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Fig. 2 XRD patterns of untreated and Ti-N duplex-treated
QBel.9 alloy
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Table 1 Electrical resistivity and hardness of untreated and

Ti-N duplex-treated QBel.9

Electrical resistivity, =~ Hardness,
Sample
p/(pQ-m) HVo o
Untreated QBel.9 0.070 190
Ti-N duplex-treated 0.096 964
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Fig. 3 Friction coefficients of untreated and Ti-N duplex-

treated QBel.9 samples

232 ESRES

Kl 4 fiosh QBel.9 FEMAE SN #ifif 5 GCrls
PEBERC R B 20 min Je AT B O Y. AR R I B 2 1D
IEEIRIES .t 4(a)r] W, ARALELR) QBel.9 S B
JRTE R, BEIR T8 EL) 950 um, 7E SRR _E AR
A BRI B DL SR IR, A K B )
Bl 4(c) At R R I I 1 ) B R T3, LB R AR
25%5 770 um. & 4(b)s (d)5 514 QBel.9 HebA S xS
JEE P C R S SR 1 1) R TBOR B, b bR i s R e 4y
WML 2 fraf. MK 2 iTELEH, QBel.9 JEM BRI
AMUA Cu. Be HAAI0E, [AIEA O Fe JGRIIAF
15, PEEERCE| B IR R IR A S TR SME A QBel.9
FEMHE Cus Be Ju%, ULHIEEGS R BEEM L2



2608 T EA G R AR

2016 4F 12 H

B 4 QBel.9 F:M L GCr15 EEHNC IR ¥ B IR B30 A =il UK ]
Fig. 4 Wear surface and partial enlarged detail of QBe1.9((a), (b)) and GCr15 ball((c), (d))
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Table 2 Composition of analyzed areas 1, 2, 3, 4 show in

Figs. 4(b) and (d)

Mass fraction/%

Analyzed

area No. Fe o) Cu Be
1 11.16 20.10 67.50 1.24
2 13.34 26.51 59.26 0.89
3 24.74 71.37 1.38 2.51
4 32.00 64.64 1.49 1.87
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Fig. 5 Wear surface and partial enlarged morphologies of Ti-N duplex-treated QBe1.9((a), (b)) and GCr15 ball((c), (d))
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Table 3 Composition of area shown in Figs. 5(b) and (d)

Analyzed Mass fraction/%

area No. Cu Be Ti N O Fe
1 30.09 0.85 3239 1.23 2195 13.56
2 3111 1.13 36.02 057 18.90 12.28
3 1.16 2.02 2.84 098 66.11 26.89
4 2.14 1.09 244 1.04 7534 1795
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233 BERUAERA K LB A

h TR B R RE, RO LR AR B
B8 QBel.9 HaAf K I Ti-N & & ab s ke 22 1 BE
H =430, 2 i 6(a)M(b)FT7R. Ti-N & & 4b#
JEARFER N BRI 6(b)) W] &t EEIEHF (WL B 6(a))
75 k. ARHEE 6(c)FI(d)FT 7 1) BE IR AC R ith 28,
QBel.9 MM BEIR GE 2100 950 pm, BEJRIREL) N
35 um; Ti-N EA BRI B SR Z 4 530 um, B
INIREZ Ky 8.7 ume HHILTTH QBel.9 JE44 )2 Ti-N &
BIBIRFE L RPN 5 92,46 X 1075 Al 1.28X 107
mm’/(N'-m), BI Ti-N & 4385 (1 LB 5 3R 4 54410
1.38%, UiH] QBel.9 Hi&4: Ti-N EA4bH )5, P
PIMERETS R T . X T QBel.9 MG 4
TEFEAE Ti-N A AP 5 0 BAt BRI PR, TS
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Fig. 6 Three-dimensional topographies of wear scar and wear profile of untreated((a), (c)) and Ti-N duplex-treated((b), (d)) QBel.9
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Tribological property of Ti-N composite layer formed on
QBel.9 by plasma surface Ti-alloying and nitriding

LIU Lin, SHEN Hang-hang, LIU Xiao-zhen, GUO Qi, MENG Tian-xu, WANG Zhen-xia, LIU Xiao-ping

(Research Institute of Surface Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The plasma titanizing and plasma nitriding were applied in QBel.9 alloy to improve its wear resistance. The
microstructure, concentration and phase structure were studied by SEM, SED, GDOES and XRD. The hardness, electrical
conductivity and tribological property by reciprocating ball-on-disk test after Ti-N duplex treatment were investigated as
well. The results show that, after plasma titanizing and nitriding treatments, a modified layer with thickness of 27 yum
forms on QBel.9 surface, which contains surface TiN(Ti,N)-rich layer and Ti-Be-Cu diffusing layer beneath. The surface
hardness after Ti-N duplex treatment reaches 964 HV, higher than that of untreated QBel.9. The average friction
coefficient and wear rate of Ti-N duplex-treated QBel.9 alloy are only 30% and 1.38% of those of the untreated QBel.9
alloy, showing good combination of antifriction and wear resistance. The improved properties of QBel.9 alloy effectively
after Ti-N complex treatment is attributed to the hard TiN(Ti,N) forming on the surface.

Key words: QBel.9 alloy; double glow plasma alloying; plasma nitriding; conductivity; friction; wear
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