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Fig. 1 XRD pattern of Mo-128i-8.5B-2.5%ZrO,(Y,0,)
composite after SPS sintering
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Fig. 2 Microstructures of Mo-128i-8.5B-2.5%ZrO,-

(Y,0;) composite after SPS sintering: (a) Backscattering
electron image; (b) Fracture morphology
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Fig. 3  Friction coefficients of composite at 25-1000 C:
(a) Change of friction coefficients with time in air; (b)
Change of friction coefficients with time in vacuum; (c)

Average friction coefficients
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MR B R S AR R — MR . AT,
TLEE 25 CHEINF] 1000 ‘CH, & AR AR B2
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Two-dimensional wear scars morphologies and wear rate of composites under different conditions: (a) Two-

dimensional images after wear in air; (b) Two- dimensional images after wear in vacuum; (c¢) Wear rates of composites;

(d) Wear rates of Si;N,

*— MOO3
* — 710,
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20/(°)

BS A bDRHE % R LS U 21810 XRD i

Fig. 5 XRD patterns of composites after wear in air at

different temperatures: (a) 25 ‘C; (b) 200 C; (c) 400 C;

(d) 600 C; (e) 800 C; (f) 1000 ‘C
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T BRI, a-Mo 7EMIKIR (<500 C)1L2E
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BB A PPRIAE 25~1000 °C [X 8] [ BE 32 52
PERE.

2Mo,Si+110,—>6Mo0,+2Si0, (1)

2022 4F 7 H
Mo,SiB,+100,—>5M00,;+Si0,+B,0, 2
2Mo+30,—>2Mo0, 3)
7Zr0,+Si0,—>ZrSi0, 4
Mo,Si+40,—>3M00,+Si0, ®))
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Mo+0,—>MoO, (7)

& 6 Ff 7 N Mo-12Si-8.5B-2.5%Zr0,(Y,0,) & &
HRME 723 S AN [R) R FE TR B 45 5 R T 1) SEM AR .
FE25 CXYPEIY, A0 k)3 7L & JAE R B 1

Bl6 = hEAMEHE25~1000 C B3 Y 3L F (e) h it e R A 1]
Fig. 6 Worn surface morphologies((a)—(f)) and EDS mappings in Fig.(e) of composites tested at 25-1000 C in air((g)—(1)):
(a) 25 C; (b) 200 C; (c) 400 C; (d) 600 C; (e) 800 ‘C; () 1000 C; (g) Mo; (h) Si; (i) B; (j) O; (k) Zr; () N
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[R1%0(0.28). #R1M, #£800 CHY, %L "4 MoO, T
IRAEER, SAEMERESREMTER R,
BB — P . 458 iR FE = $1) 1000 °C
B, EEME AR SR, AR A )
MoO, KEHE K, FEUMBHE #5121 Hh 3K & LI
(W 6(D), TER T Bika 2 FLAEA I, B4R m
MRS, B0 1000 °C IR R BB IR B e e e
BRI B I R EN, PRI L 800 CHIAHA
SN, EA I A L B I B 7 S A R
1000 °C ff) BE 4R F KM B2 N . Oy 7k — BRI &2
HAEHE 25~1000 “C I BESIALE], XA [F] R BT+

KSR R X ot 3 & = FEAT T (LR D).
HE1AHL, E6FH1~6 XBHM T NIITER, X
BB TEBHER AN, BNTEERESHER
T X Bl SiyN, AR SR, Xk — 5 E B TR I
FEHHIL T B MF BB . 55, SAEMEER
JERIAHEI T KEFOGER, KW TIEAFIK
IO T BB UL FE , EAMEIEIRAE TA
[ R P R A B A

R1 K6 BRI EDS 45
Table 1 EDS results of worn surfaces of Fig. 6

Jone Mole fraction/%
Mo Si B (0] Zr N
1 65.12 10.76 826 1485 0.76 0.25
2 61.28 9.82 8.02 19.82 0.78 0.28
3 38.31 4.65 2197 3421 0.53 036
4 2899 516 22.62 42.13 0.62 043
5 28.65 273 24.68 63.62 0.68 0.22
6 40.79 886 12.72 26.68 0.69 0.26
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X R EARORPY, R A ALV N R B A6
BEZE 600~1000 “C [ BE $5 DX %5 45 25~400 “C 34 i B
Bo A4, EANMORME &R BT B 3K 1
XRDiBUWIE 8 . HI T SEER R B FE 200 15~
30 Pa, B AEHE 600~1000 C 2 [ KL T BT
Ak, BAEEEYIAM0,, HEEME, A
FERSTIIE N, 3 BB I EAE 600~1000 °C 2 [A]38
WA LS R AR 5 iR 2 R B 51 2% 1 X 3
EDS Z5 RUNFK 2 iR, 5750 i B 45 2 1 1Y) R i
(MR DI, [F&EFA T B R R )
FAEREBEK. ££800 11000 CEEHG, Mkl BE
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7 EAFEAMEE25~1000 C R B IR R HES
Fig. 7 Worn surface morphologies of composites tested at 25-1000 C in vacuum: (a) 25 ‘C; (b) 200 C; (c) 400 C;
(d) 600 C; (e) 800 C; (f) 800 C; (g) 1000 C; (h) 1000 ‘C
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*2 H7THESMEUESIRE EDS 4

