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Abstract: The tribological properties of Ti;SiC, , stainless steel and NiCr alloy under dry sliding, in distilled and sea water
were investigated on an SRV — 1 tribometer. The worn surfaces were analyzed by using scanning electron microscopy and
X —ray photoelectron spectrometer. The results show that the friction coefficient of Ti;SiC,/Al,O; tribo — pair was
insensitive to sliding condition. The wear rate of Ti;SiC, in liquids ( distilled water and sea water) was one order of
magnitude lower than that under dry sliding. In the competition between the two wear mechanisms of mechanical wear and
tribo — oxidation wear, mechanical wear was the dominant mechanism, which was independent on the sliding condition. So
the friction coefficient and wear were high for Ti;SiC,/Al, O, tribo — pair under the three sliding conditions. Tribological
properties of stainless steel/Al,O; and NiCr alloy/Al, O, were sensitive to sliding condition. The friction coefficient and wear
rate of stainless steel and NiCr alloy successively decreased in the order of dry sliding, distilled water, and sea water. The
degree of decrease was the largest for NiCr alloy/Al, O; tribo — pair. Under dry sliding mechanical wear was the dominant
wear mechanism for both the tribo — pairs. In distilled water both mechanical wear and tribo — oxidation wear worked. In the

. . . . . 2 2 -
sea water corrosion wear was the main wear mechanism. The tribo — corrosive products ( FeCl,, CrCl; or CrO;~ and CrO, ™)
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were lubricants to decrease the friction and wear.

Key words: Ti,SiC,, stainless steel, NiCr alloy, sea water, tribological property
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Table 1 Chemical composition of sea water ”

Compound NaCl MgCl,

Na, SO, CaCl,

KCl  NaHCO;  KBr H,BO,  SCl, NaF

Concentration/ (g + L™") 24.53 5.20 4.09 1.16

0.695 0.201 0.101 0.027 0.025 0.003

%  Chlorinity is 19.38, pH is 8.2.



H4

A, 55 T, SiC, ARG NiCr 5878 N LK I BE 422 1 RE 365

Py ggng. #5308 0 BE 45 A FR H 2% 1 4 BR X (2206
TRUFETH 46 JE A4S ) W45 55 IR A8 K 1A 46 6 5 0 GRS
). BRIAFE 0 B 40K FUE o U 3k B B AR T
133, R BRI A 5/ 3 IR, I BRI R AR
JE AR O Y.
1.4 RIEFE

K JSM = 5600LV %Y 454 i 7 i 7 5% (SEM ) /
KEVEX G 5 (0 B0 o) A i B 40 3% 17 S 85 I8 T2 2
JCR BT AT AT, BT IXREIE IO C Fil O S8525T
RRMME 582, U PR X C F1 0 %500
RIAT 0. R PHI - 5702X - S 2 i F g i
(XPS) X BRI TCZ AL 2= A1 430

2 AWER

2.1 tRibihs

Bl 1 2 Ti;SiC, NiCr 454 M S5 1 I 7K )
SR AL ZR 3 BRI T 7 AH 25 A K, T
- 1.0V 7ty {EJR R A7 dy AR B AU Tis Sic, |
NG NiCr 4, UL ARIE T 7 Hh B 708 ok 2k
F 55 2SR MR N TisSIiCy ANV HIAN NiCr £ 4. i3
7o TR Tl L AL, NiCre A 45 AN 85 B0 1) F I A2 A
HIAL, B BT 5 sl 3, s %ok T 0. 2,
LR E T, BRI ADRL & AR S, H R A AL A He
7 DX T Tiy SiCy ) HEL L B L 07 19 39 R S 1
Kl Wk A T plife.

FBEAR AEBK PR T 2902 [HEER R 0
5 ~15 min SR NiCr 54/ AL O, FESERI LRI
IR H R R AR 0T BRI S 25 ARG, VK
(W EERE R HUAT 10 min AR, 0.2 ey, Z AR
0. 1.3 FhcmIFEE S HA A S 1) X B R A W
Kl 4(a) ], TEZEIRK R K f0-F- 25 BE AR AR A R
BN Ti;SiC,/ AL Oy AR/ AL O5 Al NiCr &

(b) NiCr alloy

Fig.2 SEM micrographs of surfaces after polarization curves

B2 AR s e i e R T A

Mg E MR LSRR E (K 2) , Ti;SiC, £
AL AR Z AT FS B AR EAE , i NiCr 5 4 A
AN T 2 B O SR i e, B AR, R
Cr I IMAAT LAAE Ni 45 4 R 2R J0 B AL B, {ELAT)
SRAS TR 14 5 ok ot 1 2 A= 2

AN
e NiCr alloy
Ti,SiC,

™ Stainless steel

-2 -1 0 1
Potential/V
Fig.1 Potentiodynamic polarization curves for Ti;SiC, ,

NiCr alloy, and stainless steel
B 1 Ti,SiC, NiCr &4 Fl
AR A 3l AR A th 2k

2.2 EBRRPMEBRE

ﬂn@ 3 E?%’Ti3SiC2/A1203 @%EUE%%ﬁ(*H
g K P BE A AR BT BE R AT AR, (AR R
(0.40 ~0.55) ; 5Z&1R/KAHLL , T3 7K 980 B A FAS B
B AN/ AL O BE S RIAE T EE S M ZR 1R K Hh EE 45

