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Fabrication of Electroconductive Textiles Based PLA Nanofiber Web Coated
with PEDOT:PSS

Sungeun Shin*, Sujin Cha*, and Gilsoo Cho'
Dept. of Clothing & Textiles, Yonsei University; Seoul, Korea

Abstract: We proposed a simple process of fabricating electroconductive textiles by coating conductive polymer PEDOT:PSS
(Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate)) on biocompatible PLA (Poly Lactic Acid) nanofiber web for appli-
cation to smart healthcare. Electroconductive textiles were obtained by a drop-coating process using different amounts of
PEDOT:PSS solutions., DMSO (dimethyl sulfoxide) was then used as an additive in the post-treatment process to improve con-
ductivity. The surface morphology of the specimens was observed by FE-SEM. The chemical structures of the specimens were
characterized using FTIR. The electrical properties (linear and sheet resistance) of the specimens were measured. The effect
of the bending angles on the electrical properties was also investigated to confirm their applicability as wearable smart textiles.
FE-SEM and FTIR analysis confirmed that the deposition of PEDOT:PSS on the PLA nanofiber web surface was successful.
The conductivity of the PEDOT:PSS/PLA nanofiber web was enhanced up to 1.5 m/ with an increasing amount of PEDOT:PSS
solutions, but there was no significant difference at 2.0 m/. The optimum condition of PEDOT:PSS deposition was established
to 1.5 m/. Even when the specimen coated with 1.5 m/ was bent every 30°, the change in the electrical resistance values was
still low within 3.7 Q. It confirmed that stable electrical performance was maintained and proved the applicability as a flexible

textile sensor.
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ojgh &= 7] wiEel oJFsH 85 % A AEE F=
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pyrrole), Z2]o}A| 2 &l (Polyacetylene), Z2]o}'d @ (Polyaniline)
om, I FollA ZT G4l SA e oH)EE (=
EJFIA ¥ |o] E) (Poly(3,4-ethylenedioxythiophene):poly(Styrenesul-
fonate), ©13} PEDOTPSS)= =2 71xA, oA 2
AE AU 4 FAo| rhssithe Al FAlde] ik
(Tadesse et al., 2019). 53], T (34-o12HATISA €] Q.3 )(Poly
(3,4-ethylenedioxythiophene), ©]3} PEDOT)S &2 =43}
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WER A 25 ZHS 95 2nlE g2l 2 E857]d
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bondingy& ©]Fo] 8 FelMm= FelHA] of2 YA £
srele] EA18 4= Stk(Na et al, 2010). PEDOT:PSSS] 318}
T-Z= Fig. 13 2t}
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Fig. 1. Chemical structure of PEDOT:PSS (7adesse et al., 2019).

Table 1. Characteristics of the substrates used in this study
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S el A7IEAEE Fefsh] S8l 1.3 winZ abE
PEDOT:PSSE AFE-3I2™ Sigma-Aldrich* HUSA)NA i
stk T3 AxA &4 913 HI7IAE Duksan pure
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o] A&kt

22. ANE M=

Fig. 2= =X¥e A4 =29 ol e A& A% 24

Fabric material Fiber diameter (nm)

Weight (g/m’)

Melt point (°C) Manufacturing technique

PLA nanofiber web 200-800

5

150 Centrifugal spinning




PEDOT:PSSE G# PLA V=il €9 )=y g5l A= 235
DMSO
PEDOT:PSS 0.5ml
05mi ﬁ 90 °C -g
S5m é é
1.0 ml PLA :-;n 15 min 30 min 5 min
loml nanoweb = 0
2.0ml
S5cm
0.5 ml 1.0ml 1.5 ml 2.0ml
Fig. 2. Procedure of specimen fabrication.
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1517} Drop-coating st31e™, th7deiolA 3027+ 90°CE gRlal7] Sl AAE gt WA 7S S AT 3%
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E7F A3 tHKim et al, 2015).
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AR Aze] 38K 722 dolwy] 9, ARE (1x 1)em’
FHIBIAL Cary 670 FTIR +4171(Agilent Technologies, USA)
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Specific resistance (€:cm)= Sheet resistance () x thickness (cm)
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Fig. 3. Measurement method of electrical resistance by angle of arm
bending using a dummy.

