524 %58 2 W TEEEEEFR 2014 42 f
Volume 24 Number 2 The Chinese Journal of Nonferrous Metals February 2014

XEHS: 1004-0609(2014)02-0424-08
CraCNi-TiSIC, $TEVRE 8 & HHH 0 B R IR 1T

GNEIIIT R AR REFTE, JEit 100081)

 E: RAMAKRES T EHE MBI CryCoNi-Ti;SiCy M KL, FFHFIT Ti;SiC, AN BN L5 GCr15 EEEH
75 400 CRAHEE T EREEAT NS0T . 25 R 7 BB IMERTY, SEMET 1 TiLSIC, R FH KK
FSCELAT R U EEAE F 11 R AR AN, ANAN T DA PRI P i P PR P DRI, ol e PR DAL ) R B, T EL B A 3%
FEAREEBE R GE M) B BT, X R A BRI ARGV E R 24 TLSIC, SR (FUE S E) 7004 2.5%. 5.0% 7.5%
F110%I6F, B AREHR BEB DB L RSN TisSiCy IR CraCy-Ni 4 B 8 It BEHE B2 1) N B 5.3% 15.8%. 26.3%
F13.2%, BEEERIC SR R TR W, BRI B B i 3.5 X 107 mm/(N-m)iZ& 5 | %
£ 9.8X 1077 mm*/(N‘m).

KR CrsCr-Nis TisSiCos BEVEZEATH: SiRyREE: FEBAELE

hEHZES: TB333; TB34 MERERD: A

High temperature tribology behavior of
new anti-friction/composites Cr;C,-Ni-Ti;SiC,

LI Li-xin, LIU Xue-quan, DING Cun-guang, LI Yi, LI Nan, LI Jin-pu, LI Fa-chang

(Powder Metallurgical Research Department, Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: The new anti-friction Cr;C,-Ni-Ti3SiC, composites were fabricated by powder metallurgy process, and the
influence of Ti3SiC, content on tribology behaviors of Cr;C,-Ni matrix composites against GCrl5 was studied at 400 C
in air. The results show that the new as-prepared composites with Ti;SiC, are of favorable anti-friction properties because
of the tribo-oxidation film formation induced by Ti3SiC, during the friction. After adding Ti;SiC,, not only the coefficient
of friction (COF) is obviously decreased and its fluctuation is flattened, but also the wear rate of the tribo-system is
sharply decreased and the friction pair is effectively protected. When the Ti;SiC, contents (mass fraction) of the
composites are 2.5%, 5%, 7.5% and 10%, the COFs are respectively decreased by 5.3%, 15.8%, 26.3% and 13.2%
compared with that of the Cr;C,-Ni cermet without TizSiC,. Meanwhile, the wear rate of the friction pair is downgraded
by an order of magnitude and the wear rate of the friction partner is gradually decreased from 3.5X 10° mm*/(N'm) to
9.8X 1077 mm*/(N'm).
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Fig. 1 XRD pattern of Ti;SiC, powders
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Fig. 2 XRD pattern of CN20T3 composite
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Fig. 3 Metallographs of composites with different Ti;SiC,
contents: (a) CN20; (b) CN20T2; (c) CN20T4

Table 1 Density and hardness of composites with different Ti;SiC, contents

Sample No. Mas§ ﬁ?ction of Volme fraction of Measured (}3ensity/ Relative density/ Hardness
Ti3SiCy/% Ti3SiCy/% (grem™) % (HV)
CN20 0 0 7.01 99.72 992.71
CN20T1 2.5 3.83 6.91 99.71 1020.38
CN20T2 5.0 7.55 6.81 99.56 1129.31
CN20T3 7.5 11.2 6.47 95.85 1 .000.49
CN20T4 10.0 14.7 5.97 89.64 693.49
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Fig. 4 Dynamic COF curves of composites with different

Ti;3SiC, contents
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Table 2 Wear rates of tribosystems with different Ti;SiC, contents

BHA G BRI R,
K 4 FioR. 24 TisSiCy & 54 10%I, ZAaHRE S
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77 1 HIRALE, HBEE TizSIC, & R, FE# R
T PR AL V8 I T AR A A8 3k, ALV N B 2 9889, 4
TisSiC, F & IA H 10%0, PEER OB R, A4
BRI RAMN,, Wkl Se)fimr.

