
 

TEKSTİL VE MÜHENDİS 

(Journal of Textiles and Engineer) 

 

http://www.tekstilvemuhendis.org.tr 

 

 

 
 
Polyester/Graphene Nanopowder (GNP) Pressure Garments as a Potential Use for 
Rehabilitation of Cerebral Palsy (CP) 

 
Polyester/Grafen Nanotoz (GNP) Basınçlı Giysilerin Serebral Palsi (SP) Rehabilitasyonu 
Üzerine Etkilerinin İncelenmesi 
 
 
Nilüfer YILDIZ VARAN 
Pamukkale University, Department of Textile Engineering, Denizli,Turkey 
  
   
Online Erişime Açıldığı Tarih  (Available online):30 Eylül 2019 (30 September 2019) 
 
 
Bu makaleye atıf yapmak için (To cite this article): 
 
Nilüfer YILDIZ VARAN (2019): Polyester/Graphene Nanopowder (GNP) Pressure Garments as a 
Potential Use for Rehabilitation of Cerebral Palsy (CP), Tekstil ve Mühendis, 26: 115, 233-242. 
 
 
For online version of the article: https://doi.org/10.7216/1300759920192611503 
 
 
Sorumlu Yazara ait Orcid Numarası (Corresponding Author’s Orcid Number) :          

https://orcid.org/0000-0003-1100-4413 

 

 
 
 

http://www.tekstilvemuhendis.org.tr/
https://doi.org/10.7216/1300759920192611503
https://orcid.org/0000-0003-1100-4413


 

 

 
 
Gönde
Kabul 
 
 
ABSTR
hearing
in pain
and Pr
design
electro
cross 
compli
 
Keywo
 
 
 
 

P

 
ÖZET
vakada
pozisy
(CDC)
PET/g
diferan
testleri
beceril
 
Anaht
 
 
 
 
 
 
 
 
 
 
 

Sorum
DOI: 1
 
 
 
 
 

Journal of Tex

P
G

erilme Tarihi /
Tarihi / Accep

TRACT: Cereb
g, and sensati
nful positions 
revention (CD

ned of PET/ 
omagnetic shi
direction) an
ications, enha

ords: PET, gra

POLYESTE

T: Serebral pa
a, görme, du

yonlarda kilitli
) göre, dünya
rafen nanotoz
nsiyel tarama
iyle ile karak
lerini ve fizik 

tar Kelimeler:

mlu Yazar/Cor
10.7216/1300

TM
UC
Tek
Jour

xtiles and Engineer 

POLYEST
GARMEN

/ Received: 28
pted: 11.09.20

bral palsy (CP
ion are also af
as CP is the m

DC), it affects
graphene na

elding proper
nd pressure m
ance the motor

aphene nanopo

ER/GRAFE
REHAB

alsi (SP) yani 
uyma ve his
i kaldıklarında
a çapındaki h
z (GNP) iplik

alı kalorimetre
kterize edilm
tedavi rehabi

: PET, grafen 

rresponding A
075992019261

MMOB Tekstil Mühend
TEA Chamber of Text

kstil ve Mühendis 
rnal of Textiles and En

TER/GRA
NTS AS A

O

8.01.2019 
019 

P) refers to a g
ffected. One o
most common
s at least 1,5 
anopowder (G
rties, different
measurements
r skills and ab

owder, cerebr

EN NANO
BİLİTASY

beyin felci k
setme duyula
a, SP çocukluk
her 1000 çoc
klerden tasarl
e (DSC) ana

miştir. Test so
litasyonu sıra

nanotoz, sereb

Author: nvara
11503, www.te

isleri Odası 
ile Engineers  

ngineer 

APHENE 
A POTENT
OF CEREB

P

group of disord
of the conditio
n cause of mot
to 4 out of e

GNP) yarns 
tial scanning 
s. Test resul

bility to comm

ral palsy, antim

OTOZ (GNP
ONU ÜZE

kas hareketler
arı da etkilen
kta en sık gör
cuktan en az 
lanmış ve dah
lizleri, MD v
onuçları, yen
sında gelecekt

bral palsi, ant

an@pau.edu.tr
ekstilvemuhen

Cilt (Vol): 26 No

SAYFA 23

NANOPO
TIAL US
BRAL PA

Pamukkale Un

ders that affec
ons is associat
tor disabilities

every 1,000 ch
and then th
calorimetry (D
lts showed t

municate for fu

microbial, elec

P) BASINÇ
ERİNE ETK

rini ve koordi
nmektedir. K
rülen motor sa
z 1,5 ila 4'ün
ha sonra anti
ve CD' yönle

ni tasarlanan 
kteki tasarımla

timikrobiyel, e

r 
ndis.org.tr 

o: 115 

33 

OWDER 
SE FOR R
ALSY (CP

niversity, Depa

ct muscle mov
ed with contra
s in childhood
hildren world
e fabrics we
DSC) analyse
that the new
uture designs d

ctromagnetic 

ÇLI GİYSİL
KİLERİNİN

inasyonunu et
Koşullardan b
akatlık nedeni
nü etkilemekt
imikrobiyel ak
erinde (makin
basınç giysil

ar için iletişim

elektromanyet

Araştırma M

(GNP) P
REHABIL
P) 

artment of Tex

vement and co
acture are occ
d. According t
dwide. In this 
ere characteri
es, stiffness te
ly designed 
during physica

shielding, pre

LERİN SE
N İNCELE

tkileyen bozuk
biri kontraktü
dir. Hastalık K
tedir. Bu çalı
ktivite, elektr
ne ve enine y
lerinin komp
kurma yetene

tik kalkanlama

Yıl (Year) : 2019
Cilt (Vol) : 26 
Sayı (No) : 115 

Tekstil v

Makalesi / 

PRESSUR
LITATIO

Nilüfer Y
https://orcid.o

xtile Engineer

oordination. In
cured when th
to the Centers
study, warp 

ized with an
ests at MD an
pressure gar

al therapy reh

essure garmen

EREBRAL 
ENMESİ 

ukluklar grubu
ür ile ilişkilid
Kontrol ve Ö
ışmada, çözg
romanyetik ek
yönde) eğilm

plikasyonları 
eğini geliştire

a, basınçlı giy

9/3 

ve Mühendis 

Research A

RE            
ON             

YILDIZ VA
org/0000-0003-11

ring, Denizli, 

n many cases, 
e muscles get
s for Disease C
knitted fabric

ntimicrobial a
nd CD (machi
rments will p

habilitation.  

ts 

PALSİ (SP

u ile ilgilidir. 
dir ve kaslar

Önleme Merke
ülü örme ku
kranlama öze

me testleri ve 
önleyeceğini, 
ceğini gösterm

ysiler 

Article 
 
 

               
               

 
ARAN 

100-4413 

Turkey 

 vision, 
t locked 
Control 
cs were 
activity, 
ine and 
prevent 

P) 

Birçok 
r ağrılı 

ezleri'ne 
umaşlar, 
llikleri, 
basınç 
motor 

miştir. 

