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Fig.1 Wear rate of TC11 alloy as a function of load against
GCrl15 and M2 steels at different temperatures
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Fig.2 XRD patterns of worn surfaces: (a) 400 ‘C, (b) 500 ‘C, and (c) 600 C
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Fig.3 Typical morphologies of worn surfaces of TC11 alloy sliding against GCr15 and M2 steels at 400 C (a, d),
500 C (b, ), and 600 C (c, f); (a, b, c) against GCr15 and (d, e, f) against M2
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Fig.4 Typical sectional morphologies of worn surfaces of TC11 alloy sliding against GCr15 and M2 steels at 400 C (a, d),
500 C (b, ), and 600 C (c, f); (a, b, ¢) against GCr15 and (d, e, f) against M2

B, 7E 400°C F AN ZE L, BENG~8  BEEHEEMYZEA SR, FEN 10 um A4 . dkal i,
pm, M 7E 500, 600 C, FEEE M ZHE M E] 10~15 pm. TC11 445 GCr15 4MA M2 HXXT BRI, PESEALE
M ER I, B 2 (0 550 P B R 388 i 2 s R R IR DX ) A2 I LU S5 2 R R S P 2 BE B0

2 M2 ARYE g xf BERD RIS, 7E 400, 500 'C FEEESEA ALY 2.4 it g

JEARERFA, B 5 BE 1K B 10~15 pm. 4I5 FEIAF] 600 CHY, Rigney™ I\, &)@ MBI S LT IEfE: BT



- 2288 «

WA ERMES TR

44 3

AR BT . BT MR DL &
NS H RS R SAYBIR G . BT RERT%
RN, TEBET 2300 ek 2 sl i BE RS AL 2 . T
X P R R A A 2 A 2 T R R 4 I B AT Dy R it
J,;Ej“ri[ll]o

TCLL A&AESIRE T, B Euli 2 8ib 28 i
BENWME, RMEHEANDERSEmEE. &
JE B 0% P2 P T T PEE AT R X B AR P A [ 7 A
th. f£5 GCr15 XTI EERS, £ 400 C T RIEpi/b &
TR, BEHANY)ZER LS 5~8 um HEREUE .
T AT 3098 e 7 T 0 40 2R 8 DA R Y g B T T
M2, R B E ) BE Eee i X RV X o AT I,
PR SBAL A N % R A B AR L R B R L BE .
X R R A 2 B A R B 1=, T
250 N W EEB AN ZE2RTE . iR EEE] 500,
600°C I, EETH % BUK & 1 R A ALY, PR R
KF) 15~20 pm, HEFE . X W B ALY 2 N 1%
HA AR IER, Bk h 80 1 B ey
X A0 7% X100, S5 i R AL A 7 1% A2 SR Ak BE 4

MHEEZ T, 5 M2 $XTEERf, 78 400, 500 C~
FEYE ALY Z R FE AT LLIL B 10~15 pm, {HILH AT S 1
A& BB R E ALY E A
o ATLAERAR, ANECE AN R E AR
JVZE, X EETH DR E sl 2 BRI . WrE 250 N #k
i N EEBREE 2R . 75 400 CF, B LA
SR PE AR T8 R 2R 328 L K IR 3 U 1) B ALV O
BERFAE, WS A5 B 1) Rk A B RN B R B B . T AE
500 CF, BETH b H LA 307 M AL, [FES H I
OB B ORI X, 3 B B AL 1) S g B r
BES AR LB B . BEE R FERS NE] 600 C, JEEEEELL
V=R B EH RENEANY), BHRIEREER
OB BT ORI IX, 3 B B AL 1) S 12% 42
TREE .

FEEV AN Z R A DRI AR AT H AR R /N
WFEMRES. RUE, SEAWE. WEMERES
() BE A 2 B IR B RE SRR R . B4
AL 2 5 AT DA SR P R4 2 1) S AR B SR VR AN
AILLE B R T, R A 2 A R AR
T L B 3 Rk JBE 5 S8 A0 ) J2 10 i B A I 3 1 5
Wi o fE 400°CHf PA0T BEA KT, PR E HV
TEE 5 43 7324 10.84 GPa (X} % GCrl15 #X) #l16.51 GPa
R BE M2 80D, ZRIRK: TAE 600 CHF, 2 Foxnt B
MORL R BEE Z AL ARG, 4yl 11.45 GPa (X &
GCri15 44) A1 11.29 GPa (KB M2 ). Al L, X5
BETHI) XRD &5 R S gim 2 —3m . B BRI A

W E R BRI Z, LA .

A TR XoF B A Rl St JBE 45 2 11 JBE 458 AR A A 5 A A
ISZ M AT DU RERR MR, AR RO BE AR (M2 4D
ERA S EERERD, XFEET b R E ALY E AT AL, Y
FEBEA) R A BTG S 2, SBUREZ MR
BRVE. ERXFELT, B s, HAERE
IS Wi 400 “CHF, PRIONT B A4 RE T BE 458 J2 A R 22 il K.
MAE 600 “CHF, b5, B HE )2 10 B0 W 42
B, SR TR EE K KR, X R
Tt FEE (0T BB A Rt AN BB A L SRV, OnT BB b ek o B
JE R FE RS A S BRI AR T . 2R, AR LR
T M2 805 BEATRL, GCri5 AWXt BE 1 R . B i) B 45
A 2 0 B R S R, O AR R R
YR E SR, Rk, M2 R, 5 GCri5 #ix}
BERT, TC11 & 4B B .

