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Abstract

Keywords

Hair loss (Alopecia) caused by chemotherapy is a prevalent and distressing side
effect that many cancer patients experience. It can cause psychological problems
including poor self-esteem and social withdrawal. Chemotherapy can also interfere
with the body's natural ability to regulate its temperature, leading to uncomfortable
physical sensations of extreme heat or cold. The main objective of this research is to
create head covering materials that use Phase Change Materials (PCMs) to reduce
these symptoms. These PCM-based textiles are designed to improve patient comfort
and well-being during chemotherapy by preserving an even and comfortable
temperature around the scalp. Four samples were produced using three weft
materials blended as following; (50 % Viscose PCM: 50 % Lyocell, and 50 %
Viscose PCM: 50 % Bamboo), using two weave structures (Matt Rib 2/2 and
Piqué), then the laboratory tests were applied to assess comfort and heat capacity
properties for the produced samples. Fabric Air Permeability, Stiffness, Horizontal
Wicking, Water Vapor Permeability, Differential scanning calorimetry (DSC) and
the porosity percentage of the fabrics were all assessed. Results revealed that Piqué
weave enhances air permeability and reduces fabric stiffness, with Bamboo weft
achieving the highest air flow and lowest stiffness. Lyocell excels in moisture vapor
transport, horizontal wicking, and latent heat properties. Matt Rib weave improves
horizontal wicking and latent heat, with fabric weight directly affecting heat
capacity.
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1. Introduction Medtech or medical

textiles

-also known as

Technical textiles encompass textile-based products
with performance and functional characteristics
rather than decorative or aesthetic purposes. [1],
[2], [31, [4] Nonetheless, its distribution patterns are
similar to those of home textiles in general. The
primary distinction is that, although the activities in
clothing textiles are uniform in nature, technical
textiles encompass a diverse variety of groups,
ranging from the manufacturing of parachutes to
golf clubs makers. [5] Technical textiles can be
classified into twelve sectors according to the
market as follows: buildtech (construction),
sportech (sports), oekotech (ecological protection),
indutech  (industrial), agrotech  (agriculture),
medtech  (medical), geotech  (geotechnical),
hometech (domestic), clothtech (clothing), protech
(protective), packtech (packaging), and mobiltech
(transportation). [6], [7]

healthcare textiles- are one of the more continual
expanding sectors within the market of technical
textile. [8], [9], [10] They comprise a broad range
of items, and their products are primarily produced
using four different kinds of textile structures. They
can be knitted, woven, braided, or nonwoven.
While the fourth of them can be manufactured
straight from fibers or even polymers, the first three
items are made from yarns. The main
characteristics of textile materials used in medicine
include softness, flexibility, tenacity, absorbency,
and biodegradability or biostability. The
aforementioned specifications can be satisfied by
employing  appropriate  polymers in  the
manufacturing of textile fibers and materials. [2]
Medical textiles can be implantable or non-
implantable , the implantable textile materials are
used for replacement of the damaged tissues or
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organs in the body, on the other hand, the non-
implantable  textile are meant to be applied
externally, sometimes in contact with the skin and
other times not. [9],[11], [12]

A substantial class of the intelligent materials of
medical or healthcare textiles are PCMs or phase
changing materials; as their morphology (such as
molecular structure, shape, solubility, porosity,
state) is changed as a response to predetermined
stimuli (such as chemical, thermal,..) [13]. Phase
changing materials are compounds that have a
distinctive ability to release, absorb and store
temperature -through chemical bonds change-
during state shift (such as from solid to liquid, or
from liquid to solid). [14], [15], [16]

As latent heat storage is considered one of the best
methods for storing thermal energy, PCMs -due to
their higher latent heat values- offer a higher
storage density and require only a small
temperature difference for storing and releasing
heat. They can absorb and release significant
amounts of heat energy during their phase
transitions, such as melting and solidifying. [17],
[18], [19] PCMs possess several outstanding
characteristics; they are nontoxic, highly
chemically stabile, noncorrosive, biocompatible,
and nonexplosive. They exhibit excellent chemical
properties which allowing them to complete
reversible freezing and melting cycles without
degradation even after long term thermal cycling.
[18], [20]

