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Fabrication of Electroconductive Textiles Based Polyamide/Polyurethan Knitted Fabric

Coated with PEDOT:PSS/Non-oxidized Graphene

Yuzi Luo and Gilsoo Cho
Dept. of Clothing & Textiles, Yonsei University; Seoul, Korea

Abstract: We proposed a simple process of creating electroconductive textiles by using PEDOT:PSS(Poly(3,4-eth-
ylenedioxythiophene):poly(styrenesulfonate))/non-oxidized graphene to coat polyamide or polyurethane knitted fabric for
smart healthcare purposes. Electroconductive textiles were obtained through a coating process that used different
amounts of PEDOT:PSS/non-oxidized graphene solutions on polyamide/polyurethane knitted fabric. Subsequently, the
surface, electrical, chemical, weight change, and elongation properties were evaluated according to the ratio of
PEDOT:PSS/non-oxidized graphene composite(1.3 wt%:1.0 wt%; 1.3 wt%:0.6 wt%; 1.3 wt%:0.3 wt%) and the number
of applications(once, twice, or thrice). The specimens’ surface morphology was observed by FE-SEM. Further, their
chemical structures were characterized using FTIR and Raman spectroscopy. The electrical properties measurement
(sheet resistance) of the specimens, which was conducted by four-point contacts, shows the increase in conductivity with
non-oxidized graphene and the number of applications in the composite system. Moreover, a test of the fabrics’ mechan-
ical properties shows that PEDOT:PSS/non-oxidized graphene-treated fabrics exhibited less elongation and better ability
to recover their original length than untreated samples. Furthermore, the PEDOT:PSS/non-oxidized graphene polyamide/
polyurethane knitted fabric was tested by performing tensile operations 1,000 times with a tensile strength of 20%; Con-
sequently, sensors maintained a constant resistance without noticeable damage. This indicates that PEDOT:PSS/non-oxi-
dized graphene strain sensors have sufficient durability and conductivity to be used as smart wearable devices.
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ATHXie et al., 2016). A7|ATA BH2EIS AAe] Sl
Wal7F =R %71 A A Asel AgEofof gt B A
TN FE5 o] HEst AR Al FAd IEEE 7
71 H2EldS 7uke 2 g Ar|AEA E2EldS /sl

fraast glzeldel] A7HEAS Folalr] skl AMEEE
EA2E 2 F574 Ed(metal), A5 4A (allotrope of
carbon), A=A I A|(intrinsically conductive polymers, ICPs)
5ol Aok 2FA A=A AZEA] PEDOT(Poly(3.4-
ethylenedioxythiophene))y2 -3+ A71Ax%, 214 A,
FHE 2 fadez Qs ArHAEA YzEld oA 3
HEHA AR e 7] A=A ZEAo|t) spA R
PEDOTE &l 54| ¢Fe $HAIE 7KL o] o] & sidsh]
$18 PSS(Poly(styrenesulfonate))e} ©]-2 7kwAlZ7]=H PSSe
71 Ake 2= <la) PEDOTO| PSSE F7}sl PEDOT #
3} o]Fo] Agke]r] uEe Evel gAY TS X
g F YAV Hrmo| FAFHA JFE wRITHDu et al,
2018). o2t ZAIE s3] fs) 2eld, AtslF(GO),
g Akl (RGOR} 22 A=A Wie S3AE 2838t
£ 23 =3 (doping)S A1¥3l] PEDOT:PSS| HA==E 4
A2 4 Slth(Adekoya et al, 2021). PEDOTPSS -&-<4o]
A& F71sHHE PEDOTS} PSS A& Akole] E&<2
(coulomb attractionye TS ¢FsiA|7]3L PEDOT:PSSS] #7171
EEE JIME 4 Uh(Xiong et al., 2015).

