(REFEREED RESEARCH)

ELASTIC BANDAGES WITH IMPROVED
COMFORT PROPERTIES

KONFOR OZELLIKLER{ GELISTIRILMIS
ELASTIiK BANDAJLAR

Giildemet BASAL,

Senem SIRIN DEVECI

Ege University, Faculty of Engineering, Department of Textile Engineering,
35100, Bornova-Izmir, TURKEY

Received: 06.07.2015

ABSTRACT

Accepted: 07.04. 2016

Elastic bandage samples were produced on a crochet knitting machine utilizing some special polyester, cotton and viscose yarns.

Air permeability, porosity, thermal conductivity, thermal absorbtivity, thermal resistance and water absorbency of these bandages were
compared. Results revealed that air permeability depended on fabric density and porosity. Capillarity action played a significant role in
water absorbency. Particularly, channeled fiber structure improved water absorbency in a great extent. Thermal conductivity was
affected by fiber type and fabric density. Cotton and viscose fibers, and dense fabric structure caused high thermal conductivity.
Thermal resistance showed an opposite trend. In addition, in order to improve thermal comfort characteristics of the bandages phase
change material (PCM) loaded microcapsules were applied to one of bandage samples. Alambeta test results confirmed that application
of PCM microcapsules improved the thermal comfort properties of bandages in some extend.
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OZET

Ozel poliester, pamuk ve viskon iplikleri kullanilarak krose 6rgii makinesinde elastik bandaj numuneleri {iretilmistir. Bu bandajlarin
hava gegirgenlik, gozeneklilik, 1s1l iletkenlik, 1s1l sogurganlik, 1s1l direng ve su emicilikleri kiyaslanmistir. Sonuglar hava gegirgenliginin
kumas yogunlugu ve gozeneklilige bagli oldugunu ortaya koymustur. Kapilarite su emiciliginde énemli bir rol oynamaktadir. Ozellikle,
kanall1 lif yapis1 su emiciligini bilyiik dl¢iide iyilestirmektedir. Isil iletkenlik lif tipi ve kumas yogunlugundan etkilenmektedir. Pamuk ve
viskon lifleri ve siki kumas yapisi yiiksek 1s1l iletkenlige sebep olmaktadir. Isil direng tam tersi bir egilim gostermektedir. Ayrica, bir
bandaj numunesine termal konfor 6zelliklerini gelistirmek i¢in faz degistirici materyal yiiklii mikrokapsiiller aplike edilmistir. Alambeta
test sonuglari faz degistirici materyal yiiklii mikrokapsiillerin bandajlarin 1s1l konfor 6zelliklerini bir miktar iyilestirdigini dogrulamustir.

Anahtar Kelimeler: Elastik bandaj, 1s1l konfor, hava gecirgenligi, su emicilik, faz degistiren material, mikrokapsiil
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1. INTRODUCTION

Medical textiles are a major expanding area in the technical
textiles industry. Examples of their application include

wound dressings, artificial ligaments, sutures, artificial
liver/kidney/lungs, vascular grafts/heart valves, artificial
joints/bones, eye contact lenses and artificial cornea,

nappies, sanitary towels, surgeons wear and bandages [1].
Elastic bandages are the stretchable textile surfaces used to
create localized pressure [2]. They can be used to reduce
bleeding and swelling by generating pressure during first
aid, to wrap up injuries and fix dressings, and to help

healing process of sprains and bruises by immobilizing the
injured tissues, joints, muscles, and limbs [3]. They are
generally produced in the width of 6 to 15cm depending on
application area. For instance a bandage of 6cm is usually
preferred for hand and wrist, of 8-10cm width is for forearm
and ankle and of 12-15cm width is for knee, calf, shoulder
and groin regions [4]. They can also have different level of
elasticity up to the usage area. The tension level is
depended on the type of construction and/or spandex fiber
content of fabric. While the middle level of tension is mostly
preferred for the first-aid treatments, strong level is used for
supporting wide muscle groups. Elastic bandages can be
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manufactured in the forms of knitted or woven textiles and in
different shapes so they can be used for the different parts
of body [5,6]. In sport's medical care and light support
treatments the most encountered elastic bandage type in
market are produced on crochet knitting machines. Crochet
machines are convenient for the production of bandages
with their simple construction, ease of pattern and width
changing, possibility of individual yarn packages or beams
utilization and thus providing the opportunity for short runs
on coarse- or fine-gauge structures [7]. Crochet warp
knitting structure, in its basic form, relies on attaching of
columns to each other, that are formed by the warp yarns,
by means of a continuous weft yarn [8]. Bandages can be
produced with different kinds of fibers such as cotton,
viscose, lyocell, polyester, polyamide or their blends [5,6].

