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Abstract:

Throughout this study, functional, aesthetic, and dimensional stability properties of
knitted blended fabrics were experimentally presented. An experimental work was
introduced to examine. In order to investigate the loop length of the knitted fabrics
and the polyester blending ratio on bursting, air permeability, pilling resistance and
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shrinkage ratio of knitted fabrics, thirty fabric samples were knitted with three loop
length, five levels of polyester ratios for single jersey and rib knit structures.
Analysis of variance and regression analysis were used to detect the influence of
loop length and polyester content on knitted fabric properties. The findings of this
study revealed that independent variables under study have a massive influence on
the functional and aesthetic properties of the knitted blended fabrics.
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Introduction

Because of their high elasticity, low mass per unit
area, low production cost and smooth surface and
comfort, knitted fabrics acquired higher popularity
and wider use compared to the other textile
products [1]. Different patterns and various types
of fabrics can be knitted on numerous of knitting
machines with different sitting, different yarn
linear densities and materials. These knitted
fabrics are significantly by their structures and
finishing methods [2]

Different research works have been conducted
regarding the impact of finishing methods, yarn
and constructional parameters on the physical
characteristics of woven ad knitted fabrics [3-12].
Murugesh and selvadass investigated the influence
of different wet processing methods, namely
scouring, dyeing, mercerization and softening
processes on knitted fabrics properties [3]. They
found that mercerization improved knitted fabric
properties more than scouring alone. Also, knitted
fabric properties were changed significantly with
dyeing and softening processes. In another study
[1] it was found that increasing the stitch length
reduced knitted fabric shrinkage and bursting
strength; while increased spirality of single jersey
fabrics. It was also found that fabric width,
thiskness and abrasion resistance were all
diminished with increasing stitch length [4].

In his study, to invistigate the impact of the
content of micro fiber on the knitted fabric
properties, Ramakrishnan and co-authors [5]
found that fabrics knitted from micro denier fibers
have a superior properties compared to their

counterparts knitted from normal denier fibers in
relation to drapeability, spirality and moisture
vapor transmission properties. Physical properties
of Single Jersey cotton/spandex plated fabric were
examined [6]. It was revealed that loop length was
reduced by approximately 2% to 5% in the case of
platting cotton with spandex compared to cotton
only.

Levent O. and Cevza C. [7] investigated the
shrinkage values of fabrics knitted from pure
cotton and its blending with polyester fibers at
different washing cycles. They stated that yarn
type and fiber content have a significant impact on
lengthwise and widthwise shrinkage of the knitted
fabrics.

Although there are numerous researches deal with
the influence of woven and knitted fabric
parameters on their aesthetic and physical
properties [8-22], there are a shortage in studying
the aesthetic and functional characteristics of
knitted blended fabrics in terms of blending ratio
and loop length. Therefore, this study aimed at
investigating the dimensional stability, aesthetic
and physical characteristics of fabrics knitted from
polyester and cotton fibers with different blending
ratios and different structures.

Materials

Throughout this study, thirty fabric samples were
knitted from two different structures, five different
blending ratios and three loop length values.
These fabric samples were made from 100%
Egyptian  cotton,  100%  polyester  and
cotton:polyester fibers with different blending
ratios. They also were knitted from a yarn of the
same counts, i.e. 30 Ne with twist multiplier 3.6.
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The blending ratios of cotton and polyester fibers
were 0%, 25%, 50%, 75% and 100% respectively
of polyester weight. The blending ratio 0% means
that fabrics were knitted completely from cotton
fibers, whereas 100% signifies that fabric was
knitted completely from polyester fibers.

Single Jersey

The two structures of knitted fabric samples were
1x1 Rib and single jersey respectively. Three
different stitch length, i.e. 2.5, 2.8 and 3mm. were
used to kint both structures. Figure 1 shows The
knit structures utilized in this study .

Rib

Figure 1: Knitted fabric structures used in this study

Laboratory testing

Before testing, all knitted fabrics were left in a
conditioned room on its surface at 20+2 °C and
605% =2 relative humidity for on day. After that
five samples each of dimension 30cm length and
30 cm width were cut from each knitted fabric
sample. These cut fabrics were washed in a home
laundering washing m/c at 40 °C for 15 minutes
sing 20g/l standard detergent. Then the fabric
samples were washed using cold water and dried
in a tumble dryer at 50 °C. After that shrinkage in
wales and courses direction were measured
according to ASTM D2120-96 using the following
function:

