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Production of Polypyrrole Coated PVA Nanoweb Electroconductive Textiles
for Application to ECG Electrode

Jae-Hyun Kim, Hyuk-Joo Yang, and Gil-Soo Cho'
Dept. of Clothing & Textiles, Yonsei University; Seoul, Korea

Abstract: This study developed electroconductive textiles by coating polypyrrole to PET nonwoven-based Polyvinyl
Alcohol (PVA) nanoweb made by electrospinning and applying the developed electrotextiles as ECG Electrodes. To find
the optimum coating conditions for high electrical conductivity, the ratios of 2.6-Naphthalenedisulfonic acid with Disodium
Salt NDS) vs Ammonium Persulfate (APS) as an oxidant and a doping agent in the solution were changed from 3:7 to
7:3; the immersion time of the specimen in the solution was 1 hour. PVA nanowebs coated with polypyrrole under various
conditions were filmed with FE-SEM. FT-IR analysis was also performed to examine the presence of polypyrrole
nanoparticles in the PVA nanoweb. The electrical resistance of the treated specimens were measured with a Multimeter.
Consequently, the PVA Nano Web was undamaged even after heat treatment that allowed for coating. Uniform polypyrrole
nanoparticles then formed on the surface of the PVA nanoweb after coating. The measured electrical resistance was
shown to be at least 12K()/[] from a maximum of 3,456 K()/[]. The proper amount of NDS content had a positive effect
on the conductivity improvement of electroconductive textiles; in addition, the highest electrical conductivity was

achieved with a ratio of 3:7 between NDS and APS.

Key words: electroconductive textiles (17134 B 2ElY), polypyrrole (Z2]¥]E), nanoweb (L=%)), electrode (A=),

doping (=33), oxidant (AF3}A))
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wgtA] 2 AGo|A = PET Nonwovens 7|RHEOZ g
Polyvinyl Alcohol(®]3t PVA) th=slol] Z2]u]ES A8 s,
AT G2eld S AFsaA) sty 7| ER AL
PETE oJFaAl2 |2 AHe 24 & sz, d5e=
28 4] 23 TRRo R ARs I, PETAIES Rl g
H FHE Age F HEAES 7 Stk PVAE TE
Rz 9 AR BT AR T 2E E FERES
7RIS Slof 7hgo] Astar, Begk 18 A RIARISHA Q] A
ol e, BAIZF 28 Aoz - Al gt HsiE WA
g 4 Q)7] wjoll TRt E-textile B34 iz &8 7}
S 7 ATthLlee & Lee, 2015; Zhang et al., 2009).
2]3]E (Polypyrrole)> A=A FTEAHICPs) 5 HEZHQA A
o2 A7zl $-F8la(Table 1), A-2ollr g0l #¢-
), ol A Al B gk e BAES 7K,
F718uel] =2] oA F7] FollA EF 7] kgl -
Tl St HESE &olalr] Wl $-87ksAd0] B
EA2 BERFY AFEEA Axdd 453402 &85 9l
th(Kim, 2017).

Z9E S Al ABAZE Ammonium Persulfate(©] 3}
APS)9} ferric chloride(®]d} FeCl3)7} ¥ukzoz Alg-Ht}
(Singh et al, 2012; Whang et al., 1991). FeCI3> APSel| H]
3 =2 Ax4g 7R FHES 4T Ao T 1
7hrRElE sl FAE Fe(OH)37F Afuel F243s 2
DA RA, AT el S48 AsAIE 7t

e off

(o3

AZE= APSE AME-SIAL, Doping agent2= Kim(2017)9]
F73}e] 2.6-Naphthalenedisulfoni ¢ acid, Disodium Salt
DS)E AR5kl
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2.4
21. A2 ¥ A
e AZzod= 99% o 4tE PVAGEARS 89,000~
98,000, Sigma Aldrich Co. USA)¢} TiEo] 4vl2 Z/TE
AREEITE ZEHE 49 ARE 98 AlRe SEEAE
67.09, Alfa Aesar, USA)Z} AFshAIQ]l APS(EAFH 228.2),
Dopping Agent?l NDS(EAFSF 332.26)5 AME-3I3ATH