25 TR, TCLL & & 1 BE B A AP 5o B 45347
AT e R RS, BB A A BE AT S AN B 4 L
T BRI A R K AR R . SR, XA &
MmaE, DAEMIFRESVONRE &M 22 T
HENEAR B FFHEY, Flfn, Straffelini Al
Molinarif5 i, Ti-6Al-4V & & EEE MY EH T
AN A 7E [ B 5 E B E B, T B AR E A . Ohidul
Alam A1 Haseeb™ th /5 1| [F FE 45 18 . 4135 K2, L
BRI FE 38 R S T B BUA S . WAL TC11
A& AE 400 C X H 3D B 1 BE R AL I 45 R, T
CAHEI, 76 =00 T BT R A B 8 )2 vh AN B i 1)
ALY i, SRR IR B B RN B AT O R B AN
SRR, AT DL AR IR I R 4 2 T AR B AR
o BAEGM AN NS & B A E A B AR 1E
FH I 2518 /2 48 0T B iR )

3 &

1) TC11 44 £t 5 GCr15 i M2 4%t g, B
TR S5 P ) T AR . TERZHUB LR, TC1L
£ G B A 2R B AT 1 I ¥ 4k TR AE Bk sh N, =
£ 400 'C. KT 200 N (5 GCr15 % B ) wf fI7E 400
A1500 'C, KT 200 N (5 M2 #0XFEE) BB 0
Em.

2) XEMELXT TClL AE&MBHREERm, 5
M2 #N%f BEEL 5 GCr15 4MXf BE (i TC11 & & BE iRt
ra s LS B A o il P R AT ) AR AN B 3 R K

3) TC11 & 4 7E 500, 600 °C I H AL S 1 e i i
A, DR DR v T N BT R B B T A B R
FAC EX R R ORI ER, B R

4) {ERxt BERRL, B M2 89 EL R GCrl5 X 5



559 4 TRAKFESE: 0f BEATELT TC1L & <y il BE 45U T J9 A0 BBV (5 . 2289 ¢

THER TCll &4 XM EEEILW)ZE, [FHRE, M al. Rare Metal Materials and Engineering(F¥i 7 & B M &5 T
ot i ) AL D B D, R R R . )[J], 2012, 41(8): 1463
[7] Cui X H, Mao Y S, Wei M X et al. Tribology Transaction[J],

2 Ek References 2012, 55(2): 185
[1] Rigney D A. Wear[J], 1992, 152(1): 187 [8] Mao Y S, Wang L, Chen K M et al. Wear[J], 2013, 297(1-2):
[2] Yerramareddy S, Bahadur S. Wear[J], 1992, 157(2): 245 1032
[3] Budinski K G. Wear[J], 1991, 151(2): 203 [9] Wang S Q, Wei M X, Zhao Y T. Wear [J], 2010, 269(5-6): 424
[4] Straffelini G, Molinari A. Wear[J], 1999, 236(1-2): 328 [10] Wang S Q, Wei M X, Wang F et al. Tribology International
[5] Alam M O, Haseeb AS M A. Tribology International[J], 2002, [J], 2010, 43(3): 577

35(6): 357 [11] Pauschitz A, Roy M, Franek F. Tribology International[J],
[6] Yao Xiaofei(#k/~ &), Xie Faqin(if & #), Han Yong(i ) et 2008, 41(7): 584

Effect of Counterface Materials on Elevated-Temperature
Wear Behavior of TC11 Alloy

Zhang Qiuyang, Wang Shugi, Li Xinxing, Wang Lan
(Jiangsu University, Zhenjiang 212013, China)

Abstract: Dry sliding wear tests of TC11 alloy sliding against GCr15 and M2 steels were performed at 400, 500 and 600 <C using a
high-temperature wear tester. The effect of counterface materials on elevated-temperature wear behavior of TC11 alloy was studied.
Results show that irrespective of counterface materials, the wear rate of TC11 alloy decreases with the increase of temperature, and TC11
alloy presents excellent elevated-temperature wear resistance. In most cases, with the increase of the load, the wear rate keeps a lower
value with a small fluctuation. However, the wear rate of the TC11 alloy noticeably increases under more than 200 N at 400 <C with GCr15
steel as counterface and under more than 200 N at 400, 500 <C with M2 steel as counterface. Compared with GCr15 steel, M2 steel results
in slight increase of the wear rate for the TC11 alloy. The high wear resistance of TC11 alloy is attributed to the protective role of
tribo-oxide layer. The hard M2 steel (compared with soft GCr15 steel) is liable to damage the protective role of tribo-oxide layer.
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