PCMs can be embedded into textiles to create a
material that combines both the benefits of PCM
with the advantages of textile materials. Textiles
are lightweight, comfortable , portable , and
practical which makes them ideal for such
applications. [21] Various processes such as bi-
component synthetic fiber extrusion, coating,
laminating, melt spinning, encapsulation, and
finishing can be used to incorporate PCMs into
textile materials. [22], [23]

When in contact with the human body, clothing
should be comfortable for extended wear and free
from issues like blood flow restriction, skin
irritation, or other health problems. PCMs are ideal
compounds for achieving this, as they help
maintain the body in a comfortable and normal
temperature range. [20], [24]

There are countless applications of PCMs in the
medical field, for example, heat and cold therapy
(e.g., blankets to prevent hypothermia and cooling
packs for post-surgery use), neonatal care (e.g.,
maintaining suitable ambient temperatures for
newborns, which is critical to prevent conditions
like neonatal asphyxia), orthoses and prostheses
(e.g., enhancing wearing comfort), and storage and

transport (e.g., temperature regulation during
cancer drug delivery), and many other use fields for
PCMs in medical applications. [25], [26], [27]

One of the most significant areas of medical
concern is cancer. In 2020, approximately 19.3
million new cases of cancer were recorded globally,
making it one of the primary causes of death
worldwide. The three major clinical therapies for
cancer are chemotherapy, radiation therapy, and
surgery [26], [28], [29], [30]

Chemotherapy, in particular, aims to eradicate
cancer cells by targeting rapidly dividing cells.
However, conventional chemotherapy also affects
healthy cells that divide quickly, leading to side
effects such as fatigue, infections from damaged
blood cells, and hair loss caused by damage to hair
follicle cells. [31], [32], [33], [34]

One frequent and upsetting side effect of
chemotherapy is alopecia (or hair loss).
Alopecia, brought on by chemotherapy, is
commonly cited as the most upsetting side effect of
the cancer treatment. It can result in psychological
problems including social disengagement, low body
image, and even resistance to potentially healing
treatment. All the body areas are influenced by
chemotherapy-induced alopecia, including the
pubic hair, beard, eyebrows, and eyelashes,
however the scalp has the most noticeable hair loss.
One to three weeks after beginning chemotherapy,
patients begin to experience headaches, discomfort,
and irritation before their scalps begin to lose hair.
[35], [36], [37]

In addition to alopecia, chemotherapy patients often
experience disruptions in their body’s natural
temperature regulation. Extreme hot or cold
feelings result from this, and periods of shivering or
perspiration make the physical pain worse. The
scalp is more susceptible to these temperature
changes since it is more exposed as a result of hair
loss. [38], [39], [40], [41],

By preserving a constant and comfortable
temperature around the scalp, PCM-based textiles
can aid in dealing with these issues. PCM materials
can relieve sudden changes in temperature by
absorbing, storing, and releasing heat as needed,
which help inimproving chemotherapy patients'
comfort and general well-being.

Il. Materials and Methods

This experimental work is focus on studying the
effect of different weave structures and weft
materials on the comfort properties of produced
headscarves fabrics as air permeability, Moisture
Vapor Transport Rate (MVTR), stiffness,
horizontal wicking, and latent heat.
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2.1. Warp & Weft Materials
Four samples were produced, using ITEMA dobby

weaving machine with the specifications as shown
in Table (1).

Table (1) Specifications of Produced Samples

sampl Fabric Warp_ Warp Ends/ _ . Weft Ricks Ma_lss per | Thickne
e No structur | materi | count inch Weft materials Ratio | count | /inch | unitarea SS
' e al (Ne) (EPI (Ne) (PPI) (g/m2) (mm)
S1 Matt/ Rib Viscose PCMs: Lyocell 50%:5 136.2 0.30
S2 2/2 Viscose PCMs: Bamboo ’ 127.6 0.35
S3 Bique Cotton 5072 a Viscose PCMs: Lyocell 0% 301 61 132.4 0.37
S4 Viscose PCMs: Bamboo 126.6 0.42

Figure (1) indicates 3-D simulation of weave structure modeled in TexGen software; (A) Matt Rib 2/2 and
(B) Piqué, while Figure (2) shows macroscopic images of the produced headscarf fabric in grayscale mode.
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Figure (1) 3-D Simulation of (A) Matt Rib 2/2 and (B) igue Weave Structure Modeled in TexGen
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Figure (2) Macroscopic Images of the Produced Headscarf Fabric in Grayscale Mode

Figure (3) illustrated 3-D presentation for research
sample no. 4 (50% Viscose pcm : 50% Bamboo
with Piqué weave structure).