2.2. PET BX|ZE 7|42 3l PVA Lic gl XIE

2 AFedME= PVA el Az 8 A71AY
ARSI el PVA SREE o]831e] 10.0wt%
o] PVA £324S A23 ¥ PET@0gem’) FAEEZ 7
52 3t A7AE B8 ARSI AAL =
Hong et al.(2006)°] A5 Farsle] Z|HEL AWl
et J=le Az 9% 202 Ak 2 A
ox] ARg-g PVA vieso] H7WARRZS Table 29} 2t

PVAE B3 HE A gsllse A= Qs vhesle) &4
o] WAZ & glon}, o]F FH3Pr] sl A AT (Miraftab
et al, 2015; Park et al, 2003)¢] &S Fwsle] IS
AA ST D48 LE9t A17HS Table 33 2T},
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2.3. E2|H|E 89| M=

B Aoa AZE PVA Weslo] AxA FHES sl
Z2 9 & (Polypyrroleys F3IATE AL F5738 9&E W
A7y s} Akstel ofste] itz Fol2(Radical cation)S

2 A7ellx= NDSeH APPSO THFsE MR AlzE £ FAsHA =, olE g el 7 EAEe] A& Adtsted A
S 9 PVA wheslel ¥R R Seh TRE SIS, At o) $53 cl3AE 345wk o) & olgle v
olE 7Fe] H713 54 AolE Hlastarat i, o]& Faf A o] FadAE GowE| YIS 3 Hed, olF
Ho) ANAEHS M 4 g Bel9E FHRA % 39 A IYE oA AT AYS wEsy, =3AYS
Table 1. Electrical conductivity of ICPs (Kim, 2017) Table 2. Electrospinning processing condition

ICPs Conductivity (S/cm) Voltage(kV) Working distance(cm) Feed rate(ml/hr) Needle gauge
Polypyrrole 600 20 15 0.2 26
Polyaniline 10

Polythiophene 200 Table 3. Heat treatment for making cross linking
poly-p-phenylene 500 Processing temperature (°C) 165
Polyacetylene 10° Time (min) 3




HAES HFoze HEL Fle F2jHE TG PVA =g HHEY Hne] AlE 365

Ammonium
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2.6-naphthalenedisulfonic
acid, disodum salt (NDS)

Fig. 1. Schematic of polypyrrole solution making.

Table 4. Polypyrrole solution condition for obtain optimal electrical
conductivity

Sample  Mass of APS : NDS Distilled

code Pyrrole (w:w) water Total
NDS 0 100:0 (4g:0g)
NDS 30 70:30 (2.8g:1.2;
@8128) st soml
NDS 50 50:50 (2g:2g)
NDS 70 30:70 (1.2g:2.8g)

Azl T A7FEA E2HEE FTHEJohn & Wallace,
1991). & AFe oA tiekst &2 FE3 NDS, APSS] 3
FS 2AsPAA HAHAE] 7R ke FEHIE BT A4
& 1gZ NDS ¥ APS 4g, THT S0mis &35S o
Az A WA, 2 A¥M= HE 1g, T/ 50ml
o =7E& AAT Fe]el A, APS(Oxidant)$} NDS(Doping
agent)®] HI&S SHHFE dlo] /A=A & el B
HE/S ERlstarz) ). Fig 12 EZT|9E §98 Axs)
7] 918t 2FsHA| (Oxidant)2} Doping agent, 57, 3| (Pyrrole)
o] EFHFE ek sfazelvt. add o] FRHF
APS(Oxidant)?} NDS(Doping agentyS H713+ & ¥&8 5
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Table 49141 Sample codedZ A Z3t ET|HE §Ho
PVA W=$1E A5l ZE3I8IT) oujdd S

= =
B Adelde K7 ¢ 28-S AAslth 29
z °
T, 50°Ce] RF oA 2477k FF Axsila, vUAE A
2.5 E2|O|E2 [EE PVA Licglel M % Held 2

4 (FT-IR spectroscopy)
PVA t=dlel] E8jueg 398 F, A7ded 34 7ks

Distilled water

/ pyrrole
| ‘j

[ Pyrrole polymerization ]

