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Abstract: In this research, a PTC/GNP mixture was manufactured by mixing GNP with vari-
ous mass fractions (0.1-0.5 wt.%), and then PTC/GNP was coated on a meta-aramid plain
fabric mixed with a conductive yarn to manufacture a planar heating element for a vehicle
heating device. After analyzing the thermal and electrical characteristics, the optimal man-
ufacturing process conditions were derived. A heat transfer simulation study on a human
dummy model in a virtual space was also conducted in parallel, and the study was con-
ducted to derive predictions for the thermal environment of the human body without
actually performing complex tests, thereby reducing development costs and time. The
results of the analysis of the characteristics of PTC/GNP mixtures according to GNP content
are as follows. As the GNP content increased, the room-temperature electrical resistance
decreased, but at 0.1 wt.%, the PTC ratio increased significantly at 150 °C due to excessive
network collapse between GNPs. When the GNP content was 0.3 wt.%, the balance
between room-temperature and high-temperature resistances was the best, and it was
judged to be the optimal composition for stably implementing self-temperature control

*Corr.espor)ding Author: Jee-Hyun Sim characteristics. As a result of heat transfer analysis in a virtual vehicle environment, the heat
E-mail: enviro1234@dyetec.orkr flux felt by the human body dummy was the highest at 126.5 W/m? in a GNP composition

of 0.3 wt.%, and it is expected to be effective in improving actual vehicle heating efficiency.
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Revised February 23,2026 human dummy models in virtual vehicle spaces.

Accepted February 23, 2026 Keywords: PTC composite, graphene nanoplatelet (GNP), self-regulating heating element,

(©)2026 The Korean Fiber Society planar heating element, heat transfer simulation
LM 2 W72 APEAE Ao of 5kwe] go] Aels
o WAS] o] WS 919 W] Ao] Aol B

> Al Lk vbH, 7)2ke] 9 237 2] (electric range)7} 5
?5374?4 7‘*7P 371 EH%Oﬂ, 1EEAAY difo] 7Hs 7V E HE o] Hgo] QY] wifo] a4
g WA EA7E o], 3] WAYE = HAA| 71 TR Alggt Asteltt(2]. o] & OHﬁZ“
k=8 B3l AU A] AHlE FolHA % SHUEA, THE AF 7|8 ZAAF E e A

- DL LES
% 5749 9% YL ERHOE FHAD & UeHL].  A(@ALheFH(CONT), 712 (graphene) ) 216 WA

63



64 | $4E - 2R84 - N9E - AN

Textile Science and Engineering, 2026, 63, 63-69

GAf et A+7F A= AeH3-7].

Lin Wang 52 W E}o}l2tu] = (poly(m-phenylene isophthal-
amide), meta-aramid) A-8-2} €4 L}i%ﬂ—g— o]-gs}o] A
%‘Eﬁ}% ‘:'e“’eﬂxﬂ Alzel Bt A= Zdsl o, WAA Al
= 270 2 AR, 9 zmmzz wsfo] g
T= ZJ%‘&"“HS] Iman Naseri 52 of2tu| = Af5- 7|4k
AL A E Ax2sE7] fI5to], ofgpr|= A4 flofl o]
A = 223 (laser-induced graphene) WJH-S &4 o}—‘:
Q72 A} 00l [9], ofehol £ 4152 olgte] A
-2 3Z (non-woven) 3£ 9]of] Set=uf A 3, E(Ag)
e S3AA WIAEY AES AzolE APE APE

-, Ao Tk Qg
of WA Al 9 AA ek A 2F
Al QB A HES Hofsty
(mmula‘uon)% =35} o|v]
feon 5.2 Jepotetol= 41ie] e o e B
d
29 Az I, [ A7t A iE AV\ 4:—41 e =
S5 5o) 58 2st0] 4714 B4 el et AT
Z AP TH11]. T3t ofghu| & A8-9f 7]—%23“(carbon
black) &3} 245 ARg-5}o 01]1—1?<1 g Y 2% Aol ¥
Qo] tigt AlEa ol A= AYE uf JrH[12,13). of2}
WS A4S o g3kl AEA A S AATAAE A

2HGE B9, wPTAA AF, v, z% £4 59

#40910] Al itz gthals] B
AL AEAG el 2§ ) }Ex} e

7 20 wE & % AlE o] dE Esto] Q1A ol Tt
Oﬂolt/HE HA—]@— %E]—[ 6— 19]

waba] 2 Aol A= AT EA O] =& Aol SR
A== (positive temperature coefficient, PTC) 32| 2}7|-2
=23 B4 B PATA, B W) AUEY
S48 WHs) gJote] oW 12 o] = (graphene
nanoplatelets, GNP) 7|5l AP A o tjst A1LE 218
3la1A} 514 Th. GNPE thoksh A=k B-8-(0.1-0.5 wt.%)=
233k PTC/GNP E8&2& Az 3 &, =4APE 234
dEfolzol= HHE 9lo] PTC/GNPS S1eato] e
A BAREAE AZslon QXA B4 B
N % HHe] Az 7Y 20 waskch /e 3
ofl Al 1A B mdlof thgt A AlEHolAd A= W
alo], A2 EAsE A|HS 438K GuE d7 34
of A9 QlAof et dlSghE =Este], Y H-E E Al

