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Research on the Development of Conductive Composite Yarns for Application
to Textile-based Electrodes and Smartwear Circuits

Hyelim Kiml), Soohyeon Rhol’z), and Wonyoung Jeonglyr

D Material and Component Convergence R&D Department, Korea Institute of Industrial Technology, Ansan, Korea
2)Department of Nano Science and Technology, Sungkyunkwan University, Suwon, Korea

Abstract: This study aimed to research the local production of conductive composite yarn, a source material used in tex-
tile-type electrodes and circuits. The physical properties of an internationally available conductive composite yarn were
analyzed. To manufacture the conductive composite yarn, we selected one type of conductive yarn with Ag-coated poly-
amide of 150d 1 ply, along with two types of polyethylene terephthalate (PET) with circular and triangular cross-sections,
both with 150d 1 ply. The conductive composite yarn samples were manufactured at 250, 500, 750, and 1000 turns per
meter (TPM). For both conductive composite yarn samples manufactured from two types of PET filaments, the twist con-
traction rate of the sample with a triangular cross-section was stable. Among the samples, the tensile strength of the sam-
ple manufactured at 750 TPM was the highest at approximately 4.1gf/d; the overall linear resistance was approximately
5.0 Q)/cm, which is within the target range. It was confirmed that the triangular cross-section sample manufactured with
750 TPM had a similar linear resistance value to the advanced product despite the increase in the number of twists. In
future studies, we plan tomanufacture samples by varying the twist conditions to derive the optimal conductive yarn suit-
able for smartwear and smart textile manufacturing conditions.

Key words: conductive yarn (F1%=A}), conductive composite yarn (=4 B3}, smartwear (22nFE$]9]), textile based

electrode (812=E}Y3 A=), performance evaluation (‘3%
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Q1e] A7zl sk 877} S71Ee) el
o] 7Fs¢h ZntE tiujo]x gl o7 gk F8
TH(Ahsan et al, 2022; Kim et al., 2022a).
28 7Fsg 2nfE tulo]x 8l o|{E A|lZetara}
AP 715 716k A3 ERE g Ave ] 7
&7 ATh (Choi et al, 2021; Tang et al, 2021). YWHH
o2 Yoy E 2ulEeld AMEEE Hjde] A=

H=+ screen printing type,

-

A5 =

+ hard type, conductive sheet
embroidery type & knit type 5°] UM, L FolA ZHEA|

oj&7to]l AL 2gAo] %k LmpEd o] AXE flE A=
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olo tigk A% AT ozt gAY A At
F3Z JrHKim et al, 2020; Kim et al, 2023; Lee et al.,
2023; Shuvo et al., 2022; Zhao et al., 2022).
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2 Q3 FEgk HEAds THRE AmAR] Azl ofFgo] 9
= AAo|tH(Arias-Monje et al., 2020; Lu et al., 2021).

TG, AR Al R ARAle HlaLA A go] v ZEQl
2~

& WAAL e BIAEA AAF FH 2 YAE ZH- 5
AzE et ol th(“Madeira?, 2023; “Shieldex”, 2023;

“Soitex”, 2023). °]i= A&o] W 2 vhH 5 A &
A =E=7] wEel syt wEA dojd Wyt ohg), &
A7), A7 BA710) AME v vhEe] SR wE A
A Are] geto] HA WAek, et AR gHoE 2l
e 2Hdl| dA7E ke @] Atilung & Lee, 2018;
Rho et al, 2022). o]o 3¢ ARAAAN= BlZYZE A4
9 BA gule] g i o] A st e EFAE
EAE] I 9low, & T8 A YAl vz
AHE s Alxs BiRate] FHIZ FojQ)th (“Silver-tech”,
2023). EAF FEje] AEAle A gAER A9 Ax
2 Al Bl AFe =AW, G eldy AFou 3= A
ZAlel] MmN YRS gEo] fising AnlEge] Az
Fo] o] Bk fAIEEE FHIHA AMEES qick
B} T AFES T2 FelA A D ARHT glow
Fujoll A2 slate] dadt Agel).

guig oz Al= 7|EHo® AF e wHS 7T Yt
Zol2Ee} e SR dojd e
WAREE AMEEte] thofst HEle] TEe Xd
1= git}. o] o]F wholElal ap, FEloly 71, A4
oy miEEA, & Tl ¥FS vRIthAhmad & Zhou,
2022; Das et al., 2008; Karaca et al., 2012; Karaca et al.,
2015). A=A EFAF B HEAL ARE 8l Tl A8
e R 99 T JeE R AxHH B Y
ZYze] gigk A7t F2 Y= Atk (Medvetski et al., 2021;

