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Study on the Manufacturing of
Carbon-fiber Heater and the
Development of Industrial Equipment

using Carbon-fiber Heater

Suk-Joon Kang

Department of UR Interdisciplinary Program of
Mechanical Engineering Graduate School
Pukyong National University

Abstract

TiO2 nanoparticle can be used for the improvement of
performance of the carbon fiber reinforced epoxy resin
composites. In this study, the effect of the size of TiOg3
nanoparticle on the mechanical properties for the carbon
fiber reinforced epoxy resin composites was investigated.
The size of TiO2 nanoparticle was easily controlled by
heat treatment. The heat treatment of TiO2 nanoparticle
was conducted between 700 T and 900 T. The obtained
size of TiO2 nanoparticle was 20 nm, 100 nm and 200 nm
respectively. Three types of carbon fiber with different
diameter were also used for this study. As the diameter of

carbon fiber is smaller, the strand type specimens showed



higher tensile strength. It was also found that the carbon
fiber reinforced epoxy resin composites with 20 nm TiO9
powder showed the highest tensile strength than the ones
of any other types of CFRP regardless of fiber maker or
fiber diameter. The size of TiOs powder and the diameter
of carbon fiber affected strongly to the interfacial
properties of all kinds of CFRP in this study.

Carbon fiber also shows excellent heat generation value
and thermal efficiency than the metallic materials because
of its far infrared-rays and radiant heat. So, high
performance and economic steam boiler system for the
industry can be manufactured by using the carbon fiber
heater. The far infrared ray radiation rate was more than
90 % of carbon fiber. Steam boiler system with carbon
fiber heater in thin study is made up of heating section,
evaporation section and amplification section. In the proof
test of steam boiler, the aimed temperature and dwelling
time were 500 T~8000 hours, 600C~3000 hours, and
700C~1000 hours. The temperature rise rate of steam
boiler with carbon fiber heater was about 40 % faster

than that of the conventional boiler.
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Table 1.1 Carbon fiber grade and the rate of water absorbtion

Grade GP grade HP grade
Precursor PAN PAN Pitch Pitch PAN PAN Pitch
C. G C G © G C G G

water b —~
~10 ~15 12 < 05 oS 40p <1
absorbtion 0.05 0.05

C ; Carbonization, G ; Graphite, GP ; General Purpose,

HP ; High Performance
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Fig. 1.2 Carbon fiber fabric

Fig. 1.3 Various carbon fiber braid
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Table 2.1 Electronic properties of carbon heater with 12K 2C(1 m,
8.4 Q)

Room ,
, Temp
NO M ) A W temp .
. (C)
(C)

1 20.0 340 0.60 132.0 7.6 33.4
2 19.5 332 0.61 134.0 7.6 36.7
3 19.0 323 0.63 138.0 [« 38.3
4 18.5 315 0.65 143.0 75 39.8
5 18.0 306 0.68 149.0 7.6 424
6 17.5 297 0.70 154.0 .7 45.1
7 17.0 289 0.72 158.4 79 47.1
3 16.5 280 0.75 165.0 7.8 50.2
9 16.0 2172 0.77 169.0 7.8 52.2
10 15.5 263 0.79 173.0 79 50.1
11 15.0 295 0.83 182.0 79 60.1

_17_



Abgste] FH 70 T7HA

=
=

PVCe Ag&E 2 F7/F9 &z

o
T

Fig. 2.1

ol

ok

¢+
ol

el
G

F6mx100mx4m 3719 @&
Fig. 2.2 ®.lt}

5|
“

off #ef

A
=

Felem, 1 gk &

Al &

_18_



Fig. 2.1 Manufacturing process of carbon heater

_19_



(a) Inside

(b) Outside

Fig. 2.2 Testing site of green house using carbon heater
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Fig. 2.3 Carbon heater with tube type
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Fig. 2.4 Twisting tool of fiber bundle
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(b) Carbon fiber before

surface modification

(a) Twisting machine for carbon
fiber (c) Carbon fiber after

surface modification

Fig. 2.5 Twisting machine of carbon fiber bundle for surface

modification
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(a) Braid of different fiber bundle