(c¢) Stainless steel

42/ AL, O, 3 FECEIN H A% 8575 T EE 4 I B i K
R LK 4(b) |, kiR Z, gk i), TigSic, &
TR I A A E T S0 AR P RNC I ook, oy
107" mm*/ (N « m) , NiCr & 4 #8576 1 7K (14 B 8 3%
/N ALK 107 mm’ /(N - m).
2.3 EMmER

M Ti,SiC, /AL O, FEREE R I EEHUE IR i Lok E



366 FE B OE R $33 &
0.6 0.6 0.6
7
, 4
I T LY Y Dry sliding
g . g ou | g 04
‘5 5 Distilled water ‘5
g 04 1 & &
§ Distilled water Sea water § § L /
o = o Distilled water
2 2 o2 | £ 02
2 02 2 Sea water 2
= = =
s
Distilled water
0.0 ™ . 0.0 ™ : 0.0 .
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time/min Time/min Time/min
(a) TiySiC,/Al, 0, (b) NiCr alloy/Al, 0, (c) stainless steel/Al, 0,
Fig.3 Friction coefficient as a function of time for tribo — pairs under dry sliding, in distilled water and sea water
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Fig.4 Friction coefficient and wear rate of disk for Ti;SiC,/Al, O, , NiCr alloy/Al,0O,,

stainless steel/Al, O, tribo — pairs under dry sliding, in distilled water and sea water

B4 AR ZPE T S R I R AR RO S R

(B 5), FRESRZRAE T, TiySiCy SR EHIEE , Al 1 dh
KBl i N RIMIBTL 5 (a) |, BB AR R K
AT AR MIBRBE . 5 Z W EERY AL Oy BRI
FERIE 181 5(d) ], o0 04T (EDS) KW EkR
A KRR B TiSSIC, 19 Ti LR A5 (g) |, SR EE
Bt R A T R AR RS 2RIk R Ti5SIC,
IR SR 7% J5 BT B e[ 181 5 (b) 1, FEA
RGBSR XERERR RO [ 5(e) |, A
B RS BHARY  EDS I AL O; BEH R I B A
KB A TiySiC, MRS 5 (h) ] BRI
IRFRIMERLIES (o) 1, B4 /N M7 0 HO7E
IR, UL AT W REIR S . X B ER SR I A A
ADERIMRIEERS 5 (1) ]

AEEHIAN NiCr 45 B B R S 1] 6 fr
N TR AENEIREK[E 6(a) ], 3%
AR , 2 A 7 A R AR O HL AR B

2/ INURE ZEL S P 45 2 0 I JBE A A v 4 fl B T
(14 P85 18 8 S S B I T Bt R A AL AL 5 )2 7
X AL Oy BRI T W AR R [ 1 7
(a) J. ZKIBK T R BOCH A R B,
FEIR P i AT AR ERR B GL [ 18 6 (b) |, BEAT KB
BRI RS BLGR. tKh BER AR E Ie T, AR
PR, B Fh R MR A= [ 1B 6 (e) .
NiCr GG 7E T EEE AR AF T R R T RE , 2 B 9
PR SRR RO, A7 AR EE SRR ML A MR A2
KA T(b) . ZE KT K i IR DG T, A
TRV LB R ok, BEA S AR R e R [T 6 (e ~
£) 1. ATRIFE i, X8 3 9 b <5 A4 RER L, 3 MR A Joi
(ZRABK Lot oK) A5 85 By 1k 1 6 4 JEE 488 40 R b
IR KA
2.4 BRFREUFERDSTH

Xt Tiy SiC, FERFR TR N A0 4 (XPS) anfe 8



(b) Ti;SiC, ,distilled water

(d) Al,O;,dry sliding

(e) Al,0,,distilled water

(¢) TisSiC, ,sea water

(f) AL O, ,sea water

Ti Al

Intensity
Intensity

Al g;

0 2 4 6 8 10 0 2
Energy/keV

(g) EDS,dry sliding

Energy/keV

(h) EDS, distilled water

Al

Intensity

Ti

6 8 10 0 2 4 6 8 10
Energy/keV

(i) EDS,sea water

Fig.5 SEM micrographs of worn surfaces of Ti;SiC, and Al,O; and EDS analysis

for worn surfaces on Al, O, under dry sliding, distilled water, and sea water
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Fig.6  Worn surfaces of stainless steel and NiCr alloy under dry sliding, distilled water and sea water
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Fig.7 EDS analysis for worn surfaces of Al,O, for stainless steel/Al, O, and NiCr alloy/Al, O; tribo — pairs under dry sliding
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Fig.8 XPS spectra for Ti2p and Si2p on the worn surfaces of Ti;SiC, under three different sliding conditions
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Fig. 10  Fitted peaks for Ci2p3/2 under dry sliding, in distilled water and sea water
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