N

Table 1. Specification and sample code of used materials

Ryklin & Medvetski, 2017). AAZ ZrlE dojo] HF7E=

FHE AT 7 U= Wgel = AR B} =

AP asiH, J2RE e Ee A% A3 S

o] =73 AlFo] QR st ojZEAlolH oz A

25 e olol] g AEALY] sfdo] HR3k Ao},
olo B AFoxE, Yl2EldY A= ¢ 3|29 AMEHE

A A AT B FABLE 98 712dTE, & 2
Axd AAF 153 do] Adoldk PET 258 Agste] &

=i

g
WA 8w i Ay BAE Axsly BEas,
-

I

21 48 M= " 77|

Table 12 ¥ Aol AME AHES vkl Zlojth. & d+
e BAI71, Ar7] T Aol FE el H8e] Tkse
HAZAF AZE $18le] & I8 A=A DA} (Soitex, Korea) 155
I ©E Faro] Aoldk 2% EZgo2E YAl (Dachan
Synthetic Fiber Co. Ltd, Korea)s AM&-3l] Al 7o uw}
E WES AxsINen, 71997] (Twisting Machine, TY 370,
TesTex, China)s AFE-3IITH T3k A4 2 BAl8 ALAL &
o] &9 A% AFEQ Silver tech 120 (Amann & Sohne
GmbH & Co KG, Germany)2 4] AR5}t

|
Table 25 AxA B3 Axslr] 93 AL 24 2 o)
of W AMEF=E vepd Bloth £ ATelA= PET ©H
odo] Zdolgt 2% HIAEA drtel AR YAE ARSS
o gt YSE TR AEA E3AE AzEd. It

:

Type Sample code Specification
s " . Conductive part Ag PA Ag coated PA, 100d
Materials for .manu acturing . C PET PET *FDY, 150d Circular cross section
conductive yarn Non-conductive part - . .
T PET PET FDY, 150d Triangular cross section
Advanced product Conductive yarn Cond.Y Ag coated PA/PET, 250d
'FDY: Fully draw yarn
Table 2. Conditions of twist factor for manufacturing samples (Pre-load: 10 cN)
Non-conductive part Conductive part Twisting Direction TPM (Turn per Meter) Sample code
250 C_PET/Ag_PA-250
500 C _PET/Ag_PA-500
C PET Ag PA S - -
- - 750 C_PET/Ag_PA-750
1,000 C PET/Ag _PA-1000
250 T PET/Ag PA-250
500 T _PET/Ag PA-500
T PET Ag PA S - -
- - 750 T PET/Ag _PA-750

1,000 T PET/Ag PA-1000
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231 FEHE £ 2 e By

dle] Mx AFe] YEHIE Fo} =S BRIstAl KS K
02159 =3l FEHESE EA81810H, 345 3D Xeray &
W E247] (XRM, Highresolution 3D x-ray microscope,
Xradia 510 Versa, ZEISS, USA)S &3 7% 41L& 4Alst
ATk XRM 24 2718 x 048] HEAZZ 60 kV A5}
A IS 30 pixel® AN HoEE A} T KS
K ISO 2060°] &3te], &9l delgd d#S S4sk= <l
Paalog sle] A7 AE 2 Fdo AR HHEd 2 A
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233 EE2A] B4

9] A7 AF F FAo AMH AFe] FH U T P
Z E4E 93l FE-SEM (SU8000 Hitachi High-Technologies,
Japan)g o]-&3te] AT e A AFe A5 HH=E
4 AAF B AR A BES Rejsle] BA4Een, o] o
QARe] FHE x2,000 2 x 5,000 wiElM =S, ThEe
x 4,000 2 x 10,000 Hl-&ollH =43t AArke] & o]
5ol A7 2 Ax drre] HEA A5 ZYZ] T

=g3hsnt.
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234. 8 B4 &

_li',

3
Ao 9H £4L

92 E2438l32A TGA (Thermogravimetric
Analysis, A500,

TA instrument, USA) % DSC (Differential

Scanning Calorimeter, Q100, TA instrument, USA)E ©]-&-3}

of A3 TGAE =20l 800°C7HA], DSCE “d-2llA

350°C7HA] Mol =433} o] W 524 %=+= 20°C/min
2 AL B97] stellx SAsA

F el W B A%EL FASkA, S el
58] 243t T Equation 1°] Wl 1%E(% contractionyS

% contraction = {(Lo— L) / Ly} x 100%
(Lo: Length before twisting, Lz Final length after twisting)