Z| PEDOT:PSS/Graphene] %1717 EAdel it A=
52 PEDOTPSSS} el Aalazjel e Akslaeelo)
23 FFEATE 2y A7 HAEA AFoA uleR Hjat
slagEe E3 7R &8 HaE A fltk(Xiong et
al, 2015). 22§39 B4 Alx Wyl wet tE2A Yehd
th agjES Bl o & EAF)7] SlEl 2eEs Akslehe
ATt ThdsHAl olFAX AL glon) AbslaEiHe] w4 YAE
Aol spt Aol A 714 AL Feleljxitt, b Ak
sfaejRle] Ba YAE Ale] i AFS YN F A
A= A3l R S A (electrode) AEE 2gsle A7
g glo] M= et ot FAE sl e B¢ Ui
AAE Al ksl FA o f1gAde] =, Atsl 2 AlE = olA
B2 drEe] AitEs we] itk Al ds S| A
stz &Joll S0 Hl4ks} 21 (non-oxidative exfoliation)
o o8] AAE vAElaHE =3 A7)A AFolr) vk

-
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Table 1. Specification of the fabric material used in this study

3} vl vakEl vl gl Ak @AIZL glol Eold
FUE s T2 4L IT F ke Yol Hcle w9t
o2 olgA AAbE e 2o A4S U fA4
sithe Aol IdrkLiu & Xue, 2015).

HAELS A4, 224, 534, o, sd 59 A
o] SIth(Wang et al, 2016). HAE2] 2542 HAES 55
gk oA U Zlo7|x s, EEedde 9 JdER 7
& IRV ARE AR oS SdisiEn. HHES 5
55k A8 2o Eeedst 2 YLEF 2 e A6
ARgo] Hlaj o @, 2h8 st M7z E2ERdel A
g3p7lel| o] AR 7|9t HEelt), wEpA QIA] FF el
3|7} =] olof sz dlofelE Aol AME3l] A it

o2 ¢af £ dAFo)x= PEDOT:PSSY| H)AslzziHS H
7hte] A== dPPA71aA) 8 A=t g% PEDOT:
PSSHtsl I EES B85l] EejoreZeEd &
W AAE 38 AYTLEH o|E H7|HEA HERU
A-gstazt g}, ol Zejoln|=/ZE| et & HAE
PEDOT:PSSH sl el EAE vl w2 X235t

ANVAEAS Polsim 4714 B4 S8
=

21. M=z

2 AFo|A AHgE 7|WF A ELS Anruda Co.(People's
Republic of China)ollAl ot 30% Z2]-eles} 70% Z2
o= &3t |AE(Table 1)0]th. 7|0 HAE H7|H=A
S Foj3l7] 93 A|2k& Mexplorer Co.(Republic of Korea)
oA et f718mel ejd Tervt EAkE w|iksioE
H(G-ink, 1.0 wit%)(Table 2)3} Sigma-Aldrich(United States
of America)ollA gt 1.3 wt%<] PEDOT:PSS &<o|t}
(Table 3).

22 AME M=
Fig. 1914 A159] A2 24S Yepdoh, A7 17=A 8 2E}
A AZHS 25led PEDOT:PSS £93} 3714 F=o| uiksla

Fabric material Structure of woven fabrics

CPI  Thickness (mm) Weight (g/mz) Melting point (°C)

70% Polyamide, 30% Polyurethane Weft Knitting

76 0.46 210 170

Table 2. Specification of the non-oxidized graphene ink(1.0wt%) in this study

Concentration

(mg/ml) (nm)

Solvent

Thickness of graphene

Lateral size of graphene Specific resistance

sheet (um) @m) Viscosity (Pa-s)

PM(1-methoxy-2-propanol),

<
DMF(dimethy! formamide) 10 avg. <5

avg, > 23 2x10° ~500 (~500,000 cP)
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Table 3. Specification of the PEDOT:PSS(1.3 wt%) in this study

Contents Concentration (mg/ml)

Conductivity

Density Melting point  Initial boiling point

Poly(3,4-ethylenedioxythiophene):

13
Poly(styrenesulfonicacid)

1 S/cm

100

3 0
I glem oce (at 1013 hPa)°C

wog

PEDOT:PSS  Addition of Graphene

(0.3wt%; 0.6Wt%; 1wt%)

Magnetic Stirrer  PEDOT:PSS/Graphene
200rpm, 4h

Fig. 1. Procedure of specimen fabrication.

