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Abstract Carbon/carbon (C/C) composites have been used as new friction materials for aerospace,
automobiles, and clutches because they are light and have good friction and wear characteristics at high
temperatures. Other additive elements, such as Si, Cu, Ti, Zr, and B, are added to produce new
C/C-based composites to improve the tribological properties of C/C composites. In this study, C/C
composites were produced using carbon fibers and resin. Chopped carbon fibers were mixed with a
phenol resin powder. The mixture was heated to 170 C for 30 minutes. The C/C composites were
obtained by heating the mixture to 1,000 € at 10 C/min in an inert gas, followed by heat-treatment
at 2,000 T. Finally, the C/C composite was infiltrated with molten CrSi; and Si at 1,550 C. Several
specimens were extracted from C/C-CrSiz-Si composites. Scanning electron microscopy and energy
dispersive spectroscopy analysis were conducted. The tensile and bending strengths were approximately
10 MPa, and 26 MPa, respectively. The heat transfer coefficients in the transverse and vertical directions
were 85.2 and 30.7 W/m-K at 25 T, respectively. Compared to the C/C-SiC composite, the heat transfer
coefficient was significantly high. Sliding friction and wear tests were conducted using a CrMoV alloy
from a KTX brake disc as a mating counterpart. The test results were compared with those of the
C/C-SiC and C/S-SiC-Cu composites. A microscopic examination of the friction surface showed that
adhesive wear and abrasive wear occur together.
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Fig. 1. Infilteration of compounds into C/C composite
(a) Before infilteration (b) After infilteration
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Fig. 3. SEM/EDS analysis of C/C-CrSiz-Si
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Fig. 5. After machining the surface 1 mm

2.2 C/C-CrSi;—Si EtA=IM E4 HIt

qA3 Fee] C/C-CrSirSi EIA A F4 3, &
6 mm2 AlH 1070E AFste] ASTM C12759] ==t
10 mm/min®] £E2 QA A|ES ke AEHY
AL Al Alo]A] ZolE= 40 mmE s FIATF L F
7 6, & 8, AAFL] Zo] 100 mm<l AlH-ES ARgs}o]
ASTM C1161° wet 33 FEAAS stgich H[g2
KS M ISO 11357-4, B2 KS M 3016, @AE=E
KS L 16040l wet Z7gstqiet. vy vpvlm A2
C/C-SiC B3, C/C-SiC-Cu B3HA[13], C/C-CrSip-Si
EA fA3 BHS €90] A& 10 mm 73U I
AL Ag3te] £4351 10 N, 9EA2] 2 mm, 10 Hz
X704 607 B+t W T 1&IX

KTX-AF19] AstATo] AREEE CrMoV o2 -



C/C-CrSip-Si B34 vpd-ute 54 A+

A HHO

d JE-L C0.23 Wt.%), Si(0.35), Mn(0.61), Cr(1.1),
Ni(0.56), Mo(1.1), V(0.23), Fe(bal.) oJtt. A& & m}
ZRHE SEM/EDSZ E453ict. Fig. 62 tlA|Eo|
AREE 3EF BETAY HE EXE HoE

CedadTgenesin genmaps.spc 01 Nov-2018 161431
<PL 2 Spav> Lseca: 21

r

[ Element |Wt% [ At% |
WS 6402 8062
LS 2598 1938

Correction ZAF

20 400 6n 0

(a)

[GadaxiToenesingenmaps spe 32001 1016 120235
<P 2 spov USees: 1713

1000 1200 400 1600 1800 .00
roy - kev

H

| Element [Wt% [ At% |
5 S 2470 46.90

[ 5753 4672

ST 17.77 06.38

IZ578 Correction  ZAF

L

200 40 800 IN I:W 12.00 14.00 16.00 12.00
(b)
< Pr. 2 Spot> s N“I.WM
=1 | Element |Wt% | At% |
B 9415 98.25
v 0 0163 00.73
LS 0422 01.02

LLESP8 Correction  ZAF

Fig. 6. EDS analysis of specimens before friction tests
(a) C/C-SiC composite (b) C/C-SiC-Cu composite
(c) C/C-CrSiz-Si composite
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Table 1. Thermal properties of C/C-CrSiz-Si

Temp. Ky Kh Cp a
©) (W/m-K) (W/m-K) (/kg-K) 10°/%)
25 30.7 85.2 644 -
100 29.2 83.2 746 7.19
150 28.4 81.5 820 -
200 27.5 78.6 886 8.36
250 26.5 76.4 ‘942
290 26.0 75.1 987 8.91
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Fig. 10. EDS analysis of specimens after wear test
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Fig. 9. SEM images after wear test
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(c) C/C-CrSiz-Si specimen
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Fig. 11. Optical microscopic images of the pin
friction surfaces

(a) C/C-SiC composite (b) C/C-SiC-Cu composite

(c) C/C-CrSiz-Si composite
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Fig. 12. Comparison of wear rate for three types of
composites
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