(Equation 1)

23.6. 97 54 w4

T 270l wet AxE B34 A 9 AR, #9)
A=At AF 59 AT S4S F4staal, wHsAIsAIR7I
Instron 3343 ZH](Universal testing machine, Instron, USA)ol
yarn grip 2714-005 seriesS AME-3l] 7z} YAle] B4 =4
St3ATk. o] w2zt A2z 24 A= 100 mmE ISk,
ol £EE 100 mm/minZ A3} S-S A, e
9 SRS den, 55 58 F Hadiks ARSItk

e

237. ANE BEA BA

R BEASl A7) 5L BRI, Qe (Tue
RMS Multi-meter 287, FLUKE, USA)E ©]&3}] 421510
SA3AT. 3 emZolY Ade 103] SHAUL ol& &) 4
ol A (Vem) #o= WISl Sl on, HHtaks At
&3kt

o) Y=g B4 5] XRM #

& Bl 4L omXE v Zlolth Fig l(ay> XRM
=4 958 owx|o|H, s om|R|eA BA A} she 3
S crop @ OJAES THAE AWk Aale) ARA UAE

(c)

Fig. 1. XRM image of the advanced conductive composite yarn; (a) surface, (b) crop and segment and (b) cross section.
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Table 3. Results of TPM of advanced conductive composite yarn
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7] 930 e AR AR AdSE AT FEEnH L
2 NG ZYS5E SAsk] TPMOE 321619120, Table 391
a2 A¥ e YERSh 2D AlE 2o
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[3) WOl = 1940.43um [4] WOl = 2024.98um

(1] Ol = 224058 pm i

(2] WOl = 1872.79 pm. 1

2019.7+159.9 497.4+37.8
Table 4. Morphology of non-conductive and conductive yarn
Sample Surface Cross section Size
Code x2,000 x5,000 x4,000 10,000 Diameter (um) Coated layer (nm)
CondY Ag PA 17.6+0.2 203.3+59
Ag PA 19.5+0.5 211.3+38.9
Surface Cross section Size
Sample Code
x2,000 x5,000 x1,000 x4,000 Diameter (um)
Cond.Y_PET 176 £0.6
C PET 18.6+0.3
189+0.6

T PET
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B lelth. slel A1 AFe] Meq R HHEY ke 9
Y wwg JHT deg lsgon, 2zt A4S o

211.3 nm2 ERsTh

T 98l A A=A ks sle] AR AlEA AL
S5 A=A Ak AR A4S THe 99 dnew
AHe] 2732 oF 2um FAKOL FE FA
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theFst 5493 ##o] dtk(Ahmad & Zhou, 2022; Das et
al., 2008; Karaca et al., 2012; Karaca et al, 2015). 9% &
W A @ JE 7KE ARl 989 e vt
A8 AFolr= 4= 7 AR AR AR T
48 ol A7) 3 Awrt thE27] diio] A% S ET o
2 e FYo] Bol 5ol S BAEithTao
et al,, 2018). whebA], YALe] T Aol A i) s} &
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3.14. €4 54 4

Fig. 2 9 Table 5& 39 47 AF 9 £ A7 A=
HAtel 84 540 TGA % DSC Z3E Jepd Zlojt}.
TGA &4 A3}, CondY?] 12} &3] 2k=e oF 421°C #

100

80

60

Weight (%)

40 Cond.Y_Ag_PA
——— Ag_PA
[——— Cond.Y_PET
20F——— C_PET
———— T PET = NS oo s

L | L 1 i 1 5 | L | L 1 L 1

100 200 300 400 500 600

Temperature (°C)

(a)

700 800

Table 5. Thermal property of advanced conductive composite yarn and
used yarn

TGA DSC
Sample 1 i
code decomposition ;;;},(éue Oat T, (C) Tw (O
temp. (°C) o) 8

Cond.Y 420.82 10.53 62.53 257.70
Cond.Y_Ag PA 421.60 24.06 63.44 25582
Ag PA 436.83 19.93 62.31 222.98
Cond.Y PET 427.22 14.86 - 260.94
C PET 440.79 13.60 - 257.81
T PET 43891 10.38 - 255.82

ZA YEREO ™, CondY F M= YAtatESL dA1tE <
3 AP" AxA YrHAg PAYE BF 9 430°C F2ollA
ESiT) o]5 UAle PA YAl & FElo] ®H Aoz Uduty
9] PA YAl Hal £ W9E RIE 420~520°C HY W)
o &3l 7S Folslgith(Pannase et al, 2020). Cond.Y PET
£ x5 3 9] PET 9AM] A4S, 13 83 2= o
430~440°C F-2ZoA H A7t YEPES R THHe et al,
2022; Kiigiik & Ovegoglu, 2018).

