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Diffusion coefficient of molybdenum in alloying layer on
Ti-6Al-4V by plasma surface alloying technique
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(1. Surface Engineering Institute, Taiyuan University of Technology, Taiyuan 030024, China;
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Abstract: The molybdenum-based alloying layers on the surface of Ti-6Al1-4V were prepared by a plasma surface
alloying process. The microstructure and element distribution of the modified layers were examined. The diffuse process
and the impact of temperature and alloying elements to diffusion coefficients of Mo (Dy,) were studied. The results show
that the depth of the molybdenum alloying layers, the mean diffusion coefficients of Mo (D,,, ) and the Dy, at the same
Mo concentration increase with increasing temperature in the rang of 800—950 ‘C, while they are abnormal at 1 000 C
for the comprehensive influence of sputter and phase transition of the Ti6Al4V sample. Addition of tungsten and nitrogen
reduces the Dy, in different degrees, and D,, values for alloying layers with Mo, W-Mo and W-Mo-N are
2.376 88X 107%, 1.471 27X 10 * and 7.026 81X 107, respectively.
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Table 1 Composition of Ti-6Al-4V alloy (mass fraction,%)

Al v (6] Fe Si N H C Ti
6.7 421 0.14 0.10 0.07 0.015 0.003 0.03 Bal.

Bl 1 Ti-6Al-4V 5 i il 218
Fig.1 Microstructure of cross-section of Ti-6A1-4V alloy
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\ Fig.2 Microstructures of cross-sections

| of modified layers with Mo: (a) 800 C; (b) 850

‘C; (¢) 900 C; (d) 950 °C; () 1 000 °C
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Fig.3  Microstructures of cross-sections

of different modified layers: (a) Mo alloying;
(b) W-Mo alloying; (c) W-Mo-N alloying
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Fig.4 Composition distribution of modified layers after different treatments: (a) Mo alloying at 800—1 000 °C; (b) Mo alloying at
850 C; (c) W-Mo alloying at 850 C; (d) W-Mo-N alloying at 850 ‘C
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Fig.5 Diffusion coefficients of Mo in modified layers after
different treatments
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Fig.6  Diffusion coefficients of Mo in modified layers after
different treatments at 850 ‘C
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Table 2 Mean diffusion coefficients of Mo at 850 C

Process DiM(, / (1074Hm2'571)
Mo alloying 2.376 88
W-Mo alloying 1.471 27
W-Mo-N alloying 0.702 68

3 #ig

1) 800~950°Ci2 Mo I, BtMEJZIEIE . 348 R
H AR Mo ¥R R 1) Mo 47 502 Hisls bl 5 1) T s
MF &, M 1000 CHf IR, BTS2l iERm xR
TS A Ti-6AL-4V FEARAHAR 5255 D 28 1R 5 0 T 25

2) k&4 Ti-6A1-4V £ 850 'C 4L 2 1% Mo.
W-Mo 283 W-Mo-N B #ige Ll — 2% 3
SRR . 3 Mo UTRRJZEZ) 1 um, W-Mo 3331
JERE, 25 1.2 pm; W-Mo-N 333 % 2 BT 2 pm
JBHEDZ, IFHEANY BZE 8o ¥ R0
PP



1142 o AT (05 8 E R 2010 4F 6 H
3) 850 C EFJ‘, ié@%ﬁ Mo fjﬁ%‘i':':' Mo Eq*ﬁﬁﬁ%&ﬁ Chinese Journal of Nonferrous Metals, 2007, 17(10):
WK, THY AN 2376 88X10* um’/s; 1656-1660.

W-Mo-N JB e/, 9 B R Hh 7.026 81 X107
um?/s. ZEMA Mo WKJE R, W B W] FEAK Mo 9™
BRSNS H A K

REFERENCES

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

BROWN I G, ANDERS A, DICKINSON M R, MACGILL R A,
MONTEIRO O R. Recent advances in surface processing with
metal

plasma and ion beams[J].

Technology, 1999, 112: 271-277.

Surface and Coatings

PETROV P. Electron beam surface remelting and alloying of
aluminium alloys[J]. Vacuum, 1997, 48(1): 49-50.

o, TEAE. BEEMRNBOE R A T R [T].
BME K 272441, 2002, 19(3): 181-185.

LU Yun, HE Yi-zhu. Research development of laser surface
alloying on ferrous substrate[J]. Journal of Anhui University of
Technology, 2002, 19(3): 181—185.