Main design requirements for elastic bandages are optimum
support, ease of use and wear comfort for prolong use.
Wear or clothing comfort is generally classified into two
categories: thermophysiological and sensorial (neuro-
physiological) comfort. Thermophysiological comfort is
mainly related to the dissipation of metabolic heat and
moisture and governed by the thermal resistance, water
vapor permeability (breathability), wickability, sorption of
water, water resistance, repellency and proofness, and
drying rate of the textile material. Sensorial comfort, on the
other hand, is related to the interaction between the skin
and clothing material and affected by prickliness, itchiness,
inflammation, roughness, thermal character (warm/cool
feeling), and electrostatic propensity of the textile material
[9-18]. All these physical properties are affected by fabric
mass, fabric thickness, fiber, yarn, and fabric structures,
fabric porosity and cover factor. Comfort properties of elastic
bandages depend mainly on fabric and yarn structure and
fiber type. Manufacturing system affect structural features of
bandages, and in turn, comfort properties such as fabric
handle, stretch, air permeability, and thermal comfort. Fiber
type influences thermal comfort properties, water
absorbency and air permeability. In short, to obtain
improved wear comfort a careful selection of fiber material
and fabric structure is essential. Another way of improving
thermal comfort properties of textiles is the inclusion of
phase change materials into them. Phase change materials
(PCMs) absorb, store, and release large amounts of latent
heat over a defined temperature range when experiencing a
phase fransition and by doing that they keep the
temperature of surroundings more or less constant, and
provide both active and passive thermal insulation effects.
PCM materials are usually incorporated into textiles in the
microcapsule form [19-26]. In medical textiles to regulate
the patient’s micro climate PCMs are already used in acrylic
blankets and bed covers [27]. Moreover, surgical apparel,
bandages and bedding material are considered as potential
application areas for PCM microcapsules [28].

There have been some studies on the thermal comfort
properties of medical textiles, but the majority have been on
surgical gowns[29,30,31], gloves and masks [29] and
compression stocking [32]. The aim of this work was to
investigate comfort properties of elastic bandages produced
from different types of yarns. For this purpose bandage
samples were produced on a crochet knitting machine
utilizing some special polyester, cotton and viscose yarns;

subsequently air permeability, porosity, thermal conductivity,
thermal absorbtivity, thermal resistance and water
absorbency of these bandages were compared. In addition,
a preliminary work was carried out to find out the effect of
PCM microcapsules on thermal comfort characteristics of
these bandages. PCM loaded silk fibroin / chitosan
microcapsules were applied to bandages and the effect of
PCM microcapsules on thermal conductivity, thermal
absorbtivity, and thermal resistance of bandages were
examined.

2. EXPERIMENTAL
2.1. Elastic bandages

Bandage samples were produced on 16 gauge Comez
816/LT type crochet machine. Fabric width was chosen to
be 15cm. The knitting structure of the bandages is given in
Figure 1. In all samples warp thread was two ply, texturized
polyamide (PA) yarn (70denier/34 filaments). To feed the
weft yarn both front and back weft inlay bars were used.
During the bandage production samples were examined
visually and by hand, and to obtain the similar coverage and
fabric hand the feeding amount was varied between 2 and
3. Figure 2 shows the feeding of weft yarns. As weft micro-
blended cotton/polyester yarn (MicBL-Pes/Co), 4-channel
and 5-channel polyester yarns (PES-Ch4 & PES-Ch5),
regenerated cellulose based antimicrobial yarn (SeaCell)
were used. Besides these yarns, some conventional yarns
that are preferred frequently in the market like cotton,
viscose and polyester were utilized for comparison. The
detailed descriptions of all bandage samples are given in
Table 1. Unfortunately, it was impossible to obtain the same
yarn density for all different fiber types. This shortcoming
was considered in the discussion of results.
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Figure 2. Feeding of weft yarns
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Table 1. Description of bandage samples

Sample Fabric Content Weft Yarn Feeding Amount Fabric weight Wales/cm Courses/cm Thickness

