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Development of PU Nanoweb Based Electroconductive Textiles and Exploration
of Applicability as a Transmission Line for Smart Clothing

Eunji Jang and Gilsoo Cho'
Dept. of Clothing & Textiles, Yonsei University; Seoul, Korea

Abstract : The purpose of this study is to develop the electroconductive textiles based on polyurethane(PU) nanoweb
and to explore that it is applicable to smart clothing. The electroconductive textiles developed by coating 2.0 wt% aqueous
dispersed non-oxidized graphene paste on the surface of PU nanoweb. The fabricated electroconductive nanoweb was
applied as a transmission line to connect the LED lamp, and the brightness of the LED lamp was measured to confirm
its performance. The nanoweb transmission line was fixed by two methods(seam sealing tape, embroidering) to connect
the LED lamp and AA batteries. The results as follows, the brightness of the LED lamp fixed with seam sealing tape was
about 82 lux, and which fixed with embroidering was about 57 lux. It represents that the nanoweb transmission line which
fixed with the seam sealing tape has better electrical signal transmitting because the lux value higher than the one fixed
by embroidering. In order to compare the performance of the nanoweb transmission line and the metal wire, we con-
nected the LED lamp with copper wire. The brightness of copper wire connected LED lamp was about 193 lux. Although
the electrical signal strength of the nanoweb transmission line was weaker than the copper wire, it was reachable to oper-
ate LED lamp. The results of this study will provide a basic data to develop the textile based electronic devices, and con-
ducting wire for smart clothing.

Key words : nanoweb ((=%), electroconductive textiles (1713 =4 B]2~E}2]), smart clothing (="}HE2]R), transmission
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UAEH, & 2030l = AP 7150] oFe] WA (in-
clothyel Feje] ZnlELRIF Adkd 202 o= Uk
(Park & Kim, 2013). FAAEFR] 71550] oFe] WdE Fe)
ZulESFRE JEelr] feiMe A& B3 714 A4
BAlOl Zhe 71T ARle] side] HQ3lth(Cho et al,
1998; Cho et al, 2008; Jang et al., 2017). A7|HAEA &4
= A, g 2ERd A AN, ASHEA
37 55 T A0F oF Afe] 549 FA4, AV
T2 FABIEA 2% Ase] XY 5 Vss FAE
Aofek Fth(Park, 2014). oF WellM 25 AxAE 53¢
7] SExlE A A714 e tiEe] W3 2HeAtel
IHE A7IAEA A9 Ade] Fasitt Bgh oF il
A5 Al2RE FE] fsiMe A71dsd A A
I gEo oFe} AxASAE g8H0E AAT § Y= E
AV 70| Fasitt, RS}t MRS 94T F e
HAYA WHolE &0 9 (soldering), 9 (welding), 2}o]oj
J(wire-bonding), S A0 E(flat cable), & (molding), =&
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Table 1. Interconnection technology for smart clothing

http://farhek.com/

http://medalistllc.com/

https://www.quora.com/

Soldering

Welding

Wire-Bonding

http://AliExpress.com/

https://www.aitechnology.com/

https://www.hightechdad.com/

Flat Cable

Molding

Printing

https://www.pressebox.com/pressrelease/ ) https://www.robotistan.com/
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https://www.migelatina.com/

Bonding

Embroidering Snap

H (printing), ¥ (bonding), E.Z |} & (embroidering), <Y
(snap) 5°| UTH(Table 1). ©] & &£TE S o83t 2
ALAE AP HEORE gl FEE= 9 AA
fralsted AR A7EaL ok Ao efejojidd e F&e)
ol &E, 253 5o& I Ao, FPA OIS At
2APHEE Aztsle] AVEIS FAAT)= ol B9 7
T AARAE A7)t 2ol dAsle WHOE & F
|43 AAEE AATIA Se 2719 FER AlL}ste]ok
SICH(Cho, 2006). ©]&3t 71EE2 ZAAE Ee= vieA] 34
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ARl AxA EAE FEUY = 2L ok A&
g AREE Asdgdor HEst7] 918 Cho and Jeong
(2013)8] AelA AAE SPELFE AT O AR
7Fsd vAgRE 715l wet ok 107 ~ 10" Q-em ©] WA
e 7= AIEE AESISitTable 2). AgE A8 2w
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Table 2. Usage of electroconductive textiles by specific resistance value
(Cho et al., 2013)