 
 



 

 

 
 
 

1. INT

Pressu
suffere
abnorm
correct

1.1.  P
G

They 
much-
tone, s
muscu
betwee
and ot
There 
these p
Mellis
compa
individ

Figure

 
Since 
compr
import
among
constru
course
constru
in stitc

Elastic
pressu
becaus
segme
the pre
thus  r
to the 
being 
to sho
orthos
works 

Journal of Tex

Polyester/G
as a Poten

TRODUCTIO

ure garments 
ers. The entire
mal muscle to
t muscle mov

Physical The
Garments 

are effective
needed dynam
sensory and p
uloskeletal alig
en 0-200 mm
ther condition
are different 
problems, inc
h Limited an

anies individu
dual’s postura

 1. An illustrat
cerebral pal

elastic knitte
ression garm
tant action. T
g the most pr
uctions show 

e directions. I
uction design 
ch to produce 

c based orthos
ure over the 
se the orthos
nt while the p
essure is supp
reducing  the 
patient’s body
determined in
w the level o
is. This way 
to ensure that

xtiles and Engineer 

Graphene Nano
ntial Use for Reh

ON 

have been sh
e suit acts as 

one and re-trai
ements. 

erapy for C

e immediately
mic compress

proprioceptive
gnment and st

mHg according
ns, which is 
compression 

cluding produ
nd the Austra
ually design 

al and function

tion of the pres
lsy 

d fabrics take
ments, the kn
Tricot, rachel,
referred const
better elastic

In this study,
was used wh
power-net con

sis is expecte
targeted lim

sis is suppose
patient is not i
posed to work
 spasticity. C
y segment, ma
n other medic
of interface pr

will provide
t the orthosis c

opowder (GNP)
habilitation of C

hown to prov
a soft exoske

ins a person’s 

Cerebral Pa

y they are d
sion to muscl
e feedback, as
tability. Appli
g to CP type
in the optim
garments ava

ucts from Eng
alian-based S

each garme
nal needs (see 

ssure garment u

e the highest 
nitting const
, double-need
tructions in d
c deformations
, rachel warp

here the elastic
nstruction [41

ed to exert co
mbs or body 

ed to hold th
in a static posi
k against  the 

Consequently, 
ainly during u

cal products, i
ressure exerte
 evidence on
can be safely 

Pressure Garm
erebral Palsy (C

vide relief fo
eleton that cor

brain to reco

lsy by Pres

donned, prov
les with abno

s well as prov
ied pressures r
s, body sizes

mal medical r
ailable to help
gland’s Gilber
Second Skin. 
ent to meet 

Figure 1) [1-5

 
use for a patien

proportion o
truction take
dle-bar –rache
designs since 
s in both wale

p knitted pow
c yarns are as
].  

ntinuous and 
segment. Th

he limbs or 
ition. Addition
 spastic  mu
providing sta

upright postur
it is also impo
ed by elastic b
n how the ort
used [42-45]. 

Cilt (Vol): 26 No: 115

SAYFA 234 

ments  
CP) 

or CP 
rrects 

ognize 

ssure 

viding 
ormal 
viding 
range 
s, age 
range. 
p with 
rt and 

Both 
each 

5]. 

nt with 

of the 
es an 
el are 
these 
e and 

wernet 
s laid-

even 
his is 
body 
nally, 

uscles,  
ability 
re. As 
ortant 
based 
thosis 
 

Alth
there
effec
befo
evalu
effec
asses
with
the g
one o
Inve
fami
treat
garm
adeq
treat
comp
is al
study
Palsy
worn
and 
the g

1.2.

Ther
synth
loadi
spun
exhib
as th
matr
fiber
elect
Whe
more
cond
Cent
Engi
diffe
grap
poly
pape
was 
grap
fiber
onto
this r
more
prop

1.3.

The 
bacte

5 

hough Lycra o
e are very fe
ctiveness of 
re and after st
uated. There h
ctiveness of L
ssment of up

h cerebral pals
garments were
of the function
ntory (PEDI)
ilies and cli
tment using th
ments) but th
quate scientifi
tment for cere
pleted around
so aimed to f
y conducted 
y in London,
n, both the ch
these were no

garment [9].  

 PET / Grap
Fibers 

re are several
hesis. Xu and
ing, the PET m

n without det
bited mechan
he compact in
rix. The volu
rs was found 
trical conduct
en these nanop
e alignment 
ducted by Ky
ter for Bio-Ar
ineering, Sou
erent carbon 
hene, carbon 

ymeric matrice
er preparation

found no re
hene nanopar
rs, but there a
 textile surfa
research will 
e durable a

perties to newl

 Antibacteria
Based Mater

antibacterial 
eria were stu

 

orthoses have
ew research 
these garmen

tudies, but lon
has been one 

Lycra garment
pper-limb fun
sy wearing ly
e found have 
nal scales of P
) [7]. In ano
nicians are 
he Adeli suit 
he rehabilitat
ic support for
ebral palsy (C
d non-tradition
fulfill the liter
at Bobath Ce
, when the pr
ild and the pa

oticeable from

phene Nanop

studies on th
d their team st
matrix nanoco
ecting fiber b
ical properties
nteraction wa
me resistivity
to be substan

tivity that the 
particles are a
and stable s

yoon Shin an
rtificial Muscl
th Korea [14

materials (m
black and gr

es, was studie
n process and 
search in the
ticles nor any 
re many resea
ces to impart
also fulfill the

antimicrobial 
ly designed tex

al Properties
rials 

activity of 
udied research

Tekstil v

Nilüfer YILDI

e been used f
studies that 
nts. There a
ng term effect
randomised c

ts [6]. Nichols
nction and mo
ycra garments

showed impr
Paediatric Eva
other research
interested in
(one of the c

tion commun
r its use as a

CP). Very littl
nal treatments
rature in this 
entre for Chi

pressure garm
arent perceive

m the time tha

powder (GnP

he chemically
tudied that at
omposite fiber
breakage or 
s similar to un

as formed bet
y of the resu
ntially reduced

GnP imparts
added during s
structure is p
nd their resea
le and Depart

4]. The electr
multi-walled 
raphite), wide
ed using com

d by powder c
e literature on
y other nanopa
arches on coa
t different pr
e literature in 

and electro
xtiles. 

s of Graphe

GO nanoshe
hers and it w

ve Mühendis 

Z VARAN

for around 10
have looked 

are some sho
tiveness has n
controlled tria
son et. al. stud
ovement in c
s were analyz
rovements in 
aluation of Di
h by Turner,
n the outcom
commercial p
nity does no
a generally ac
le research ha
s such as AST
area. Accordi
ildren with C

ment continued
d functional b
t the child fir

P) Melt Spu

y modified gr
t a low level 
rs were readil
filament defe
nmodified PE
ween GnP an

ultant nanocom
d due to the in
s as a filler. [
spinning proce
provided in a
arch team fro
tment of Biom
rical conducti

carbon nan
ely used as fi
pacts produce
compression 
n fabrics form
articles meltsp
ating of nanop
operties [36-3
this area and 

omagnetic sh

ene and Gra

ets towards 
was found th

0 years, 
at the 

ort-term 
ot been 

al of the 
died an 

children 
zed and 
at least 
sability 
, many 
mes of 
pressure 
ot have 
ccepted 
as been 
T [8]. It 
ing to a 

Cerebral 
d to be 
benefits 
st wore 

un into 

raphene 
of GnP 
ly melt-
ect and 

ET fiber 
nd PET 
mposite 
ntrinsic 
10-13]. 
esses, a 
a study 
om the 
medical 
ivity of 
notubes, 
illers in 
ed by a 
[15]. It 
med by 
pun into 
particles 
38]. So 
present 

hielding 

aphene 

various 
hat GO 



 

 

nanosh
A she
oxide 
involv
confirm
with sp
potenti
nanom

Figure

Resear
Engine
monol
approa
carbon
PET/G
strong 
also 
electro
people

2. M

2.1.  M

Polyes
wt%,  
Chemi
which 
knittin
directi
weight
structu
proper

One of
overlap
 

Journal of Tex

Polyester/
as a Poten

heets were mo
matic diagram
is presented 

ved the genera
med using the
pin trapping te
ial antibacter

medicine and in

 2. A shematic
oxide [21] 

rchers by Un
eering studie
ayer graphen

ach, and expl
n nanotubes 
GnP pressure g

structure dur
provide a 

omagnetic shi
e suffering fro

MATERIALS 

Materials 

ster yarns me
25 wt%,  and
ical Korea Inc
is a raschel k

ng width fed 
on of fabric 
t of 170 g/m2 
ure is chosen d
rties. The prop

f the most use
p semimetal 

xtiles and Engineer 

/Graphene Nano
ntial Use for Re

ore effective t
m for the an

in Figure 2
ation of react
e electron spi
echnique. So 
rial agent in
n many areas 

c diagram for th

 
niversity of T
ed on the 
ne and they 
lained the gr
[22]. In this 
garments wou
ing long use o
durable an

ielding effect
m cerebral pa

AND METH

eltspun with t
d 30 wt%) of G
c. and knitted 

knit with inlaid
by at least o
production. A
and 0,57 mm

due to its elast
perties of the y

eful properties
(with both 

opowder (GNP)
ehabilitation of C

towards Gram
tibacterial act
. The antiba

tive oxygen s
in resonance 
GO nanoshee

n future appl
[19, 20].  

he antibacterial 

Texas, Austin
elastic bend
used a mol

raphene mono
research, th

uld provide a 
of training mu
timicrobial 
t to help the

alsy.  

