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Abstract

This article presents experimental evaluations of 5 samples of finished woven wool and
wool-blend polyester fabrics with different proportions of raw materials provided by Nam
Dinh Silk Textile Joint Stock Company for research. Experimental evaluations are
sequently performed with fabric capillarity determined according to TCVN 5073-90
standard, the wrinkle resistance degree of fabric determined according to TCVN 7425:2004
standard, the breathability of fabric determined according to TCVN 5092:2009 standard,
the shrinkage of fabric after washing determined according to TCVN 8041:2009 ISO
5077:2007 standards. The research results prove that the material composition of the fabric
affects some fabric properties, specifically concerning fabric sample PLE1 (LE (P/W/C
29.5/70/0.5) has the ability to the highest capillarity in the longitudinal and transverse
directions of 0.83 cm/min and 0.93 cm/min, respectively; PLE2 fabric sample has the
largest crease return angle in the longitudinal direction reaching 174.5° with anti-creasing
coefficient is 96.4%; fabric sample PLE3 has the best air permeability at 53.3 cm®/s/cm?,
fabric sample LE has the highest shrinkage in the longitudinal direction at 1.8%; fabric
sample PLE3 has the highest shrinkage; the horizontal direction reaches 4.0%. The research
results can provide suggestions for textile product designers to choose appropriate materials
when designing to meet usage requirements, contributing to improving product quality
textile products.

Keywords: Woven fabric; wool-blend polyester; capillarity; wrinkle resistance; air permeability;
post-wash shrinkage of the fabric.

1. Introduction

Woven fabric is created by interlacing two systems of warp and weft yarns
according to various weaving patterns. Changes in the structural factors of the fabric
significantly influence its physical and mechanical properties. Properties such as
mechanical strength, shrinkage after washing, breathability, and wicking ability are
affected by alterations in the fabric’s internal structure, including raw material
composition, yarn density, thickness, and weave type.

When evaluating fabric quality, breathability is a critical criterion. It serves as an
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indicator for maintaining hygienic safety in textile products and greatly influences the
thermal conductivity of fabrics. Depending on the intended application, specific
requirements for breathability are set. Innerwear and undergarments require higher
breathability compared to outerwear, and summer garments are more breathable than
winter garments. Within the same unit area, fabrics woven from finer yarns have lower
breathability. Increasing yarn twist can enhance the fabric’s breathability. In the study
by G. A. A. Nassif [1] on “The effect of weave structure and weft density on the
physical and mechanical properties of micro polyester woven fabrics”, it was shown
that the breathability of woven fabrics depends on their structure and weight. Increasing
the weft density raises the fabric's fill factor, thereby reducing its breathability,
demonstrating that breathability is affected by changes in fabric density.

Wool fabrics are a unique material highly valued in the garment industry due to
their natural and distinctive properties. Wool clothing is comfortable to wear, retains
heat well in cold temperatures, and is breathable in warmer climates. In the study “The
effect of structural characteristics of woolen suit fabrics on surface roughness and air
permeability” by A. Gurarda et al. [2], the impact of yarn count, yarn type, and weave
pattern on the surface roughness and breathability of wool fabrics was investigated. Six
fabric samples with different structural characteristics were tested. The results indicated
that changes in the weave pattern of wool woven fabrics affect both surface roughness
and breathability.

A. K. Samanta [3] conducted research on “The effect of blend proportion on yarn
uniformity and imperfection characteristics of ring-spun wool/polyester blends”. The
study utilized two yarn counts spun from four different blend ratios of wool and
polyester. The findings revealed that yarn uniformity improved with an increase in
polyester content in the blend.

In the report on “Pilot production of wool-polyester blended fabrics” by P. H. Chi [4],
two wool-polyester blended fabrics (Wo/PES) with high wool content, namely Wo/PES
50/50 and Wo/PES 60/40, were studied. The project aimed to evaluate, collect, and
refine technological processes and technical parameters for weaving, pre-dyeing
treatment, and finishing of these fabrics. The results demonstrated that the project’s
outcomes could be applied immediately for large-scale industrial production of Wo/PES
products meeting international standards, suitable for high-end garments such as coats
and suits, thus fulfilling the demand for domestic raw materials and export
requirements. Through pilot production of Wo/PES 50/50 and Wo/PES 60/40 fabrics
(comprising five main product categories), the project confirmed the feasibility of
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producing high-wool-content Wo/PES fabrics with profitable outcomes. The products
were quickly purchased by enterprises, proving the potential for scaling up production.

