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Fig.1 Schematic diagram of the solid powder-pack infiltration process
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Fig.2 Microstructures of TiB with different activators: (a) NH,CI*"; (b) KCI®
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Table 1 Thickness of borided layers obtained under different substrates, temperatures, time and agents

Substrate Temperature/°C Time/h Component of boronizing agent, /% Total thickness of borided layer/um  Ref.
975 25.65
1000 43.74
. 10% B powder+10% Al powder+
Ti-5A1-2.5Sn 1025 20 56.78 [8]
10% KCI1+70% Na,B,0,
1050 70.52
1075 69.04
5 5.25
10 10% B powder+10% Al powder+ 9.10
860 [32]
15 10% KCI+70% Na,B,0, 20.38
20 23.59
5 8.33
10 10% B powder+10% Al powder+ 19.36
880 (32]
15 10% KCI1+70% Na,B,0, 52.56
20 84.49
CP-Ti
5 11.79
10 10% B powder+10% Al powder+ 25.00
900 [32]
15 10% KC1+70% Na,B,0, 55.00
20 86.15
5 12.31
10 10% B powder+10% Al powder+ 64.23
920 [32]
15 10% KC1+70% Na,B,0, 74.74
20 62.31
5 16.3
10 18.2
15 10% B,C+5% Al powder+5% KCl+ 19.4
TA2 1000 (32]
20 80% Na,B,0, 21.9
25 25.1
30 28.5
5 11.7
10 134
15 10% B,C+5% Al powder+5% KCl+ 14.8
TB2 1000 [32]
20 80% Na,B,0, 16.3
25 18.0
30 19.5
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Fig.4 Microstructures of borided layers obtained at different temperatures for 20 h™: (a) 975 °C, (b) 1000 °C, (c) 1025 °C, (d) 1050 °C, and
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Fig.5 Schematic diagrams of solid powder-pack boriding process of titanium alloys®” (a—c), microstructure of borided layer obtained at 1050 °C

for 20 h™ (d), and magnified diagram of marked area in Fig.5d"™ (e)
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! (a) and schematic diagram of solid powder-pack aluminizing (b)
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Table 2 Thickness of aluminized layers obtained under different substrates, temperatures, time and agents

Substrate  Temperature/°C Time/h Component of aluminizing agent, w/% Total thickness of aluminized layer/um Ref.
850 17.08
900 61.33
950 72.28
TA2 4 25% Al powder+5% NH,C1+70% Al,O, [46,49]
1000 88.45
1050 67.69
1100 48.65
TA2 1050 4 25% Al powder+5% NH,CI+70% ALO, 64.35 [53]
TC4 1050 4 25% Al powder+5% NH,CI1+70% Al,O, 37.65 [52]
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Fig.7 Microstructures of aluminized layer obtained at different temperatures for 4 h™**: (a) 850 °C, (b) 900 °C, (c) 950 °C, (d) 1000 °C,

(¢) 1050 °C, and (f) 1100 °C

=3 RABUARETEM S BNIEEEEE TA2 AINAHETEIRE TRIE 100 h I EHEUERR SR REER
Table 3 Average oxidation rates and surface hardness of TA2, TA2 with boriding (TA2-B), TA2 with aluminizing (TA2-Al), and TA2 with
boriding first and then aluminizing (TA2-B+Al) at different temperatures for 100 h

Parameter Temperature/°C TA2 TA2-B TA2-Al TA2-B+Al Ref.
600 0.73 0.15 0.07 0.13

Average oxidation rate/g-(m’-h)’ 700 1.39 0.65 0.16 0.31 [46]
800 7.78 1.81 0.19 0.04

Surface hardness/GPa 3.625 20.736 4711 11.963 [53]
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Table 4 Thickness of carburized layers obtained under different substrates, temperatures, time and agents