FAEW, TR, X7 TIAL A4 BobR M &SRz m g
UG ETED]. T EA (5 E 4], 2000, 10(6): 785—789.
WANG Hua-ming, YU Li-gen, LIU Xiu-bo. Microstructures and
wear resistance of laser surface alloyed composite coatings on
TiAl alloy[J]. The Chinese Journal of Nonferrous Metals, 2000,
10(6): 785—789.

BN, R, R, ER, R . LEE TSR

BRI WA & EMES T/, 2003, 32(7):
506—509.

LI Xiu-yan, TANG Bin, PAN Jun-de, LIU Dao-xin, XU Zhong.
Ton-nitrided without hydrogen and its wearing performance[J].
Rare Metal Materials And Engineering, 2003, 32(7): 506—509.
LIU Xiao-ping, XU Zhong, WU Wei, LIANG Wen-ping. Plasma
surface alloying with molybdenum and carburization of TiAl
based alloys[J]. Trans Nonferrous Met Soc China, 2005, 15(3):
420—424.

& OE. SR TRIAEEARNIVRE KD b ETRER
22,2002, 4(2): 37—41.

XU Zhong. Development of plasma surface metallurgy
technology[J]. Engineering Science, 2002, 4(2): 37—41.

S, ST, AEdsE, B8l 4k T T2AIND FEA G
RSB 2 45 0 SO R 2 M Re (0], v AT 0 5 R 2 4l
2007, 17(10): 1656—1660.

WU Hong-yan, ZHANG Ping-ze, LI Jian-liang, MA Shi-jian,
XU Zhong. Microstructure and tribological properties of surface

plasma chromising layer of Ti2AINb-based alloy[J]. The

9]

[10]

(1]

[12]

[13]

[14]

[15]

wrOHE, sk¥aM, KT, BRAEAE, WO XUBMOLSEE T
KENGEHARI]. HAbEE, 2009, 24(1): 1—11.

XU Zhong, ZHANG Yan-mei, ZHANG Ping-ze, HE Zhi-yong,
GAO Yuan. Double glow plasma surface metallurgy
technology[J]. Transactions of Materials and Heat Treatment,
2009, 24(1): 1—11.

ZOB R T OBEE, R I BRES TieAV RIEH
J2EHA R I R RE (). R A (0 R A2 AR, 2003, 13(3):
570—573.

QIN Lin, TANG Bin, ZHAO lJin-xiang, XU Zhong. Friction and
wear behavior of Ti-Mo diffusion layer on Ti6Al4V alloy
substrate in sliding against GCrl15[J]. The Chinese Journal of
Nonferrous Metals, 2003, 13(3): 570—573.

TANG Bin, WU Pei-qgiang, LI Xiu-yan, FAN Ai-lan, XU Zhong,
CELIS J P. Tribological behavior of plasma Mo-N surface
modified Ti6Al4V alloy[J]. Surface and Coatings Technology,
2004, 179: 333—339.

Z M, m, ER, R E. BRAE TieAldV KR
Mo-N sttt JZ B ERERT SU[]. FifT SJ@A4 RS AR, 2005,
34(9): 1465—1468.

QIN Lin, TANG Bin, LIU Dao-xin, XU Zhong. Friction and
wear behavior of Mo-N diffusion layer on Ti6Al4V alloy
surface[J]. Rare Metal Materials And Engineering, 2005, 34(9):
1465—1468.

#OR, A, HKCFIL Ti-6A4V Bk A SIS T W-Mo
FLB[I]. BAbEE, 2007, 22(5): 40—42.

HUANG Jun, ZHOU Ke, ZHANG Ping-ze.

Plasma
tungsten-molybdenizing of Ti-6Al-4V titanium alloy[J]. Heat
Treatment, 2007, 22(5): 40—42.

sk, f E, FRJE, KN, ke, DAl
T Wi Mo. Co ZICIBY AT A ], MEHAEELA4R, 2006,
27(1): 112—115.

ZHANG Yan-mei, XU Zhong, LI Zhong-hou, ZHANG Ping-ze,
ZHANG Gao-hui. Diffusion behaviors of W, Mo, Co in pure
iron[J]. Transactions of Materials and Heat Treatment, 2006,
27(1): 112—-115.

ZRRE, XN, AR L SRR MR TR R T ALK
PR EEX B T]. SRR, 2000, 18(2): 183-185.
LI Zhong-hou, LIU Xiao-ping, XU Zhong. Effect of
concentration gradient of vacancies on diffusion in double glow
plasma surface alloying[J]. Journal of Applied Sciences, 2000,
18(2): 183—185.

(4miE  FHLD)