T3, DSC AFX = Al 7] AF 2% dubEgl PATH
7HE Tk T, M9 Wil oF 62°C 2 220~260°C F-2ollA
UehgS 31 thBraun & Levin., 1987; Hu & Yang,
2010). PET YA} 352 Aoz <F 260°C F2A T, ¥
35 JepdS RIS mebr, 2 A7 AMEE Ak

shel M2 AF fARE 92 542 KIS Bsc,

3.15 A% 54 2
Fig. 3& 3l9] 47 AE 2 Aol AM88 DAk S-S F
A& Yepl o, Fig 4= 2] 27184, = 2 9
o 22 et Fig 39 JeER A 7o), CondY
Ag PAS] 91 7G5S Avrmd, 270 vud H& d5

| 6253°C

Cénd.Y 251.25°C ‘257 70°C
[t
S L Cond.Y_Ag_PA \J 26008
© 62— — < -
; L Ag_PA 216.56°C! " 222.98%C
€ [ condy_peT 251 %ﬂ( .
- 262 44°C
Sk
T C_PET 5 ”ﬂCrVZsf. 82

T_PET 250 T;CYT
[ 257.81C

I NS T S (NS - S R
50 100 150 200 250 300 350

Temperature (°C)

(b)

Fig. 2. (a) TGA, (b) DSC curves for advanced conductive composite yarn and used yarn.
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12

g Cond.Y
1.0+ Cond.Y_Ag_PA
—— Ag_PA

—--- Cond.Y_PET
<=0 PET

T_PET

Tensile stress (MPa)

50 60 70
Tensile strain (%)

Fig. 3. S-S curve of advanced conductive composite yarn and used yarn.

st of dgnel AFES /M AL HAY & Ark
o

Cond.Y PETE Z7]°] at5oll 9 e & 2EA ARl
solve 72k A ‘jr"] 35g e L § AL o
20%4 FtEE A5 HAT Cond YE SUT AFS B

Rom ol A *JE# W& PET ﬂAM A TE
7] o g SRIFET) gdol] AREE Ag PA= Cond.Y_Ag PA
oF fARSE AT HAlou W} B2 el AeS Bt
TS C_PET % T_PET®| 73 Cond.Y_PETe] H|3| Z7]o|
7127178 thé A dEler, AgE oF 5%~30%7H
shsoll oJsl A=) o] % J} 2 g FRIBI ol
Cond.Y_PET¢h= dolgt AEE B, C PET®} T _PET
= AR 248 7HE &4% RIS 7 AR &

e A 16}4 TYe EAL, AE el AlzE °JA}°1

7] W&ol IFEAEE Ak 2AE 7 AR Azt
(Karaca et al., 2012)

Fig. 34 Qdofl -8 FAe u}%@; Folo] AgE A
/d 9AF B PET 9Arke] 1 B4 ERlsilen, ol Fig.
40 JERATE. 9EA S-S oA QOJL A 7o), AxA 4
AHFES] Hjg)] $FA8-0 = el PET Akl §MdE<] &7
yehsitt, £35) C PET 2 T PETS Z7|€Hd$0] oF 120 gff
d2 7P¢ 34 Jebdt) Tenacity?] 7% Cond.Y PET YAt
ok 62 gfid® 7P IA e, B AFolx AMgEE 2%

>

Table 6. Linear resistance of advanced conductive composite yarn and
conductive yarns

Sample code

L.inear Cond.Y
resistance
(Q/em) Data sheet Measured value

<530 4.48 +0.68

Cond.Y Ag PA Ag PA

448+£0.60 4.68+0.35

PET 9AR= zHzt oF 3.8 gfid, 3.7 gfid= oF L7} W& 35
By a8y AxA -‘%J/\} 9 E+ Cond.Y Ag | PAED}
Ag PAS] =7} oF 15H] =2 AES B A8 A
CondY &2 A&/ °JA}° Cond.Y_Ag PAS} & CondY
PET 9Ake] AX7E oF 20%% A Uepgtou), £ oA
AR A=A ALSE PET AL 2F9] HAk= oF 10%=
Ab ] S-S 7RIS BlElen o)fo] Bk Alx
Al =0l A S = AR ddET

