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A Study on the Friction Characteristics of Pitch/CVI
and Phenolic Resin/CVI Hybrid Matrix Derived Carbon/Carbon Composites
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Abstract In this paper we investigated and compared the friction characteristics of the pitch/CVI and
the phenolic resin/CVI hybrid matrix derived carbon/carbon(C/C) composites in ambient air using a
constant speed type of friction tester. The average friction coefficient of the phenol/CVI is higher than
that of the pitch/CVI regardless of the operation conditions (friction distance, friction speed, friction
pressure). The average [riction coefficient is unstable with the friction distance of below 4km and stable
with that of upper 4km. The average friction coefficient has tendency to decrease with friction speed
and friction pressure. The elevated temperature rate and the maximum temperature of friction surface
of the phenol/CVI are higher than those of the pitch/CVI. The friction coefficient is dependent on tem-
peratures with sliding time. As the friction speed and the friction pressure at below 3kg/cm? increase,

the temperature of friction surface that appears the maximum friction coefficient becomes higher.
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Table 1. Two carbon/carbon composites tested

Pitch/CVI Phenolic
ren resin/CVI
matrix .
derived C/C matrix
erive
v derived C/C
PAN type PAN type
Carbon fiber (ACELAN (ACELAN
TZ-307) TZ-307)
Carbon fabric 8H /satin 8H/satin
sole t
Matrix Coal tar rel;;)e l}_/pe
Precursor pitch+ CVI I1eno 1@
resin +CVI
Density
1.75 1.67
(g/cm®)
P it
orosity 10-12 B
(%)
| OMC layer | -
Fabric
| prepreg ] _
CMC layer

Fig. 1. Preform for carbon/carbon composites in this

U Ae ARERE 2gMze] e, opRs
T, HE 3 F, vpnE g Tz A, A
S gxel #2l7] 5 oz shAsE i,
ot Lol vlastFe] Fo2 Hose 74
A AWzt FFE wt@d e sy, 7
& 7IAA YA 2AMe  drE(heat
flux)e] 2% sl ASst Frhgo.

J.D. Chen 529 7o ojatwd 2D 743
Heh2ch 3D 73 ebsle) wba/vb 53
ME7h wpEAe o vtRske] 2W R IF
o] WAdo] golg YoM 5% wha/mln

=g ebdch 53 o3 % o g R
B3 A &% ahRAS Y WG o] whz
/obe EAdel 2 dgrg mlAch,

FEo] meolzel By AL oEEHL
v oy 2ol wekd shEAEe] Pel
Ak, 27) Fe oiH 2 taxiz Ao 4]
ul g A Sop vhmako] 2ol 4 Fk AT Y
o) F AE Auz ZAG A 28w A
spA 5o} ohmebe debickn e A

Rotationak:

S

Plates 'Thermocouple

Stator

Rotor

Fig. 2. Schematic diagram of friction tester
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Table 2. Conditions for friction test in this study
Variable Condition leed condition
Friction distance
(km) 1 2 4 6 P: 2kgf/cm®
m
(3,978) (7,957) (15,915) (23,878) S: 2,000rpm
(cycles)
Friction pressure D:3km
, 1 2 3 4 ;
(kgf/ecm®) S:2,000rpm
Friction speed P: 2kgf/cm?
2,000 3,000 4,000 5,000
(rpm) D: 2km
1.0 HEHe® 10047 F< CVIo ojg nd
ARHE st FozH 250 B/ ¥
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Fig. 3. Variation of average friction coefficient with
friction distances at a pressure of 2kg/cm2 and a
speed of 2000rpm
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Fig. 4. Variation of average friction coefficient with
friction speeds at a pressure of 2kg/cm* and a distance
of 2km
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Fig. 5. Variation of friction coefficient and friction tem-
perature with sliding time for pitch/CVI at a pressure
of 2kg/cm?® and a distance of 2km
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Fig. 6. Variation of friction coefficient and friction tem-
perature with sliding time for phenol/CVI at a pressure
of 2kg/cm* and a distance of 2km
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Fig. 7. Variation of average friction coefficient with
friction pressure at a distance of 3km and a speed of
2000rpm
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Fig. 8. Variation of friction coefficient and friction tem
perature with sliding time for Pitch/CVI at a speed of
2000rpm and a distance of 2km
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Fig. 12 .Topographic maps from the surfaces of the
worn C/C composites((a)pitch/CVI, (b)phenol/CVI)
after test at a distance of 4km, a speed of 2000rpm

and a pressure of 2kg/cm?®

ob #HE/CVIiAlel npatgtalo] 1kg/
o w8 o7 vjny

AA/CVIAL o o ohgme] wshel e
spaA 4ok vhdw £xe] BAZ Fig 100,
oparerete] wshol g whaAGel vhdw
e5o) BAZ Fig Lol chepsick.
o} 44 o Wsho] weh ohaA ok of 2
SEt shdw 250} 250~400C 2 W 3
HUASRE FE ZEA AT 2. 2
57} FAUSE Ao ebRASE 2E
N
o]&}- e 7381:11 vl z 7o) MHE o} E o}
& E AAo)e o)s) shaalol vro] wals

of vhaw ewt FAsem 2ol B
(o]

o
o
—

[

st ezbe Ew A7) Al o) AdT 2
7) wol shaEw tolol A &% o dztg s
shol st A oL AR shRaiAbF e 2w
Foll 2l vtadge] A= stndge
& @ argol ofs] vhA] ppaA| 7L AtopAlnt v
ek xict.

