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Preparation and Characterization of Pitch-based Carbon Paper for Low
Energy and High Efficiency Surface Heating Elements

Jae-Yeon Yang***, Dong-Ho Yoon***, Byoung-Suhk Kim*', Min-Kang Seo**"

ABSTRACT: In this work, phenolic resins containing conductive carbon fillers, such as, petroleum coke, carbon black,
and graphite, were used to improve the surface heating elements by impregnating a pitch-based carbon paper. The
influence of conductive carbon fillers on physicochemical properties of the carbon paper was investigated through
electrical resistance measurement and thermal analysis. As a result, the surface resistance and interfacial contact
resistivity of the carbon paper were decreased linearly by impregnating the carbon fillers with phenol resins. The
increase of carbon filler contents led to the improvement of electrical and thermal conductivity of the carbon paper.
Also, the heating characteristics of the surface heating element were examined through the applied voltage of 1~5 V.
With the applied voltage, it was confirmed that the surface heating element exhibited a maximum heating
characteristic of about 125.01°C(5 V). These results were attributed to the formation of electrical networks by filled
micropore between the carbon fibers, which led to the improvement of electrical and thermal properties of the carbon

paper.
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Fig. 1. Schematic of manufacturing process of the carbon paper
with phenol resins and carbon fillers

Table 1. Experimental Names of the Samples

Experimental methods Sample designation

As received pitch-based carbon paper CP

Pitch-based carbon paper with phenol resins CP-P

Pitch-based carbon paper with phenol resins

CP-P/C2,5,10
/ petroleum coke 2, 5, 10 wt.% /

Pitch-based carbon paper with phenol resins

/ carbon black 2, 5, 10 wt.% CP-P/CB2,5,10

Pitch-based carbon paper with phenol resins

/ graphite 2, 5, 10 wt.% CP-PIG2, 5,10
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CP-P/C2

CP-P/CB 2

CP-P/C\10

Fig. 4. Morphologies of pitch-based carbon paper with phenol resins and carbon filler contents

Table 2. Properties of pitch-based carbon paper with phenol res-
ins and carbon filler contents

Thickness (um) / Basis weight (g/m?)
Samples

0 wt.% 2 wt.% 5wt.% 10 wt.%

CP 230/ 60 - - -

CP-P 242/ 65 - - -
CP-P/C 242 /65 | 313/71 | 350/ 77 385/ 81
CP-P/CB 242/65 | 270/68 | 310/ 71 350/76
CP-P/G 242 /65 | 300/66 | 308/ 68 320/73
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Fig. 5. XRD patterns of pitch-based carbon paper with phenol
resins and carbon filler contents

g 0] o) A A0 Z7FSHAL Akl g Abolo] HAE
LAt el Ageo] gatEo] 7414 B4ol
et Ao PaE e, TS FUT CP-PG 29] 4

jm§
ol & M oA B FAY T F71e
HEA Aol HE AL 5 o), B G
Yelg Ak A9 s W sagold I

R
2 B i X 1o 2 Ho oy &

4.0
3.54

©

o 3.0

=

£ 254

2

S 2.0

=

2]

o 157 A

@

S 1.0+ —=—CP-PIC

2 —e—CP-PICB
0.54 —A—CP-P/G
0.0 T T T T .

CP  CP-P,OW% 2wt% 5wi%  10wt%

Fig. 6. Tensile strength of pitch-based carbon paper with phe-
nol resins and carbon filler contents

et HlmeAl e 244 B 7t Y vA AL &
oA gt GFE nlA 71 AH
[e]

3.2 M7|1H =4
Aol sagole] AEs Bade] gl ute W
Aga A7) AEE S A0S Fig 7o) e lct. s
)9} gham s} R wat 974 whadolql Cp
of ula] WAl 2A st A FAT 5 AU
o, H &5 o M7t gy o] gl St E
A7 AEE e Ay Aoz 271518t} CP-P/C 10 @ CP-
P/G 102] 7 ZF2F A7|H = %7} 10.97 S/cm@} 10.89 S/cm
2 7M=& = vEislen, ey F 4440 &
o M pA mALe} H90) ghgo] Frbgol whet 217] %
E4o] A-E vehdls A& BRIE S et whdo| 7}
EEZo] 2 wt.% FHEH CP-P/CB 29| A% w52t g
2= CP-Poj| v|3]| A7|AEE ZFo] 6.07 S/cmoflA 7.39 S/cm
2 7kt o, 2 w9 o)A geko] ke A9 A7)
S gy 2 aihE ehyA gt AL Slstar
o= ARtAQl 72 E YAES et vhd = W2 (van
der Waals) 9121 © 2 Q18] Q1 217k Q12 o] A 17]-27
(self-aggregation)& o] 57| ¥zt H7tel= 7HEE o] 5
ol S7tE4E dlmeA] Yol S8 7HEE o] KAl
7] ol e o] wHlRk 2o s AHETH9,15,18-
20].
A el Bagole] Aud vade] gl utg A
HEA-2 Fig, 8] b ook, WA SAH o
H7he wragel o] ol SR AuYEA
aElon, 53] AR ] 2 o] I CP-
P/GO] ARHEAGFL 71& CPL] AW HZAE 29.9 mQem’
Qem™7HA] 2A| FH4sHe GaHs Vet

—

[

-3
=
:?L_“
b
B
u
(@)Y

=]



Preparation and Characterization of Pitch-based Carbon Paper for Low Energy and High Efficiency Surface Heating Elements 417

25

204 —&—CP-P/C
—e—CP-P/CB
—A— CP-P/G

Surface resistance (Ohm sq™)

T T T T T
CP CP-P,0wWt% 2 wt% 5 wt% 10 wt%

(b)

Electrical conductivity (S cm'1)
(]

4
—=—CP-PIC
—e—CP-PICB
24 —A—CP-PIG
0 T T T T T
CP  CP-P,OW% 2wt% S5wt% 10 wt%

Fig. 7. Electrical properties of pitch-based carbon paper with
phenol resins and carbon filler contents; (a) surface resis-
tance and (b) electrical conductivity
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Fig. 10. Thermo-graphic camera images of pitch-based carbon paper with phenol resins and carbon filler contents according to

applied voltages of 5V

Table 3. Heating temperature of pitch-based carbon paper with
phenol resins and carbon filler contents

Heating temperature of carbon papers according
Sample to applied voltage (°C)
1V 2V 3V 4V 5V

CP 28.04 30.32 33.84 37.59 43.38
CP-P 28.18 31.94 41.88 60.58 84.47
CP-P/C2 30.60 36.04 47.53 72.07 98.92
CP-P/C5 31.03 37.85 52.48 76.54 101.09
CP-P/C 10 32.64 45.24 67.59 99.16 125.01
CP-P/CB 2 31.50 36.63 57.02 83.35 113.90
CP-P/CB 5 31.47 42.34 62.77 91.25 114.26
CP-P/CB10 | 31.19 38.62 52.14 77.44 98.33
CP-P/G2 29.81 35.44 50.33 76.32 107.10
CP-P/G5 29.93 33.88 47.14 71.62 104.13
CP-P/G 10 29.79 34.04 46.16 78.48 102.78
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Fig. 11. Time-dependent temperature changes of carbon paper at applied voltages of 5V
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