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An Experiment on the Process for Producing
Vapor Growth Carbon Fiber by CVD

Noboru FUJIMOTO, Shigeru KOYAMA and Tetsu FUJII

An experiment on the process for producing vapor growth carbon fiber by thermal

decomposition of benzene in an atmosphere of hydrogen as carrier gas was carried out

using a vertical quartz tubular reactor of 900 mm in length and 15.5 mm in inner diameter,

the heating zone of which was 500 mm long. The effects of the reactor temperature and

the flow rates of benzene and hydrogen on the yield of carbon fiber were examined, and

the produced carbon fiber were observed with SEM to evaluate its quality and radial

growth speed. One dimensional numerical analysis was also carried out using the model

of carbon formation proposed by Matsumoto et al. The numerical result, however,

showed the different trend from the experimental one.
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Figure 1. Experimental apparatus
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Table 1. Experimental condition
(a) Mass concentration of raw materials

| “ XCaHe XFe(CsHs)z XC4H4S
No.1 99.580 0.091 0.329
No.2 99.861 0.030 0.109

(b) Heater temperature and flow rate of raw mate-
rial and carrier gas

| Quol/mn) | Qunl/mn) |  TwCC)
0.4,0.6,0.8 265x7 1080,1110,1150
0.4,0.6,0.8 51010 1080,1110,1150
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Table 2. Conditions of the gas chromatography

l column column temp. pressure
Molecular Sieve 5A(2.0m) 50°C 0.8(Ar)
Suqualan 2 % AA60 - 80(2.25m) 60°C 1.2(He)
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Figure 2. Reactive model

Table 3. Activation energy and frequéency factor

E; A;
[kJ/mol] [1/s]
k,, Benzene —» VGCF 163 87500
k., Benzene — Tar 151 12300
ks, Benzene — Gas 91.6 37.1
k,, Tar — VGCF 141 12400
ks, Tar — Solid 133 32100
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Figure 3. Coordinate system for calculation
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Figure 4. Temperature distribution at center line
of axial direction
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Figure 5. Photos of VGCF with SEM™

C(@),(0) Qraw=0.04(ml/min) , Qu,=250 (ml/
min) , 7w=1100(°C) , texp=360(sec); In
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production of VGCF.
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Table 4. The mean growth speed of VGCF to the
radial direction

Authors method velocftif d(iilm /s)
Koyama et al. | Seeding method 3.0
Kato et al. || Floating method 70~250
(1)2.5~5.0
present Floating method (2) 25~ 40
(3) 80~220
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Figure 6. Photos of VGCF growing on the wall of the reactor with SEM
(@) z =50 (mm) * (b)z =70(mm) * (c)z =100 (mm) * (d) z =330 (mm)
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Table 5. Experimental results

Qraw Qn. Tw Yvecr Yrim Uror Ecots Ecna Ems £
(ml/min) | (ml/min) ) (wt%) | (wtds) | (wtl) | (vol%) | (vol%) | (vol%) (%)
0.04 272 1150 46.8 35.0 1.8 0.15 1.16 0.19 96.0
0.06 269 1150 36.3 30.0 7.6 0.24 1.24 0.16 84.4
0.08 267 1150 36.6 36.5 8.5 0.42 1.65 0.12 88.6
0.04 514 1150 0.0 7.5 13.3 0.46 1.18 0.12 82.2
0.06 514 1150 19.7 18.7 6.6 0.16 1.22 0.22 78.0
0.08 518 1150 25.9 22.2 9.6 0.20 1.28 0.16 79.6
0.04 262 1110 6.4 16.0 15.0 0.65 1.37 0.37 76.0
0.06 261 1110 19.6 21.0 13.5 0.48 1.42 0.42 72.4
0.06 510 1110 2.4 4.0 5.0 0.73 0.60 0.28 71.4
0.06 267 1080 18.5 11.3 8.3 1.50 1.47 0.15 77.4
0.06 | 510 1080 1.5 5.1 5.6 0.71 0.36 0.18 71.0
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Figure 7. Effect of flow rate of raw material on
VGCF’s yield at 1150 (°C)
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Figure 8. Effect of wall temperature on VGCF’s
vield at Qraw=0.06 (ml/min)
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