Substrate Temperature/°C Time/h Component of carburizing agent, /% Total thickness of carburized layer/um Ref.
1000 5 177.8
1000 10 240.1
1000 15 276.5
1050 5 2452
TA2 1050 10 20% BaCO,+5% CaCO,+75% C 293.9 [61,64]
1050 15 368.8
1100 5 298.2
1100 10 377.5
1100 15 422.6
20% BaCO,+3.5% CaCO,+76.5% C 227.5
A2 1100 s 20% BaCO,+4.25% CaCO,+75.75% C 251.0 [61.64]
22.5% BaCO,+5% CaCO,+72.5% C 240.9
25% BaCO,+5% CaCO,+70% C 169.2
950 4 1.3
950 6 2.4
950 10 4.4
1000 4 2.5
1000 9.8
TC4 1000 10 4% BaCO,+4% CaCO,+90% C+2% bal. 13 [63]
1050 4 23.5
1050 39.1
1050 10 55.2
1100 4 28.4
1100 6 60.9
1100 10 86.0
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Fig.9 Microstructures of layers with different processes: (a) boriding (NH,Cl as activator)™; (b) boroaluminizing (B-Al)"”; (c) boriding (KCI as

activator)™; (d) aluminizing (NH,Cl as activator)®™; (e) boriding first and then aluminizing (B+Al)"”
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Fig.10 Microstructures (a—c) and hardness (d—f) of infiltration layers®®: (a, d) borocarburizing (B-C), (b, e) boriding first and then carburizing (B+C), and

(c, f) carburizing first and then boriding (C+B)
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Table 5 Thickness, hardness, and coefficient of friction (COF) of infiltration layers obtained under different substrates, temperatures,

time, and agents

Total thickness of

Substrate  Temperature/°C  Time/h Component of boronizing agents, /% . Hardness/GPa ~ COF Ref.
boronized layer/pm
1000 5 B,C:Al:NaCl:Na,B,0.=1:1:1:7 38.53 - 0.36
TC4 [71]
1000 5 Ibid., with 5% CeO, 46.39 - 0.30
1000 10 Ibid., with 4% La,O, 22.0 252 0.24
1000 20 Ibid., with 8% CeO, 23.5 254 0.23
1000 30 Ibid., with 12% Nd,O, 309 232 0.36
1050 10 Ibid., with 12% CeO, 26.0 22.6 0.37
TB2 1050 20 Ibid., with 4% Nd,O, 31.0 26.5 0.18 [72]
1050 30 Ibid., with 8% La,O, 34.1 243 0.32
1100 10 Ibid., with 8% Nd,O, 32.5 24.1 0.33
1100 20 Ibid., with 12% La,O, 40.5 26.4 0.19
1100 30 Ibid., with 4% CeO, 50.4 26.8 0.17
950 4 16.68
1000 6 21.89
1050 10 26.97 - -
TB2 Ibid., with 4% CeO, [30]
1100 4 31.56 - -
1100 6 44.52
1100 10 54.44 28.0 0.282
B,C:Al:NaCl:Na,B,0.=1:1:1:7 27.5 0.349
TB2 1050 4 45.6 [78]
Untreated 33 0.721
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Fig.11 Cross-sectional morphologies of borided samples”” and samples with boriding first and then aluminizing™: (a, €) Gd,O,, (b, ) Nd,0;,