HOD 

three differen
GnP were pur
in powernet w

d yarns where
one yarn and
All fabrics w

m thickness. P
tic structure an
yarns are give

s of graphene 
holes and el

) Pressure Garm
Cerebral Palsy (C

m-positive bac
tivity of grap
cterial mecha
pecies, which
technique cou

ets can be used
ications inclu

activity of gra

n, from Aeros
ding modulu
lecular mech
olayers rolled
e newly desi
long elastic a

uscles. They w
activity and

e rehabilitatio

nt percentages
chased from T
warp knit stru

e each needle i
d in line with

were knitted a
Powernet warp
nd elastic reco

en in Table 1. 

is that it is a 
ectrons as ch

Cilt (Vol): 26 No: 11

SAYFA 235 

ments  
CP) 

cteria. 
phene 
anism 
h was 
upled 
d as a 
uding 

 

aphene 

spece 
us of 
hanics 
d into 
igned 
and a 

would 
d an 
on of 

s (20 
Toray 
ucture 
in the 
h the 
at the 
p knit 
overy 
 

zero-
harge 

carri
have
shell
avail
conn
leavi
elect
pi (π
shee
carbo
prop
bond

Figu

The 
creat
layer
layer

In a 
mech
comp
perc
Woo
GO 
stren
[17].
Natio
very
final
the m
as 20
C re
antim
stiffn

The 
optic
of th
cross
at ya
tenac
decr
a we

5 

iers) with ver
e a total of 6 e
l. The 4 outer 
lable for chem
nected to 3 oth
ing 1 electron
tronic conduc
π) electrons a
t. These pi orb
on bonds in

perties of grap
ding (the valan

re 3. An illu
conducti

electron clou
ting a continu
r. The free mo
r is what make

study conduc
hanical prope
posites increa
entages in the

ok Ha and the
incorporated 

ngth and tensi
. Additionally
onal Graphen

y low loading
l material whi
materials mod
0 wt%,  25 wt
spectively to 

microbial act
ness and exert

cross section
cal microscop
he carbon ato
slinking of Gn
arn properties 
city as 3,0 c
ease with the 

eakening of th

 

ry high electr
electrons; 2 in
shell electron
mical bonding
her carbon ato
n freely avai
tion. These h
nd are locate
bitals overlap 
n graphene. 
phene are dic
nce and condu

ustration of th
ive structure 

ud above and 
uous pi (π) o
ovement of ele
es graphene h

ted by Hsu an
erties of gra

ased dramatica
e matrix [16]
eir team it wa

into polyim
ile modulus o
y, researchers 
ne Institute, th
s can provide
ch means also
ulus [18]. The
t%,  and 30 w
see also the e
tivity, electro
ted pressures o

n of the PET
e and present
oms arrangem
nP with PET c
that type A y

cN/dtex. It sh
increase in th
e bonds betwe

Tekstil v

Nilüfer YILD

rical conduct
n the inner she
ns in an individ
g, but in grap

oms on the tw
ilable in the 
highly-mobile 
ed above and 
 and help to e

Fundamenta
ictated by the
uction bands) 

he structure o

 
below each c

orbital across 
ectrons across

highly conduct

nd their team 
aphene nanos
ally with the 
.  In another 
as found that,

mide matrix in
of the nanocom

from the Sch
he presence o
e significant r
o a strong posi
e percentages 

wt%,  and are 
effects of diff
omagnetic sh
of the materia

T/GnP yarns 
ted in Table 1
ment and the 
can be seen c

yarn with 20%
howed a sma

he percentage o
een each poly

ve Mühendis 

IZ VARAN

ivity. Carbon
ell and 4 in th
dual carbon at
phene, each a
o dimensiona
third dimens
electrons are
below the gr
nhance the ca

ally, the ele
e bonding an
of these pi orb

of graphene 

carbon ring o
the whole gr

s the whole gr
tive (see Figur

it was found t
sheets/polypro
increase in gr
study conduc

, 5 wt % addi
ncreased the 
mposite signif

hool of Materi
of graphene e
reinforcement
itive correlatio
of GnP were 
labelled as A

ferent percenta
hielding pro

als.   

is also taken
. The microst
homogenity 

learly. It is al
% GnP showed
all but a sign
of GnP which

ymer.  

n atoms 
he outer 
tom are 
atom is 
l plane, 
ion for 

e called 
raphene 
arbon to 
ectronic 
nd anti-
bitals. 

 
and its 

overlaps 
raphene 
raphene 
re 3). 

that the 
opylene 
raphene 
cted by 
ition of 
tensile 

ficantly 
ials and 
even at 
t to the 
on with 
chosen 
, B and 
ages on 
perties, 

n by an 
tructure 

of the 
so seen 

d higher 
nificant 

h means 



 

 

 

2.2.  A

The ex
effects
Antiba
Staphy
inoculu
“Color
evalua
after 1
Equati

R= 
ଵ଴଴

where 
of bact
the nu
contro

2.3.  E

The 
accord
the ele
[25]. T

 

 
 
 
 
 
 
 
 
 
 

Journal of Tex

Polyester/G
as a Poten

Table 1. T

Propertie

Type 

Drawing

Linear D

Tenacity

Tenacity

Elongatio

Elongatio

Cross Se

Antibacterial 

xperimental m
s was AATC
acterial Fini
ylococcus Au
um [23]. Th
rfastness to L
ate the washin
0 and 20 was

ion (1) respect

଴ ሺ஼ି஺ሻ

஼
  

R is the perc
teria recovere

umber of bact
l sample. 

Electromagne

electromagne
ding to ASTM
ectromagnetic
This test meth

Table 2. F

Type 

Class I 
Professio

Class II 
General U

xtiles and Engineer 

Graphene Nano
ntial Use for Reh

The properties o

es 

g Ratio 

Density (dtex) 36

y (cN/dtex) 

y CV (%) 

on (%) 

on CV (%) 

ection 

Activity 

method used 
CC Test Meth

ishes on 
ureus ATCC 6
he AATCC 
Laundering: 
ng durability.
shes [24]. The
tively.  

entage reduct
ed from the ino
eria recovered

etic Shielding

tic shielding
M 4935; Stand
c shielding ef
hod provides 

Functional techn

onal Use 

Use 

opowder (GNP)
habilitation of C

of the PET/GnP

6f 

to determine
hod 100: 200

Textiles” S
6538 (2.00 x 
Test Method
Accelerated” 
.  The sampl
e variables we

tion of bacteri
oculated treate
d from the in

 Effect 

g properties 
dard test meth
ffectiveness o

a procedure 

nical textile sta

Degree

AAAA

AAA 

AAA 

AA 

A 

AAAA

AAA 

AAA 

AA 

A 

Pressure Garm
erebral Palsy (C

P yarns 

A 

3.9 

167.8 

3,0 

4.82 

31.5 

6.5 

e the antimicr
4 “Assessme
Standards, u
105 CFU/ml

d 61 (2A): 
was followe

es were eval
ere calculated 

a, A is the nu
ed sample and

noculated untr

were evalu
hod for meas

of planar mat
for measurin

andard 

e 

AA 

AA 

Cilt (Vol): 26 No: 115

SAYFA 236 

ments  
CP) 