YPAE E3tste] Ajefe g AME3ITE 10 mle] PEDOT:PSS
(13 wt%)l 10mle] F=7F T2(03 wit%, 0.6 wt%, 1.0 wi%)
H|akslae)E 89S Z74sl9ith. PEDOT:PSS/HI A1) &
FAE 30 B A 253 ATt AeA NT 5
QF WU B 2B ¥ (magnetic stirring)sl$12o™, 37149 &3 &
A5 Azl Tr. Z2+e] PEDOTPSS/HIAelTziel EdkAe
vkl d FEEE 20 mE FH]E

T s )23 371K PEDOTPSSH|AIS 22w &
SA(1.3 Wi%:1.0 wi%; 13 wi%:0.6 wit%; 1.3 wit%:03 wt%)
£ 2717F 3em x 10 em?] 718F A&l Haj4#| 18  (brush-
painting method)2= 717} FHSIGATE. ojul] ZF 7|9k HA &
A 2]¥ PEDOTPSS/H|4tslze] sl E31A 9] F(amount)=
20 mlo|t}, Z83E 3 SFEY|o]|E(hot plate)ES ©]&3td 100°C
2 10% 71E A»E B ARsla, 1x% $ oA ZHse
gL sl 18], 23], 33] FHEIIT)

HEHoT F 9% AHEA Hzeldo] AFEoH,
Y% PEDOT:PSSHIAMSI1e|H EjHA|9] Fxot iy 34

o

ofN

Table 4. Treatment conditions of the treated specimens

Sample }l}gn];o".};f :rzgﬁer(:ef: Numb.er of Heat
name PSS (10ml) (10 ml) coating treatment
Pl 1.3 wt% - 1
G2 - 1.0 wt% 1
PG1 1
PG2 1.3 wt% 1.0 wt% 2
pes > 100°C
PG4 ! 10 min,
PG5 1.3 wt% 0.6 wt% 2
PG6 3
PG7 1
PG8 1.3 wt% 0.3 wt% 2
PG9 3

i

v A

| &
Graphene

10cm
; = PEDOT
Polyamide/ Polyurethane Dried 100°C, 10min
knitted fabric PSS

o wat 27t PGl, PG2, PG3, PG4, PG5, PG6, PG7, PGS,
PGoC 2 eIt AZHE A5 Azt 248 v 2ok
(Table 4).

23 ¥ 84 &4

PEDOT:PSSH| st dl Bkl o] viatstaefd sot =
g 3ol 2 ARe] A7A EAL Hlwal] Sl AR
P1, G2, PGl, PG2, PG3, PG4, PGS, PG6, PG7, PGS,
PG92] WA EH(sq, sheet resistance)ys =731 Th 4 Point
Probe BAE =47] CMT-SRI1000N(AIT Co., Ltd. Republic
of Korea)s ARE-3IAH. olu] Al§2] Z7]+= 3emx 10em 2
712 FHlste] HERAAM g3t ol9f e HHS e
Ao 5 HHE Z2g3le] Ha WAFES Alkste] A5 A
718 B2 dolElE ARSIt

24, E¥ 84 24
AEe) HY BAE ANE B2E S8 Rl b

T 83 Ak A
FAPAAL dv)7(field emission scanning electron microscope)
PEDOT:PSS/H|2telred B3A|e] ¥H JHE Hrlske U
&3 7Isolth. A5 EH B8-S #43P] f8 AANE
g FAPAAA U (FE-SEM, JSM-6701F, JEOL Ltd)yS AR&-3}
At

2.5. Raman &4

PEDOT:PSSH|4tsl2ef . EA71 Z-E Al5e] 3)st +
24 5A& BA3s] flste] Al 7x)9] A& G2, Pl, PG39}
A 71x12] Ao PEDOT:PSS &8, u]2kslzfsl g4, PEDOT:
PSSH] ksl HgAe] sl 2FeF 24 (raman spectroscopy)
< AN

26. FT-R 24
PEDOT:PSS/M| 2812 EalA| 7} 2 A|ge g8 +
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%, PEDOT:PSS} vlAtstefad Atolo] @Ash= AJant-g-S
Asz] flsted Al 7K AR G2, Pl, PG3¢9t Al 7EA]9]
AlF PEDOT:PSS &4, v]ttstaefdl g9, PEDOT:PSSM]4E
stz B3 Felo] HE He)d 33 (fourier trans-
forminfrared spectrometer)S ARE-3}IATE.