e AR 4 e ATE FATA,

2

2.4

oo

2.1 SR 2 AIE HIE

AP A Aol AL 71w A=A, vleol
2o = WA AH(Huvis Inc., Korea)@} 50 um #7719 2] ¥
AHGeolife Inc., Korea)E ©|-&3} 1, HEloltn| = W& AL
29} 71 A E S Table 10 VR Gt wgfoletn| =
/H 0,‘:_ LHO:])H 1-17114 O]—?H/H 11] 7] 114 LH.?-/\‘]O] /R]-I:HZ‘]
o2 g4alnl, RAT LeolE B5F 2 Qo] 7]
O] gl7] wioll, BT EA Y] =8 2= S-EE T o
Efoleu]= WaAlel To AAE Baska] olstel, b
elotetul = WAL hetol 2] 2 27feg 591 e
LAFSH= WHAS st BALE Alxshaith SdAE
shgsto] Alz2E BB HHE Table 20 e ALk

Az B2 Ere] HHEAPVA, oY TRA, A
)8 AAE fIsto] 3 9 A7, A gH oA o) 4=
Al S AR 24E AAEE T AR g Z4L Cold-Pad-
Batch (CPB) (MCPB1205, Samil CND, Korea)S &-83}¢]
Asatgon, 24 2AL Table 30| Lre Tk

A z=E H2E FH o] BaTiO; 7|4t PTC & F(conro

Table 1. Characterization of meta-aramid yarn

Properites Meta-aramid spun yarn
Yarn count (Nec) 40.84 (+4.6)
Single yarn strength (cN) 1.56 (£3.6)
Strain (%) 16.04 (+2.2)

Table 2. Characterization of plain fabric(meta-aramid/Cu fiber)

Properites Elain fabric
(meta-aramid spun yarn/Cu fiber)
. Warp : m-aramid
Materials Weft: m-F':}ramid / Cufiber
Twist per meter 450
Width (inch) 62.32
Length (yard) 95.24
Density of warp (/inch) 7391
Density of weft (/inch) 95.02

Table 3. Pretreatment process conditions for meta-aramid plain
fabric

Component Pre-treatment conditions
Oxidizing agent (g/1) 12.0£0.1
Scouring penetrating agent (g/1) 1.0£0.01
NaOH (g/1) 5.0+0.05
De-oiling agent (g/1) 3.5+0.1
Time (min) 40

Tempaerature (°C) 10042




IAE &

AR 7N A

GNP

0.1~0.5wt.%
PTC ink
et —_—
(e Ultrasonic | Mixing
(60min) (1,000RPM,
PTC&GNP 30min)  Mixing of all

GNP dispersion components

(graphene

nanoplate)

Defoaming

] PTC/GNP (20min)
mixture
= = . h

B e ——
y || Drying(@60°C,
I b 60min)

Specimen

Spray coating
(on a m-aramid plain fabric)

Figure 1. Schematic diagram of the preparation of PTC/GNP
mixture.
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Table 4. In-put data and out-put data of heat protection fabric

In-put data Out-put data

Heat transfer coefficient (W/m-k)
Specific heat (J/kg-k)
Thickness (mm)

Heat flux for 3D model

FaEgon, dAg ABdoldS Usto] a4 4me
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Q: heat transfer per unit time(W)

A: Cross-sectional area through which heat passes(m?)
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Figure 2. Electrical properties evaluation results of PTC/GNP
mixtures according to GNP mass fraction.
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Table 5. Electrical properties evaluation results of PTC/GNP mixtures according to GNP mass fraction

Specimen (PTC/GNP)

GNP 0.1 wt% GNP 0.2 wt.% GNP 0.3 wt.% GNP 0.4 Wt.% GNP 0.5 Wt.%
Rys (Q/sq) 45020 44340 390.30 385.20 380.10
at30°C 105 103 1.04 104 1.04
at50°C 126 123 123 121 120
‘ at 70°C 152 148 145 141 139
P(LC /;‘:‘t')o at 90°C 1.83 178 172 165 160
B at110°C 221 213 203 193 1.88
at130°C 266 256 247 230 219
at 135°C 320 317 3.05 276 256
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Table 6. Evaluation of thermal characteristics of planar heating elements according to mass fraction of GNP

Specimen (PTC/GNP)
] GNP 0.1wt% GNP 0.2wt.% GNP 0.3wt.% GNP 0.4wt.% GNP 0.5wt.%
Surface temperauture (°C) 1124 125.7 126.6 124.0 1205
Temperature uniformity (-) 092 0.96 0.87 0.85
Thermal conductivity (W/m-k) 042 0.55 0.53 0.52
Specific heat (J/(kg-K)) 14 14 14 14
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Figure 3. Morphological characteristics analysis results of planar
heating elements according to GNP mass fraction; (a) 0 wt%, (b)
0.1 wt.%, (c) 0.2 wt.%, (d) 0.3 wt.%, (e) 0.4 wt.%, and (f) 0.5 wt.%.
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Table 7. Human body property data used in simulation

Data Value Unit
Density 0.98~1.07 ton/mm’
Specific heat 3,470,000 J/tonK

Thermal conductivity 0.0003 W/mm-K

Figure 4. Human dummy model shape riding in a vehicle.
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Figure 5. Heat transfer simulation results for a human dummy
model.
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