P

robial 
ent of 
using 

l) test 
2010 

ed to 
luated 
from 

(1) 

umber 
d C is 
reated 

luated 
suring 
terials 
ng the 

elect
mate
meas
magn
meas
to 1
pow
incid
follo

SE =

Whe

P1 = 

P2 = 

The 
samp
time
Then
003 
prese

Shield

SE > 

60 dB

50 dB

40 dB

30 dB

SE > 

30 dB

20 dB

10 dB

7 dB 

5 

PET/GnP Samp

B 

3.9

168.7

2,8

4.89

37.6

4.0

tromagnetic 
erial due to a
sured data, n
netic (H) so
surement meth
.5 GHz. The
er received w
dent power. 
owing Equatio

= 10 log 
௉ଵ

௉ଶ
 (de

ere: 

received pow

received pow

measuremen
ples between 
s. The shield
n the obtained

(2005) (Fu
ented in Table

ding Effect 

60 dB 

B ≥ SE > 50 dB

B ≥ SE > 40 dB

B ≥ SE > 30 dB

B ≥ SE > 20 dB

30 dB 

B ≥ SE > 20 dB

B ≥ SE > 10 dB

B ≥ SE > 7 dB 

≥ SE > 5 dB 

 

ples 

7 

 

(EM) shield
a plana- wav
near-field SE
ources for el
hod is valid o

e Shielding ef
with and witho

It is usually
on (2). 

ecibels, dB) 

wer with the m

wer without the

nts were take
30MHz- 1,5 
ing effect dat

d results were 
unctional Tec
e 2. 

Cate

Perf

Very

Goo

Mod

Low

Perf

Very

Goo

Mod

Low

Tekstil v

Nilüfer YILDI

C 

3.9 

167.9

2,9 

4.07 

38.3 

7.8 

ding effective
ve, far-field E
E values may
electrically th
over a frequen
ffectiveness (

out a material 
y expressed 

material presen

e material pre

en from dif
GHz frequenc

atas were all o
evaluated acc
chnical Text

egory 

fect 

ry Good 

od 

darate 

w Modarate 

fect 

ry Good 

od 

darate 

w Modarate 

ve Mühendis 

Z VARAN

9 

 

eness of a 
EM wave. Fro
y be calculat
hin specimen
ncy range of 3
(SE) is the r
present for th
in decibels 

nt, and 

sent. 

fferent parts 
cies and repea
obtained in d
cording to FTT
tile Standard

planar 
om the 
ted for 

ns. The 
30 MHz 
ratio of 
he same 
by the 

(2) 

of the 
ated 10 

dB unit. 
TS-FA-
d) and 



 

 

 

Table 
and %
shieldi

2.4.  D

DSC A
proper
device
Differe
techniq
change
cooled
change
such a

2.5.  P

Physic
evalua
were c
the ph
accord

2.6.  P

The m
and an
were t
ultra-th
Measu
that w
softwa

 

 

Journal of Tex

Polyester/
as a Poten

2 was used to
% decrease in
ing effect valu

Differential Sc

Anayses were
rties and a H
e was used to 
ential Scannin
que that look
ed by tempera
d and the ch
es in the heat 
s melts, glass 

Physical and M

cal and mech
ate the fabric 
conditioned fo
hysical testing
ding to ASTM

Pressure Mea

measurements w
nkle (from an
tested using T
hin and flexi

urements were
were connecte
are program by

Table 3. A

Before W

Control 

Type A 

Type B 

Type C 

10 Wash

Control 

Type A 

Type B 

Type C 

20 Wash

Control 

Type A 

Type B 

Type C 

xtiles and Engineer 

/Graphene Nano
ntial Use for Re

o determine th
n electrical f
ues.  

canning Calo

e conducted 
HITACHI 70
 measure the 
ng Calorimetr
ks at how a m
ature. A samp

hanges in its 
flow. This all
transitions, ph

Mechanical P

hanical prope
properties in 

or 24 hours at 
g lab before 

M D5732, 2001

surements 

were taken on
nkle to knee)
Tekscan wire
ible printed c
e recorded us
ed to a data
y wireless tran

Antibacterial ac

Samples 

Washing 

hes  

hes  

opowder (GNP)
ehabilitation of C

he required sh
field values f

orimetry (DSC

to see the ch
020 model D

melting poin
ry, or DSC, is 
material’s hea
ple of known 

heat capaci
lows the detec
hase changes,

Properties 

erties were t
terms of stiff
20oC, 65% re
testing. Stifn

1 [26]. 

n each garmen
) using a stat
eless pressure 
circuit sensors
sing calibrated
a acquisition 
nsmitters.  

ctivity using S. A

Tes

Inoc
cont

) Pressure Garm
Cerebral Palsy (C

hielding effect
for the signif

C) 

hanges in the
DSC measure
nt of the mate

a thermal ana
at capacity (C

mass is heat
ty are tracke
ction of transi
, and curing. 

ested in ord
fness. The sam
elative humid
ess was mea

nt designed fo
tic mannequin

sensors inclu
s with 10 rep
d pressure se
and manage

Aureus AATCC

st Organism: AT

culated Sample 
tact time (cfu/m

0 

1.92x105

1.93x105 

1.94x105

0 

1.95x105

1.92x105 

1.93x105 

0 

1.92x105 

1.93x105

1.94x105 

Cilt (Vol): 26 No: 11

SAYFA 237 

ments  
CP) 

t (SE) 
ficant 

ermal 
ement 
erials. 
alysis 

Cp) is 
ted or 
ed as 
itions 

der to 
mples 
dity in 
asured 

or calf 
n and 
uding 
peats. 

ensors 
ement 

2.7.

The 
using
Cary
varia
than 
are a

3.

3.1.

The 
and 
popu
each
perfo
samp
samp
samp
samp
smal
GnP
caus
conc

It w
purp
poly
grap
was 
AAT
(ATC
activ

 
C 6538 

TCC 6538 Stap
(CFU/sample)

at 0 
mL) 

Ino
hour

5 

 Statistical A

statistical ana
g JMP versio
y, NC). The 
ance (ANOVA
0.05 were co

also presented

RESULTS A

 Antibacteria

antimicrobial
PET/GnP sa

ulation of Stap
h sample was 
ormed, the liv
ple at zero co
ple oscillated 
ple oscillated 
ples showed a
ll but a signifi
 concentration
ed a small 

centration. 

was found no 
poses. In parti
yethylene terep
hene oxide (R
deposited by 

TCC 100-2003
CC 25923) an
vity [27, 28]. 

phylococcus Au
) 

culated Sample
rs oscillation (c

0 

1.08x104

1.03x104

1.40x103

0 

1.51x104

1.24x104

1.03x104

0 

9.80x104

9.20x104

9.05x104

 

Analyses 

alysis of the e
n 8.0.2 softw
statistical an

A). For the o
nsidered statis
as avarage ± 

AND DISCUS

al Activity 

l properties o
amples are p
phylococcus a
determined. A
ve vibrio con

ontact time, as
for 24h and
for 24h, were

a good antibac
icant increase 
n. It’s attribut

significant 

research on 
icular, a stud
phthalate (PET
RGO) sheets, a

in situ polym
3 standard me
nd the sampl

ureus 
Pe

e at 24 
fu/mL) 

Tekstil v

Nilüfer YILD

experimental 
ware package 
nalysis includ
one-way ANO
stically signif
standard devi

SSION 

of the control 
presented in 
aureus (S. aur
After the anti
ncentration of
s well as that
d that of the 
e compared. I
cterial activity
was observed

ted to antibac
increase wit

PET/graphen
dy [27] was i
T) fabric was 
and then a pol

merization in o
ethod was app
les showed ex

ercentage Redu
Bacteria (R

0 

92 

95 

99 

0 

92 

94 

95 

0 

49 

52 

53 

ve Mühendis 

IZ VARAN

data was per
(SAS Institut
des the analy
OVA,  p-valu
ficant. All of t
iation.  