/ 1“

Figure (3) 3-D Presentatlon for Research Sample
No. 4
2.2. Characterizations
Five comfort testing were carried on samples to
evaluate its performance according to standard test
methods and end use. Air permeability was

conducted according to (“ASTM D737 -04),
Stiffness of samples were evaluated according to

(“ASTM  D4032 ),Horizontal wicking was
examined according to (AATCC 198 (2012)),
Water vapour permeability was tested using dish
method according to ( BS 7209.) and Differential
scanning calorimetry (DSC) was conducted
according to (ASTM E793 (2001)).

The porosity percentage of the fabrics was assessed
using a digital image analysis technique. Images
were captured with a mobile magnifier application.
These fabric images were initially saved in
grayscale and then converted to black-and-white
monochromatic images using Adobe Photoshop.
Following this, the Nedgraphics program was used
to analyze the images and determine the porosity
percentage by calculating the ratio of each color
pixel.

[ll. Result and Discussion

The main objective of This part is studying the
effect of the research parameters on the produced
samples properties. The following Table (2) shows
the results of tests applied to the produced fabrics.
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Table (2) Produced Fabrics Testing Results
Variables Results
Alr Moisture Therm
Sample Fabric Permea vanor Stiffness Horizontal Latent al
No. Weft materials bility P Wicking Heat Capaci
structure Transport Rate (Gf) .
(Cm3/C (g/m2 / day) (mm/sec.) >i/9) ty
m2/S) g Y (i/m2)
50%Viscose PCMs: 50%
S1 Matt Rib Lyocell 103.7 702.7 104 12.66 9.2 1253
) 202 50%Viscose PCMs: 50% 106 562.2 88.7 11.41 7.1 906
Bamboo
0, i . 0,
s3 50 /"V'SCE;‘;;?IMS' 50% 123 773 87 9.42 8.4 1114
Bique AV o
s4 50%Viscose PCMs: 50% | 1,6 5 610.5 80 8.7 6.1 7723
Bamboo

3-1 Air Permeability

Table (2) and Figures (4) and (5) show the effect of research variables on the air permeability test results of

the produced headscarf fabrics.
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Sample 1 Sample 2 Sample Sample 4

97.4 % packing factor: 96.4 % packing factor 91.9 % packing factor: 90.8 % packing factor:

2.6 % porosity 3.6 % porosity 8.1 % porosity 9.2 % porosity

Figure (4) Porosity & Packing Factor of Produced Samples Using Image Analysis Method
3-1-1 Effect of Weave Structure on Air

Permeability

It can be noticed from Figures (1) and (5) that
Piqué weave structure has recorded the high rates
of fabric air permeability compared to Matt Rib
weave structure. This is due to increases the float

length in Piqué weave structure leads to decrease
number of intersections per unit area in the
produced fabrics, which leads to increases the
porosity of fabrics. As a result, the air permeability
of produced fabrics increases.

Air Permeability { cm3/cm?2/s)

3-1-2 Effect
Permeability

of Weft

200.0

150.0

I

100.0

50.0

I

Ln
[y

Matt Rib 2/2

Pique

Samples

Figure (5) Effect of Weave Structure on Air Permeability

Materials on Air

It can be observed from Figures (4) and (6) and
Table (2) that the Bamboo yarn has recorded the
highest rates of air permeability followed by

Lyocell fiber. This can

be attributed to a specific

cross-sectional shape, air gaps, and micro holes of
Bamboo fibers as shown in Figure (7). So as the
result the fabric becomes more porosity and hence
the air permeability increased by using Bamboo
compared to Lyocell. [42]
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ect of Weft Materials on Air Permeability

Viscose (PCMs) : lyocell

=—

Viscose (PCMs) : Bamboo

Samples

Figure (7) SEM Image of Using Weft Materials Cross-Section (A) Bamboo and (B) Lyocell

3-2 Moisture Vapor Transport Rate (MVTR)
Table (2) and Figures (8) and (9) show the results
of moisture vapour transport rate test carried out on
the produced headscarf fabrics.

