilling

Nine samples with different materials
were tested to study the effect of weft ma-
terial on fabric pilling. The mean of five
values for the pilling of fabric samples is
shown in Figure 5.

Modal shows approximately no pilling in
group G-1 and all other materials in this
group produced slight pilling. 100% CC
produced slight pilling, while the other
materials in group G-2 produced moder-
ate pilling in the fabric. The no pilling in
modal might be due to its irregular cross
section, like the bean and soft surface
producing low friction with very little
pills. Combed cotton, due to less short
fibre, also has low hariness and a soft
surface, and hence observed no pillling.
The higher pilling in polyester and its
blend is due to the higher tenacity and
circular cross section of polyester fibre.

The higher pilling in polyester might
be due to the higher breaking strength
and low bending stiffness. The hollow
polyester specimen produced slightly
low pilling due to the higher stiffness
when compared with the solid circular
polyester fibre. The linen fibre specimen
showed higher pilling due to the higher
modulus of the linen.

I Conclusion

100% modal yarn in the weft direction
produced higher tensile and tear strength
because of higher yarn tenacity and elon-
gation at break of this yarn among group
G-1. The bamboo filling yarn gave low
tensile and tear strength in this group
because of its low tenacity. The polyes-
ter and its blend with cotton exhibited
higher tensile and tear strength because
of higher tenacity and elongation at break
of such yarn among group G-2. The fab-
ric produced with modal weft yarn from
group G-1 and from combed cotton weft
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Figure 3. Effect of weft material on weft tear strength.

Table 6. ANOVA for tear properties in the weft direction. S = 0.05593, R-Sq = 98.82%,R-

Sq(adj) = 98.55%.

Source DF SS MS F P
Factor 9 10.435 1.594 370.71 0.000
Error 40 0.125 0.00313
Total 49 10.560
25
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Figure 4. Effect of weft material on warp tear strength.

Table 7. ANOVA for tear properties in warp direction. S = 0.05593, R-Sq = 98.82%,

R-Sq(adj) = 98.55%.

Source DF SS Ms F P
Factor 9 1.0650 0.11834 41.08 0.000
Error 40 0.1152 0.00288
Total 49 1.1802
yarn in group G-2 have no pilling, while  References

fabric specimens produced from poly-
ester and linen presented higher pilling.
The tertiary blends in woven fabrics can
improve the characteristics very signifi-
cantly, which is useful for industrial ap-
plication. In this study a quick and easy
technique has been introduced

o

1. Fasola K, Giva A, lliya E and Orivri D.
Assessment of quality and performance
of some selected furnishing fabrics. Mid-
dle East J of Scientific Research 2012;
11: 491-497.

2. Chattopadhyay R. Design of Apparel
Fabrics Role of Fiber, Yarn and Fabric
Parameters its Functional Attributes. J
Textile Engineering 2008; 54: 179-190.

53



5. Sulzer. Fabric Structure, Properties and
Testing. Switzerland: Sulzer Textile Lim-
ited, 2001, p. 361-373.

5 6. Khoddami A, Carr C and Gong R. Effect

of Hollow Polyester Fibers on Mechani-

cal Properties of Knitted Wool/Polyester

Fabrics. Fiber Polym 2009; 10: 452-460.

Abdul-Fattah S and El-Katib E. Improve-

ment of Piling Properties of Polyester/

Wool Blended Fabrics. J Appl Sci Res

2007; 3: 1206-1209.

Das A, Kothari V and Vandana N. A

Fabric pilling (rating)
- N w S
L L L L
100% B RN
100% cc | .
100% p EEEEIE
© ~N

0 -
— ~ ~ —~ — Study on Frictional Characteristics of
g 8 3 § ) g : .
§ 2 a g 3 > Woven Fabrics. Autex Res J 2005; 5:
= e S e e 133-140.
2 2 5 Q g 9. Malik Z, Hussain T and Malik M. Selec-
tion of Yarn for the Predetermined Ten-
G-1 Weft materials G-2 sile Strength of Cotton Woven Fabrics.

Fiber Polym 2011; 12: 281-287.

10. Bhardwaj S and Juneja S. Performance
of Jute Viscose/Polyester and Cotton
Blended Yarns for Apparel Use. Stud

Figure 5. Effect of weft material on pilling.

3. Onder E, Kalao F and Ozipek B. In- 4. Hussain T, Malik Z and Tanwari A. Home com Science 2012; 6: 33-38.
fluence of varying structural param- Prediction of Tensile Strength of
eters on the properties of 50/50 wool/ Polyester/Cotton Blended Woven
polyester blended fabrics. Text Res J Fabrics. Indian J Fibre Text 2010; 35:
2003; 73: 854-860. 243-249. Received 26.11.2015 Reviewed 10.02.2016

INSTITUTE OF BIOPOLYMERS AND CHEMICAL FIBRES
Team of Synthetic Fibres

The team conducts R&D in melt spinning of synthetic fibres

Main research Fields:
processing of thermoplatic polymers to fibres:
classic LOY spinning:
fibres of round and profiled cross-section and hollow fibres
special fibres including bioactive and biodegradable fibres
technical fibres, eg. hollow fibres for gas separation, filling fibres for concrete
bicomponent fibres:
side-to-side (s/s) type self-crimping and self-splitting
core/sheath (c/s) type
processing of thermoplastic polymers to nonwovens, monofilaments, bands and other fibrous materials directly spun from the
polymer melt,
assessment of fibre-forming properties of thermoplastic polymers including testing of filterability

Equipment:
Pilot-scale equipment for conducting investigations in melt spinning of fibres :
spinning frames for:
continuous fibresof 15-250 dtex,
bicomponent continuous fibres of 20 — 200 dtex)
drawing frames for continuous filament of 15 — 2000 dtex
laboratory stand for spun bonded nonwoven 30 cm width
laboratory stand for investigations in the field of staple fibres (crimping, cutting
line)
laboratory injection molding machine with a maximum injection volume of 128
cm3
testing devices (Dynisco LMI 4003 plastometer, Brabender Plasticorder PLE
330 with laboratory film extrusion device)
monofilament line for monofilaments of 0.3 — 1 mm diameter

Implemented technologies (since 2000):
texturized polyamide fibres modified with amber for preparation of special antirheumatic products
polyolefin hollow fibres for gas separation
bioactive polypropylene PQOY fibres
modified polypropylene yarns
polyolefin fibres manufactured from PP/PE wastes

Contact:
Team Leader: Krystyna Twarowska-Schmidt, Ph.D., Eng. tel: +48 42 638 03 24, e-mail: syntetyk@ibwch.lodz.pl
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