(100% PET 
Table 3. Th

reus) ATCC 6
imicrobial test
f the standard
t of a standard
antimicrobial

It was found 
y up to 20 wa
d with the incr
terial effects 
th the incre

ne for antimi
nvestigated w
coated with r

lypyrrole (PPy
order to cover

plied using  S. 
xcellent antib

uction of 
R) 

rformed 
te, Inc., 
ysis of 

ues less 
the data 

fabric) 
he total 
6538 on 
ts were 
d blank 
d blank 
l fabric 
that all 
shes. A 
rease in 
of GnP 

ease in 

icrobial 
where a 
reduced 
y) layer 
r RGO. 
aureus 
acterial 



 

 

 
 
3.2. El

The hi
referen
calcula
screen
spread
on the
proper

The m
dB). T
freque
37,43 
presen
freque
which 
increas
When 
standa
a simp
use cla
and th
for mu

Khana
Kuilla 
electric
associa
percol
sudden
Somet
can m

 

 

Journal of Tex

Polyester/G
as a Poten

T

lectromagnet

ighest and the
nce values an
ated and eva

ning effectiven
d screening lay
e method, fre
rties of the ma

mean SE value
The highest 
ncy. The high
dB for type C

nted in Table 
ncy of 0-1,30
is at the ra

se was observ
the fabrics w

ard using Tabl
ple shielding a
ass which mea
e newly desig

uscle training. 

am and their 
and their res

cal conductiv
ated with lo
ation threshol
n rise in the
times addition

make filler con

Table 5. E

PET/GnP

Max. SE

Min SE V

Mean SE

Standard

xtiles and Engineer 

Graphene Nano
ntial Use for Reh

Table 4. Electr

SE (dB) 

0 – 10 

10 – 30 

30 – 60 

60 – 90 

90 – 120

120 and abo

tic Shielding 

e lowest shiel
nd the mean
aluated using
ness (SE) is 
yer. The resu
equency rang
aterial itself.  

s were found 
shielding eff
hest SE was f

C (30% GNP c
5. The mean

0 GHz was f
ange of 15-25
ved with the 
were evaluate
le 2, it was ob
and in the cate
ans they woul
gned fabrics w

research team
search group s
vity and perc
oading fracti
ld (pc), the fil
e electrical co
n of a very low
ntact to form 

Elecromagnetic

P 

E Value 

Value 

E Value 

d Deviation 

opowder (GNP)
habilitation of C

romagnetic shie

% D

0 

ove 

Effect 

lding effect fr
n shielding e
g Table 4. T
directly relate

ults of SE mea
ge, size of th

at the range o
fect was obta
found at the h
concentration)
n shielding e
found as 25,9
5 dB. A sm
increase in G
ed according 
bserved that th
egory of “very
ld provide a m

would help sen

m pointed out
studied that th
colation thres
on, which i
lers form a ne
onductivity o

w amount of co
effective con

c shielding resul

Pressure Garm
erebral Palsy (C

elding reference

Decrease in El

0 –  68,3

68,377 – 99

99,838 – 99

99,900 – 99

99,997 – 99

99,999 and 

requencies us
effect values 
The definitio
ed to an infin
asurements de

he sample and

of (22,03 dB-2
ained at 86 

highest SE val
 and the resul

effect value a
93 dB for ty
all but signif

GNP concentra
to FTTS-FA

hey would pro
y good” in ge

modarate prote
nsing and actu

t that Galpaya
he two param
shold are tog
is known as
etwork leading
of the compo
onducting par
nducting paths

lts 

Type A

32,29 dB

11,77 dB

22,03 dB

0,16 

Cilt (Vol): 26 No: 115

SAYFA 238 

ments  
CP) 

e limits 

lectric Field 

377 

9,838 

9,900 

9,997 

9,999 

above 

sed as 
were 

on of 
nitely 
epend 
d the 

25,93 
MHz 

lue of 
lts are 
at the 
ype C 
ficant 
ation. 

A-003 
ovide 
eneral 
ection 
uation 

a and 
meters, 
gether 
s the 
g to a 

osites. 
rticles 
s and 

thus 
obse
impr
of th

3.3.

The 
the r
resul
temp
intro
PET
dens
temp
prov
other

3.4.

The 
smal
incre
addit
amor
of th
was 
elast
flexi
nano
flexi
GnP

A 

B 

B 

B 

5 

N

N

A

Alm

M

making the w
erved that gr
rovement than
heir large spec

Differential S

DSC analyses
results are pre
lts, the graph
perature mea
oduction of G
 from 260oC

sity (cristallini
perature. It ca
vide big adva
r treatments b

Stiffness 

results are p
ll but a signif
ease in GnP
tions decre
rphousness an

he fabrics.  In
observed tha

ticity in the 
ible strain 
ofiber yarn and
ibility and con
 concentration

Type B

34,25 d

12,95 d

23,60 d

0,17

 

Evaluation

No Shielding E

Simple Shield

Normal Shield

Adequate Shie

most Perfect Sh

Maximum Shie

whole compos
raphene is m
n competing n
ific surface ar

Scanning Cal

s are conducte
esented as sho
hics obtained 
sured as 25

GNP have low
to 251.8oC. 

ity) of PET fi
an be conclud
antages during
y energy savin

presented in F
ficant decreas

P concentratio
eased crysta
nd thus increa
n a study cond
at nanoparticl
structure and
sensors usin
d observed tha
nductivity [34
n created stiffe

B 

dB 

dB 

dB 

Tekstil v

Nilüfer YILDI

n 

Effect 

ding 

ding 

elding 

hielding 

elding 

site conductiv
more effectiv
nanofillers suc
rea [33].  

lorimetry (DS

ed for 3 times
own in Figure
d from DSC 
51.8oC. It w
wered the me

 GNP decre
fibers, so this 
ded that the n
g processes 
ings in the futu

Figure 5. The
se for all fabr
on. This is 
tallinity and
ased the softne
ducted by Ab
le reinforcem

d Yan and th
ng carbon/g
at the sensors 
4,35]. As a re
fer structures. 

Type C

37,43 dB

14,42 dB

25,93 dB

0,19 

ve Mühendis 

Z VARAN

ve [30-32]. Xi
ve for condu
ch as CNTs b

SC) 

 for each sam
e 4. According
curves, the m
as shown th
lting tempera

eased the cry
lowered the m

new materials
such as dyein
ure. 

e stiffness sho
ric samples w

attributed to
d increased
ess and the pl

bot and their t
ments created 
heir team fab
graphene com

showed an ex
esult, the decr

 

C 

B 

B 

B 

ie et al. 
uctivity 
because 

mple and 
g to the 
melting 
hat the 
ature of 
ystalline 
melting 
s would 
ng and 

owed a 
with the 
o GnP 
d the 
liability 
team, it 

higher 
bricated 
mposite 
xcellent 
rease in 



 

 

 

Figure 

A stud
proper
scale f

3.5. Ef

ANOV
stiffne

 

 

Journal of Tex

Polyester/
as a Poten

5. Stiffness (M
PET/GnP fa

dy by Kumar 
rties are incre
fillers in the m

ffect of GnP C

VA one-way 
ss. Using one

Tab

A

So

B

W

To

xtiles and Engineer 

/Graphene Nano
ntial Use for Re

MD; machine di
abrics; (A: 20% 

r and their tea
eased by the 

matrix [29].  

Concentratio

was used to 
e way analysis

ble 6. ANOVA 

ANOVA one wa

ource of Varian

etween Groups

Within Groups 

otal 

opowder (GNP)
ehabilitation of C

irection and CD
GnP, B:  25% G

am confirmed
inclusion of g

on on Stiffnes

analyze the 
s of variance, 

and estimation

ay 

nce SS

s 425.0

568.9

993.9

) Pressure Garm
Cerebral Palsy (C

Figure 4. DSC

D; cross directio
GnP, C: 30% GnP

d that the stif
graphene as n

ss 

effect of Gn
p-value was f

n of parameters 

S df 

0417 1 

9167 22 

9583 23 

Cilt (Vol): 26 No: 11

SAYFA 239 

ments  
CP) 

C analysis of PE

 

on) for 
nP) 

ffness 
nano-

nP on 
found 

as 0.
p-va
conc

3.6.