(c, g) Tm,0,, and (d, h) without rare earth oxide

T B S R IAS [F A0 e 3B I AR R S AL
YERARR, S 82495 2 TiB, JZ 1 )5 £ A1 TiB & 40 1)
T AN [ 5 e ek 4 PR P e IR ) B H 92 2 5 B Ak 2
M HA BRI S 1 5 - B, - EmE &
BB ET BT ALT AL, 182 235k 2 18] [ A
FERRFER T8N B0 8GE s 576 -2 00 R A [F 1)
F& , B - ER S A VB E 700 A1 800 C 3 B H B U 1 Bt
AAPERE, TE900 CHIZ Z AR ER TECNHE K
A, EARKNE. BmE-WEESBBEEL
900 ‘C/100 h FIPE AL 5 , T3 08 B A 800 58 BE 1) Heilt
100 um B M L -W 45 52 &35 2 R AL, B, 78
900 C T, M -8 55 52 G2 15 B A R TS R I R A S 1Y)
iR PTAMMERE . XEH TR L-EESABBEF
ALTi & W) LE B AL 5 4 2 28R 36 TR B0 1Y)
ALO, S, T BELIEFRES i 1) S8 T # i — 5= N Ti ik
o R ERATR, SEGUEFIMLL, &/ W LA a5
REWS 0 2T E IR S &8 2 1 i &, 3558 T 4K
JHA &R R B A s iR A . X BT T
s L E AT R T RAE RIS AR, LR A 4
B TS VE IR S B AR T A2 0 I BLAL SR T
FHEY G 1) Ti AR 504 B Ti-B A Ti-Al 64 & [7)
B, TEHE B 2 10 B R A B M (R, I ek f
B SRR RIS

B T TE [ AR AR VB R o AN - S Ak A LA,
AT FH SCHIF 70 3 R GRS X6 BR B BR A 4 3 T Tl Ao

KBPEATHEF . H AT, Yao 55 NUTE B 4408 AR 75 0 A
XF Ti-6A1-4V EK & 4 1HEAT R THIATUA S 157 AL 2R (AL AL D
AN SEIL AR B Ao RS L2 45 RERH, BRI
FEC600 C) NEME 1S BIIFE i BEOR B 1 Sl B B
FMAELE = R i, X TR R R, X F 2
& T EPUB AL VE R T, Ti-6A1-4V 4k & & 3R T 1 i
RLAF BN A0AK, 5 [FIBT, P= AR TR AR N ) R A%, BERAG T 0 s 1
M3 BOsGE e, B9 INII 5 9 BOB TE , WA SRR 2
TR G 7 A R 2% 1 TR L2 B 1) S I SR T el ke
we R R A Y, BRL Ut , SR T PR IR A B0 ™ 9 HL,
XFH AL EES 2 B 15 et — e I DTk, X E
SR BT 78 [ A A A V5 0% A B0 7347 3R T ATL AT 85 Ak 2 T
DA CKCAR R B 4 3R T AMOW 2 2R 45 4, 1 2 B8 N 380 5O
FSCAT /I 3550 () S WL 25 4, 3X R 2H R 45 AT B B )
B AL JF T 5085, I SRR EE LAY Z
[ B 48 4 R T S0P P BB ) N — S IR AR S 77 53X %2
FRIE I A — 2 DTike .

X2 PP ALBE T 2R — D B4R B £ 0
HEBEEARM), Wit — DI At Rz T2,
WG N A A AT LR S B R, BINTRAL 3R]
DLk — 25 AR A Kb 2 U 5 DA B /> il BT 1]

3 RERHERRiEH

H - [ AR AR BB R Bk S I 3R T 1
PEBE e L AR A BE A L S5 U7 AN R 2 A0S OF Hoiz



1 W

JEREIR AR BRI & e 3R B Aok AB T Uit e 277

BRA S TATARIR ], TZ AR, R 2] 7728
VERISLHT o il A S e B e 3 T ] A4 ARS BRI TE AR
N 5 BOR R 22 B 7 3 AN R8T 0 BR KBk A < 1 L — PEE
BEATHR T, T2 B RS Mk A Bk & e 4R S PERE , AT g™
RERE BRI, I KRG B AE IR T A IRA
Ao HIBIRIN I, H AT A SR B BR A < I ] Aok RS 9
HREH, e SRR . B e, o R B
A DM BR & R 19 58— 5t L 7 KPR RE , (B A AR BN
P S R R R AR AR R, 51 5 B 2 B /N MG JEE O B K
BRI NG LK A Z 0B EEAR A& &
R ISRAFIC S 0 ER & 1A B 1A A BT RS s
AR UASAF B A B 2, IF HRee AL T2, BRRRE
M, (HIX 2 R ER I RS 25 BURM LD, 75 200 Headt AT
BB IERR T FUHE s a , BBk R R e &
&t E LGB R S5 HE B AL T4 B0 R ek 7
—IRR . B, [AROR RIS PEBOR AR R 3 2R
#H:

