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An Attempt to Ifnprove Mechanical Strength of Carbon Fiber/Carbon
Composites by Whiskerizing

by

Hiroaki KATSUKI, Yiichi DOI and Makoto EGASHIRA

Carbon/Carbon (C/C) composites are of importance in the field of aerospace engineering. Two
methods have so far been proposed for the production of the C/C composites: impregnation of carbon
fiber (CF) fillers with pitch or resin followed by carbonization, and infiltration of the fillers with
pyrolytic carbon. But, linkage between the fillers and the matrices is not satisfactory. To improve
the linkage, in the present work the effect of whiskerization of the fillers with carbon microfibers has
been examined. P:tch-based commercial CF paper was used as a filler. Carbon microfibers of 0.1
-0.5 gm diameter and 20-60 xgm length were grown on the CF paper by thermal decompositibn of
benzene at 1100°C in the presence of iron and hydrogen sulfide as catalysts. The resulting whisker-
ized CF paper was then infiltrated with pyrolytic carbon (PC) under various conditions. Benzene
diluted with nitrogen was also used as the source materials of PC. Infiltration with PC was most
effective under the conditions of CsH, concentration 4-5%, reactant flow rate 450-600cm®/min, and
pyrolysis temperature 1100°C. However, it was extremely difficult to fill up the inner space of the
CF paper with PC. Thus, many voids were left behind even under the optimum conditions. The three
point bending strength of the whiskerized CF paper was only 0.2-0.4 kg/mm?, which was lower than
that of the as-recieved CF paper because of deterioration of the CF paper itself. On the other hand,
the bending strength of the C/C composite based on the whiskerized CF paper increased to 2-3 kg/
mm?, but it was approximately the same as that for the composite based on the non-whiskerized CF

paper. Only a slight increase in the Young’s modulus was attained by the whiskerization treatment.
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50 um
Fig. 1 SEM images of as-received Kureha E-715
CF paper.

500 um

Fig. 2 SEM images of CF paper whiskerized with carbon microfibers.
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Fig. 3 Influence of pyrolysis temperature on the
PC. precipitation. ’
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Fig. 4 Influence of C;H; concentration on the PC
precipitation at 1100°C.
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‘Fig. 5 Influence of reactant flow rate on the PC
precipitation at 1100°C.
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Fig. 6 Morphology of PC precipitated under various conditions.
(a), (b); 1300°C, 5% CesHs, N, +CesHs=600—650 cc/min
(c), (d); 1200°C, 7—8% CsHs, N, +CsHes=600—650 cc/min
(e), (f); 1100°C, 4% CoH;, N, +CsHe =470 cc/min
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Fracture surface of the C/C composites based on the whiskerized CF paper.
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Load-deflection curves of the CF paper and C/C composites.
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Table 1 Three point bending strength of some C/C composites.

Sample Weight of CF Weig.ht of after Thickness Deflection Strength  Young’s modulus
paper (mg) reaction (mg) (mm) (mm) (kg/mm?) (kg/mm?)
68.9 — 0.40 1.47 0.77 64
70.0 — 0.40 1.51 . 0.75 80
CF paper 71.2 — 0.40 1.21 0.87 91
only 69.4 — 0.40 1.58 0.77 71
67.1 — 0.40 1.51 0.75 64
70.8 — 0.40 1.33 0.89 80
73.9 76.5 0.45 0.99 0.26 39
72.8 78.2 0.46 1.41 0.39 56
. . 76.0 79.3 0.47 1.10 0.26 40
VZ;??;;g;fid 76.6 76.1 0.47 1.21 0.25 34
73.7 77.0 0.48 1.28 0.35 48
76.4 72.6 0.45 1.60 0.26 32
73.3 72.6 0.47 1.38 0.20 24
63.4 312.0 0.72 0.99 2.0 550
' 64.6 342.4 0.63 0.71 3.0 880
CF paper 65.4 336.0 0.66 0.95 2.8 630
+ 64.6 339.0 0.73 1.12 2.0 520
PC? 63.2 363.2 0.71 0.98 2.5 620
64.8 318.9 0.62 1.09 2.2 " 590
63.3 345.3 0.70 0.91 2.3 710
70.2 570.5 0.95 0.86 2.5 870
Whisperized 088 612.6 1.01 0.66 1.5 830
CF paper” 68.9 522.4 1.04 0.97 1.9 780
Pé'” 74.6 604.2 1.14 1.30 2.6 470
77.7 577.0 1.02 1.58 4.0 760
72.1 601.1 1.09 1.54 3.5 660

1) CHe=15, H,S=14, H,=719%, Total flow rate=50cc/min, 1100°C-30min.

2) CsHe=4.3%, Total flow rate=470cc/min, 1100°C—150min.
3) CsHs=5%, Total flow rate=800cc/min, 1100°C—90min.
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