(b) Braid of same fiber bundle

Fig. 2.6 Braid forms of carbon fiber bundle
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(b) Knitting form of carbon fiber bundle

Fig. 2.7 Knitting machine (a) and knitting form of carbon fiber
bundle (b)
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Fig. 2.8 Lint control of carbon fiber bundle using knitting
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Fig. 2.9 Heating testing of carbon fiber heater without(upper) and
with(down) lint
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Fig. 2.10 Instance of hot short due to poor clearance carbon fiber

filament in winding process
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(b) Carbon fiber heater after heat treatment process

Fig. 2.11 Heat treatment process of carbon fiber heater and Carbon

fiber heater after heat treatment process
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Fig. 2.12 Impurities on quartz tube due to insufficient heat

treatment
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Fig. 2.13 Sealing part using vacuum in carbon fiber heater

_35_



(b) Carbon fiber heater after sealing process

Fig. 2.14 Automatic sealing machine and carbon fiber heater
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Fig. 2.15 Screw type electrode made of carbon black
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32 4 ¥
321 A5 R A @A A
3211 A =

Ao AbgE FEg A carbon fibe = T 3AF AES AFESE
At} Toray A8 T700SC 12K(e]dt 1-CFRP, 6.86 um), Mitsubishi A}2]
TR 50S 12L(¢]s} 2-CFRP), MR 40 12M(¢]s} 3-CFRP) & A 719
carbon fiber & AF&3stA T olw] 2-CFRP ¢ 3-CFRP & 2 74zatol& 9F
of F1 Z&F3FA} (2-CFRP : 6.82 um, 3-CFRP : 6.02 um)

] E8l 2= bisphenol-A 2] o FA](epoxy)TA =2, A= YD-128 (=
w=3teh) S, A3AE 22439 MNA(methyl nadic anhydride)S, 73}
Zuj A 2 AHEFEEA ¢l BDMA (benzhyl dimethyl amine)©] AF&= 1t 7+
38 Yx=dA=Z = HEYOHAEROXIDE P90, AEROSIL)®] 7 | (filler)
7b ARgET ol 71 20 nm YA =719 ElERYelE 700T, 800C,
900CelA dA st Aot S Ao A3 700C 948 A0S =
3} ko] Holx Form=E (3) 20 nm YA (b) 50 nm, (¢)2] 100 nm ¢
2k, (d)€] 200 nm JAHE ARESRe] AlHell H7bekdTh
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Fig 3.1 SEM images of TiO2 nanoparticle (a) 20 nm(elementary

particles), (b) heat-treated particles(700°C-2hrs), (c) heat-treated
particles(800C -2hrs), (d) heat-treated particles(900C -2hrs)
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AL, oF 50 TE ##1417171 fl8l @3 (hot plate) 9ol A &},
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1
1
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5 Epoxy / acetone v
————————— > m e
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High speed stirring

Suspension
(nanoparticles / solution)
(750rpm)
Degassing for 2 hour Degassing for1 hour

Homogenous mixture The dispersed

: T = : Lo i
(nanoparticle /fepoxy resin) nanoparticle in solution

Low power sonication
to disperse

Add Hardener

Fig 3.3 Schematic diagram of process of nanoparticle reinforced

composites
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(a) silicon mold

(b) specimens

Fig 3.4 Photos of silicone mold and specimens
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Fig 3.3 Making processes of strand type specimen
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Strand type 2] AdAL Fig 36 (b)¢ #o] 2AFA& Al chuck F-Eoll A

"ol e AE AL YA A8 Aol b FAAAL A%

=
< A2M el AFFE AL e A (230-32)] we
A7F Aol v QFAEIE vy Aormr 2o Yol £ A8

S5 Afwel BEAS Fakel AN
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(a) specimens

50 mm
a

w
180 mm

20 mm

(b) schematic diagram of specimen

Fig 3.6 Photograph of specimens and schematic diagram of specimen
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Fig 3.7 Photograph of tensile tester
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Fig 3.8 Photograph of scanning electron microscope