Xof PR R T U T IO 82 TG 32 40 1T R,
RN N Ti3SiCo 17 CN20 FBE 3K A7 B 2 1R AL i S 9
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AN O Ab, JLRIRG I X 3804 5 A K Fe JT#,
FHLE 400 °C eyl S A PR BE A2: 1v) Ay 119 3 ) 4
T, EEEARLT GCrl5 BBV 2] CN20 KT, K
ARG, BT E RS B, RO I S
BRAEMZ, a1l 6(a)X 3k D iR, X SRR IT) = Bokh
B2 R T R PR R S U R TR R AR IR S AL
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THIASU R R B 2 O AE A CN20 12 U R 10 S AR 1%
/Ny AR E TR B LR (RGBS AR R b ) T R
BRGMER, SRR DB R, PR
PER IR . N TisSIC, J&, EEERMmBRSH
Ni. Cr. Tiv Siv C f1 O 4k, A& DK Fe(ULIE

Dynamic partner Static partner

Wre/(mm*N "'m ™)

W/ (mm*N m ™) W/ (mm* N 'm ™)

CN20 GCrl5 disk
CN20T1 GCrl5 disk
CN20T2 GCrl5 disk
CN20T3 GCrl5 disk
CN20T4 GCrl5 disk

1.0X10°°
22X10°°
3.3X10°°
4.1X10°°
45X10°°

3.5X107° 3.6X107°
4.4X10° 6.6X10°°
3.7X10°° 7.0X10°°
1.2X10°° 53X10°°
9.8X1077 4.6X10°°

Wraq 18 specific wear rate of dynamic partner; wg, is specific wear rate of static partner; wg, is total wear rate of tribosystem.



428 A G

2014 42 H

o)

6(b)HI(c)), Kl 6(a) KR I & PR E W R, FEHE
RIETEHARRE . MR, B 2R
TisSiC, fE i BEEE A AR T, BH3ES5 T BEEER I
FAMIBAR N, RIS, NImscs T
EEMEH BTS2, i T 2 A MRS
GCr15 [FEAREE, AL, TisSiCy MIIAARNFFAE T
TARE 00 R B DR B8, 3 G T PR DR 50 3 R 3l (AL 4
4), M HBERRAC T EERIN S ERREWER 2). b
TisSiCo NI & IANKIE I, 525 AR 0BE B A0 JiE
FIRE SRS 58, W 6(b). (c) R 2 ME 3 ik
G AR B BER TS A T N, S S AR

B 5 A TiSIiC, & RE AR E
BRI IEH
Fig. 5 Macro-morphologies of friction

surfaces of composites with different
Ti;SiC, contents: (a) CN20; (b) CN20T1;
(c) CN20T2; (d) CN20T3; (¢) CN20T4
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Fig. 6 Micro-morphologies of friction surfaces of composites
with different Ti;SiC, contents: (a) CN20; (b) CN20T1; (c)
CN20T4

Table 3 Compositions of friction surfaces of composites with different Ti3SiC, contents

Region Composition (mass fraction, %) Region Composition (mass fraction, %)
A Crg37701.67 Cla.ss G Nis 75Fe7.18Cr42.22Ti1.01810.57017.53Cs.74
B Nig g7Feg 42Cr69.5102.01C0 29 H Fe2,00Crs0.93Ti0.83810.1102.37C13.66
c Ni.44Crs6.55013.44C7.57 1 Crg01Ti0.70207C14.3
D Niz 93F€6454C19.30023.14 J Nijg.72Fe366Cr47.1Ti5.26511.47010.11C 1262
E Nis5.99FesCra 07 Tis 86810.83013.97Cs 43 K Nig 36F€10.46Cr69.79T10.9302.39C10.06
F Nig 84Fe5.08Cr70.3602.25C10.47 L Nijy20Fe€;.47Cro 6Tigr21811.11020.35C4.03
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Fig. 7 Micro-morphologies of debris of composites with different Ti;SiC, contents: (a) CN20T1; (b) CN20T4
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Table 4 Compositions of debris of composites with different Ti;SiC, contents

Region Composition (mass fraction, %) Region Composition (mass fraction, %)
M Ni4.33F€6.46Cr46.71 Ti0.09510.3502325C7 56 o Ni4.s6F€s.54Crs0.3Ti3,09810.81021.44C4.26
N Ni;391Fe667Crs3.41Ti) 5510.17019.54Ca 81 P Ni503F€6.55Cr44.46T1371511.22027.63C4.41
2]  BREM, KN, G, M, D, xrEE, Ko
A T FAGL JEUVE ) 4 AR OR AR AL R S F R MR AE (D], A
3 %Hit

1) SRHB ARG S T 2% TisSiC, 5IN CrsCo-Ni 42
e B B w46 5 T3 SiCy BIHTAL CryCo-Ni-Ti; Sics
TEEREL, 1 TisSiCy 24 7.5% (s £, 24
ORI IRk R dne e, PEREEDNE N 0.29.

2) HIIEAE T 7.5%H0F, TisSiC, Al LLE by
RIREEFME R, ReAr mni BRI A 5 RO R
R sk BEAE H PR R AR A, A 525 A ) £ B8 i D
R, SRR B TR R, B
I T PR RIS B

3) TisSiCy 2 (191G 02 I il B8 P 2 1 ) Ak D )
EH, SEEAMEA S REBREEZ ZHE . 4
TisSiCy T2 10% 0], i ZL DI E AL 544
BHEEEPERER) MR, BOLEEAEE .
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