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Friction and Wear Characteristics of 2D-Carbon/Carbon Composites

In-Seok Oh*, Don-Mook Choi* and Hyeok-Jong Joo®

ABSTRACT

Since C/C composites consist of the carbon fiber and carbon matrix, they have excel-
lent thermal stability and are widly used in the advanced field of industries such as
space and aviation. Aircraft brakes made of CFRCs show excellent friction and wear
properties compared to the conventional steel brakes, and also are known to have high
absorption energy and excellent high temperature properties in braking. In order to
endow friction and wear stability to the 8H/satin carbon fiber phenolic resin prepreg,
inorganic powder such as ZrO., TiN were filled with 2, 4, and 6 volume% respectively,
and then 80 plies prepregs were laminated to give 2D CFRPs. 2D CFRCs were made
by impregnation and recarbonization from CFRPs, and their friction, wear and mechani-
cal properties were obserbed. The density of CFRCs was decreased enormously at
1% carbonization step but increased continuously according to the repetition of impregna-
tion and recarbonization cycles. The flexural strength, flexural modulus and ILSS of
CFRCs were increased to according to the impregnation and recarbonation cycles. In
the case of the CFRCs unfilled with inorganic powder, friction coefficient(0.3) and
wear volume(0.25—0.39m® were very high. Friction coefficient and wear volume
were decreased according to the increased filling of inorganic powder. Meanwhile,
the CFRCs filled with TiN showed higher friction coefficient and wear volume than
that of ZrQ., the wear volume of CFRCs was proportionally increased according to
the increased sliding distance. The wear mechanism of CFRCs showed adhesive wear,
abrasive wear and surface fatigue wear.
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Fig. 2 Flow chart for the preparation of 2D carbon/carbon composites,

Table 1. Characteristics of carbon fiber used for carbon/carbon composites

Fiber Filament T.S ™M U.E Yield Density
Type No (g/1000m) (g/cm®)
T 300 3,000 3,530 230 1.5 198 1.75

# T.S: Tensile strength(MN/m?) =% T.M: Tensile modulus(GN/m?)
% U.E: Ulimate elongation(%)

Table 2. Characteristics of phenolic resin

Phenolic resin Melting point Curing temperature Fixed carbon
type (©) () (%)
Novolac 76—86 120—-160 58+ 2

Table 3. Characteristics of 2D-woven frabric prepreg used for carbon/carbon composites

Fiber Filament Woven Used Resin
type No. type Resin contents
T—300 3,000 8H/S Novolac type 37wt. %
phenolic resin
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Table 4. Characteristics of TiN powder

P.S(um)
.0.66

M. P(T) D(g/cm®)
2930 5.2

Table 5. Characteristic of ZrO. powder

P.S(um) M.P(T)  D(g/cm®) F.C

27 2535 5.1 0.13
P.S: Particle size M.P: Melting point
D : Density F.C: Friction coeff.
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Fig. 14 SEM photographs of the sliding inter-
face of 2D woven fabric C/C composi-
tes unfilled with inorganic powder.
a) sliding surface 90°
b) sliding surface, 0°
¢) sliding surface, 45°



B4, B, 1991. 6

249 F2E/BE BPAS) 01 o RES 45

Fig. 15 SEM photographs of sliding interface
of 2D woven fabric C/C composites
filled with inorganic powder
a) ZrO, powder
b) TiN powder

5. 2

A7, 7|AA AAe] diks] $5d dag-fel
HE54AE 847 8H/Satin woven fabric Z2
=z 2o wlm g ulFIAAE FoJ5l7] 5ty
Zr0; TiN 22% #313}e] CFRPE HEA YT
e @3 2 ASsE 448 CFRCE Alx3)
gem, CFRCY 71AA 7= % vidAs, vtx
2¥E A3 & 29 g3 22 ZEL 2
F 4.

1. CFRCS F37x, F394E, ILSSE &
A/sER L wrEstnzy FIFFdE vehlgl
29, TiN 2vol. % A& B¢ 8] FF73E7}240

MPaZ 7} &4 vyttt

2. CFRCY vl&A = F71ES F3HA ¢4
27 7 BA40.3) HeEMRE, @t2F
o2} 0.25—0.39cm’E 713 #A) viebyhe s 7]
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Ao} vtRY-AE Fadte A%E Jehysch

3. TiN& £33 E¢A7} Zr0, & 2318 5-3A)
B qAH e & vlEA S RS
ek Zr0; 2vol. % FAZ HEFA7} 53
AAR 7zl Agg vj@dAg, g ¢ vtR
35 velyeng eslolr E3ANZA AGT
Ao e wohElch,

4. CFRCH wlE¥3le wlng wiRAgrs} &
7Vghel wElA] Aoz oS B & .
9 w|n¥y vhFwdo] 45°¢ EgAr} Bl v
uldA 49 vl RgE Jehy gl

5. CFRC®] w}27|F& S&nlre} Aabaln gl
B v 2vln o) 2344l nlmr|FE PA st
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