Number  Weft Yarn Front Back (g/m’) (mm)
N1 Ne 30/1 Cotton 2 2 356 6 20 1.31
N2 Ne 30/1 Viscose 3 2 397 6 20 1.27
N3 Ne 30/1 PES-Ch4 3 2 381 6 20 1.29
N4 Ne 30/1 MicBL-Pes/Co 3 2 389 6 20 1.32
N5 Ne 30/2 SeaCell 2 2 443 6 19 1.27
N6 150D/144F PES-Ch5 3 2 360 6 20 1.30
N7 Ne 28/2 Viscose 3 2 491 6 17 1.37
N8 Ne 30/2 Cotton 2 2 457 6 18 1.38
N9 Ne 30/2 PES-Ch4 2 2 469 6 18 1.38
N10 150D/96F PES-Ch5 2 2 332 6 21 1.32
N11 150D/36F PES 3 2 346 6 20 1.31
N12 300D/288 F PES-Ch5 2 2 431 6 18 1.36
NIF 150D/72F Texturized PES 3 2 338 6 20 1.18

2.2. Phase change material microcapsules
Preparation of PCM microcapsules

n-Eicosane loaded silk fibroin / chitosan microcapsules were
obtained through complex coacervation method described in
detail in our previous study [33]. Microcapsules consisted of
an average of 45.7 wt% n-eicosane, and had a thermal
energy storage and release capacity of about 93.04 J/g and
89.68 J/g, respectively.

Application of microcapsules to the bandages

Microcapsules were applied to the surface of the samples
by padding. A polyacrylate based binder (Peripret-PW) from
Dr. Petry Textile Auxiliaries was chosen for application of
microcapsules to bandages. Bandage samples were
impregnated with an aqueous solution composed of 20 g/l of
microcapsules and 50 g/I of binder (50 g/l). Padding was
done on a Foulard. Afterwards, samples were dried on a
stretcher dryer by ATAC Laboratory machines.

2.3. Tests Conducted

All tests were carried out under standard conditions (21 +
1°C and 65 + 2% RH).

a)

Air permeability: The air permeability of the fabrics was
measured on a FX-3300 Air Permeability Tester by
TEXTEST AG at a test pressure of 100 pa and a test area of
20 cm2 according to DIN 53 887.

Water Absorbency: Three drops of 3% potassium bichromate
+ 1% red food dye solution were dropped by a pipette on
100 cm? circular samples. After 5 minutes photos of
samples were taken via a Kodak Z-710 type camera at a
fixed distance of 21cm. From these photos spreading of
colored liquid was observed.

Porosity: Photos of samples were taken via a Kodak Z-710
type camera at a fixed distance of 3cm. Photos were
processed via Corel Paint Shop Pro (Corel PSP) program.
First, an area of 5000x5000 pixels was selected (Figure 3a),
then the colored image was converted to negative image
(Figure 3b) and finally dark areas were isolated by
converting the image to a binary image using a specific
threshold value (Figure 3c). Number of black colored pixels
were counted by an image analysis software (IPS) based on
Delphi 2006 programming language [34]. Porosity was
calculated by the following equation;

Porosity (%) =(number of black pixels / total number of
pixels) x100

b) c)

Figure 3. a) Image area of 5000x5000 pixels b) Grayscale c) Isolated dark areas
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Thermal Properties: Thermal resistance, thermal conductivity
and thermal absorbtivity, of samples were measured on
ALAMBETA. This instrument utilizes a heat power sensing
system to measure the heat flow passing between the textile
sample and the measuring head during contact [35,36].

2.4 Statistical Analysis

Analysis of variance (ANOVA) was used to determine the
effect of weft yarn type on the air permeability, porosity,
water absorbency and thermal comfort properties of
bandage samples. Statistical significance was established at
p <0.05.

3. RESULTS
3.1. Air Permeability

Air permeability of a fabric depends on fabric thickness,
density and porosity. Air permeability decreases with
increasing thickness and density and with decreasing
porosity [37]. This property affects fabric comfort
extensively. High air permeability results in high water vapor
permeability as well. Results from air permeability test are
presented in Figure 4. The effect of weft yarn type on the air
permeability of bandages was statistically significant.
Samples N10, N11 and NIF had high air permeability
compared to the rest. Air permeability of samples N7, N8,
N9 and N12, on the other hand, was low. As expected
coarser yarns used in these samples caused low air
permeability. An interesting finding was sample N6 had
lower air permeability compared to sample N11 even though
both samples knitted from the same count yarn (150 den).

