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Friction and Wear Properties of C/C and Ceramics Partircle
Dispersed C/C Composites in a Zinc Plating Bath

Mitsuo Naxacawa, Junji Sakai, Takahiko Ouxoucnt and Hitoshi OHkosHI

Synopsis : Friction and wear properties of C/C and ceramic particle dispersed C/C composites sliding against sialon ceramics were

investigated in a zinc plating bath.
The results are summarized as follows :

(1) SiC particle dispersed C/C has the highest friction coefficient and the lowest wear resistance. BN particle dispersed
C/C has lower friction coefficient but lower wear resistance than C/C composite. Y,O; particle dispersed C/C has the
lowest friction coefficient and the highest wear resistance.

(2) Dispersion of some ceramic particles into C/C composite was useful in improving its friction and wear properties,

although some dispersions had the oppsite effect.

(3) Dispersion of ceramic particles with higher hardness than dross but lower hardness than sialon ceramics into c/C
composite was found to improve both the fricition and wear properties of the composite.

Key words : hot-dip plating ; molten zinc ; corrosion ; ceramics ; ceramic particle ; C/C composite.

1. ¥

55 o 3 ML, BT R L REEY 6 KB
O T HEERANERE L TOHCON TV B E
ENVLEBL T3, Do 3EE L TIRERECENIER
ERSND » SEVERE > T Y, KEICHERIAL
FHE G M R CEN A 2D, SIRIEE» CR#ESI N T
W3, —J, B 5 EENOIMNIE B SETEIEDTH >
LNTV DT - IFHOEEBRIIL T, ZR6IE
ERIESR L DL QIBEHET 5, BRI, vy 2zun—npy
B—bu—n FOBEHES OIS TILIEEN & 5
IBEFE S b 2 D THRENE G, > T, - SEBD
BRHERT AL IECEMMT I 4 v #4F1E L TE&SDEL
HaELT B L e b, AEESCREEZELIBEFLT
B, ,

T T, ARSI 30 B SRR O R BY
LZLOWFFE-ED 3 NT 8125719, fEROekSE
T, Z2ORFECES T30 EEbNE, 22T, BEiC
HFHLECHLUOMEYEinTH Y, Liln—1rDils
S PHIZEIcF—RA v bR IIvrREPI—FT 4 7L
720, Szl L TO@EEAPEALNRTY 5479,

I TR, BEEESEhTHE2 OMEHI DV TE
fHio & VIR - BERERME 2N, v—fic B T ey
€7 3 w2 AT, sialon), #5322 3R RARHERILIR RE
A LT, C/Cye M5 2 ik hismiah CiE»
$, AR - BEREMEONA I LR RML, FEECHE
ArPRALT9, Ld L, EHEEHED > 554 T, i
SRR O EESHATFIZ0.1~0.2%DAIRHEML, MIED
FEoZn-FeAERBOREXHHRIL T2, —FHTIL, Hish
VEH L AR IR RS D & Fed I L T 50T 2L
ARG L THEGAL-FelbA# (b » N e 2LUF, K r )
PHEA P THER S N, ZNVERIBIBEAL, 20—l
WEsialontZfFE L THER G 2 WC/CREFES ¥ 5 129, #ldESh
B TORBRIZHE L TEEVZCZ L2, 22
TC/CUIiCSICK T 248k U, iz fh# Lic N e X i
T35 RRALD, BCEBBREPKREL LY, C/CORE
AR T HFER L 251210,

SOOI LERDY EUANETR, C/CHIUFEIDOR
At v AR #HEL12C/C LsialonZEAAbE
AT D THSRD - 3T OB - BEFERRE 2 ARG
L7,

E 842 H 1 BZA PR 844 HI2HZ® (Received on Feb. 1, 1996; Accepted on Apr. 12, 1996)
% (B HILBUERFB SLHFZEAT (Hitachi Research Laboratory, Hitachi, Ltd., 7-1-1 Ohimika-cho Hitachi 319-12)

* 2 (BR) B ST 8UERTH ST T3 (Hitachi Works, Hitachi, Ltd.)



B 690 &% #@Vol. 82(1996)No. 8

2. RERIGE

2-1 =

FERIZIE, C/C¥ L U'Table 1 (R THESORL 2 31
DEF7 Iy 2 2ARTFEENENTELIZC/CRHCIZ. T2
b b, sialon(Hv=15GPa) & b B ki-T- & L TSIC, sialon
LN e 2 (Hv=7GPa) DHPEDOBES Dki1 & L TY,0; F
2L HERG CRTE L TBN®EATN, C/ClE, HEY
5~ TumD¥y FRRFMMEDOER =N v 2L L3
REZERSIECTHLERTO~100mOMHER L LT, 7
VAT L7ct., 2000°COIBETMEBER - & v /BRI L
120 272, €7 3 v 7 ARFHEC/CIE, REAZ Y Dz
TableliZiRLTct 9 I v 2 2bF#2.5vol%5rEk L, C/C
bR TRE -k U T ~HED60 X 30 X 10mmD 7' e v
7 e L 1o, HEBRA (M) DK - 1k % Fig. 1 (a) 2
AT MTACER L Tk, CE#EDY) b O MF M OFEEE &
BT 5 L I BRFHT0D X4 72 FIEGTHHEIL 72,