_52_



&S Ve Folth 350C ZollA 5 AIZF Bk i gon, A
FE&2 Ax A5 A WHIES A3t ALEES

Table 3.1 Weight fraction of fiber of strand composites

St(rgnd) R\ 0\ %
1-CFRP 0.1488 0.0854 57.39
1-CFRP 20nm 0.1480 0.0804 94.32
1-CFRP 800TC 0.1435 0.0824 57.42
1-CFRP 900C 0.1356 0.0795 58.63
2-CFRP 0.1343 0.0764 56.89
2-CFRP 20nm 0.1341 0.0784 58.46
2-CFRP 800TC 0.1248 0.0768 61.54
2-CFRP 900 0.1235 0.0764 61.86
3-CFRP 0.1056 0.0619 58.62
3-CFRP 20nm 0.1080 0.0596 55.19
3-CFRP 800TC 0.1045 0.0588 96.27
3-CFRP 900TC 0.0995 0.0568 57.09
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Table 3.2 Tensile strength, shape parameter and scale parameter
of the strand composites

Shape parameter  Scale parameter Tensile strength

(a) B (GPa)
1-CFRP 7.84 3.47 3.26
2-CFRP 11.16 3.31 3.16
3-CFRP 7.86 3.56 3.39
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Fig. 3.6 Tensile strength of strand type composites with 1-CFRP

_62_



t}e Fig. 3.14 & Mitsubishi AF¢] #7Z o] & 2-CFRP ¢ A% dlo]g gk
olt}y. o]+ Dog-bone FEN} AL H|=g AFES HRITH 20 nm+ %3

A8 BGAT 100 nm ol A= 2A AHENE wA Relm osle okt

(3

7Hashs S ®elth 9 1-CFRP ol A= $748la 2-CFRP ol A 73
T+

A7HA e ol Alel ofs) AW 4 gk wep

fr
o
o%
o
<
o
<
rlr
K
o,
rlr

AR Aol & F% 9rt. WA 100 nm GA A Y Y 2D A=
ObM o] 2o o] AWE 4 glon 200 nmolAE wlEA e FIHiE=

st @ AAE Qe defect = A&t FFEI= VId7F olHHaL =

_63_



i -
2o I I
AR | I ]
k2 I 1
£ 1
o
= 2z 4
@
| S
B
LA
5.
=
C
.
a T T T T
No pamkcle Zanm 100nm 200am
Specimens

Fig. 3.7 Tensile strength of strand type composites with 2-CFRP

_64_



npxgr o 2 Fig. 3.15 2] 3-CFRP A|H2 Z3sta a7t v AlH el vl o
A YErsh ol & AJHe A wd 2 3-CFRP o] EA 9

N
r o
ol
Y
o,
k)
=l
o
N
i,
)
o
ol
—_
(@)
(@]
=)
3
o
X
rr
>
4
O
oS
=
)
1o
=
o,
a
o

H
AR7L golatn 2 AW AAEL ANALLL 0% FYANE @S

_65_



——
L

a i I
c » ]
R J
o
o
c 4
@ 24
| N
£
L
.
‘@ 1
[
0
0 T g T T T
No panmkle ZOnm 100nm 200nm
Specimens

Fig. 3.15 Tensile strength of strand type composites with 3-CFRP
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Tensile Strength (GPa)

1-CFRP 2-CFRP 3-CFRP

Specimens

Fig. 3.16 Effect of fiber diameter on the tensile strength in CFRP
(2-CFRP : 6.82 um, 3-CFRP : 6.02 um)
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SEM HWV: 5,00 kv SEM MAG: 85 x WEGAN TESC!-'.I

Det: SE 1 mm
PHNU"

SEM HV: 5.00 kV SEM MAG: 500 x VEGAW TESCAN
Det: SE 100 pm -
PK"U“

SEM HV: 5.00 kv SEM MAG: 1.00 kx VEGAW TESCAN
Det: SE 50 pm ]
PKNI.I"

Fig. 3.17 SEM images of tensile fracture surface of epoxy resin

(a) x 65 (b) x 500 (c) x 1000
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N
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#

i 3 i e
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PKNIJ“

Fig. 3.18 SEM images of tensile fracture surface of epoxy resin

with 20 nm (a) x 65 (b) x 500 (c) x 1000
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P i y i
5 y 2 e, P . - 23 :

SEM HV: 5.00 kv SEM MAG: 1.00 kx VEGAW TESCAN

Det: SE S0 pm i

PKHU ﬂ

Fig. 3.19 SEM images of tensile fracture surface of epoxy resin

with 100 nm (a) x 65 (b) x 500 (c) x 1000
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SEMHV:5.00 KV SEM MAG: 85 x 5 VEGAN TESCAN
Det: SE 1 mm :
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SEM HV: 5.00 kW VEGAN TESCAN
.