Shrinkage,% = L-b, x100
LO
where, L, = length of fabric sample before
washing , L, = length of fabric sample after
washing. Hydraulic bursting tester was used to
assess and evaluate the bursting strength of knitted
fabric samples in accordance with ASTM D3786-
96. In order to measure a pilling grade, a fabric
sample of dimension 12.5cmx12.5cm sere cut.
Each fabric sample was wrapped around a rubber
tube with dimensions 5 inch x 1/8 inch x 1 % inch
in the directions of length, inner and outer
diameters respectively. Each fabric sample were
sewn from each ends to be fixed on the rubber
tube. After that a number of 5 rubber tube from
each fabric sample were placed in a rotating box
with dimension 9 inch x 9 inch x 9 inch. The box
will the rotate for 3 hours with a speed 60 rpm.
After that the samples were taken off the testing
box, the pilling will be graded visually using a
standard lens with standards from 1 to 5. The

grade one denotes the worst pilling, namely
maximum pilling grade, whereas the grade of five
refers to the best or the minimum pilling value. In
general, pilling grade test was accomplished using
the standard 1SO 12945:1-200. Air permeability
which measures the flow rate of cubic centimeters
of the air through one square centimeter of fabric
in one second at differential pressure of one bar
was measured using Shirley Air permeability
tester in accordance with ASTM D737-96.
Statistical analysis

Since there are two different knitted structures,
each of which has five different polyester ratios
and three loop length, thus a 5 x 3 x 2 mixed
factorial design was executed. This undertaken
design was analyzed using Analysis of Variance
(ANOVA) in order to detect the significance
influence of fabric structure and the polyester
content on weft knitted fabrics. The significance
level was assessed at p-value, 0.05 (95%
confidence) <a <0.01 (99% confidence).

In order to derive the regression relationship
between polyester ratios and stitch length as
independent variables and aesthetic and functional
properties of knitted fabrics as dependent ones, a
multiple  regression  analysis was  also
accomplished.  The  relationships  between
independent and dependent variable were in a non-
linear form for the two knitted structures under
study. These derived linear models were assessed
using coefficient of determination, R? value which
varies between zero and one. The higher values of
R? mean the model represents the experimental
data very well, and vice versa.

Results and Discussion

Effects on bursting strength
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The values of knitted blended fabrics® bursting
strength according to different values of polyester
ratio and loop length were portrayed in figures 2

and 3. From tables 1 and 2, it can be seen that
knitted fabrics’ bursting strength was significantly
affected by the independent variables under study.

Table 1: ANOVA results for bursting strength of single Jersey blended knitted fabrics

Variation source SS df MS caICl'J:I-ated P-value | Fcrit
Polyester, % 841.067 4 210.267 340.973 0.000 | 3.838
Loop length 260.4 2 130.2 211.135 0.000 | 4.459

Error 4,933 8 0.617
Total 1106.4 14

Table 2: ANOVA results for bursting strength of 1x1 Rib blended knitted fabrics

Variation source SS df MS caICl'J:I-ated P-value | Fcrit
Blending ratio 1202.267 41 300.567 419.395 0.000 3.838
Loop length 592.933 2| 296.467 413.674 0.000 | 4.459
Error 5.733 8 0.717
Total 1800.933 | 14

The statistical analysis proved that polyester
blending ratio and loop length accounted for 75%
and 23% respectively of the effects on bursting
strength for fabrics of single jersey structure.
While, for rib knitted fabrics, it was found that
both independent variables accounted for 65% and
32 % respectively of the effects on bursting
strength.
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Figure 2: Response surface plot of bursting
strength for single jersey knitted fabric.

From figures 2 and 3, it can be seen that polyester
ratio has a positive influence on the bursting
strength for both knitted structures. As the
polyester ration in creases, the bursting strength
reacts in the same manner. On the contrary, loop
length has a negative significant impact on
bursting strength of both structures. Bursting
strength of single jersey and rib blended knitted
fabrics increased by 52% and 47% respectively
with increasing polyester ratio. While increasing
the loop length results in decreasing the bursting

strength by 18% for single jersey and 21% for rib
fabrics respectively.
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Figure 3: Response surface plot of bursting
strength for 1x1 rib knitted fabric.

Multiple regression models which correlate
bursting strength of blended knitted fabrics with
polyester ratio and loop length have the following
form:

Bursting strength, bar (single jersey) = 4.08+0.19
X+46.13 Y - 0.0105 XY - 12 Y?

Bursting strength, bar (1 x 1 rib) = -49.3 + 0.4
X+103.4 Y - 0.0005 X*-0.04 XY - 24 Y?

The values of R*were 0.99 for single Jersey model
and 0.96 1x 1 model.