¥
(M -

Polypyrrole

HE Auns) 98] tefdl 249 28982 FYE PVA
S XA R HE51] FE-SEMS 2331t} &gt
PVALE=S] Ulo] Eej9E veaE|ge] EXjoife} a9 3
AARE Erlstr] el Al 32 (FT-IR spectroscopy)

AABIATE FT-IREAS Z2|9E 9919} PVALS,
Y EE IHE PVA UslS tPo = AAste 29

o919 FTIR 2 ERA FEHE F8 935S &
Asla, ZE|uE2 IYE PVA ey A5} Hlwsk

2 ot w wlo

26. E2|u|22 IEE PVA Licflel MY| ezt &4

EZE9EE FZWE PVA h=gle] A3 E4S gl
A8 AALZHQ, linear resistance) A SHQ/L, sheet
resistance)ye St AAEFE-S Multi meter(DM-1010)
£ Ag3td E4sen, AYE PVA Wiegle] HEH Al
Z& A= A SA3 F Haks Alkteiaact. WAE)
Fo EHA 3= 7] (CMT-SRI000N)S AM&3l] EA 81310
, IRPIAZ HEUES JdI2 A U AAstd 2kt
H4E T3l SHE WA Bg At WA
A &7H(Q-cm, Specific resistance)> 2 FHAFSIATE HA &
4] IfAoR, TP 7 ol A8 B A

O
BAT
e
2% % 9ok,

o H g

Specific resistance (€2-cm)

= Sheet resistance x Specimen thickness(cm)
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3.1. PET X% E J|Hle2 & PVA LI NZ

10.0wt% %22 PVA £34L Ax3 F PET(40g/cm’)
FAXE 7IMEZ sl ZA7ARE B3l PVA LSl A
2519t Fig. 29 (ays EAEE 3] & vl Feo]
I, (b= PVAY PO Z Rlal A5 &3] HEd ot
o] &8 WA Hsk] EAElE Al Uieslel dH)
oltt. EAF] o|Fox ZHHE AHo| 7Fse Aol Feprt

32 B2mEE YE PVA Lictlo] EHSY W £
Fig. 32 e 279 Z8)980] PVA Wieflo] I
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10pm YONSEI  6/4/2018
X 2,000 15.0kV SEI SEM WD 7. 7mm

(c) NDS 50

10pm YONSEI  6/4/2018
X 2,000 15.0kV SEI ) WD 7. 6mm

(b) NDS 30

10pm YONSEI  6/4/2018
X 2,000 15.0kv SEI SEM WD 7. 6mm

(d) NDS 70

Fig. 3. SEM image of Polypyrrole(manufactured by content of NDS & APS) coated PVA nano web.

ANFE9 FE-SEMUJEOL-7610F-Plus) &olmx| 2, 7h=t}zh
PVA Wicdf 7hee] Bat2lsHl wigdsE 7heu 93] &4
& YieaE|Fo] 1 9o I4E BH5e #ET 5 Uitk
Udfe] 94 E 2 SEEe 99 5 JA-A ARdE
= (b)NDS 303} (c)NDS 502 Fej7F Jiidoz 7P g3
st HE3E (ANDS 70014 EF vheAdfe] 4] A=
o], 4 T olde] NDS H7ks Uieidfel 498 %
e dvke AS RIS 7P TEFEVE S5
NDS 309 SEMo|H|RAE 3 H29E WedE g A&
2% A3, 349 EY9E VedEEE HAHT 125mm,
A7 205nm, Ha 156nme] U3 FARZE 7RI U

THFig. 4).

ZYvE2 I PVA Wiesle] FAE uxY Ay
(Digital caliper)& AMg-31d Z431%13, Z44A3= Table 59
2t}

3.3 EQ|mEZ IYE PVA Lol FTIR 24

Fig. 55 "Ag] PVA W=§l¥) Eej9E2 F94E PVA |
wqle) sfelrzs 549 vlawsl] 18] 400~4,000em™ G
oA Eg FTIR 443 otk ()2 E2¥E 294, (2)
£ "IHEE PVA W=, 3y ZY9EZ FHE PVA U=
qe] Ao FrdEGoR iz AHER L FFHOR
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Electron Image 7

Fig. 4. Size of plypyrrole nanoparticlesqINDS 30).