Det: SE 100 pm
prmun

SEMHV:5.00 kW SEM MAG: 1.00 kx VEGAW TESCAN

Det: SE 50 pmm
PKNU“

Fig. 3.20 SEM images of tensile fracture surface of epoxy resin

with 200 nm (a) x 65 (b) x 500 (c) x 1000
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leun Prmun
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h - tid L ~
SEM HV: 15,00 kv SEM MAG: 800 x

Fig. 3.21 SEM images of tensile fracture surface of 1-CFRP
(x800) (a) Non-particles (b) 20 nm (c) 100 nm (d) 200 nm

_75_



i 5: { |
VEGAWTESCAN  SEM HV: 15,00 kv
-

Det: SE

ould

SEM HV: 15,00 kv VEGAW TESCN: SEM HV: 15,00 kv (R VEGAN TEAC#E

Det: SE 100 pm Det: SE 100 pm
PKNU“ PKNI.F“

Fig. 3.22 SEM images of tensile fracture surface of 2-CFRP
(x800) (a) Non-particles (b) 20 nm (c) 100 nm (d) 200 nm
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Fig. 3.23 SEM images of tensile fracture surface of 3-CFRP
(x800) (a) Non-particles (b) 20 nm (c) 100 nm (d) 200 nm
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PKNU n

Fig. 3.24 SEM images of tensile fracture surface of 3-CFRP
(x8000) (a) 20 nm (b) 100 nm (c) 200 nm
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Fig 4.1 Heat transfer test of carbon and halogen heater

_83_



Tab. 4.1 Results of heat transfer test of carbon and halogen heater

) . Carbon Hallogen . .
Parts Time(min) . . Difference(C)
hester(C) heater(C)
AM 11:02:00
1 26.4 24.2 2.2
(Start)
AM 11:06:00
28 . 50.9 345 16.5
(4 min)
AM 11;09:00
41 . 60.4 42.2 18.2
(7min)
AM 11:10:00
51 . 65.3 48.4 17.0
(8min)
AM 11:12:00
64 . 70.3 54.4 15.9
(10min)
AM 11:16:00
83 ; 75.1 60.9 14.2
(14min)
AM 11:19:00
102 ) 80.0 65.5 14.5
(17min)
AM 11:24:00
131 ; 85.2 70.6 14.7
(22min)
AM 11:30:00
168 . 90.1 75.6 14.6
(28min)
AM 11:35:00
202 ) 95.0 794 15.6
(33min)
AM 11:44:00
253 ) 100.0 84.1 15.8
(42min)
AM 11:55:00
319 . 105.1 89.0 16.1
(53min)
AM 11:57:00
332 ] 106.0 &89.9 16.1
(55min)
PM 12:00:00
347 ] 107.0 90.7 164
(58min)
PM 12:03:00
366 . 107.9 91.7 16.2
(61min)
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Fig. 4.2 Life test of carbon heater at 500 C
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Fig. 4.3 Surface temperature and target temperature
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Table 4.2 Test results of emission rate at each temperature

Temperature(C) 150 300 450

Emission rate(%) 93.5 925 91.2
Emission 3 3 4
energy(W/mZ) 148 x 10 514 x 10 1.25 x 10
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4.4 28 oY =R vl

70 ¢E5 S, A¥dE 1500 kW(R7E 45902 F 6759)7)

o
o
dootr, drude= 216 (D7 980 o= F 211689)9 A+7F 2

=

Table 4.3 Consumed of energy saving on the carbon heater boiler

and diesel boiler

Parameter Carbon (A) Diesel (B)
Consumptions ;
] ) 15 KW 216 L
electric power, diesel
Cost ; KRW 45 980
Total cost ; KRW 675.0 2116.8
Predict E Savi
redict Energy Saving 631

(1-A/B)*100 (%)
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