7. QE 5 "ot

FARE 7N HEo] AEe] 7|AA A ofH dTE v
HeA 22171 18] AzlE A8 d4l 54 (elongation
properties) 2 3|5 E-X(recovery properties) A2 Z18Y 5}
T ASTM D2594-04(JASTM International], 2004)2 A-&-5}e]
S 33tk PEDOT:PSSO H7tshs wlikslre)vle]
=} 38 35 w2 I"E A8+ 9H, Pl, G2, PGO

127] A8E FHlEith ojuf AlE= ASTM D6614-
2007([ASTM International], 2011)° w2} 10.0 cm x 3.5cm
7|12 FAEIATE 120 AlEE 7 AR AX|E H &
1.82 kg4l bhHel FHe AT F 58 &t A 5&
T AEES AL 202 F AEE PANA AAFA. A
E9] 421% EAX(elongation properties)S WFF e AEH X
(stretchy&-2 ol F21(1)S o83l Atslsier, A& 3|
& EX(recovery propertiesyS WFFsks AE A (growthyE

& okl T2 AFg3I AV

P

ofe ol i

=1
Fabric Stretch, percent= 0% 100 )
s ly
]()1 515- ZJ_O]
LSS 7K 5o o]
. L1l
Fabric Growth, percent= X 100 ?2)
0

l() . -iL]_%. 7‘?]_0]

L 8EE AAR Tl o]

2.8. MI|IM=Y HIAERIS Ms HI}

H Aol seel= PEDOT:PSSMHIASZ## A7 1A
gl 2elde] 2nlE JojEE FX|d H4 7FeskA] ERlE]
flate] M7 A=A dxetde] ug A3-S Asieich A
71-AEA0] 7P 2L A 2E PG3E, PG39] whEE ~EHA
(20%) 2 2122 (0%)l et 1718 B4 1 Hze] ¥ F3}
ol AlFell 20%<] W =

3
sta Al Ee Ak 71E

[o
N
-
_O‘L
re
R
=
S
e
o,
r o
ol

oo

Fo =M AR

3. &3 ¥ =9

31. M7 54 &Y

PEDOT:PSSH|AFsl el B3A17F 2R A5 HAg:
(QVsq, sheet resistance)S =4t AI(Table 5), 1 W=
66.5~7700.2 Q/sq2 LFEFSTHTable 5). A58 WAL A
B A& PG} 66.5 WsqE 7PE WS kS HYloe™) PGT

Table 5. Sheet resistance of treated specimens

Sheet resistance

Sample name

Mean (£/sq) Standard deviation

P1 25061.6 2368.71
G2 28023.8 1567.90
PGl 178.8 11.70
PG2 96.8 3.67
PG3 66.5 1.94
PG4 1030.5 10.13
PG5 2254 4.60
PG6 124.7 2.69
PG7 7700.2 71.04
PGS 642.6 9.50
PG9 366.5 6.90