EBERBROMFM E LTI, AREESAD TIAE LEEC,
€7 Iy 2 ZADP TSRS CEN, LrbE
JERAETE CHMEEP BN L 120, KEESOED 5
vsialon (8'-Sis.5 Aly.sO0.sN7.s) 2 72, AT 4 (ER{R)
k- Tk F Fig. 1 (b) 2" T, BEMIL, #100005 4 7%
Y NRERTHIEIL 7084, 2~3umD XA T E FR—2 b #
PG THIEE L, RS 3 T0.03~0. 05mizfh Bz,
HER N OB D — A FM LT 2 & 5 AR
BR A OfAINE (2#1000D T X V) R— % 0f b KB CTEAMAE Y
U THIesEEY LIcH, TNTORBRPE—F A
NTT7 1 b PTI05 B OB EFEIEG 2T VRBRICHE LI,
2.2 EE

BB Y& DI 2 OF TP THEIOEEME R ERE-

i /m
8

;.é""\ sliding face B
N |

23,5, 10

direction of carbon fiber
-—

RN

2l

(a)stationary specimen (b)rotating specimen

Fig. 1. Geometry of C/C and ceramic particle
dispersed Q/ C specimens and mating sialon
ceramics disc.

Table 1. Size and hardness of ceramic particles
dispersed into C/C.

. |Vickers Hardness | Particle Size
Ceramics (GPa) (xm)
SiC approx. 24 =4
BN approx. 3 3~5
Y203 approx. 8 1~2
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Fig. 2. General view of experimental appratus.

Table 2. Specification of experimental apparatus.

Rem Specification
Heating Capacity D250xH150
Temperature 800C
Loading Air Cylinder | 10-100N
Rotating Servomotor 20 -800 rpm
Displacement 2mm
Measurement | Torque 2N-m
Temperature 1200C
. | Gas Air, Argon, etc.
Environment
Liquid Oil, Metal, efc.
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Fig. 3. Schematic drawing of test piece setting in
friction and wear tests.

Table 3. Testing condition in friction and wear

tests.
Atmosphere Zincbath | Air
Temperature('C) 470 R.T.
Contact pressure(MPa) 4.5
Sliding speed(m/min) 8, 16, 32, 63
liding time(min) 20

Table 4. Chemical composition of a zinc plating

bath.
Chemical composition (mass %)
Zn Al | Pb Cd F
9940| 0.14] 0.18 | 0.03 | 0.02

23:2 MBI S UERERER

SREXE ILIBTE D 6 #10mmD & A CHA, B IRE
W7o F 22 a L, ERESEORBILPEFL LT,
312, BHEOW LD s 2T e~ EERLLE
DOFEFILRE 1o, BEIBMREE, b ov 2 BT O Bk
HERET S I LICL bRD, 2OFHEETOTFHMES
B THes LT, BEERIL, ZEEMEHC & o EE MR
F(IC/ODEIDEMAFREL TKRDI,

372, RBEHEHOBE S L U9 2 RIRTAMREE L EERE
F-SEINEE (SEM) #Z H v TAT» 72, B, AERICHV ICHRES
Do SWHIEINS N e 20K %SEM, EDX ¥ & U
ANEBXAREIHTERE 2 O TN, =4 7 v ey b — AR
CE Y, BETON e 2O S (FEL00N) 35 & CHEEH DM
3 (FFE25N) Z#IE L 12,

3. ERBERELUER

3.1 XRPTOHEE - BEESFHE

KEHP T OEBAKOREHBEZFig. 4 R T. KRBT
DETFROREBRIIBCTH b ZDEFILLLRELT
0, RT3 U 2 EIBREROELE D L 0, C/COER
EEAX0. 2L FTH b, SiCHEKC/CTI20.258L ETH % %7
BN&EKC/CTIZC/CL b b3 L, EBREPIT-I2H
BOMAEbETREDDEERLIZ, 12, Y,0,578C/
CTUEHO2TH-12, ThbLH, RAFTOEEREDOX
& 31, SiCHEC/C>Y,0,57H8C/C>C/C>BN4#C/C
DAL 72 203, 20X v, 2 nidsialon & C/COMT

57

0.5 T T
Contact pressure:4.5MPa
Mating disc_: Sialon
04 (.)glc cic
- L iC in C/
5 Specimen: g gy’ in ¢/C
'&g_ 0.3 A Y203 inC/C
§ O+—0 O-
§ 02 & A A
5
E Lo
0.1
0
0 10 20 30 40 50 60

Sliding speed (m/min)

Fig. 4. Friction coefficient and wear amount of .C/
C and ceramic particle dispersed C/C sliding
against sialon ceramics in air. ,
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Fig. 11. X-ray analysis of wear refuse in a zinc plating bath.

Fig. 12. SEM micrographs of wear tracks of C/C
and ceramic particle dispersed C/C sliding
against sialon ceramics in a zinc plating
bath.
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