In this study, the authors selected five finished wool and wool-blend woven
fabrics with different material compositions to evaluate the influence of material
composition on: water wicking capacity, wrinkle resistance, breathability, and shrinkage
of the fabrics.

2. Experimentation
2.1. Research subjects

The study utilized 5 types of woven fabrics, including 1 sample of 100% wool
fabric (W100) and 4 samples of polyester-wool blended fabrics (PES/W) with varying
ratios (P/W 30/70, P/W 50/50, P/W 60/40, and P/W 70/30). The fabric samples were
coded as LE, PLE1, PLE2, PLE3, and PLE4, respectively, and were supplied by Nam
Dinh Silk Textile Joint Stock Company, the technical specifications of the experimental
fabric samples are presented in Tab. 1.

Tab. 1. Technical specifications of the fabric samples used in the study

i i i i Fabric densi
Fabric Fabr.lc. Weave Fabric Faprlc I ity varn count
No. | sample |composition pattern width | weight (yarns/10 cm)
coding (%) (cm) | (g/m?) | Vertical |Horizontal | Vertical | Horizontal
1| LE W100 il e | 1770 | 314 274
texture
Twill
2 | PLEL | PW30/70 156 | 1940 | 363 266
texture
3 | pez | pwsoso | ™| s | o579 | 282 222 [
texture
4 | PLE3 | PWG60/40 |Dottexture| 156 | 1430 | 271 245
5 | pea | pw7omo | M| g5 | 2200 | 318 254
texture

2.2. Research content

Study on the effect of 5 types of woven wool and polyester-wool blended fabrics
with different compositions on certain physical and mechanical properties of fabrics:
water wicking capacity, wrinkle resistance, breathability, and shrinkage.
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2.3. Research method
2.3.1. Evaluation of fabric wicking capacity

The wicking capacity of woven fabrics was determined according to the TCVN
5073-90 standard [5].

The wicking test results represent the average of three test samples. The wicking
rate is calculated using the formula:

Y :%(cm/min) 1)

where V is wicking rate (cm/min), h is wicking height (cm), t is wicking time (min).

The wicking results are expressed in cm/min for both the warp and weft directions
of the fabric. The final accurate result of the test is rounded to the nearest 0.1 cm.

The experiment was conducted at the Laboratory for analysis and applications,
Faculty of Chemical Technology, Hanoi University of Industry.

2.3.2. Evaluation of fabric crease recovery through the crease recovery angle

The crease recovery angle of woven fabric was determined according to the
TCVN 7425:2004 standard [6].

The wrinkle resistance of woven fabric in the warp and weft directions (X) is
expressed as a percentage, calculated using the following formula:

x =% 100 2
4
2

a= —I:ln (3)

where a; is the crease recovery angle in the warp or weft direction for each individual
measurement, expressed in degrees, n is the number of tests in the warp or weft
direction of the fabric.

The fully creased angle of the sample is 180°. Intermediate calculations are made
with a precision of 0.1° and rounded to the nearest 1°.

The experiment was conducted at the Textile Testing Center of the Textile and
Garment Research Institute Joint Stock Company.

2.3.3. Evaluation of fabric breathability

The breathability of woven fabric was determined according to the TCVN
5092:2009 standard [7].
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The breathability results were obtained by calculating the average value of
10 trials, expressed in the international SI unit cms3/s/cm?, using the following formula:

\Y
K, :E-T (4)
where is V is the volume of air passing through the sample (cm?3), F is the area of the
sample (cm?), T is the time (5).
The experiment was conducted at the Textile Testing Center of the Textile and
Garment Research Institute Joint Stock Company.
2.3.4. Evaluation of dimensional changes during washing and drying

The dimensional changes during washing and drying of woven fabric were
determined according to the TCVVN 8041:2009 [8].

The experimental results of dimensional changes of the test samples after washing
and drying represent the average value of the measurements from the test samples,
calculated with shrinkage data accurate to 1 mm.

