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The Pridiction of Deposition Thickness onto

Carbon Fibers and the Effect of Deposition Thickness on Properties

Y.S Lee*, B.J. Oh™ and B.S Rhee*

ABSTRACT

SiC coating onto carbon fibers for a diffusion barrier and/or antioxidation film were performed
under conditions using CVD technique. A simple but useful relationship between deposition
thickness and conditions was represented. The deposition rate using hydrogen as carrier gas was
found to be much faster, when compared with argon gas. This effect became more clear at lower
temperatures. The tensile strength of carbon fibers with SiC layer thickness above 200nm had
lower values, compared to initial tensile strength. SiC deposition rate and the mechancial
properties of carbon fibers are strongly influenced by the deposition thickness controlled by the
deposition conditions.
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Table 1. Properties of C type carbon fiber

Tensile strength(kgf/mm? 152
Tensile Modulus(ton/mm3 17
Torsional rigidity(GN/m? 6.4
Density(g/cm? 1.8
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Table 2. Experimental conditions for CVD

Factor Condition

Carrier gas H; or Ar

Deposition Temp.(C) 850~1100
Deposition Time(min) ~15
Evaporation Temp.(C) 0~40
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Table 3. SiC layer thickness coated on the carbon
fibers with carrier gas Ar at deposition
temperature 1100°C

No va’C] t[min] ) sic [mn] dﬁsm/ dt
1 0 3 0.00 0.00
2 0 4 3.75 0.94
3 0 6 13.72 2.29
4 0 9 29.95 3.33
5 20 3 39.70 13.23
6 20 4 61.25 15.31
7 20 6 74.31 12.39
8 20 9 103.76 17.29
9 30 3 109.63 36.54

10 30 4 131.14 32.78

11 30 6 216.28 " 36.05

12 30 9 361.29 40.14

13 40 3 138.77 46.26

14 40 4 195.16 48.79

15 40 6 338.15 56.36

16 40 ] 392.86 43.65

Table 4. SiC layer thickness coated on the carbon
fibers with carrier gas H, at deposition
1000°C and 1100°C

No | T.[C) |Tdep(C)| t{min) | Ssclnm) | dsc/dt
17 20 1100 3 73.07 24.36
18 20 6 138.29 23.05
19 20 9 239.07 26.56
20 30 3 130.06 43.35
21 30 6 2717.55 46.26
22 30 9 374.15 41.57
23 40 3 285.82 95.27
24 40 6 598.69 99.78
25 40 9 794.48 88.28
26 20 1000 3 65.52 21.84
27 20 6 156.50 26.08
28 20 9 214.71 23.86
29 30 3 97.97 32.66
30 30 6 198.88 33.15
31 30 9 362.91 40.32
32 40 3 193.41 64.47
33 40 6 374.20 62.37
34 40 9 490.93 54.55

= 43.07t (at T. = 40°C)
¥ VAR HE AREhe 33 2xo)
1000°Cd 7% & 7 4)& ohg-3t 2t
e = 24.87t (at T. = 20°C)
= 44.16t (at T, = 30°C)
= 49.59t (at T. = 40°C)
=3 ik 7IAR HeE ARk, 54 20t
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Fig.1. The SiC layer thickness on the deposition
time with carrier gas Ar.
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Fig.2. The S8iC layer thickness on the deposition
time with carrier gas H,.
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Table 5. SiC layer growth rate on the deposition
temperature with carrier gas Ar

1T dé/dt
No | T(K) (10* - K7 é(nm) (nm/min) In dé/dt
36 | 1123 | 8.904 2.35 0.39 -0.94
36 | 1173 | 8.525 14.89 2.48 0.91
37 | 1223 | 8.176 63.60 12.27 251
38 | 1273 | 17.855 194.72 28.63 3.36
39 | 1323 | 7.558 203.23 33.87 3.52
40 | 1373 | 7.283 211.92 35.32 3.56

Table 6. SiC layer growth rate on the deposition
temperature with carrier gas H,

1/T ds/dt
No | T(K) (10 K9 6(nm) (nm/min) In dé/dt
41 111231 8.904 19.52 3.25 1.18
42 | 1173 | 8.525 93.76 | 15.63 2.75
43 1223 | 8.176 121.84 20.31 3.01
44 | 1273 | 17.855 277.21 46.20 3.83
45 | 1323 | 7.558 303.21 50.54 3.92
46 | 1373 | 17.283 331.6 55.27 4.01
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Fig. 3.The deposition rate of SiC on the deposition
temperature with carrier gas(A) Ar and (B)
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Fig. 8. SEM photos of SiC coated carbon fiber on the various conditions with carrier gas Ar.
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