°] 77002 Ysq= 7P E2 3E B3k PEDOT:PSSM] s}
a9 B3AVE ZHE AR U2 B9 AE Pl WHA
Pk 25061.6 Qsq= UEFEO™, AlE G2& 28023.8 (Vsq
2 Jehdth XE®" AR FollA wWAEge] 7P B2 AR
(PG3)= & BlAkslzgide] ZHE A|S(G2)¢t <& PEDOT:
PSS FHH A|FPHET} ¢ 3798 743 Ao R el
PEDOT:PSSH| sl 1e A8 AH sk Al 5o AL v
slade] s=rF solfe] wEt welxitt. 15 F”E 4
NFE PGl, PG4, PG7& ¥lwald PG72] 74 wAdgto]
7700.2 VUsqo}, PG1Y) 739 <F 178.8 VsqZbAl YrolATh.
28] FEg 74 A g5e] WARES HlaksiaAe] =t 0.3
wi%d w] °F 642.6 UsqellA 1.0 wt%d Wl <F 96.8 Qsq7t
A grolxtt. 33 IR A9 A5 WA vkl
o] L7} 03 wi%, 0.6 wi%, 1.0 wi%dwl ZFzF 366.5
sq, 1247 Q/sq, 66.5 VsqZ YEIETE ©]& B3l PEDOT:
PSSl S AH g A5 W74 vAkslew
o] =7t Sl wt Wolke & ¢ Uk ¥ B 1

-~

P

2%

8000
7700. 2-
—=— 1.3 wth:1. 0 wt%
7000 —o— 1.3 wt%:0.6 wt%
—A— 1.3 wt%:0.3 wt%
6000
Z
S 5000
8
§ 40007
RZH
& 3000+
g
22000
w2
642. 6
1000 1030.5 '\25& 366. 5
— e
178. 8™ m— 96 8—g o5
0 T T T
1 2 3

Number of PEDOT:PSS/Graphene Applied

Fig. 2. Sheet resistance of treated specimens.
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—=— 1.3 wt%:1.0 wt%
—o— 1.3 wt%:0.6 wt%
—A— 1.3 wt%:0.3 wt%

0.67

0. 66

0. 65

Weight (g)

0. 64

0.63

0. 62

0.61 L L L
1 2 3

Number of PEDOT:PSS/Graphene Applied

Fig. 3. Weight of treated specimens.

A H71E Qla] PEDOT:PSSE o] 7Y FxoA ¢
S A3 AlE FRE ¥ H7] wfZo]ckSayyad et al,
2021).

S8 357t S| v AR BEe] S STt
B2 AlRe] A WA veRgth 2eiHe] 7t 1.0
wt%2 A AR PG37F 66.5 VWsqE 7P He WA
Hejow, ol AlFE PGl vl 112.3 Q/sq 243 gho
AL FE7F 0.6 wi%ldl 3¢ AlE PG6S] WAL
124.7 Q/sqZ YEREO™, o] AR PG4ol| Bls| 905.8 Q/sq
Ao ok, EjHe] et 03 wi%edl B$- AlE PGY,
A& PGS, A1 PG79] AR ZHF 366.5 (Wsq, 642.6
sq, 7700.2 Q/sq=. FEFSLTE.

Ao Z PEDOTPSSO Hlitslzzjde Hriske Ae
PEDOT:PSS®] A7 |IAEE ol IA 7198 + UrhFig
2). HlAksla e et B3Ale] 1Y 3o Frlel uiet
A7 A7 7H438lAT) Fig. 2004 2 4= gl%o] 13] =g
3} 23] F¥ Apolollx] A7) FA g AR e, 23]
Fe3 33] ZH Aoola e A/I-ERe] Hole 18] =
W3} 28] F® Aolol|MuE S o)A g9kt ©]= PEDOT:
PSS/ el HE/L AS 13 AW 28] AW A o]
i gAEgeER 33 Y Al AE W FEE £ 9

= ol HCR S0E7] wEolthFig. 3).

£

3.
|
1

Y S 24
o] ¥ F® S B4 AoFig. 4)elA e A
%o Zgoln=/Ze gt EdF B EI 7249
|E7F B3It} 7} AlgEE ZEsid, vjitslaewe
Lo} I8 3l mie} Algo] o] o9zt
PEDOT:PSSHIAIslzelll B34 7F A2)| o7le] AE(PGl,
PG2, PG3, PG4, PG5, PG6, PG7, PGS, PG9S}t P1, G2¢]
EHO| vHT2= FE-SEME o]83)] o|nX|& &3l SEM
olu|z & EA319thFig. 5). WA A& P1€] FE-SEM ©|u]Z]

o >
AR TR
s

>~
f

Mo =5

of R
off,

L --
P1

PGO G2

PGl PG2 PG3

PG4 PGS PG6

PG7 PGS PGY

Fig. 4. Samples images.