PSS A2] ol wh& AT 5 WA ghe] 2lolE dotry]
Al SHEE ¢ AR ANBIA, 37 ZAwd A71A 7%
& whE= BAHEA (Repeated Measures ANOVAYS E3) 2}
°|& AFArh

3. &z A =9

3.1. PEDOTPSS %{2| 2kl CI2 &M 2 o

Z+2 2 PEDOT:PSS ook_; Az)® PLA WeAlg €
NRe B EAS BAE 43, 7t AR ofF F9A
PEDOT:PSS7} 2.2 —E.—_‘?_‘—E— B9es #RIE 4+ AATHFig.
4). L3k S PEDOT:

7}" .&X‘I

_Q_oﬂ',] 0]:0] ___7]_'0‘]—_I_E ],]._,_

Afe F717F "A FoiA A, EHE Af JtHE
PEDOT:PSSE Hol 7HA& Z& elg 4= .

FE-SEM ©H #9& 33l A8 FAE 8% 4+, v
2] PLA YA+ 9] FAIE 525 mmelH, A=A IEA)
PEDOTPSS A &d <ol WE A7 HF Fe
139 zm, 1.0mA= 199 zm, 1.5mA= 289 1m, 20mA= 38.8 um
2 245U ©15 53] Z™EE PEDOT:PSSY| o] o
drE AR HAF AN Ag FRIEA, ol XEd
PEDOT:PSS 8-99] <fo| F7}3el| ulg} PLA A8 3=
ofo] Z7131937] wiEolr}. &3l n)xg] PLA A&7} PEDOT:
PSS &o] AE 47 AZERT FAL FAE BH=d,
ol WAL Al WAl o] TR AHFEHATHE PEDOT:
PSS &9 FE oA PLA L=AdG 1 7kl PEDOT:
PSS &Ho] AAYAHA] Eto] ot ‘r“77ﬂ7]' gk o=

ﬁlﬁ %*é A 8 A E34olx =&¥ Z¥, PEDOT:
PSS g9e] T8 o] 0.5ml, LO0m/ 1L.5miZ F7I85E A
T ¥R RSl Bl Hole e 1 6}71] el éé_
Aem, 1.5miet 2.0 mPIME 2 2ol stk T3 7Y
o] Z7VEE FAZY 0.5ml A E thH] oF 14, 2.1, 2.8 ¥
2 A3 S8R, 2.0 mPt 15 miEt B8 FAL Aow
vrEbstTE.
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3.2. PEDOTPSS 2| 20l (2 FTIR £4
SE== PEDOT:PSS & Z7}ol] ©ha Alg9] sjehy 7z
o} 715719 EAAN-E setalr] i8] FTIREAS AAEH

Fig. 4. FE-SEM images of specimens.



CHFig. 5). PEDOT:PSS2} PLA £4 FIEL Olovares et
al.(2019), Wisitsoraat et al.(2013)Z} Yang et al.(2008)2] =3
< Fasiqct

PEDOT:PSS?] 2FEZ A 1515em 2o C=C 33,
1292 cm™2¢] C-C 927} BFHYL, 1157 em™'9} 1121 em®
13204 S-0 bond ¥|IE &It} 1012 cm oM S-
phenyl bond7}, 952 cm™, 845cm™, 704 em ' F-2HAE thiophen
backboneell dE38k= C-S bond F|Z7} HE= A tH(Olivares et
al,, 2019; Wisitsoraat et al., 2013). Z} A|52] AHEHA M
PEDOT:PSS®] FaE0] FUH HE=UoH, o] 3aE
ZA12 S8 PEDOT:PSS L&A} EajEA] ¥ F23 3
27t o]FoH S RISt Egt viAE]E PLA ~HER
oA U= 1180 cm™ 29 C-O-C stretching, 1756 cm™
F29] C=0 stretching I IEE 1T 4= A2 (Yang et
al., 2008), PEDOT:PSS® FAHE= o] F7lst FA7 +
A e} B39 intensity= A A AT