&

ro ml

3.1.6. 1714 B4 4

Table 62 319 A AFH T AFe] A=A A H
Aol ARE HEA AL 359 AYE BEAS golRaxt
A A e ST AH4E JER 2820l Cond. YS! 73
9, A ZA} data sheetoll A AAISE AL < 530 Qeme]th
(“Silver-tech”, 2023). l% A= A3} 448+0.68 QUemE
data sheet H¢] W] 7S EIFor, A=A EFAE #
st A=A AAE SHEAS W= FARE 3 448+
0.60 Yem= UFEFRTE WS, ol Al%% Ag PAE 468+
0.35 Yem= 7o &) A AlFe] A

A =4 e A
e e AL SRS,

-
UJr—E— AE5ES AT (Table 7). Table 79014 Wepd 21
7o), BRlFTE T wE B3k Yl JelE 4t |
o]u];qe EBH [eNe) _j g]_o U]— 2= oh;],

S-&(twist contractiony> ALlel 93] o] Zol7} Foj=

Fo=, gho] 5T B AHGE UAe] 2ae] 2

w173
pl

rr

140 T
R
120 |- 6|
T 100 | S5k
E =
530_ 24l
9 z
2 60} 8 3
2 &
3 (3
s 40 -2}
20 | il
0 0

N A
0oy pa PP pg Phy P pE ¢ 6
com Co®
Sample Code
(a)

Pk PR, pEl | pEl _ pEl
9~ PN FT o X Ak
P M iy

Sample Code
(b) (c)

Elongation (%)
8
T

™S
oo“ \4 paf ;\?};f“,:(f’gc,"gxfé

Sample Code

Fig. 4. Tensile property of advanced conductive composite yarn and used yarn in this study; (a) Modulus (b) Tensile strength (c) Elongation at break.



2rpEsjos: eI A7 ¥

B o 2] A g2 PI5t Hiy HSIR} AE A 657

Table 7. Digital image and twist contraction of samples with various TPM

Item

Sample code

C_PET/Ag_PA-250

C_PET/Ag_PA-500

C_PET/Ag_PA-750 C_PET/Ag_PA-1000

Image

Twist Contraction (%) 2.7+0.7 46+1.1 6.5+0.2 102+1.2
| Sample code
tem
T PET/Ag_PA-250 T PET/Ag_PA-500 T PET/Ag_PA-750 T PET/Ag_PA-1000
Image

Twist Contraction (%) 23+02 40+02 6.0+0.6 9.9+02
AL 9n]gitk(Jeon & Lee, 2002). Table 73} 7+o] 7140 12 — Condy

= 5 5 [ ——— C_PET/Ag_PA-250
e A5E&S 243 23 CPET/Ag PA H3HA= 250 g —
TPMo A 1000 TPMO. 2 Z7}3te] we AZ8L 2.7+ % L Ll
0.7%, 4.6+1.1%, 6.5+02% 2 102+12%2 7110w, g 27 TopetAaearap

N ——— T_PET/Ag_PA-1000

T PET/Ag PA AEEY AFEL 23 + 02%, 4.0 = 0.2%, %
6.0£0.6% 2 99+ 02%% 713+ gHelsiith. 2 £2| PET e
AL B BQlg7t Skl weh d580] Sk T,

T PET/Ag PAZ $A1¥l A1ZE0] C PET/Ag PAZ $Ael A
EHT A5go] Phshe AFS Btk ole 9 38 Al
93 9WS /e C PETAPE YA+ 89 o] v 7k
T PETe] ®l8)] wl¥et THE 7EKaL Q7] Wl A= 2%
g JE 990 B T PETVF 9588 ol 938 &+
Aoz FlHEtt (Toydemjir & Bayramol, 2021). WEkA],
C PET/Ag PA-500 Z710] REZZXH o2 A Els)
Ark.

322. 0% B4 4
Fig. 5& a9 A7 AE 2 o A3 7ol el A
zZH AMZ9 S-S FAS Yeller, Fig. 6= 7449 z7¢

Tensile strain (%)

Fig. 5. S-S curve of samples with various TPM.
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