This result can be explained by considering the number of
filaments these yarns contain. Finer fibers mean higher total
surface area and lower air permeability [38].
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Figure 4. Air permeability of bandages
3.2. Water Absorbency

Our body sweats in order to balance body heat generated
during various activities. As a result, the clothing material
gets wet where it touches the skin. For wearer comfort this
wetness should be removed from the skin immediately,
carried away through the outside layers of the clothing and
released to the atmosphere in vapor form. The type of fiber
and fabric structure have significant effect on the
mechanism of liquid transfer. In addition, air channels in the
fabric structure helps the removal of moisture in liquid and
vapor form. Figure 5 shows water propagation on the
surfaces of bandage samples after 5 minutes.

il

m

Figure 5. Results of drop test (after 5 minutes) a) N1, b)N2, c)N3, d)N4, e)N5, f)N6, g)N7, h)N8, i)N9, k)N10, )N11, m)N12, n)NIF
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During the drop test not only the rate of absorption, but also
the tendency of liquid spread along the wale and course
direction was assessed. Table 2 shows this evaluation.
Rating is done on a 1 to 5 scale with 1 being the lowest and
5 the highest rating.

According to data the samples with channeled polyester
fibers (N3, N9, and N10) had the highest absorption rates.
This can be attributed to capillary effect caused by the
channels. Capillarity is the movement of liquid along the
surface of a solid caused by the attraction of molecules of
the liquid to the molecules of the solid. In other words,
diffusion of liquid from high concentration to low
concentration [39]. Physically capillary action occurs when
liquid molecules attract the molecules of the fiber. The
extent of liquid propagation is influenced by the closeness of
solid walls generated by textile material [40]. Channeled
fibers have greater surface area compared to circular fibers.
As a result, they provide smaller voids per unit area. Sample
N8 gave the lowest absorption rate. This sample contains
plied cotton yarn. Similarly all samples with cotton content
had low absorption. In these samples liquid spread along
the Wales direction.

3.3. Porosity

Porosity mainly depends on yarn density, yarn diameter,
yarn twist and fiber diameter. Porosity of bandage samples
is presented in Figure 6. The ANOVA test confirmed that
there was a statistically significant difference between the
porosity values of bandage samples. Like in air permeability,
coarser weft yarns resulted in low porosity. The highest
surface porosity was given by samples NIF, N10 and N11.
These samples also had low fabric densities. Fiber type did
not have a significant effect on the porosity values of
bandage samples. It appears that yarn density had a
predominant effect on porosity. Similar to air permeability

sample N6 had low porosity, even though it had low density.
Porosity has a significant effect on air permeability, as well
[37]. As expected, air permeability of bandage samples was
proportional to their porosity (Figure 7).

Surface Porosity
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Figure 6. Surface porosity of bandages
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Figure 7. Relationship between surface porosity and air permeability

Table 2. Characteristics of water spread

Sample : Rate of absorption | Spread direction | Wales (y) . Courses (x) | Wale/Course % : Shape of spread

N1 2 Wales 10,5 1,0 10% Column-like

N2 4 Course + Wales 2,8 5,8 48% Elliptical

N3 5 Course 1,7 14,2 12% Column-like

N4 4 Course 2,8 10,0 28% Column-like

N5 2 Wales + Course 5,0 2,7 54% Elliptical

N6 4 Course + Wales 2,8 4,4 64% Elliptical

N7 3 Wales + Course 3.1 2,9 94% Circular

N8 1 Course 14,4 0,8 6% Column-like

N9 5 Course 1,8 12,5 14% Column-like

N10 5 Course 21 7,5 28% Column-like

N11 4 Course + Wales 3,9 50 78% Circular

N12 3 Course + Wales 2,5 4,9 51% Elliptical

NIF 4 Course + Wales 1,5 3,3 45% Elliptical
3.4. Thermal Comfort test revealed significant differences among the thermal

L conductivity, thermal absorptivity and thermal resistance

Thermal comfort characteristics of bandages were

evaluated through thermal conductivity, thermal absorbtivity
and thermal resistance tests. The result of one-way ANOVA

values of bandage samples produced from different type of
weft yarns. Figure 8 illustrates the thermal conductivity of
bandage samples. High thermal conductivity means that the
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generated excess heat will be removed from body in a faster
rate it will reduce the sweating and therefore the wearer will
feel more comfortable. According to data the highest
thermal conductivity was provided by sample N8, which
contains plied cotton yarn. The other important finding was
that all the samples with plied yarns (N12, N5 and N7) had
higher thermal conductivity values. Since these fabrics had
higher densities they had less air trapped inside fabric
structure. Still air has very low conductivity compared to
fiber material. The effect of fabric weight was not evident.
Apparently, the effect of yarn structure and fiber type on
thermal conductivity of bandages suppressed the effect of
fabric weight.