AF}AHo g2 A gE9 2HEHo| PLA Yx=AdF 94
PEDOT:PSSeIlA] UER}E= functional groupe] =S g6l
Ue B2 PEDOT:PSS7t 54 oz IHEso] SIS
T3k I8 AEE sPHA PLA I3 JEL FA3] 74sl,
8 g98 Z7MZ 1.5 mit 2.0ml AlFEoH PEDOTPSS
T8zl 9371 #EEE S B o, PEDOT:PSS A
ol FTIRE A3 A ke A=A AR §AE

o ¥

olx

8
o
o
g
£ A . | B~ 5m
g el T 1 W 2.0ml
2 M\/\/\\\_/ﬁ\/\j\/\/‘v\/‘ g 20ml
©
£

B AGH sae _”_PEDOT:PSS
P sy
: o

704 ~
129.
1515
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Fig. 5. FT-IR spectrums of specimens coated in different amount of
PEDOT:PSS.

Table 2. Statistical analysis of electrical resistance values of specimens

PEDOT:PSSZ %€ PLA =7 o] 7wy gl2ed A= 237

AZIEH Ewol 2 og AlgErh

3.3. PEDOT:PSS 2| ol mE &7|1Y sS4 24

Table 29} Fig. 62 AZFE A89] A7|A% 3e RAFE=
I 9 azo|n, 7} 27 wWE HA7|AY e AelE &
HE AR EAEAN PLA Ui o Z”EE
PEDOT:PSS9] o] w2 AMAge] HFphes =& 23,
0.5 mPlIXE 854Q, 1LOmPIME 6480, 1.5mPlXE 424Q,
20 mPIME 44.0Q0 2, 1.5 mP7HAE A Hsl o 2.0 m/
oAM= FARE e BT BAEAS B3 05ml, 1.0m/,
15 mie] AR BES A7 Fola<F p<.05, p<.01 ©]3}l
A frelgk Apol7t = AoZE YEREO™, 1.5 miet 2.0 mi]
M 7 folet Afolvt fle RS ERIT 4 AUUh

PLA =5 1o T8 == PEDOT:PSSS] o] =713
e A kS =& 23, 0.5mplME 30.16 L,
LOmPIME 1235000, 1.5mPIME 7.17 Q0, 2.0 mPIME
624 Q9] 7HE 2o L5 mPAe F450 AR 74as)
= AL AN FAEA A= 05ml, 1.0ml
15me] AAE 2 folgk Aol A oH, 1.5 miet
20 mPIAE frolgh xpel7F YRR gdot AAE 3tk 5Y
< B3t

& 3 .
E5 WA gt TAS olgsle] MAT g A

3 A7} 0.5 mPIAE 0.042Q ¢ cm, 1.0 mPIAE 0.025Q ¢ cm,

100 50

=—&—Linear resistance | 45

—
Sheet resistance 1 40

4 35
60 [ 1 30
50 4 25
40 1 20

30

Linear resistance (Q/cm)
Sheet resistance (Q/[])

20

10

0.5 1.0 1.5 2.0

Coating deposition (ml)

Fig. 6. Linear resistances and sheet resistances of specimens coated in
different amount PEDOT:PSS.