Fig. 1. Wicking Fig. 2. Crease Fig. 3. Breathability Fig. 4. Industrial
measurement device. recovery angle tester. tester. washing machine.

Dimensional changes after washing and drying are expressed as a percentage,
calculated using the following formula:

_Lh o0 5
“==T (%) (%)

where L, is the length of the sample before washing (mm), L, is the length of the sample
after washing (mm), « is the percentage (%) of dimensional change after washing.

The experiment was conducted at the Dyeing Laboratory of Nam Dinh Silk
Textile Joint Stock Company.

Some equipment used in the study are presented in Figs. 1-4.
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3. Results and discussion

3.1. Effect of material composition on the wicking capacity of finished woven wool
and polyester-wool blended fabrics

The woven fabric samples used in the study, with different material compositions,
were coded as LE, PLE1, PLE2, PLE3, and PLE4, and were prepared according to
TCVN 1749:1986. The wicking capacity of the fabrics was then determined according
to TCVN 5073-90 [5], and the results are shown in Fig. 5.
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Fig. 5. Results of the wicking capacity of finished woven wool and polyester-wool blended fabrics.

From the results in Fig. 5, it can be observed that all five fabric samples tested
exhibited wicking ability; however, their wicking rates were generally low. Among the
five samples, the PLEL fabric has the highest wicking capacity in both the vertical and
horizontal directions, at 0.83 and 0.93 cm/min, respectively. The PLE2 fabric has the
lowest wicking capacity in both directions, at 0.08 and 0.20 cm/min, respectively. The
other fabrics, PLE3, LE, and PLE4, have wicking speeds in the vertical and horizontal
directions of 0.69, 0.68, and 0.12 cm/min, and 0.43, 0.57, and 0.23 cm/min,
respectively. This phenomenon could be due to the fact that all the fabric samples
studied are finished fabrics that have undergone a finishing process. The fibers in the
fabric are covered by a chemical coating from the finishing process, which significantly
reduces the surface tension of the fabric compared to the surface tension of the wicking
solution. As a result, the fabric samples in this study have a low wicking capacity.

The results of the wicking test show that the PLE1 fabric, which has the highest
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warp density (363 fibers/10 cm), has the highest wicking rate of 0.83 cm/min. This
fabric also has the highest wicking rate in the weft direction, at 0.93 cm/min, with a
weft density of 266 fibers/10 cm. However, the PLE2 fabric also has a relatively high
fiber density in both the warp and weft directions (282 and 222 fibers/10 cm,
respectively), yet it exhibits the lowest wicking rate, at 0.08 and 0.20 cm/min, with a
significant difference compared to the PLE1 fabric. The other fabrics, although having
high fiber densities in both directions, show low wicking rates. Notably, the PLE4
fabric, with a warp density of 318 fibers/cm (second only to PLEL), has a wicking rate
of only 0.12 cm/min.

Thus, theoretically, fabrics with higher fiber density (more fibers per unit area)
have higher wicking ability, as the distance between fibers decreases, which improves
the liquid transfer along the fiber surface. Conversely, fabrics with lower fiber density
show reduced wicking ability. In this study, all the fabric samples tested are finished
fabrics. Therefore, water droplets have difficulty entering or adhering to the fiber
surface, instead sliding off, increasing the fabric’s ability to keep the product dry or
retain heat.

From a material composition perspective, wool has excellent moisture absorption
due to the hydrophilic groups in the molecules and the structure with a high amorphous
ratio (moisture absorption can reach 17-18% under standard conditions and 40% under
saturated environmental conditions), which results in high wicking capacity. In contrast,
polyester (PES) absorbs almost no moisture (only 0.4% under standard conditions),
making the fabric have low wicking properties. In this study, the experimental fabric
samples showed very low wicking rates, almost as if the fabric did not wick at all,
meaning the fabric does not absorb water into the fibers.