3-2-1 Effect of Weave Structure on (MVTR)

It is clear from Figure (8) that Piqué weave

structure has recorded the high rates of moisture
vapour transport rate compared to Matt Rib weave
structure. This is due to Piqué weaves tend to be
more porous, providing better ventilation and
allowing moisture vapor to pass through more
freely than Matt Rib weaves.

1,000.0
900.0
800.0
700.0
600.0
500.0
400.0
300.0
200.0
100.0

MVTR { g/ m?/day )

Matt Rib 2/2

[

LTI

e

S2 53 S4
Pique

Samples

Figure (8) Effect of Weave Structure on Moisture Vapour Transport Rate

3-2-2 Effect of Weft Materials on (MVTR)

From Figure (9) and Table (2) it can be conducting
that the Lyocell yarn has recorded the highest rates
of (MVTR) followed by Bamboo yarn. This is due
to the diffusion rate of water vapour along the

textile material depend on the water vapor

diffusivity of the fibre. Diffusivity of the material
increasing with the increase in moisture regain. [43]
Consequently, samples made with Lyocell
materials have higher water vapor permeability due
to the higher moisture retention rate of Lyocell
fibres (13%) compared to Bamboo fibres (11%).
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Samples
Figure (9) Effect of Weft Materials on (MVTR)

3-3 Fabric Stiffness Piqué weave has scored the low rates of fabric

Table (2) and Figures (10) and (11) show the effect stiffness compared to Matt Rib 2/2. This is because
of research variables on the stiffness test results of textiles with long floats in their weave structure can

the produced headscarf fabrics. afford greater flexibility. Therefore, the bending
3-3-1 Effect of Weave Structure on Fabric resistance of manufactured fabrics decreases when
Stiffness Piqué weave structure is used.

It can be seen from Figure (10) and Table (2) that

120

100

o0
o

Stiffness (Gf)
3

40

20

S1 52 S3 54
Matt Rib 2/2 Pique
Samples
Figure (10) Effect of Weave Structure on Fabric Stiffness
3-3-2 Effect of Weft Materials on Fabric fabrics tend to be more flexible, so as a result,
Stiffness Bamboo as a weft material, which achieves a lower
From Table (2) and Figure (11), it is observed that mass per unit area as shown in Table (1) leads to a
the Bamboo as weft material improves the bending decrease in bending resistance compared to Lyocell
characteristic of the final produced fabric, followed materials.
by Lyocell. This is due to the fact that the lighter

= Matt Rib 2/2 = Pigue

120

3

==

a0
60

Stiffness (Gf)

40
20

| — |

Viscose (PCMs) : lyocell Viscose (PCMs) : Bamboo

Samples
Figure (11) Effect of Weft Materials on Fabric Stiffness
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3-4 Horizontal Wicking

Table (2) and Figures (12) and (13) show the effect
of research variables on the horizontal wicking test
results of the produced headscarf fabrics.

3-4-1 Effect of Weave Structure on Horizontal
Wicking

From Figures (12) and Table (2) it can be seen that,
16

14

12
10

Horizontal Wicking (mm?2/S)

[T L RN N o NI ]

s1 s2
Matt Rib 2/2

the horizonal wicking rate of Matt Rib weave
highest than Piqué weave. This is owing to
decreases the float length in the Matt Rib weave as
shown in the Figure (1) which leads to an increase
in routing points in this samples compared to
samples with Piqué weave structure. So, as the
result the horizonal wicking rate increases.

53 54

Pique
Samples

Figure (12) Effect of Weave Structure on Horizontal Wicking

3-4-2 Effect of Weft Materials on Horizontal
Wicking

From Figure (13) and Table (2) it can be
conducting that the Lyocell yarn has recorded the
highest rates horizontal wicking followed by
Bamboo yarn. This can be attributed to the structure
of Lyocell fiber is composed of nano-fibrillar

cellulose, featuring numerous non-swelling
crystalline microfibers alongside highly hydrophilic
crystalline nano-fibrils. These components are
organized in a consistent arrangement, resulting in
a nanofibrillar, non-porous structure. [44] So, as a
result fluid transport across the surface of the
fabric, enhancing horizontal wicking.

m Matt Rib 2/2  m Pique

- 14

g 10 e | Eﬁ

(] 1 E g

i — —

g o E LE

X Viscose (PCMs) @ lvocell Viscose (PCMs) : Bamboo

Samples

Figure (13) Effect of Weft Materials on Horizontal Wicking

3-5 Latent Heat

Table (2) and Figures (14) and (15) show the effect
of research variables on the latent heat test results
of the produced headscarf fabrics.