The 
fabri
calf. 
5.4 m
calf 
Theo
from
statis
conc
conc
amor
pliab
was 
elast
flexi
nano
flexi

from stiffness

MS 

425.0417

25.85985

 

5 

ET/GnP fabrics

.0005. The re
alue is smalle
centration has 

Pressure Me

results are pre
ics were foun
Pressures me

mmHg – 6.1 m
which is in t

ory, higher p
m calf. Mean s
stically signi
centration It 
centration de
rphousness st
ble fabrics. In

observed tha
ticity in the 
ible strain 
ofiber yarn and
ibility and con

F 

16.4363

 

 

 

s 

sult of the an
er than 0.05,
a significant e

asurements 

esented in Fig
d as 5.37 mm

easured using 
mmHg for ank
he required m
ressures were
scores of fina
ificant increa
is thought th
ecreased the
tructure increa
n a study cond
at nanoparticl
structure and
sensors usin
d observed tha
nductivity [34,

P-valu

3 0.0005

 

 

Tekstil v

Nilüfer YILD

nalysis is prese
, it can be 
effect on stiffn

gure 6. Pressur
mHg for ankle 

wireless press
kle and 5 mm

medical range
e measured t
al pressures sh
ase with the
hat the incre
e crystallinit
ased and crea
ducted by Ab
le reinforcem

d Yan and th
ng carbon/g
at the sensors 
,35]. 

ue F crit 

5 4.3009

 

 

ve Mühendis 

IZ VARAN

 

ented in Tabl
estimated tha

fness. 

res measured 
and 4.70 mm

sure sensors b
mHg – 5.4 mm
e. Following L
than pressures
howed a smal
e increase in
ease in nanop
ty and thu
ated softer an
bot and their t
ments created 
heir team fab
graphene com

showed an ex

9 

e 6. As 
at GnP 

for raw 
mHg for 
between 
mHg for 
Laplace 
s taken 
ll but a 
n GnP 
particle 
us the 
nd more 
team, it 

higher 
bricated 
mposite 
xcellent 



 

 

 
 
 
 
 

Figure

Curren
garmen
ranges
garmen
proces
produc
which 
Since 
mmHg
use of 

3.7. Ef

ANOV
pressu
found 
7. As 
concen

 

 

REFE
 
1. At

pre
Jou

2. Lip
cer
Re

3. Fo
mo
Th

Journal of Tex

Polyester/G
as a Poten

e 6. Mean score
(R: Raw F

ntly the reco
nt, medical 

s from 5 to 50
nts for fewer

ss [47,48]. It 
ced by press

eventually r
the measure

g, the newly d
these garmen

ffect of GnP C

VA one-way 
ures. Using o

as 0.0178. Th
p-value is sm
ntration has a 

Tab

ERENCES 

ttard, J., & Rit
essure orthoses
urnal of Therap

ptak, G. S. (20
rebral palsy. M
esearch Review

ooter, C. B. (20
otor function in
herapy, 18(4), 2

xtiles and Engineer 

Graphene Nano
ntial Use for Reh

es of final press
Fabrics, A: 20%

ommended p
compression 
0 mmHg [46]
r muscle act
is also possi

sure garments
reduces the s
ed pressures 
designed pres

nts.  

Concentratio

was used to 
one way anal
he result of th

maller than 0.0
significant eff

ble 7. ANOVA

Source of Var

Between Gr

Within Gro

Total 

thalia, S. (200
s for children 

py and Rehabili

05). Compleme
Mental Retardat
ws, 11(2), 156-1

006). The effec
n children with
245-252. 

opowder (GNP)
habilitation of C

sures (mmHg) f
% GnP, B:  25%

ressure used 
stocking an

]. Athelets are
tions that ocu
ible that the 
s provide co
spasticity in 
found in the

ssure garment

on on Pressur

analyze the 
lysis of varia
he analysis is 
05, it can be e
ffect on pressu

A and estimation

riation 

roups 9

oups 6

15

04). A review 
with cerebral 

itation, 11(3), 1

entary and alte
tion and Develo
63. 

cts of therapeu
h cerebral palsy

Pressure Garm
erebral Palsy (C

for PET/GnP fab
% GnP, C: 30% 

for compre
nd sports gar
e wearing pre
ur during run
interface pre

ontinuous pre
patients with
e range of 0
ts will help d

res 

effect of Gn
ance, p-value
presented in T

estimated that
ure.  

n of parameters 

SS 

92.3067 

63.7992 

56.1059 

of the use of 
palsy. Interna

20-126. 

rnative therapi
opmental Disab

utic taping on 
y. Pediatric Ph

Cilt (Vol): 26 No: 115

SAYFA 240 

ments  
CP) 

 

brics; 
GnP) 

ession 
rment 
essure 
nning 
essure 
essure 
h CP. 
0-200 

during 

nP on 
e was 
Table 
t GnP 

4.

All f
Type
attrib
evalu
that 
But 
adeq
The 
and t
all sa
1,30 
gene
shiel
cond
elect
conc
nano
the 
resul
temp
prov
treatm
smal
incre
show
incre
PET/
stron
sensi
help 
phys
woul
elect
suffe

from pressures

df MS

2 46.153

9 7.088

11  

Lycra 
ational 

ies for 
bilities 

gross 
hysical 

 

 
4. L

h
p

5. h

6. E
L
c

5 

CONCLUSIO

fabrics have sh
e C samples 
buted to highe
uated accordin
they are in th
in profession

quate which m
highest shield
the highest SE
amples. The m

GHz was fo
erally have p
lding effective
ductivity. A s
tromagnetic s
centration.  DS
oparticles decr
fibers and lo
lted as a sm
perature. Acco
vide big advan
ments by ener
ll but a signif
ease in GNP 
wed a small b
ease in GnP 
/GnP pressure

ng structure d
ing and actuat
sensing with

sical therapy 
ld also prov
tromagnetic sh
ering from cere

s 

F 

33 36 

88  

 

Lee, I. H., & Pa
hemiplegic cere
physical therap

https://www.job
19.01.2019). 

Elliott, C., Rei
Lycra® arm sp
cerebral palsy. 

 

ONS 

hown good ant
showed bette

er percentages
ng to FTTS-F

he category of 
nal use, shield
means they wou
ding effect wa
E was found at
mean shielding
ound at the ra
provided high
eness than ty
mall but sign
shielding effe

SC analyses ha
reased the orie
owered the cr

mall but a sig
ording to DSC 
tages during p
rgy savings in 
ficant decreas
concentration

but a statistic
concentratio

e garments w
during long u
tion. The acqu
h the needed 
as suggested 
ide a durabl

hielding effect 
ebral palsy for

P-value 

0.0178 

 

 

ark, S. Y. (2015
ebral palsy chil
y science, 27(2

bskin.co.uk/cer

id, S., Hamer, 
plints improve 
Gait & Posture

Tekstil v

Nilüfer YILDI

tibacterial acti
er antimicrob
s of GnP. Wh
FA-003 standa
f “very good” 
ding effects w
uld provide a 
as obtained at
t the highest S

g effect value a
range of 15-2
her electroma
ype B and ty
nificant increa
fect with the
ave shown that
entation of cr
rystallinity of

gnificant decr
 analyses, the 
processes such

n the future. Th
se for all fabr
n. Mean score
cally significa
on. Finally, t

would provide 
use of trainin
uired conducti
tight structur
by the thera

le antimicrob
t to help the re
r future design

F-stat 

6.5107 

 

 

5). Abnormal si
ldren on a scho

2), 499-500. 