Table 2 EDS results of worn surfaces of composites in
Fig. 7

Mole fraction/%
Mo Si B (0] Zr N
1 78.12  6.76 8.32 5.44 1.24  0.12

Zone

2 72.76  10.60 8.13 7.39 096 0.16
3 70.65 9.50 7.82 11.10 0.80 0.13
4 65.28 9.32 10.6 13.59 1.01 0.20
5 58.65 11.73 10.12 18.62 0.66 0.22
6 59.48 9.24 10.28  20.10 0.62 0.28
" —a-Mo
* —Mo,Si
v 4 —MosSiB,
A" v _M002
1000 C \ h Y mvy Yy
[ L—M—-MA——A

100 20 30 40 50 60 70 80
20/(°)

8 S AMBHER A P S 1 1) XRD #f
Fig. 8 XRD patterns of composites surface after wear in

vacuum

JEA/ N BRI, 3RS M 600 C
THFEE] 1000 CHS, AR EES E AT FTFEAR,
SR E L2 N R S 2 P s 4k,
HI TR M T R AR R iR AL, A
[l R T AR R A e R i E A, 3
BOLBESR L K FE A

3 ZEip

) fEES S %M, Mo-12Si-8.5B-2.5%-
ZrO,(Y,05)/Si;N,, Bt %o ] JEE 45 [K 5 I H T N 19 0.66
BT RS 800 CHY ) EARAE 0.28, 7£ 1000°CH 31
WA 0.43. 7E25~400 C, 5 & A KBS 451 5%
6.02x10°mm’/(N-m) 34 /1l £ 6.94x10™ mm*/(N'm);
£ 600 CHf, P& Z [F KA 2.8x107° mm*/(N-m);

M 800 °C 3 /i1 2] 1000 °C i, P& 451 % 2 ) 14 0 3
8.73x107° mm*/(N'm), HARF TEE&ME AT ™ E
(1 R AL B AR

) EETFHE AT, T & 400 C
I, G T IR BE PR DR AR B T 11K (0.62~0.49);
600 “CHY, R HCS M N2 1.04, 7£ 800°C Al
1000 CHf, 4 A FEAKE] 0.82 F10.51. Bl & I
B, ZEMER B EMMEK, W25 CH
8.62x107* mm*/(N-m) & /v #| 1000 C ] 1.61x
10~ mm*/(N-m).

3) IAEIAILT-400 CHF,  Foxf @I 7L 7 i BE B2
DRIOR s T B s = 1400 R, 722 Y
PEBEDIEON AL T H A ). fE£25~600 C, E&
FARIE 25 ) BB 1 2R LU AE B2 P IR 7E 600~
1000 'C, HAMEEEZSHRBHE LESSF
R3S

4) IR T, EAMEHERIR BT B B
TN T ZOAFE B, i f bl o 7 ) A
B, ERTFMT, EEMEHERIRE 1B L
B EEONFEBER, MR EERIUONEE B
B ) B AR AR A ) v Ui AL B AL
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Dry tribological behaviours of
Mo-128Si-8.5B-Zr0,(Y,0;) composites in air and vacuum

YAN Jian-hui"?, TANG Xing', KANG Rong', HU Hua-rong’

(1. College of Materials Science and Technology, Hunan University of Science and Technology,
Xiangtan 411201, China;
2. Hunan Provincial Key Defense Laboratory of High Temperature Wear Resisting Materials and

Preparation Technology, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: A bimodal grain size Mo-12Si-8.5B composite strengthened and toughed with nano-ZrO,(Y,0;)
exhibits excellent mechanical properties. However, the dry friction and wear of the composite at 25-1000 C in air
and vacuum are not clear. The dry tribological behaviours of the Mo-128i-8.5B-2.5%ZrO,(Y,0,) composite
against Si;N, were comparatively investigated. The results show that the friction coefficient increases first and
then decreases with the increase of the test temperature in air, and reaches the lowest value of 0.28 at 800 C. The
wear rates of the composite are 6.02x107°-69.4x107® mm?*/(N-m) at 25-600 “C, and increases to 8.7x107°-95x107°
mm?/(N-m) at 800~1000 ‘C. In vacuum, the friction coefficient decreases from 0.62 to 0.49 when the temperature
increases from 25 ‘C to 400 “C, and then increases sharply to 1.04 at 600 C, then decreases again to 0.82 and 0.51
at 800 ‘C and 1000 °C, respectively, and the wear rate decreases from 8.62x10™ mm*/(N-m) at 25 °C to 1.61x10™
mm?*/(N-m) at 1000 ‘C . In air, the wear mechanism of the composites is adhesive wear, and accompanies with
oxidation wear at high temperature. In vacuum, the wear mechanism of the composites at low temperature is
adhesive wear, while exhibits the characterizations of adhesive wear, micro-ploughing wear and slight oxidation
wear at high temperature.

Key words: Mo-128Si-8.5B; vacuum,; air; tribological properties; wear mechanisms
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