D R BB RO BRI A7 AE 1) 1] - Y2 B0 A5 Tk
Y] LR i BR S A 3R T AR P2 AR B 44, {EL H HiT 8
FAEBRIEE N BEER R BRSNS SR /1%
ok . AT LLE LB RN TEZS 8 B REEE
JE s TG A S0 AR E L6 T 5 1R i 2 5 SRR 1 45 5 g
J1o BRBORT DAL K H & e B AR K s il i
PERE  (HiZ 02 O RE LA REIA B AR 1.3 £% . T DLl
HUBTRAL B 1) 5 72 A 40 5 Bk L & &R 1 B AT —
SEHIRERE . I H., X gk pi #8 AT L 2 Jo [ 4ok K 2
B BOR AT

)P IRRZ IR R E S B BRI i
PR 221 Z U R R R G AL B v LIRS 25 &
MR RMESEE. ERIRTZuEGEBHEARIIM
RIFFD Rl R e on | A LS iB EE IR AL 400
JEB I B AL C &5 J 3 BT IS . B 2438 X
AFER KA @R AT AR T ZS B E B e B, i
B EAEH-RE - - T -5 8 R-2 R
LR 2 18] B SR RBILA o

DBEHGINFIITCR AEBPOLRE T S AH T
= AR A LA SR L REAS 2t — PR T i, 72
Mo 2 F1 Nb 2k 45 G R 1 7% J= 1 51N Si Jo 2 Wl 42 v gt
SAACTERES ™ DAL, AR5 TR IR INE T 3R S AN 5K
BLZEHH RGN, BT & & I PUE AL TR RE .

DHEFEE T E-BZ AL R8s e BEE AL
BB R £ 22 Ja B 7, AT BLIE R S KRB AT

BRBOR, GGl R, BV IR BB T E-BR
HR-VERE Z IR R BR AR AN B 2, LRSI 2, S Pl e

H

i b R TN S, [ Ak RIS RO A Bk A Bk

< AT ST ISR SE N R AR RE R 52 T AN
TRER P3RS AT R o T 5%

Sk

[11Qin Lin, Liu Chengsong, Yang Kunkun et al. Surface and
Coatings Technology[J], 2013, 225: 92

[2] Cai Diangeng, Zhao Xiaotong, Yang Lei et al. Journal of
Materials Science & Technology|J], 2021, 81: 13

