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Friction Characteristics of DLC Films on the Silicon Nitride Ceramic Surfaces

at High Temperature Conditions

ZHUO Hui-dan, SONG Bao-yu, GU Le
(Department of Mechanical Engineering, Harbin Institute of Technology, Harbin 150001)

Abstract; Based on the ion plantation and deposition technology, diamond like carbon (DCL) films about 500 nm thick-
nesses were prepared on the surface of silicon nitride ceramics. The finite element modeling method was used to simulate
the thermal stress between DCL film and the ceramic substrate. Their sliding friction properties were investigated on high
—temperature ball-on—disk friction tester. Rolling friction torque of full-ball angle contact bearings filled with ceramic
balls deposited DLC films and experienced different temperature loops were tested. The results show that the DLC films
on silicon nitride surfaces can lower the sliding and rolling friction ranging from room temperature to 350 ‘C. The wear
duration lives of DLC films get shorter with the rising of temperature. DLC films wrinkle and fall off from the ceramic
basis after the temperature circulation to 400 'C because of the combined function of the thermal and mechanical stress.

Their frictional characteristics return to normal level of uncoated pairs.
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Fig. 1 The interface heat stress between DLC film and ce-

ramic basis at different temperature
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Fig. 2 Friction coefficient of ceramic ball with DLC films

coated ceramic disks

Pl 3 S 2% B TR B DLC Ji5E B g 45 % 1o F)
R R AP v nl R B IR T R B R S A
DR IEEBOAOBOR , P8 155 DL BOR B ™ B . 100 C s
b e A A B T R BB R 425 240 min )5,

(€) 250 C

(e) 400 C

&l 3 B % 4% 3K 1 BB U A
Fig. 3 Wear photographs on the ceramic disks



50 b B X @wW L &

2011 4F

DLC AT B B5 % : 200 C oy, BB T L 300 C
A A TR A B I ALY L 300 I R R S e, R
SRR BE T B R 42 TR B0 2k LRI L) R 38 R 4 TR B
BETH T 5 S R R IS . 7R IR i R v, BE
PELRBBE TH I Pl A R 0 S &2 DA S T O
LEA S I R I G B R 5 b A N
K25 A — & 71 T 0RL AR /) T FR A T
b B UG WG 24 HE I g 0RO B TS .
300 C Lt 250 C B ALYE B 58 S IR, BE 45 g DLC
Bl R ARG 3 A I AR, 55 1A AN
MEETE . ThiAE 400 C &), A LA 2] DLC J 7€ i
H XA AR 5 04 B O X WL 0 /R T 45 21
17T B 1 X 22 470 ) S R R 8 v Rl T
R g3 K 51

AR 85 V7 174 T 2 L W R A7 B
FyaE KO K B IR G, P R R
R TE 400 C i, P % 25 2 1T 1) v SR T AR 1Y
AT o A R RE R TR B BN )
Sk 6. 638 MPa, W 4t 1 77 AT 35 AL A 55 280k 1k P
Fi DLC B #R 3 77 .

4.2 HEREBRMAEENIE

W 28 3 A [R) ek B A B 1 B S BR ke A Tl R gt
FTEEE 1 AE I, 45 T80 Sl 7R 14 7 24 B 38 )
FEdhZean & 4 Fros . DA IR A ] i B R KO B
JEE ) AR FE 1~ 10 r/min 385 [l N, 7 35 BE 452 7 40

0.035

- RPEEE25C —v-200C 350C
’é\ e ®100C 250°C —* 402"(1
<Q 150°C <4-300C
> 00301 "\ e A
£ 'f?'?'/ e
EJ ® — e o
i«. 0.025 F <
™ ~ < <
-H}{v < 4 1\4
BN [y < < <4
pory N 2 - Y
S 0020 " —as —
T —
B

0.015

0 2 4 6 8 10
B3 / (r-min™)
Pl 4 7S Ta) L B2 A P I TG 26 Pl ¥ B Al 70 3T 359 B 48 )
Fig. 4 Average running torques of full-ball bearings dur-

ing different high temperature loops
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