rebral-palsy 

P., Alderson, 
e movement flu
e, 33(2), 214-21

ve Mühendis 

Z VARAN

ivity up to 20 w
bial activity a
hen the fabric
ard, it was ob
in general us

were found to
modarate pro
t 86 MHz fre

SE value of 37
at the frequenc

25 dB. Type 
agnetic interfe
ype C due to 
ase was obser
e increase in
t the addition o
rystalline units
f PET fibers 
rease in the m
new materials

h as dyeing an
he stiffness sh
ric samples w
es of final pr
nt increase w
the newly de
a long elastic

ng muscles an
vity with GnP

re onto limbs 
apists [39,40]

bial activity a
habilitation of

ns.  

tting pressures 
ol chair. Journa

(Accessed 

J.,  Elliott, B. 
uency in childr
19. 

washes. 
and it’s 
cs were 
bserved 

se class. 
o be in 
otection. 
equency 
7 dB for 
cy of 0-
C GnP 

ference–
higher 

rved in 
n GNP 
of GNP 
s inside 

which 
melting 
s would 
nd other 
howed a 
with the 
ressures 

with the 
esigned 
c and a 
nd help 
P would 

during 
]. They 
and an 
f people 

 

of 
al of 

on 

(2011). 
ren with 



 

 

7. Ni
As
cer
an

8. Tu
ch
Ne

9. Kn
cer
Jou

10. Xi
(20
cry

11. Ve
Gr
Ch

12. Xu
po
(et
spu

13. Da
(20
po
Ch

14. Sh
(20
ali
Na

15. Ma
Ele
na
Te

16. Hs
gra
Pro

17. Ha
Eff
ele
na
46

18. Pa
Me
na

19. Liu
(20
ox
str

20. Kr
J. 
Sc

21. Ho
An
ph

22. Lu
of 
42

Journal of Tex

Polyester/
as a Poten

icholson, J. H.,
ssessment of upp
rebral palsy w
d Child Neurol

urner, A. E. (
ildren with cer
eurology, 48(5)

nox, V. (2003)
rebral palsy: A
urnal of Occupa

ing, L., Wang, Y
018). Effects 
ystallization pro

erdejo, R., Be
raphene filled 
hemistry, 21(10

u, Q., Wang, 
lymerization an
thylene terephth
un fibers. RSC 

alton, A. B., Co
004). Continuo
tential applic

hemistry, 14(1),

hin, M. K., Lee
012). Synergis
ignment of re
ature Communi

arinho, B., Ghis
ectrical conduc

anotubes, carb
echnology, 221,

su, P., Chen, S
aphene nanosh
oceedings (Vol

a, H. W., Chou
ffect of chemi
ectrical, and 
anocomposites. 

30. 

apageorgiou, D
echanical pro

anocomposites. 

u, S., Zeng, T.
011). Antibacte
ide, and redu

ress. ACS Nano

rishnamoorthy, 
(2012). Antiba
ience of Advan

ou, W. C., Le
ntibacterial pr
ototransformat

u, Q., Arroyo, M
f monolayer gra

(10), 102002. 

xtiles and Engineer 

/Graphene Nano
ntial Use for Re

, Morton, R. E
pper-limb functi
wearing lycra g

ogy, 43(6), 384

2006). The eff
rebral palsy. D
, 324-324. 

). The use of 
A report of a
ational Therapy

Y., Wang, S., Z
of modified g
operties of PET

ernal, M. M., 
polymer nano

0), 3301-3310. 

C., Wang, B.,
nd characteriza

thalate) nanoco
Advances, 7(53

ollins, S., Razal
ous carbon nan
cations, and p
, 1-3. 

e, B., Kim, S. H
stic toughenin
duced graphen
ications, 3, 650.

slandi, M., Tka
ctivity of compa
bon black, a
, 351-358. 

S., and Tsai, I.
eets/polypropyl
l. 1653, No. 1, p

udhury, A., Ka
ical modificati

thermal pr
ACS Applied 

D. G., Kinloch
operties of 
Progress in Ma

. H., Hofmann,
erial activity of 
uced graphene 
o, 5(9), 6971-69

K., Umasuthan
acterial activit

nced Materials, 

e, P. L., Chou
roperty of g
tion. Environme

M., & Huang, R
aphene. Journa

opowder (GNP)
ehabilitation of C

E., Attfield, S., 
ion and movem

garments. Deve
4-391. 

fficacy of Ade
Developmental 

Lycra garmen
a descriptive c
y, 66(2), 71-77.

Zhang, Y., Mao
graphene oxid
T. Polymers, 10

Romasanta, L
ocomposites. J

, Chen, Y., et
ation of graph
omposites for c
3), 33477-3348

l, J., Munoz, E.
otube composi
problems. Jou

H., Lee, J. A., 
ng of compos
ne oxide and 
. 

alya, E., Koning
acts of graphen
and graphite 

. (2015). Mech
lene composites
p. 020045). AIP

mal, T., Kim, 
ion of graphe
roperties of 
Materials & In

h, I. A., & Yo
graphene an

aterials Science,

, M., Burcomb
f graphite, grap

oxide: memb
980. 

n, N., Mohan, R
ty of graphene
4(11), 1111-11

u, Y. C., & W
graphene oxi
ental Science: N

R. (2009). Elas
al of Physics D

) Pressure Garm
Cerebral Palsy (C

 Rennie, D. (2
ment in children
elopmental Med

li suit treatme
Medicine and 

nts in children
clinical trial. B
 

o, S., Wang, G.,
de on thermal
(6), 613. 

L. J., et al. (2
ournal of Mat

t al. (2017). In
ite nanoplatele

construction of 
85. 

., Ebron, V. H.,
te fibers: prope
urnal of Mat

Spinks, G. M.,
ite fibres by 

carbon nano

g, C. E., et al. (2
ne, multi-wall c

powder. Po

hanical propert
s. In AIP Confe
P Publishing. 

D. H., et al. (2
ene on mecha

polyimide/grap
nterfaces, 4(9), 

oung, R. J. (2
nd graphene-
, 90, 75-127. 

be, E., Wei, J., 
phite oxide, grap
brane and oxid

R., Lee, J., & K
e oxide nanos

117. 

Wang, Y. S. (2
ide: the rol
Nano, 4(3), 647

stic bending mo
D: Applied Ph

Cilt (Vol): 26 No: 11

SAYFA 241 

ments  
CP) 

2001). 
n with 
dicine 

ent in 
Child 

n with 
British 

, et al. 
l and 

2011). 
terials 

In situ 
et/poly 
f melt-

, et al. 
erties, 

aterials 

, et al. 
self-

otubes. 

2012). 
carbon 
owder 

ties of 
erence 

2012). 
anical, 
aphene 

4623-

2017). 
-based 

et al. 
aphene 
idative 

Kim, S. 
sheets. 

2017). 
le of 
7-657. 

odulus 
hysics, 

23. A
o
C

24. A
c
T

25. A
e
A
P

26. A
n
T

27. B
c
p
s

28. P
N
I

29. K
a
C

30. K
E
G
4

31. G
(
g

32. K
(
P

33. X
e
n
2

34. A
c
w
a

35. Y
C
s

36. H
D
a
n

37. Ç
o
p
C
A

38. B
S
a
R

5 

AATCC 100-20
of antibacterial 
Chemists and C

AATCC Test M
colorfastness to
Textile Chemist

ASTM 4935, 
electromagnetic
American Ass
Philadelphia, PA

ASTM D-5732
nonwoven fabri
Textile Chemist

Berendjchi, A.,
continuity of re
polypyrrole to 
substrate. Appl

Periolatto, M., 
Novel antimicr
In Antibacteria

Kumar, D., and
and graphene-
Composite Stru

Khanam, P. N
Electrical prop
Graphene-based
47). Springer P

Galpaya, D., W
(2012). Recent
graphene-polym

Kuilla, T., Bha
(2010). Recent 
Progress in Poly

Xie, S. H., Li
effective condu
nanosheets and
243121. 