References

[3] Huang Junyuan, Zhang Wei. Rare Metal Materials and Engineering
[J1, 2024, 53(2): 357
[4] Li Huizhao, Liang Kaiming, Pan Rui et al. Rare Metal Materials
and Engineering[J], 2024, 53(5): 1287
[5] Fang Naiwen( /5 /5 %), Huang Ruisheng( % %fi 1), Long Weimin
(i R) et al. Rare Metal Materials and Engineering(%i 4 42 &
PR LRR)[I], 2023, 52(5): 1725
[6] Sharma Deepak, Mohanty Shalini, Das Alok Kumar. Surface and
Coatings Technology[J], 2020, 381: 125157
[7] Yuan Jingjiu, Fan Qunbo, Yang Lin et al. Journal of Materials
Research and Technology[J], 2022, 20: 1
[8] Wu Ying, Lu Yaoping, Duan Yonghua et al. Journal of Materials
Research and Technology[J], 2023, 23: 4032
[9] Xin Shewei( = #t:%), Liu Xianghong(Xll [7] %%), Zhang Siyuan( 5k
J8.1t) et al. Rare Metal Materials and Engineering(%i 15 4 JE M
RS TRE)[I], 2023, 52(11): 3981
[10] Sahoo S, Joshi A, Balla V K et al. Materials Science and
Engineering A[J], 2021, 820: 141494
[11] Zhu Yansong, Liu Yunfei, Wei Xingnong et al. Ceramics
International[J], 2021, 47(10): 13957
[12] Kumar Shakti, Mandal Amitava, Das Alok Kumar. Materials
Chemistry and Physics[J], 2022, 288: 126410
[13] Koshuro V A, Fomina M A, Rodionov 1 V et al. Biomedical
Engineering[J], 2016, 50(1): 54
[14] Lan Xinyue, Wang Ping, Gong Zeyu et al. Rare Metal Materials
and Engineering[J], 2024, 53(4): 954
[15]Ma L S, Duan Y H, Li P. Journal of Materials Engineering and
Performancel[J], 2017, 26: 4544
[16] Sahin Salim. Journal of Materials Processing Technology[J],
2009, 209(4): 1736
[17]Feng H B, Jia D C, Zhou Y et al. Materials Science and
Technology[J], 2004, 20(9): 1205
[18] Jain V, Sundararajan G. Surface and Coatings Technology[J],
2002, 149(1): 21
[19] Keddam M, Chentouf S M. Applied Surface Science[J], 2005,
252(2): 393
[20] Sun Xitai(#) 5 %), Li Musen(Z2 A #R). Heat Treatment of Metals
(%@ AAEHE) [T, 1995, 20(6): 5
[21] Shang Guogiang( 7 [l ), Zhang Xiaoyong( 5k I Jik), Wang
Xinnan( T H1F9) et al. Rare Metal Materials and Engineering(#i
HE&EARLS LRI, 2024, 53(2): 529
[22] Wu Ying, Zhou Xiaolong, Wang Xinyu et al. Ceramics
International[J], 2022, 48(17): 24346



* 278

W] B RS TR

554 3%

[23]Niu Tianging( 2+ H 7). Research on Microstructure and
Properties of Boron-Aluminum Coating on Titanium Alloy
Surface($K6 4R TH B-Al 32 G H R I 4H 2L g 55) (D).
Zhenjiang: Jiangsu University, 2019

[24] Pan Ting(#% #%),Fan Xinmin(#%}7 [X),Zhou Yang(JH 1%). Heat
Treatment(FALFD[T], 2014, 29(2): 27

[25] Aich S, Ravi C K S. Metallurgical and Materials Transactions
A[J], 2002, 33: 3489

[26] Mishin Y, Herzig C. Acta Materialia[J], 2000, 48(3): 589

[27] Yang Ancang, Wu Ying, Duan Yonghua et al. Materials & Design
[J],2023,225: 111478

[28]Otte J A, Zou J, Patel R et al Nanomaterials[J], 2020,
10(12): 2480

[29] Murray J L, Liao P K, Spear K E. Bulletin of Alloy Phase
Diagrams[J], 1986, 7(6): 550

[30] Liu Dan, Duan Yonghua, Bao Weizong et al. Materials
Characterization[J], 2020, 164: 110362

[31] Zhao Guolong, Huang Chuanzhen, Liu Hanlian et al. International
Journal of Refractory Metals and Hard Materials[J], 2014,
42:36

[32] Duan Yonghua, Wang Xinyu, Liu Dan et al. Ceramics
International[J], 2020, 46(10): 16380

[33] An Qi, Huang Lujun, Qian Qi et al. Journal of Materials Science
& Technology[J], 2022, 119: 156

[34] Fan Rui, Zheng Qiwen, Liu Yue et al. Journal of Applied
Physics[J], 2019, 126(3): 035304

[35] Zhang Hanlin, Zhang Faming, Fu Li et al. Surface and Coatings
Technology[J], 2022, 432: 128083

[36] Prytula A O, Pogrelyuk I N, Fedirko V N. Metal Science and
Heat Treatment[J], 2008, 50(5-6): 232

[37] Sarma B, Tikekar N M, Chandran K S R. Ceramics International
[J], 2012, 38(8): 6795

[38] Li Fenghua, Yi Xiaohong, Zhang Jinglei et al. Acta Metallurgica
Sinica[J], 2010, 23(4): 293