Linear resistance (Q2/cm)

Sheet resistance (Q/[]) Specific resistance

Coating deposite (m/) M+SD Significance M+SD Significance (Q-cm)
0.5 85.40+£12.24 30.16+3.90 0.042
1.0 64.80+9.98 0.5-1.0m/ 0.020° 12.35+0.34 0.5-1.0m/ 0.000"" 0.025
1.5 42.40+7.83 1.0-1.5m/ 0.005" 7.1740.34 1.0-1.5ml 0.000"" 0.021
2.0 44.00+4.85 1.5-2.0 m/ 0.710 6.24+1.28 1.5-2.0 ml 0.154 0.024

p<.05, “p<.01, “p<.001
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Table 3. Electrical resistance values at different bending angles

Angles (°) 0 30

60 90 120 150

Resistance (Q) (MSD)  51.07+0.12 51.29+1.84

51.63+0.88

52.33+0.68 54.24+2.99 54.82+3.69

1.5 mPIAE 0.021 Q- em, 2.0 mPIAE 0.024 Q- cme] Fko]
ZEFRoH, 1.5mE ZHS AFA 7P e B gk
< Bk

o] A7AE 2 24 ASAE T34 W, PEDOT:PSSS]
FE ol 15miE 7S A7|IAE g dAdes 7
23190, olHT) B B 20m/ ¥OoE FHHE ABoME
238 A7AG gho] S7rAY A WslelA] ¥ AS &
olgt 4= it} o]E ¥3), 25cem” 2719] PLA Al 1ol
PEDOTPSS €9 1.5m/iE AMsle A7HEAEE Folshe
Aol 71 Ajhet o= AlRHE). IY o] Tl e A
7178} 2 e AT B WA, & FA SR %

Az BRse 1A glel gadle AN LS 8

A7 F8E A5 W EA 9 sty B4, W71H
EAe] 4754 nlEoz "2eld AXME Axs] sl 2
23k PEDOT:PSS®] #HZA A =45 At 1.5 mit

20miE HERS W AAF g \HAGge] /P v 3
HERIAL 7 A&l fojgh xfol7t IR ER, 1.5ml AlE
7F HrE o]&st ¥9 A &¥E Wrishedl AMEIC

Table 33} Fig. 72 gv|e] & &4 %o wg H71A3
# WslE Bt 1L5ml] AlEe w4t A-RE A
7143 Fhol AAH R Frtehs AFgS HAh o)s &A9]
ANAE gro] waZe) vhlEsla dojol nlgske A2l
ot o= #3 7l ARSE AR Hort Al A
AR H71A 3} ghel F71ek 202 AdEr

AlEe] B3] 7= A7AE 3ol zpolg gotrr] $lste]

80

54.2 54.8

o]
o

51.1 51.3 51.6 52.3

Electrical resistance (Q)
ey
o

N
o

—e—of 1.5ml (Q)

0 30 60 90 120 150

Bending angle (°)

Fig. 7. Variation of electrical resistance values at different angles.

HHEEA AR S Al , SAKSE Felgk zfolrt
fle Ao LPE‘rkkE}(p> 05). WA 1.5m/ A Al7E 0°
oA 150° Atele] Zhwellx] 714 AdFel felgk alel7t fle
T WolA fA== A Rl

AfAo g w3 7=l A7 2 BAKHSE fogt
2po)E Holx| gkom, FHx 0° tin] 150°2 A7IAE 7k xjo)
7F37Q o= fAEE AL & o, & AlA AkE A
1:/\4 Eﬂ/’\E]_O10 021]_4 23] Hlo= A7 ];g ;\q‘—o o;qu
ZoR diEr, o]& Fa HEtd MAAEHA HE&TFsAol
01_0___ ;@LO]O]_ 1;].

o
>,
>
o
i)
_ti

2 A= PLA WhieAdf S 3EHe] 454 PEDOT:
SSE A3l A7HEA H2EdS ARSIl fdde] o
g 2Eld HF024 AL 7S BT PLA Wi

o] LS HoJdk 5 PEDOT:PSSS #1713 A%<
PIA717] 918kl DMSOZ F42] 3485 M8t F 47t
A EE A=z xﬂﬂ% A|ZZ PEDOT:PSS A2 %
of ME B, 384 L2 @ A7 e Zgsta, "

EfdZH o] &8 7%5*05 gRlal] flste] w8 defellA
713 54 %'7}*8}913}

PEDOT:PSS A2 & RE A& #
PEDOT:PSS7} 27 EXEUN, IH st

& FHO AR 71=EEe] | 7Rl g FAE 4
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