shaeheie] wighol] diah vpg Age vpa



BT olA g -

229 A vpRLE Y HEE ¥ 9o §
Algk FAE B

Skg/cm®elabel 4 mlEgrY o]
o wlEASE e vhEd 2 x
Zolzle AE & F

T HAE7|(roughness) &%

Fig. 12 vlara 2kg/cn, v} &4 5 2000
rpm Z 73t dkmE<t npR AP o |}
# £ & mappingdt Al o]tk

Az /CVIA o] FwHelEe wlRIFo] "o
U FEE Holw mE/CVIAY H

vy o & track Zoke FFol
HAE & 5 s, oJHAR Hot ¥
7] (asperities) o] W) 2Jgk =}z AAE
PaAgdd 2 4%g viE Aoz It

C}-H),

g U ooXx Fll'_?,

O oot o 32

5.2 =

—

Disk on diske}d e A& =tz AP 7S o]
43to] M2 o2 FAHY 4L debde =
2] /CVIA ¢} #H&/CVIA wta/sts E¥AE

of oiste] oha e, ctELEs bR
WEA7 R st REY AYe S 2
Gew e Are Lk

1) vpat A7} dkmeoldl o u HF =4
T ZUbeoirl ZFade A¥S dedwz
I olFedMe AT HF mAAT FgE
=} HE/CVIAZ) #2/CVIAET 22 u}

FASE hebuch,
S U
F v AASE Hasts 3%e woth =g

“Wii% P I Y
CVIA o] #HF wpAE7 92 /CVIA B}
2 vbEH &2 ASE Ao ohEY 22
= ¥rh

3) etAST S

B

MR sge o whRAS
= oppaw 2w o3 wlon] 250~400C
o apEH x4 o mtAALE Zeth
&= g E'}%}i S o} 3kg/cmeo]Ete A mpzbqtH
Hof wpZASE e oA 2

L

o
2

X
_{/
i

T

1. S. Awasthi et al. “C/C composite materials

for aircraft brakes”, Advanced ceramic

10.

11.

12.

£ MatrixZ s}= g4 /ElA

. Nobuhiko

. E. Fitzer,

. Yuao Ku,

. B.K. Yen, and T. Ishihara,

. EM. Tarazycki,

. Elichi Yasuda and Y. Tanabe,

IR RN 985

materials 3(5), p449-451 (1988)

. J.D. Chen and C.P. Ju, “Friction and wear

of PAN/Pitch~-, PAN/CV]-, and Pitch/
resin/CVI-based carbon/carbon compos-
ites”, wear, 174, p129-135 (1994)

. C.P. Ju, J.D. Chen, J.H. Chern Lin, “Effect

of break-in speed on early stage sliding
behavior of two-dimensional PAN-pitch
based carbon-carbon composite”, J. mat.
sci. letters, 14, p740-743 (1995)
Kazuaki

Narita, Kurosaki,

Toshio Herai, “Friction mechanism of C/C
composites”, International symposium on
carbon, p386-389 (1990)

W. Fritz, A. Gkogkidis, K.D.
Morgenthaler, “Tribological behavior of
4th T'ntl Car-

bon Conference, p867-872 (1986)

carbon/carbon composites”

“Stopping characteristics and
problem of C/C Disk”, p618-619 (1986)
“An investiga-
tion of friction and wear mechanisms of
carbon-carbon composites in nitrogen and
air at elevated temperatures”, Carbon, 34
(4), p489-498 (1996)

“Friction characteristics
of some graphite and carbon composites
sliding against themselves”, 19th Pro. of
Bienn. Carbon conf., p138-139 (1989)
“Microstruc-
ture and strength of C/C composites”, The
34th Japan congress on materials research,
p35-40 (1991)

B.K. Yen and T. Ishihara,
morphology and structure of C/C compos-
ites”, Wear, 80, p7-14 (1982)

o214 9) “Eha/she BRARY YUEE
off #3gk o347, ADD Report ATRC ~411-
93989, (1993)
H.M. Hawthorn, *
debris morphology in a conforming contact
tribosystem”, Wear, 149, pl69-185

“The surface

on the role of interfacial