3.2. Influence of material composition on the wrinkle resistance of woven wool and
polyester-wool blended fabrics

The woven fabric samples used in the study, which have different material
compositions, are coded as LE, PLE1, PLE2, PLE3, and PLE4. These samples were
prepared according to TCVN 1748:2007, and then the wrinkle recovery angle of the
fabrics was determined according to TCVN 7425:2004 [6]. From the results in Fig. 6,
it can be observed that the wrinkle recovery angle of all five fabric samples shows
excellent wrinkle resistance. Among the five samples, the PLE2 fabric has the largest
recovery angle in the warp direction at 174.50°, while the PLE4 fabric has the largest
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recovery angle in the weft direction at 170.50°, corresponding to wrinkle recovery
coefficients of 96.40% and 94.70%, respectively. The PLE3 fabric has the lowest
wrinkle recovery angle in the warp direction among the five samples, achieving 162.50°
with a recovery coefficient of 90.10%. The PLEL fabric has the lowest recovery angle in
the weft direction at 87.20%, with a recovery coefficient of 87.20%. This phenomenon
is due to the superior properties of wool and polyester-wool blends.

Chart for determing the wrinkle recovery angle of fabric samples (°)

= 174.5
>~ 175
3 169.5 150 Al
S 170
@ 1% 164
@ 165 62.5 162.
©
2 160 157 =
>
o
g 155
D
~ 150
=
S 15
LE PLE1 PLE2 PLE3 PLE4
Fabric sample
¥ Warp Direction ¥ Weft Direction

Fig. 6. Wrinkle recovery angle results of woven wool and polyester-wool blended fabrics.

The wrinkle recovery angle measurements for the LE, PLEL, and PLE2 fabrics in
the warp direction are higher than in the weft direction. Specifically, the PLE2 fabric's
wrinkle recovery in the warp direction is 8.80% higher than in the weft direction, making
it the fabric with the highest warp recovery among the five experimental samples. The LE
fabric's recovery in the warp direction exceeds that in the weft direction by 0.80%,
showing the smallest difference between the two directions. The PLE1 fabric shows a
3.9% higher recovery in the warp direction compared to the weft direction, and it also has
the lowest recovery in the weft direction among the five samples.

The wrinkle recovery angle results for PLE3 and PLE4 fabrics show higher values
in the weft direction compared to the warp direction. Specifically, the PLE4 fabric has a
0.6% higher recovery angle in the weft direction than in the warp direction. This fabric
demonstrates the highest wrinkle recovery among the five experimental samples and
also shows the smallest difference between the warp and weft directions.
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Thus, the results indicate that the different fiber compositions of wool and
polyester-wool blends affect the wrinkle recovery ability of the fabric, demonstrating
that the material composition significantly impacts the wrinkle recovery of the fabric.
The PLE4 fabric, with a composition of 70% polyester and 30% wool, exhibits the
highest wrinkle recovery angles in both the warp and weft directions, 169.0° and
170.50°, respectively. Meanwhile, the LE fabric, composed of 100% wool, shows the
lowest wrinkle recovery angles in both directions, 164.0° and 162.50°.

3.3. Influence of material composition on the air permeability of woven wool and
polyester-wool blended fabrics

The woven fabric samples used in the study, with different material compositions,
are coded as LE, PLE1l, PLE2, PLE3, and PLE4. These samples were prepared
according to ASTM D1776 standards and then tested for air permeability according to
TCVN 5092:2009 [7]. The results are shown in Fig. 7.

Graph of Air Permeability (cm®/s/cm?)
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Fig. 7. Air permeability chart of the experimental fabric samples.

From the results shown in Fig. 7, the data reveal that the air permeability of the five
experimental fabric samples shows that the PLE3 fabric is significantly higher than the
other four samples (with a value of 53.30 cm®/s/cm?), 7.8 times higher than the fabric with
the lowest air permeability, PLE2 (which only reached 6.80 cm®/s/cm?), and 7.4 and 6.6
times higher than the PLE2 (7.20 cm®s/cm?) and PLE1 (8.1 cm®s/cm?) samples,
respectively. This phenomenon can be explained by the fact that PLE3 is the only fabric
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sample used in the experiment that is woven with a plain weave, and it has the lowest
fiber density among the five samples tested (with warp density of 271.30 fibers/10 cm and
weft density of 244.50 fibers/10 cm); the other four experimental samples are woven in
twill weave, which has higher warp and weft densities than the PLE3 fabric. This
indicates that the gaps between the fibers in the PLE3 fabric are larger, resulting in higher
air permeability compared to the other samples.