3-5-1 Effect of Weave Structure on Latent Heat
It can be observed from Figure (14) and Table (2)
that the Matt Rib weave structure has recorded the

highest rates of latent heat followed by Piqué
weave structure. This can be attributed to a higher
packing factor percentage in produced fabric as
shown in Figure (4), leads to increase the
percentage of PCMs in the sample. So as the result
the latent heat of produced headscarf fabrics
increases and vice verses.
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Latent Heat ( j/g)

S
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- [NNIE

54

Matt Rib 2/2 Pique
Samples
Figure (14) Effect of Weave Structure on Latent Heat
3-5-2 Effect of Weft Materials on Latent Heat Bamboo fibers due to their dense, homogeneous
It can be seen from Figure (15) and Table (2) that structure. This facilitates faster and more efficient
the Lyocell as weft material has recorded the heat exchange between the PCM and the
highest rates of latent heat followed by Bamboo surroundings,  enhancing the latent  heat
materials. This can be attributed to Lyocell fibers performance.
exhibit relatively higher thermal conductivity than
™ Matt Rib 2/2  mPique
12
10
W
= 8
%
g 8] [ = ‘J'—-ﬂ
€ ;
g 4 |
3 i
8}
viscose 36/1: lyocell viscose 36/1: bamboo
Samples

Figure (15) Effect of Weft Materials on Latent Heat

3-5 Heat Capacity per Square Meter

Table (2) and Figures (16) show the effect of
research variables on the heat capacity per square
meters test results of the produced headscarf
fabrics.

3-5-1 Effect of Fabric’s Weight on Thermal
Capacity

1600

From Figure (16) there is a direct relationship
between the fabric weight and latent heat of fabric’s
meter square. This is due to increase in fabric
weight increases the PCMs percentage in the
fabrics which leads to an in increase in the latent
heat per meter square.

1400 r\
E 1200 =r= i e
E 1000 | — - _—_-_-gi!. 132 'E
Z == N < .~ = 130 =
Z T 130 ™
§ o0 5 = == 63
= = == == =
e — 1
= = = =
O _ —_— | ——— |
) 53 54
Matt Ril e
Samples
Heat Capadty -— Welght

Figure (16) Effect of Weave Structure on Fabric Heat Capacity
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IV. Conclusions:

The main objective of this work was manufacturing
a blended woven headscarf fabrics using three weft
materials and blended as following ratio (50 %
viscose PCM: 50 % Lyocell & 50 % viscose PCM:
50 % Bamboo) with two weave structures (Matt
Rib 2/2 & Piqué) and examining the effect of this
parameters on comfort and heat capacity properties.
From the results, statistical analysis and discussion
concerning with the comfort properties of produced
fabrics evidently showed that:

o Air permeability property of produced
headscarf fabrics have been increased by using
Piqué weave. Whilst the Bamboo as weft
materials have been achieved the highest rate
of air flow through both side of fabric.

e Piqué weave has recorded higher rates of
Moisture Vapour Transport Rate (MVTR).
However, the Lyocell has been recorded the
highest rates of (MVTR).

e Pigué weave has recorded lowest rates of
fabric stiffness. Whilst the Bamboo as weft
material has scored the smaller rates of fabric
stiffness.

e Horizontal wicking property of produced
headscarf fabrics have been increased by using
Matt Rib 2/2 as weave structure. However, the
Lyocell has been achieved the highest rates of
horizontal wicking.

e Matt Rib weave has recorded higher rates of
fabric latent heat compared to Piqué weave.
Whilst the Lyocell has recorded the highest
rates of latent heat.

e There is a direct relationship between fabric’s
weight and the heat capacity of produced
headscarf fabrics.
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