ol PEDOT:PSSHIAIs e S3A7F € e BES
g 4= 3}, ol Eglolm=/ZESde & HWAE B
o] 7)Aol FojEl Zeo|tt. PEDOT:PSSHAtstzeH
A9 Fele 2wl AE Hj3) UL $FE AE FH)
vepdtt, p1o] o|mx| S A r™ PEDOT:PSS ZE2| w11z
& @S #ASH & e, PEDOTPSSHIAS =) B
A FE9] A$- 1 omR| S 2k rH PEDOT:PSS/MH|AtEle]
A DEe] EH Uil vatslelE AlEZE AR
[e) ]

ujiFolt}, o]5 Fa ¥z PEDOTPSS Akolo| nn A%
(mm association)°] TAYPSS RIS F Uch A wn 4
Foz 3l T7H AR o)F £ wjie] zHe] F&rt
5 AP gAash EokXiong et al, 2015). S3HA
Y 37t oldrE E3AVL AE BHY Yl WHo] &
7¥el ] ZFRERE ofd) Thest 7ie Abololle et

2 Bg9S AAE A3kFig. 6), BlAEa|E o) 2t A
ZEA 1357cm™ (D-peak), 1588 cm ' (G-peak)>-ollA ™
oA AL, 2695 cm ™ F-2ol| 2D-peakst oFabA|
=T} 2D-peake LA SHAH R Uehls 9AR, 2
2} 4ol 2]3k ¥ =o|tk(Kim et al, 2020). 2D-peak’} G-
peakR T} oFshA #EE Ae vjikslaEl Y30 EAsh=
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Fig. 5. FE-SEM images of (a),(b)Untreated, (c)PG1, (d)PG2, (€)PG3, (HPG4, (2)PGS, (hPG6, ()PG7, (PGS and (K)PGY; (a)*30, (b) x500 and (c)-

(k) x2,000.

a9 NEQ] Z7) =7] W&o th(Ferrari et al., 2006).

PEDOT:PSS] vt A|ZEdA C=C Rioiid A%
(antisymmetric stretch)(1565 cm™"), C=C Ht2] &4 (asymmetric
stretch)(1,518 cm ™), C=C Tt & Al & (symmetric stretch)
(1433 cm™), C-C S A3 (single bond stretch)(1362 cm ), C—
C 2lE182~Ed 3 (inter-ring stretching)(1263 cm ™ol 3l23H=
54 FaE AFsih

PEDOT:PSS/H] st 2efj sl H3hAlo] 2pnlk Al ZE oA
1433 em™ (D-peak), 1566cm™ (G-peak) 2 2827cm™' (2D-peak)
927 wE pAEe] B Aol AL wasadn
PEDOT:PSS7} 3402 == Ag Ikt PEDOT:

PSSMakslrE) el A9} PEDOT:PSSS] 35 Hwghes o
75 91R)el| Wslrt A7 1= 7heke ez PEDOT:PSS 7ke
528 wlEoltk(Xiong et al., 2015). Wb Zj#e] =
< PEDOTS} ze#f9l 7o) 78 mm JE2Eo=
PEDOT Ak&ol 7324 ¥sts f=ghe &g 5 vt

A& PG3¢| Bt A|ZEo)A PEDOT:PSS/HIAFsl1efjdl &
Aol 54AQ1 =7t vehd vl AR PG3E 7N HHE
o PEDOT:PSS/HIAEIe) el B3/} A2 A2)d Zo] &
Zlo] B Aol|x] A3t PEDOT:PSS/HIAtslze) 3 B34
7 714 A g £ Slsslth

2 ©

o
e
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PEDOT:PSS

PEDOT:PSS/Non-oxidized Graphene

| \/\/\M

Intensity(a.u.)

Non-oxidized Graphene

A=

————— 4‘//

T T T T T T
500 1000 1500 2000 2500 3000
Raman shift Ccm™)

(a)

Intensity(a.u.)

3000

Raman shift (em™)

(b)
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