Specific resistance

(Q-cm) Product Usage
Dust-free clothing Discharge prevention
10108 Car sheet Electric shock protection
Glove Prevent of flammable explosion
Carpet Noise prevention
Working clothing Prevent of flammable explosion
10%-10° Electric conduction Prevent of electrostatic
clothing induction disturbance
Packing Antistatic
10"-10" Heating unit Antifreeze
Smart clothing Transmission line
slarx} gk,
2.4 H

2.1. PU Licl 7|4 M7|1MEN S AERIO| 1t

2 Ao egrbEoE Az PU Y=glet 2.0
wi% FEo] R € uiikslad solrER 7|HEA
g AEA S TRt Jang(2017)¢] Aol wet PU W)
o] Flol FEAt € ksl so|l2ES Fsle] 17
AxA g2eldS Atk 2 Aol A3 PU Whe
Azt A | vislaa so]2Ee] 712 5242 Table
3% 2t

o

22 MSHEMo=RO| ME

2 AFollA A=k st #ovjiksiaed so]2~2ER A
HE PU Yes1E Alsdgd oz ARE3H7] 981 1emx7cm
A71¢] A1zt Jel =2 Aldsint.

Fig. 1& LED @=o] 279 294 pU =gl S Asdg
Aoz Age /faxelt)y. 27¥) o] LED #Ze] (H=F3
(=g 742t A4ds] AAsted AAE FEE AdE PU o
=4 HE ARSI g & Eolls AARERS S ()
=& 77t s 93l 2THAH 0|25 ARl e, e

Table 3. Characteristic of the materials

0.5cm| D Non—-Oxidized Graphene Coated
A -

PU Nanoweb

7cm

4 “}- « Scotch tape

Fig. 1. Schematic of LED lamp connected with non-oxidized graphene
coated nanoweb as a transmission lines.

2 LED #2o] (HF3 (FS AFskich & Aol A
e pes] Aledgs oz LED BZs) wieEE Adsia,
oz 78]

18l TPU(thermoplastic polyurethane) 414 &l
O] Z(seam sealing tape)E ©]&S W JH=Zo|HH

(embroidering) HH2 ©]&3ITh

- ¢ Fabric

............................. « TPU
+ Non-Oxidized Graphene Coated
PU Nanoweb

Fig. 2. Non-oxidized graphene coated PU nanoweb fixed by seam
sealing tape.

----- + Fabric

« 100% Cotton yarn

-+ o Non-Oxidized Graphene Coated
PU Nanoweb

Fig. 3. Non-oxidized graphene coated PU nanoweb fixed by embroidering
(100% Cotton Yarn).

Fiber structure

Randomly oriented

Typical fiber diameter 200-500 nm
PU Nanoweb Fiber length Continuous
Physical form Thin layer
Web area density 0.5~20 g/m’
Contents Graphene sheets, distilled water, a trace of additive
A s i Non-Oxidized
queous disperse Non-Oxidize Concentration 2.0 wi%
graphene paste )
Specific resistance ~1X 10” Q-cm
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Fig. 2& A4lgdo|=g LED #ZZ 743 WS veld

2o, 03mm F7] ER2A TPU A4 =

of it ® vRisladg do]~ER SF"E PU WSS

A A 2gsink o] w) LED #xe] (=3t (7] £
A

o] Fig. 19] x* ®A] el fIAe== 4shar, =g 4
=

Wiesl 2l5AdgA 9ol TPU A -H 0|28 9& & 9S8 7t
sfo] RS

Fig. 3& HZo|ryo= LED #ZZ w3 S Yel
W Ao, 748 9R]o] FYE PU =UL T 100% W
AR SlHS IR Zo|rysle] W Ao 1AL o uf
LED #=e] (HF34 ()F9] 20 Fig. 19] X FA] 52
AR A8, eI Wel 7t AT ghgo} gl
£ 3§ W HE FEH JERoIH k] Efl(trap) W
202 g Aaddd S 7o) g3