Abot, J. L., Son
carbon nanotub
with higher in
and Technology

Yan, T., Wan
Carbon/graphe
strain sensors. 

Hebeish, A., El
Deyab, S. S.
antibacterial 
nanoparticles. C

Çakır, B. A., B
of ZnO nanopa
protective, self
Colloids and 
Aspects, 414, 1

Becheri, A., D
Synthesis and 
application to 
Research, 10(4)

 

004, (2010), Sta
finishes on tex

Colorists, Philad

Method 61 (2A)
o laundering: a
ts and Colorists

(1999), Standa
c shielding e
sociation of 
A.  

2-95, (2001), S
ics using the ca
ts and Colorists

 Khajavi, R., Y
educed graphen

achieve a hig
lied Surface Sci

Ferrero, F., Vi
obial agents an
l Agents. Intech

d Srivastava, A
-reinforced nan
uctures, 21(5), 1

N., Ponnamma, 
perties of grap
d polymer nan
ublishing Comp

Wang, M., Liu, M
t advances in 
mer nanocompo

dra, S., Yao, D
advances in g

ymer Science, 3

u, Y. Y., & L
uctivity between
d carbon nanotu

ng, Y., Schulz, 
be array-reinfo
terlaminar ela
y, 68(13), 2755

ng, Z., Wang
ene composite 
Materials & De

l-Naggar, M. E.
, & El-Rafie,
textiles cont

Carbohydrate P

Budama, L., Top
rticles using PS
f-cleaning and
Surfaces A: 

32-139. 

Dürr, M., Nos
characterizat

textiles as UV
), 679-689. 

Tekstil v

Nilüfer YILD

andard test met
xtiles, American
delphia, PA. 

)-(2010),  Stand
accelerated, Am
s Philadelphia, 

dard test metho
effectiveness 

Textile Chem

Standard test m
antilever test, A
s Philadelphia, 

Yousefi, A. A., 
ne oxide on pol
ghly electro-co
ience, 363, 264

ineis, C., Vares
nd processes f
hOpen Ltd, Lon

A. (2016). Elas
nocomposites u
1085-1103. 

, D., & Al-M
aphene polyme
nocomposites i
pany, New Yor

M., Motta, N., 
fabrication an

osites. Graphen

D., Kim, N. H., 
graphene based
35(11), 1350-1

Li, J. Y. (2008
n composites re
ubes. Applied P

M. J., & Shano
forced laminate
astic properties
5-2760. 

g, Y. Q., & 
nanofiber yarn

esign, 143, 214

., Fouda, M. M
, M. H. (20
taining green
Polymers, 86(2)

pel, Ö., & Hod
S-b-PAA revers
d antibacterial

Physicochemi

stro, P. L., &
tion of zinc 

V-absorbers. Jo

ve Mühendis 

IZ VARAN

thod for the ass
n Association of

dad test method
merican Associ
PA. 

od for measur
of planar m
mists and C

method for stiff
merican Associ
PA. 

et al. (2016). Im
lyester fabric by
onductive and 
-272. 

sano, A., et al. 
for textile appli
ndon, UK. 

tic properties o
using RVE. St

adeed, M. A. 
er nanocompos
n electronics (
rk, USA. 

Waclawik, E. R
nd characteriza
e, 1(2), 30-49.

Bose, S., & Le
d polymer com
375. 

8). Comparison
einforced by g
Physics Letters,

ov, V. N. (2008
ed composite m
s. Composites 

Pan, Z. J. 
ns for highly s
-223. 

., Ramadan, M
011). Highly e
n synthesized 
), 936-940. 

da, N. (2012). Sy
se micelle cores
l textile appli
ical and Eng

 Baglioni, P. 
oxide nanopa

ournal of Nano

sessment 
f Textile 

d for the 
ation of 

ring the 
materials, 
Colorists 

ffness of 
iation of 

mproved 
by use of 

flexible 

 (2017). 
ications. 

of CNT-
teel and 

(2015). 
sites. In 
(pp. 25-

R., et al. 
ation of 

ee, J. H. 
mposites. 

n of the 
graphene 
, 92(24), 

8). Novel 
materials 

Science 

(2018). 
sensitive 

. A., Al-
effective 

silver 

Synthesis 
s for UV 
ications. 
ineering 

(2008). 
articles: 
oparticle 



 

 

39. Ma
Ma
Ph

40. Fla
Ev
wh
20

41. Xi
the

42. Ab
co
cer
reh

43. Ba
Fa
ela
cer

44. Sh
pre
cer

45. Jin
on
lyc
82

46. Ma
Mo
the

47. Tr
Og
co
Pro

48. W
pro
Int
14

 

 

 

 

 

 

 

 

 

 

 

 

Journal of Tex

Polyester/G
as a Poten

acKenzie, C.,
anagement of P

hysiotherapy Ca

anagan, A., Krz
valuation of sho
ho have cerebr
4. 

iong, Y., & Ta
erapy and sport

bd El-Kafy, E
rrection of low
rebral palsy:
habilitation, 28(

ahramizadeh, M
armani, F., & 
astomeric fabri
rebral palsy. Pe

haari, I., Osman
essure of lycra
rebral palsy (C

n, Z. M., Ou, Y
 medical com

cra/nylon doubl
1 (1), 215-218,

aklewska, E., N
odelling and de
erapy. Fibres an

oynikov, O., 
ggiano, L. 201
mposition on p
ocedia Enginee

ang, Y. & Zh
operties on 
ternational Jour
4. 

xtiles and Engineer 

Graphene Nano
ntial Use for Reh

, & McIlwa
Postural Contr

anada, 67(3), 24

zak, J., Peer, M
ort-term intensi
ral palsy. Pedi

ao, X. (2018). C
ts. Polymers, 10

E. M. (2014). 
wer limb rotat
 a random
(10), 1004-1014

M., Rassafiani,
Mirbagheri, 

ic orthoses on 
ediatric Physica

n, N. A. A., &
a orthosis at d

CP). Sains Mala

Y., Xu, N., & Y
mpression hos
le wrapped yar
, Trans Tech Pu

Nawrocki, A., 
esigning of kn
nd Textiles in E

Wardiningsih, 
3. Influence of
ressure genera

ering 60: 157-16

hang, P. 2013. 
dynamic pres

rnal of Clothing

opowder (GNP)
habilitation of C

ain, S. (2015
ol in a Child w
45-247. 

M., Johnson, P., 
ive orthotic gar
atric physical 

Compression g
0(6), 663. 

The clinical 
tional deformit
ized controll
4. 

, M., Aminian
S. S. (2015). 
postural cont

al Therapy, 27(

& Shasmin, H. 
different postur
aysiana, 47(4), 7

Yan, Y. X. (2013
siery and pro
rn. In Advanced
ublications. 

Ledwoń, J. & 
itted products 

Eastern Europe 

W., Koptug, 
f material prop
ted by sport co
62. 

The effect of 
ssure of com
g Science and T

Pressure Garm
erebral Palsy (C

5). Evidence-B
with Cerebral P

& Urban, M. (2
rment use in ch
therapy, 21(2),

garments for me

impact of or
ies in children
ed trial. Cl

n, G., Rashed
Effect of dyn

rol in children
4), 349-354. 

N. (2018). Inte
res in children
763-771. 

3). Pressure an
operty researc
d Materials Res

Kowalski, K. 
used in compre
14: 111-113. 

A., Watson, 
perties and ga
mpression garm

physical-mecha
mpression gar
Technology 25

Cilt (Vol): 26 No: 115

SAYFA 242 

ments  
CP) 

Based 
Palsy. 

2009). 
hildren 
, 201-

edical 

rthotic 
n with 
linical 

di, V., 
namic 
n with 

erface 
n with 

nalysis 
ch of 
search, 

2006. 
essive 

C. & 
arment 
ments. 

anical 
rment. 
: 131-

 

 

 
 

 

5 

 

Tekstil v

Nilüfer YILDI

ve Mühendis 

Z VARAN




