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Abstract: In this paper, the resent research progress of gas element diffusion wear treatment techno-
logy on surface of titanium and titanium alloy is summarized.It is believed that treatment technology of
oxidizing, nitriding and carburizing on the surface of titanium alloy, can improve its surface hardness
and wear resistance .In addition, the combination of vacuum and plasma technologies can increase the
thickness of the diffusion layer, but appropriate parameters need to be selected in combination with the
process, otherwise it will have a greater impact on the mechanical properties of the material.Further-
more, because the wear-resistant environment is diverse, the wear-resistant layer is difficult to adapt to
all friction environments. Modern development has made the service environment of materials more
complex . It requires not only wear resistance, but also corrosion resistance, electrical conductivity and
other functional requirements. In this way, the material surface designer is required to design and innov-

Yeks B #A:2021-12-03

E S TR 6T BV 807 A A S RT3 B« Bk S H A A MR N 145 3 1 b B0 37 141 BA 8 (6L &
(2020)43 5).

EE N2 B.(1962—), B, BEPGRINA, Wt #ob2, 14 S0, BF58 0 1 564 48 AT RER i B AR b B K % 2R,
E-mail: 1zxqy725@163.com,


https://doi.org/10.7513/j.issn.1004-7638.2021.06.003
https://doi.org/10.7513/j.issn.1004-7638.2021.06.003
mailto:lzxqy725@163.com

£ 6 1]

AL, AF: BRB R AR UATTERY O B AL BB AR A 4 % =29 -

ate on the basis of the existing surface technology based on the harsh conditions of service and the inter-

action of multiple fields.
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Fig. 2 Surface hardness distribution of TC4 after vacuum
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Fig. 3 Surface wear marks of TC4 after vacuum oxygenation
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Table 1 Mechanical properties of Ti after nitrided
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Table 2 Comparison of mechanical properties of titanium and titanium alloy after nitriding

oEe PAb B 60,/MPa o/MPa D/ % Y %
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Ti

Ak 263 384 36 64
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Ti-6A1-4V N
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Bk 975 1001 13 40

Ti-15Mo-5Zr-3Al J
Ak 875 901 12 47

I BARTZS80 1)8850 °C, 9 h; 2)°4850 °C, 15 h; 3)°H750 °C, 60 h,
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Table 3 Surface hardness of titanium after nitriding with
different gas ions
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Fig. 4 Principle of glow carburizing on titanium alloy sur-
face
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Table 4 Comparison of mechanical properties of titani-
um alloy before and after hydrogen-free carbur-

izing

TRE 0,,/MPa 6,/MPa D/ % ¥ %

TC4 998 965 14.5 47
TC45151 1000 1049 19.0 50
TC45H52 1013 1058 18.0 52
TC4& %3 1017 1074 17.5 49
TC45 14 1035 1080 17.5 50

S0

PR BT [ R B 4 A UL K,
A A e A A TR T — B AT SR TE B,
A ) A e A5 6 o 5 B A s 2 T T P 25
SR IIPTTE IR UM ERRES R 2R, Bef
— RIS P 2 REAS I & T P A O BE SRS, () p BiLAC
4 ARASE B85 B T 52 2%, ANOCELR TR, 3 A5 Tt okt
FRAGHEIIRET IR EOR . Xk, w2k R
B, Bl IR BT 20 25500, 456 2RI AHEAE
R, R R MR BEERL Lt B0Fr, A%
PR m A AL BIEOR, SLF ) S m R AR, D ]
B2 A1 [ By 22 4=l ik

(1]

[2]

[31]

[5]

[6]

Zhou Lian, Zhao Yongqing, Wang Xiangdong, et al. Research on titanium alloy materials and application development
strategy in China[M]. Bejing: Chemical Industry Press, 2012: 156.

(B, K, EIAR, 55, o EERE bR K & B B 7E (M. Jbat: b2 Tolk Hikitt, 2012: 156.)

Li Zhengxian, Du Jihong, Zhou Hui, et al. Double-glow discharged plasma non-hydrogen carburizing on titanium alloy
surface[J]. Rare Metal Materials and Engineering, 2004, 33(12): 1355-1357.

(25 i, FRARZL, FRIER, 45 SR G & REOLICEB AP [I]. T & B AR TR, 2004, 33(12): 1355-1357.)

Xin Xiangjie, Xue Junfeng. Corrosion, protection and engineering application of titanium[M]. Hefei: Anhui Science and
Technology Press, 1988: 358.

VS, IRV, BRAIE Ik . B b S TR M. 3L Ze BBk BOR T AL, 1988: 358.)

Yan Wei, Wang Xiaoxiang. Characterization of the surface oxygen-diffusion zone of the thermally oxidized titanium[J]. Rare
Metal Materials and Engineering, 2005, 34(3): 471-473.

O™, £/, PG AL PRER R TS U2 I H UG PERERT X)), # A 4R AT RS TR, 2005, 34(3): 471-473.)

Yang Chuang, Liu Jing, Ma Yaqin, ef a/. Vacuum oxidation treatment on Ti6Al4V titanium alloy[J]. Surface Technology,
2017, 46(5): 165-170.

(Bla], X, SIS, 25 TICAI4VERE SR A B A4 BIT]. RIEHER, 2017, 46(5): 165-170.)