Effects on air permeability

Blended knitted fabrics’ air permeability versus
the values of polyester ratios and loop length for
single-Jersey, and 1x1 rib structures were plotted
in figures 4 and 5. The statistical analysis results
were introduced in table 3 and 4. It was detected
that both loop length and polyester ratio have a
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significant knitted fabrics ‘air
permeability.
It was also proved that polyester ratio accounted

for 79% and 67% of the effects on the air

impact on

permeability of both fabrics. It was also found that
loop length accounted for 19% and 31 % of the
effects on of both structures' air permeability.

Table 3: ANOVA results for air permeability of single Jersey fabrics

Variation source sS df MS caIcEI-ate g | Pvalue | Ferit
Blending ratio 3552.4 4 888.1 206.535 0.000 3.838
Loop length 854.933 2 427.467 99.411 0.000 4.459
Error 34.4 8 4.3
Total 4441.733 14
Table 4: ANOVA results for air permeability of Rib fabrics
Variation source sS df MS caIcEI-ate g | Pvalue | Ferit
Blending ratio 4012.933 4 1003.23 255.059 0.000 3.838
Loop length 1878.533 2 939.266 238.796 0.000 4.459
Error 31.46667 8 3.933
Total 5922.933 14
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Figure 4: Response surface of air permeability
values for single-jersey knitted fabric.
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Figure 5: Response surface of air permeability
values for 1x1 rib knitted fabric.

From figures 4 and 5, it can be seen that both
independent variables have a profound influence
on the blended knitted fabrics’ air permeability.
As the levels of polyester ratio and loop length
increases, the blended knitted fabrics® air
permeability increases. Increasing polyester ratio
from 0% to 100% results in increasing the air

permeability of blended knitted fabrics by 19%
and 21% for single-jersey and rib structures
respectively. While increasing loop length let to an
increase in air permeability with 8% and 12 %
respectively for single heresy and rib structures.
The regression models which correlate both
polyester ratio and loop length with blended
knitted fabrics' air permeability have the following
non-linear formulas:

Air permeability, cm®cm?sec (single jersey)
164.13 + 0.33 X + 13 Y - 0.036 XY -4 Y?

Air permeability, cm¥cm?sec ((1 x 1 rib) =
333.49 + 0.24 X- 138.83 Y — 0.0015X* + 0.133
XY +34 Y?

The values of R*were 0.0.96 for single Jersey
model and 0.93 for 1x 1 rib model.

Effects on pilling resistance

In this study, pilling rate of the blended knitted
fabrics was measured and evaluated. This grade
ranges between 1 and 5, in which 5 denotes to
high pilling resistance and 1 refers to low pilling
resistance. The values of pilling resistance versus
the levels of polyester ratio and loop length of
knitted fabrics under study were illustrated in
figures 6 and 7 respectively. The results of
statistical analysis were listed in tables 5 and 6. It
was determined that polyester ratio accounted for
90 of the effects on pilling resistance of the knitted
fabrics under study. While loop length accounted
for 7% and 9% of the effects on the pilling
resistance on single jersey and rib knit structures
respectively.

It was revealed that polyester ratio and loop length
gave a significance influence on knitted fabrics’
pilling resistance for both knitted structures at 0.01
significant level. From figures, a decreasing trend
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can be observed confirming that as the levels of
the polyester ratio and loop length increase the
pilling resistance decreases. That is as the levels of
the both variables increases the pilling tendency
also increases. Increasing loop length leads to a
reduction of pilling resistance of knitted fabrics
from 3.5 to 0.7 and from 4 to 1.16 for single jersey
and rib fabrics respectively. While increasing the
loop length from 2.5 mm to 3 mm leads to a
reduction of pilling resistance by about 32% for
single-jersey and 28 % for rib structure.

The non-linear regression models which correlate
both polyester ratio and loop length with pilling
resistance f blended knitted fabrics have the
following forms:

Pilling resistance (single-jersey) = 10.5 - 0.06 X —
3.0313Y +0.07 XY +0.2 Y?

Pilling resistance ((1 x 1 rib) = 4.5 - 0.06 X+ 1.7
Y +0.0082 XY - 0.7 Y?

The values of R?were found to equal 0.94 for
single Jersey model and 0.0.92 for 1x 1 rib model.