Table 5. Thikness of polypyrrole coated PVA nanoweb

NDS 0 NDS 30 NDS 50 NDS 70
0.13mm 0.15mm 0.15mm 0.14mm
V 23 (1) PPY Powder

9 + ~—
= i (2) Non -treated Nanofiber Web

I
| 834 8 (3) PPY coated Nanofiber Web
1000 1500 2000 2500 3000 3500 4000

Wavenumer (cm'')

Fig. 5. FT-IR Spectrum of (1) Polypyrrole powder, (2) Non treated
nanofiber web, (3) PPY coated nanofiber web.

600~2,000cm ™! FGellA 75 F|TS0] FAFUTE o] FY
o] & dEAA Yehe tiEAQ 5327 veh=
Fro, ZYvEe F& 348 A¢F A9 1,550cm '~
1,455em ! o] AEAETIE ubEo R 92oA Ve
U Bhae} Bk 709] o] A3HC=C)d T ATHC-C)ell <]
3 Z4m =0, 1,200em™ F2o] J3ae =¥ Z9E
o oet AZZET AT, 1,050em” F-2o] HT= C-NHH
W E5932A, 1,100~920em ! E2oA] JER]E nlo]E
ZEo)| ot HaleAle] FFMER A SUthRibo et
al., 1998).

B Aol Az EE heTe) FEYANE B
7k o]% i wdAF Y] o8k 1,548cm™, 1,429cm H
o] AEAET AL} AbslAe] <8 1200em” F2o] T3,

1,050cm ™', 960cm™’, 862cm™ ¥2¢] ¥ A} BAFH )
1,050cm ™! F2e] F I upo|ZERE o Z ALEEH, 960cm |,

862em™' H29] IIAE C-C ¥ C-HEHe wHE WEu
=7t et Aoz gt niAelE PVA Wi=gl(2)9] 7
2ol IS et Fo F59aE AR @9k,
2,838~2,951ecm ' 2 1,357cm ' F-Zol|A] PVA LEA} AR
o1&t Hagt FE=E ). vl EEHER ZYE PVA =S
o] A EHBPIME 1426em ™, 1,182em™, 1,044cm ™, 865cm
Raoly FeluE eui()e] F8 Fviase] A
3, o1& B3 PVA LhieAlf o] 2ol egHos 2

HEES AT AU

3.4. EL|HER [EIE PVA Licflo] MIX £M

TiFst 2719] Polypyrrole coated PVA L=l 7123 &
A4S s S8 AAEs) mAes 2745 ti(Table 6,
Fig. 6). 71 A3} A8 WA =% NDS 30 AS7F 718
S AE YR, ARE 5 7P 453 AVARAS
717 Ao JERsth AR A B NDS 0 AlEE
Aelslal= NDSe| o] S7HrE A dgto] S7ketdet. A
Az NDS9| Hlgo] 30%Y wl 137kQelo} 70%Y o
2,093kQ7FA] EoFR A, WA EFZES 30%Y W 12kQ/[1eA]
70%d ® 3,456kQLI7HA] =olxlth. &, & Aol 7P =
2 HAxAES YeRd AlSE Doping agentel AFSA9] B]go]
oF 3.8 AEFSS & F Utk E3 Table S E Fig. 60l
Al NDS7F E5-51A] ¢k AlE NDS 02T} NDS 509 414
S , A3 oFe] NDSH77}
7NAzA ol FHAA ¢S mRtke A, A
o] NDSTH= 2318 A/ H=EARS F43] 242 5 A
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Table 6. Electrical resistance of polypyrrole coated PVA nanoweb

Linear Sheet Specific
Sample code . . .
resistance(€2) resistance(€/[]) resistance(€2-cm)

NDS 0 517K 2,678K 34,814
NDS 30 137K 12K 180
NDS 50 667K 57K 855
NDS 70 2,093K 3,456K 48,384
KQ

4uw
3500 +

3000 +

2500 : -
2000 /
1500

1000 +

——Linear resistance(0)

——Sheet Resistance(Q/a)

Eleltrical Resistance

500 +

NDSO NDS 30 NDS 50 NDS 70

Fig. 6. Electrical resistance of the polypyrrole coated PVA nano web.
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