The LE fabric sample has the second highest air permeability among the five
experimental fabrics (at 12.70 cm®/s/cm?). This is also the fabric with the highest air
permeability among the four twill-woven samples, including LE, PLE1, PLE2, and
PLEA4. This is one of the advantageous characteristics of fabrics with wool content.

The results for the air permeability of the three fabric samples PLE2, PLE4, and
PLE1 are all low, at 6.80, 7.20, and 8.10 cm?®/s/cm?, respectively. This is completely
consistent with their wrinkle resistance measurements. These fabrics all have high
wrinkle resistance, and generally, fabrics with high wrinkle resistance tend to have
lower air permeability.

Thus, the material composition affects the air permeability of the five experimental
fabrics, and additionally, the weave pattern also influences the fabric's air permeability.

3.4. Influence of material composition on dimensional changes during washing and
drying of woven wool and polyester-blend fabrics

The woven fabric samples used in the study, which have different material
compositions, are coded as follows: LE, PLE1, PLE2, PLE3, and PLE4. These samples
were prepared according to TCVN 1748:2007, and then the dimensional changes of the
fabrics after washing and drying were determined according to TCVN 8041:2009 [8].
The data from Fig. 8 indicate that the shrinkage after washing of the 5 experimental
fabric samples in both the longitudinal and transverse directions is not significant. The
longitudinal shrinkage tends to decrease as the proportion of wool blended with
polyester increases. Specifically, the longitudinal shrinkage of the fabric samples LE,
PLEL, PLE2, PLE3, and PLE4 are 1.8%, 1.4%, 1.2%, 0.8%, and 0.4%, respectively. For
the transverse shrinkage, the 3 fabric samples LE, PLE1, and PLE2 also show a
decreasing trend, with shrinkage values of 1.0%, 0.8%, and 0.6%, respectively.
However, the shrinkage of the PLE3 and PLE4 samples tends to increase, with values of
4% and 2%, respectively. This phenomenon can be explained by the fact that the PLE3
fabric has a point weave pattern, is thinner (with the lowest weight among the 5
experimental fabric samples), and has a looser transverse structure, which leads to
higher shrinkage after washing compared to the other samples.
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Graph of fabric shrinkage after washing and drying (%)
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Fig. 8. Results of fabric shrinkage after washing for woven wool and polyester-blended finished fabric.

For the 4 fabrics LE, PLE1, PLE2, and PLE4, all woven fabrics, the shrinkage in
both directions (longitudinal and transverse) is either less than or equal to 2%. Only the
PLES3 fabric has a transverse shrinkage of 4%, slightly higher than the other samples but
not significant. The longitudinal shrinkage is only 0.8%, so all 5 fabric samples can be
considered as having minimal shrinkage.

4. Conclusion

The experimental results show that the fabric composition affects several physical
and mechanical properties of the fabric, specifically:

The fabric composition has minimal effect on the capillarity of the fabric. Among
the 5 experimental fabric samples, the PLE1 (P/W 30/70) sample has the highest
capillary rise in both longitudinal and transverse directions, measuring 0.83 cm/min and
0.93 cm/min, respectively. The PLE2 sample has the lowest capillary rise in both
directions, with values of 0.08 cm/min and 0.20 cm/min, respectively. The other fabric
samples, PLE3, LE, and PLE4, show capillary rise rates of 0.69, 0.68, 0.12 cm/min and
0.43, 0.57, 0.23 cm/min in the longitudinal and transverse directions, respectively. Thus,
wool and polyester blend fabrics, with varying ratios, exhibit very low capillary rise
values, which suggests that the fabric does not absorb water into the fibers.