Zheng Chuanlin, Xu Zhong, et al. Study on plasma oxygenation of titanium[J]. Journal of Beijing University of science and


https://doi.org/10.3321/j.issn:1002-185X.2004.12.030
https://doi.org/10.3321/j.issn:1002-185X.2004.12.030
https://doi.org/10.3321/j.issn:1002-185X.2005.03.034
https://doi.org/10.3321/j.issn:1002-185X.2005.03.034
https://doi.org/10.3321/j.issn:1002-185X.2005.03.034
https://doi.org/10.3321/j.issn:1001-053X.2002.01.013

S

6 1 AL, AF: BRB R AR UATTERY O B AL BB AR A 4 % - 35 -

[7]

[8]

[91

[12]

[131]

[14]

[15]

[16]

[171]

[18]
[191]

[20]

technology, 2002, 24(1): 44—46.
CRSEERR, T3, B3, 2. BRAF B T8 ST ()], AL RO A 41, 2002, 24(1): 44-46.)
Chen Changjun, Ma Hongyan, Zhang Min, ef al. Research progress of surface oxygen diffusion hardening of titanium alloy[J].
Hot Working Technology, 2007, 36(14): 63—65.
(K%, Das, ik, %, KA 2RISR LISt EE R (1], #VI T. 1.2, 2007, 36(14): 63-65.)
Qin Jianfeng, Wang Xinbo, Zou Jiaojuan, et al. Research progress of thermal oxidation effect on improving surface properties
of titanium and titanium alloy[J]. Surface Technology, 2017, 46(1): 1-7.
(ZR AU, TR0, ABYT IR, 2. PR Bk Sk S S R I PERERI AT S ERE )], SRIHIAR, 2017, 46(1): 1-7.)
Jia Hong, Xia Zhihua. Study on processing of titanium surface nitrogenization[J].Chinese Journal of Rare Metals, 1998, 22(4):
295-299.
(BLRH, B, BRI R BRI TR0 WA G2 , 1998, 22(4): 295-299.)
(ST Wl 7 X SRR F & > APRHI]. T3ERPEK(H), 1993, 41(15): 114-118.)
Jia Hong. The study of plasma nitriding layer of titanium alloy[C]//Titanium Alloy Proceedings. Shanghai: Scientific &
Technical Publishers, 1980: 217.
(B BRE S TBRIZICIARS & 3CkE. 1l FEEHOR IR, 1980: 217.)
Li Zhengxian, Du Jihong, Zhou Hui, et al. Double-glow plasma surface carbon implantation of non-hydrogen on titanium[J].
Rare Metal Materials and Engineering, 2004, 33(11): 1174-1177.
(B4 i, FRARZL, AR, 45, BRI HIMCAE B T B BT IE (). FidT & s MRS T 7, 2004, 33(11): 1174-1177.)
Li Zhengxian, Du Jihong, Zhou Hui, et al. Development status of titanium surface treatment technology[J]. Titanium Industry
Progress, 2003, 22(4): 41-45.
(4 ki, REARLL, AR, 45, BRER AL BREOR A & REBLR[T]. KTV FERE, 2003, 22(4): 41-45.)
Xu Zhong. Plasma surface metallurgy[M]. Beijing: Science Press, 2008: 152.
(. B FRENE 42EM), JEE: Bleg R, 2008: 152.)
Li Zhengxian, Ji Shouchang, Wang Yanfeng, et al. Surface treatment and application on titanium alloy wheel gear[J].
Titanium Industry Progress, 2018, 35(6): 6-9.
(B4, W, E20E, 55 BRE SN AR TS5 M), SR TV 2R, 2018, 35(6): 6-9.)
Ji Shouchang. Research on properties of the nonhydrogen carburizing coating on titanium alloy by aglow plasma method[D].
Xian: Xi’an University of Architecture and Technology, 2014.
(WA, BB S RIEEEET B TR ABWIZTERENIFT[D]. 194 THL SRR E, 2014.)
(R AR, B =7 Y. F 7 BIONF I 5EDT 7X@ K[CYAE R RS T ¥ Mt & — it i
1998: 25.)
(BIJLESE— . 7 7 AR RIZ L 5 F 8 > ORI F 5 >, 2000, 48(2): 44-46.)
(HF ARG, MEIE LY. 77 X2 R KRIZ & TiAlE & AL S P00 3 1 AE AL AL B[], 7 AU REM, 1994, 65(4):
304-306.)
(B JELAE =, RASEDURRZ: & AIRIREE £ 8 o AP A L )77 X2 Bk L 72F 8 o G A DIEFERHE[CY/ B A BALET 17
b 2 SR a2 4R 1995: 29.)

UE A RS


https://doi.org/10.3321/j.issn:1001-053X.2002.01.013
https://doi.org/10.3321/j.issn:1001-053X.2002.01.013
https://doi.org/10.3969/j.issn.1001-3814.2007.14.022
https://doi.org/10.3969/j.issn.1001-3814.2007.14.022
https://doi.org/10.3321/j.issn:1002-185X.2004.11.013
https://doi.org/10.3321/j.issn:1002-185X.2004.11.013
https://doi.org/10.3969/j.issn.1009-9964.2003.04.010
https://doi.org/10.3969/j.issn.1009-9964.2003.04.010
https://doi.org/10.3969/j.issn.1009-9964.2003.04.010

	0 引言
	1 钛表面渗氧耐磨处理技术
	2 钛表面渗氮耐磨处理技术
	3 钛表面渗碳耐磨处理技术
	4 结语