23. PU Liclo| EHEY

uAg] PU e} 74 | v)ikslaidl so|~ER &
Hek PU W=glo] FHAlo|E A5 flste] o] 27 thH
7}871(Cross Section Polisher, 1B-19510CP)2} FE-SEM(Field
Emission Scanning Electron Microscope, JEOL-7800F)& A}
|13tk MIAE PU W=l A | vkt g
2E= JYE PU =Sl F 7] Al89] FHEA Al 71A14
el oJgt JFS Hassl] flste] AlEE o2y T vt
712 ddsisinh Aol e 9Hs FE-SEMeR 29
Sto] st ® uiiisladEs ZYsh] A3 9] PU e
& FHAIE FASIA

24. PU Lic@e| 57 &4

PU w=slol] 241 | vlakslagdl dlo]~ES IY3P]
A} o] A wstE Aury] 98 txE AeHs
calipers)s ARE-31] 43T PU Wil AZEA 4 AR
o FAZE BHYE T JLBE A L YoE dulsid &
Asislon 4% dolel Haaks A=t

Fig. 4. Schematic of measuring electrical resistance.

714 BAE Gokry] Hsl A 2 W\ Adgs 45k, o]
ol ulet v EAgkS AFEsGith A #1852 RCL meter
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Specific Resistance(C)-cm)
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Fig. 5. Measuring of LED lamp consistency(lux).
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Fig. 7. Non-oxidized  graphene
coated PU nanoweb.

Fig. 6. Untreated PU nanoweb.
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Fig. 62 WA2] PU WefS ol o 77| 2 At
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32. J2iE FYE PU Lic#el FH

TR € ndslad dolaES AYs] d3t & PU
wesle] FAESE AEsly] flsl tAd Aejuas ARt
of TS SAsA o] W del= AHT A 2] PU
=5 FAE S48 Hawke AEslth vAE PU Ui

Table 4. Thickness of PU nanoweb (mm)

Untreated (Mean) 0.19mm

Non-oxidized graphene coated (Mean) 0.23mm

Table 5. Electrical resistance of non-oxidized graphene coated PU
nanoweb

Non-oxidized graphene paste

Specific resistance 0.01Q-cm

Non-oxidized graphene paste coated PU nanoweb

Linear resistance (Mean) 37Q2
Sheet resistance (Mean) 29.630Q/]
Specific resistance (Mean) 0.6814Q2-cm

a9 Ho)|2Er} ZEE PU =g A% 2F 0.23mme
FAE 7K UATHTable 4).

3.3. JEHE FEE PU Lol MM 5Y

20 wi% FEo] B ® ujaslae)w o] ~Es} ¥Rl
FHE PU W=le] 1714 548 dotir] <18 A A, |
A ZHsslon W AYe] Had I9E A8e] )
e olgstel MAERES =S PU eglel A71HE
e Balsly] i8] ARRs Bkl slolaEE oF 107
Q-eme] WIAGGE 72 Qlek, vlakslae e 83 pU U
=f1o) A A Fge 37008 Ueiskow, W A da
& 2963000 VERgh W At AR FAE Ftd
H|APge A= A3 0.6814Q-cmeE LFERSTH(Table 5).
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Z&gto] Yt 2gke] mEW 4 dgHe| 22 LED
Z5 IH9S W QE Rty WHE o]&g AR Als
7hH & AgES BRI T 2 AdFH el 2
st W Fael 3 AEET 5 gle DS /A 9o, A
BRo|ty W& AL AAT F 44 J2E ALY &
e el AT HEF ves] 7ol AZIHEA Pl
< LED #29] 752 7lesht 71& S5 vlaike A
712 EALETE HoxlE Aoz LERSTHTable 6).

N
[
r

2 AFeME PU W) RO 2t € nlatsiae e

Table 6. Consistency of LED lamp (lux)

Nanoweb transmission line (Fixed by seam sealing tape) 82 lux

Nanoweb transmission line (Fixed by embroidering) 57 lux

193 lux

Copper wire
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