The fabric composition also affects the wrinkle recovery of the fabric. All
experimental fabric samples demonstrate excellent wrinkle recovery. Among them, the
PLE2 sample shows the highest wrinkle recovery angle in the longitudinal direction,
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reaching 174.5°, with a wrinkle resistance factor of 96.4%. The PLE4 sample has the
highest wrinkle recovery angle in the transverse direction at 170.5°, with a wrinkle
resistance factor of 94.7%. The PLE3 sample has the lowest wrinkle recovery angle in
the longitudinal direction at 162.5°, with a wrinkle resistance factor of 87.2%. The
sample with the lowest wrinkle recovery angle in the transverse direction is PLEL, at
157°, with a wrinkle resistance factor of 87.2%. The results indicate that the excellent
wrinkle resistance of wool and polyester fabric blends is a significant advantage during
use. This property results in fabrics with good appearance and ease of use, and
especially helps designers create high-end products such as suits and coats that can be
machine-washed without affecting their shape or appearance. This also allows the
wearer to save time on ironing, increasing the product's utility value.

The fabric composition affects the fabric’s breathability. Among the 5
experimental fabric samples, the PLE3 fabric exhibits the best breathability, measuring
53.3 cm?/s/cm2. This is also the only sample woven in a point weave pattern, allowing
air to easily pass through the spaces, making it more breathable than fabrics woven in a
twill pattern. The LE sample also has the second-highest breathability, which is
understandable because the sample is made from 100% wool, which naturally has good
breathability. The PLE4 sample shows the lowest breathability at 7.2 cm3/s/cm?.

The fabric composition influences the shrinkage after washing, although the
shrinkage in the experimental samples is not significant. Among the 5 fabric samples,
the LE sample has the highest longitudinal shrinkage at 1.8%. The PLE4 sample has the
lowest longitudinal shrinkage at 0.4%. The longitudinal shrinkage tends to decrease as
the wool proportion in the polyester blend increases. The PLE3 sample shows the
highest transverse shrinkage at 4.0%. The PLE2 sample has the lowest transverse
shrinkage at 0.6%. The transverse shrinkage generally decreases as the wool proportion
in the polyester blend increases.
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DANH GIA MOT SO PAC TINH CUA VAI DET THOI LEN
VA POLYESTER PHA LEN

Luu Thi Tho', Mai Thi Thanh Hu:(rng2
'Khoa Cong nghé may va Thiét ké thoi trang, Truong Dai hoc Cong nghiép Ha Nji
2Khoa Ky thudt may va Thoi trang, Truong Cao dang Cong nghé Viét - Han Bic Giang

Tém tit: Bai bao trinh bay két qua danh gia mot sé dic tinh cua vai dét trén 5 miu vai
dét thoi len va polyester pha len c6 ti 1¢ thanh phan nguyén lidu khac nhau duoc cung cip boi
Cong ty C6 phan Dét lya Nam Dinh dé nghién ciru. Cac danh gia dugc thuc hién lién quan dén
dd mao dan cua vai duge xac dinh theo tiéu chudn TCVN 5073-90, d6 khong nhau cia vai xac
dinh theo tiéu chuan TCVN 7425:2004, do thoang khi ctia vai dugc xac dinh theo ti€u chuin
TCVN 5092:2009, d6 co cua vai sau giat duoc xac dinh theo tiéu chuén TCVN 8041:2009 I1SO
5077:2007. Két qua nghién ciru cho thdy thanh phin nguyén liéu cia vai ¢6 anh huéng dén mot
s6 dic tinh cua vai gdm mAu vai PLE1 (LE (P/W/C 29,5/70/0,5) c6 kha ning mao dan cao nhét
theo hudng doc va hudng ngang, twong ung 1a 0,83 cm/phut va 0,93 cm/phut; mau vai PLE2 ¢6
goc hdi nhau 16n nhét theo hudng doc dat 174,5° voi hé ) chéng nhau 1a 96,4%; mau vai PLE3
c6 do thoang khi tot nhat dat 53,3 cm3/s/cm?; mau vai LE d6 do co cao nhit theo huéng doc dat
1,8%; mau vai PLE3 c6 d¢ co cao nhit theo huéng ngang dat 4,0%. Két qua nghién ctru c6 thé
g0i ¥ cho nha thiét ké san pham dét may tham khao dé Iya chon nguyén liéu phu hop khi thiét

ké dap mg yéu cau sir dung, gop phan nang cao chit luong san pham dét may.

Tir khoa: Vdi dét thoi; polyester pha len; dé mao dan; dg khéng nhau;, do thodng khi;
do co sau gidt cua vdi.
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