Thermal Conductivity

Thermal Conductivity (10W.m 1K 1)

Samples

Figure 8. Thermal conductivity of bandages

Thermal absorbtivity is related to “warm-cool” feeling of
fabrics at first touch. If thermal absorbtivity is high, fabric
gives a cooler feeling at first contact. The thermal absorbtivity
values of samples were given in Figure 9. The highest
absorbtivity was given by sample N7, containing plied
viscose yarn, and sample N8, including plied cotton yarn.
These bandage samples gave high thermal conductivity
values, too. This could be attributed to high fabric density
which caused by closely arranged fibers in these fabrics.

Thermal Absorptivity

Thermal Absorptivity {(W.m2s1/2K

N3 N4 N5

N6 N7 N8 N9 NI10O N11 N12 NIF

Samples

Figure 9. Thermal absorbtivity of bandages

Thermal resistance is an important parameter which
influences the isolation property of fabric. It is directly
proportional to fabric thickness and inversely proportional to
thermal conductivity. Figure 10 shows thermal resistance of
samples. For the first four samples which produced from the
yarns with the same count, as the fabric thickness increased
the thermal resistance of bandages also increased. The
thinnest bandage sample (NIF) caused to the lowest thermal
resistance. This result is consistent with previous

researches which demonstrates that there is a positive
correlation between fabric thickness and thermal resistance
of fabrics [41, 42]. The effect of fiber type was more
noticeable with bandage samples produced from plied yarns
and filament yarns. Channeled polyester spun yarn (sample
N9) and filament yarn (sample 10) caused higher thermal
resistance compared to cotton (sample N8) and regular
polyester yarn (sample 11), respectively. Evidently, the air

captured inside the channels improved the thermal
resistance.
Thermal Resistance
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Figure 10. Thermal resistance of bandages

3.5. Bandage samples with PCM microcapsules
SEM analysis

SEM images of bandages with PCM microcapsules are
given in Figure 11. Silk fibroin/Chitosan microcapsules clearly
seen in the images. These SEM images verifies that PCM
microcapsules were successfully incorporated into fabric
structure.

WO .- 0 jm. V -

71 _TENA e

B e} 200,
60 TTEMAM

Figure 11. Bandage samples with microPCMs - a) sample N1
(100x); b) sample N1 (350x); c) sample N3 (100x); d)
sample N3 (350x); e) sample N10 (100x); f) sample N10
(350x)

TEKSTIL ve KONFEKSIYON 26(2), 2016

177



Thermal Properties of microPCM containing bandages

The effectiveness of microcapsules was tested on Alambeta
instrument. Table 3 shows the results for the elastic
bandage made from 5 channeled polyester fibers.

Micro PCM containing bandages had lower thermal
conductivity, and high thermal absorbtivity and thermal
resistance compared to regular bandages, but the
differences were very small. It is likely that some of heat
applied to bandage was absorbed by the phase change

material inside the capsules. However, the real effect was
not detectable due to the test conditions. Alambeta
Instrument measure and evaluate the heat transfer through
a fabric placed between two plates at 32 °C and 22 °C,
respectively. At elevated test temperatures the effect of n-
eicosane (PCM) would be more detectable since its melting
point is around 36°C. Further investigations with appropriate
test methods should be conducted to reveal the clear effect
of PCM microcapsules.

Table 3. Thermal Comfort properties of microPCM containing bandages

Sample Sample Thermal conductivity Thermal absorbtivity Thermal resistance
No Content (Wm'K™") (Wm?s™"?K) (Km*W™)
N10 Regular bandage 0.522 158.2 0.025
N10-pcMm | Bandage with PCM 0.517 160.6 0.028
microcapsules

4. CONCLUSION

Comfort provided by elastic bandages during usage in daily
life or extreme conditions is as important as clothing
comfort. Comfort properties of elastic bandages can be
improved by utilizing some special fibers and functional
components. In this study, elastic bandages were produced
from different materials and their air permeability, surface
porosity, water absorbency and thermal comfort properties
were compared. In addition, PCM loaded silk fibroin/
chitosan microcapsules were applied to some bandages to
improve their comfort properties. It appears that air
permeability depended on fabric density and surface
porosity. Capillarity played a significant role in water
absorbency. Particularly, channeled fiber structure improved
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