Table 5: ANOVA results for pilling rate of single Jersey fabrics

e
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(mm) =z Polyester

ratio (%)
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Figure 6: Response surface plot of pilling rate for
single jersey knitted fabric.
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Figure 7: Response surface plot of pilling rate for
1 x 1 rib knitted fabric.
Effects on dimensional stability

Variation source SS df MS caIcEI-ate g | Pvalue | Ferit
Blending ratio 17.057 4 4.264 156.012 0.000 3.838
Loop length 1.548 2 0.774 28.317 0.000 4.459
Error 0.219 8 0.027
Total 18.824 14
Table 6: ANOVA results for pilling rate of 1x1 Rib fabrics
Variation source SS df MS caIcEI-ate g | Pvalue | Ferit
Blending ratio 15.417 4 3.854 268.907 0.000 3.838
Loop length 1.6053 2 0.803 56 0.000 4.459
Error 0.11467 8 0.0143
Total 17.1373 14
Shrinkage in widthwise, i.e. in courses direction
was used to characterize dimension stability of
blended knitted fabrics under study. Shrinkage is
%5 an inseparable property of knitted fabrics that can
g 4 not be neglected. This property occurs in many
37 and different conditions especially after wet
o 2 processing and home laundering. It has a
E 1 detrimental effect on the appearance and fitting of
= the knitting cloths on the wearers.

The experimental values of blended knitted fabric
shrinkage in widthwise versus both of blending
ratio and loop length were presented in figures 8
and 9 for single jersey and rib fabrics. The
ANOVA results that are shown in tables 7 and 8
revealed that the both independent variables have
a huge impact on the shrinkage of knitted fabric in
wale direction at 0.01 significance level. It was
estimated that polyester content in the knitted
fabrics accounted for 77% and 87% of the effects
on shrinkage for single jersey and rib fabrics
respectively; whereas the loop length accounted
for 18% and 10% of the effects on knitted fabric
shrinkage for the same knit structures.

From figures 8 and 9, a decreasing trend was
detected concerning the impact of polyester ratio
on knitted fabric shrinkage whether in the case of
single jersey or rib structures. As the polyester
ratio increases, the shrinkage ratio of blended
knitted fabrics decreases. Increasing polyester
ratio leads to a reduction of blended knitted fabric
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from 6% to 2.5% and from 4% to 1.8 % for single
heresy and rib structures respectively. It was also
found that increasing loop length from 2.5 mm to
3 mm decreased the knitted fabric shrinkage from
5% to 3.25% and from 3.24% to 2.56% for the
both knit structures.

The relation between blended knitted fabric
shrinkage and both polyester ratio and loop length
has the following non-linear forms:

Shrinkage, % (single jersey) = 6.3 - 0.1 X + 3.95
Y +0.02 XY - 1.47 Y?

Shrinkage, % (1 x 1 rib) = 6.03 - 0.06 X+ 0.58 Y +
0.013 XY - 0.474 Y?

The values of R?were found to equal 0.94 for
single Jersey model and 0.97 for 1x 1 rib model.

Table 7: Analysis of variance results for dimensional stability of single Jersey blended knitted

fabrics
Variation source SS df MS caIcEI-ate g | Pvalue | Ferit
Blending ratio 22.623 4 5.656 66.019 0.000 3.838
Loop length 5.488 2 2.744 32.031 0.000 4.459
Error 0.6853 8 0.086
Total 28.796 14
Table 8: Analysis of variance results for dimensional stability of 1x1 Rib blended knitted fabrics
Variation source SS df MS caIcEI-ate g | Pvalue | Ferit
Blending ratio 9.811 4 2.452 118.677 0.000 3.838
Loop length 1.161 2 0.581 28.097 0.000 4.459
Error 0.165 8 0.021
Total 11.137 14
Conclusion
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Figure 8: Response surface plot of shrinkage in
lengthwise for single jersey knitted fabric
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Figure 9: Response surface plot of shrinkage in
lengthwise for 1x1 rib knitted fabric
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The aesthetic and functional characteristics of
knitted blended fabrics in terms of blending ratio
and loop length were studied. The experimental
outputs of this research can be abbreviated as
following:
- The loop length and blending ratio were found to
have a huge influence on the bursting strength of
fabrics knitted from single-jersey or rib structures.
- As the polyester ratio increases, the bursting
strength of both structures increases. By contrast, a
reduction of bursting strength was noticeable as
loop length increases.
- The values of air permeability were increased
significantly with increasing the levels of the both
independent variables for both knitted structures.
- The shrinkage in the wales direction was used as
a measure to characterize the knitted fabrics’
dimension stability. It was found that knitted
fabric shrinkage was diminished significantly by
the increase of loop length and polyester blending
ratio.
- Pilling resistance of blended knitted fabrics was
found to be reduced with increasing the polyester
ratio and loop length values.
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