[39] Munro R G. Journal of Research of the National Institute of
Standards and Technology|J], 2000, 105(5): 709

[40] Wei Sai, Zhang Zhaohui, Wang Fuchi et al. Materials Science
and Engineering A[J], 2013, 560: 249

[41] Li Guihua, Wu Pingfan, Ye Bo et al. Journal of LuminescencelJ],
2022, 243: 118613

[42] Koo Min Young, Park Jae Sung, Park Min Kyu et al. Scripta
Materialia[J], 2012, 66(7): 487

[43] Li Jun, Wang Fucheng, Shi Chunsheng et al. Materials Science
and Engineering A[J], 2021, 799: 140127

[44] Ke Jin, Liu Xiubo, Wang Mian et al. Journal of Materials
Research and Technology[J], 2020, 9(3): 6397

[45] Xing Zhongqi, Feng Zhiqi, Wu Ying et al. Surface and Coatings
Technology[J], 2023, 473: 130003

[46] Lu Yaoping, Qu Deyi, Duan Yonghua et al Ceramics
InternationallJ], 2022, 48(4): 5646

[47] Han Lihong, Yang Shangyu, Wang Jianjun et al. Rare Metal

Materials and Engineering[J], 2024, 53(2): 350

[48] Sevim Fatih, Demir Fatih, Bilen Murat et al. Korean Journal of
Chemical Engineering[J], 2006, 23: 736

[49] Qu Deyi( i £ Z). Preparation of B-Al Composite Infiltration
Layer on TA2 Pure Titanium Surface and Its Performance Study
(TA2 40 5k 3R T B-Al £ 435 2 I ) 4 K 1 52 9F 50) [D].
Kunming: Kunming University of Science and Technology, 2021

[50] Zhang Jianyu(7k # 5%), Chen Yayu(Ff I 5%), Yang Guoqiang(#%
[ 3#) et al. Rare Metal Materials and Engineering(%i 5 % J@ M
RH5 T[], 2024, 53(7): 2067

[51] Zhang Jixiang( 7k 3£ ), Xu Xiuyan( % 1& %¢), Qian Cheng( %
) et al. Surface Technology(FKTH i A)[I], 2018, 47(12): 68

[52] Feng Zhiqi( {% {E 3). Study on the Influence of Rare Earth
Elements on the Properties of Al-B Composite Layer on the
Surface of TC4 Titanium Alloy(#i LG Z # M TC4 4K-& &K 1
Al-B &4 )2 M8 W 57)[D]. Kunming: Kunming University of
Science and Technology, 2024

[53] Wang Xinyu, Qu Deyi, Duan Yonghua et al. Ceramics
International[J], 2022, 48(9): 12038

[54] Dai Jingjie, Zhu Jiyun, Chen Chuanzhong et al. Journal of
Alloys and Compounds[J], 2016, 685: 784

[55] Mengis L, Oskay C, Donchev A et al. Surface and Coatings
Technology[J], 2021, 406: 126646

[56] Bik Maciej, Galetz Mathias, Mengis Lukas et al. Applied Surface
Science[J], 2023, 632: 157601

[57] Serrao Pruthvi, Nayak Jagannath. American Journal of Materials
Sciencel[l], 2017, 7(5): 145

[58] Rastkar Ahmad Reza, Parseh Pejman, Darvishnia Naser et al.
Applied Surface Science[J], 2013, 276: 112

[59]Hu Chia Jung, Chiu Po Han. International Journal of
Electrochemical Science[J], 2015, 10(5): 4290

[60] Ni Jinrong( i 4 %%), Fu Changpu( £ K 2£). Journal of Xi’an
University of Technology( Vi % B T. K % % 4R) [J], 1991,
7(3): 151

[61] Feng Zhiqi, Duan Yonghua, Peng Mingjun. Metallurgical and
Materials Transactions A[J], 2023, 54(7): 2947

[62] Brechtl Jamieson, Chen Bilin, Xie Xie et al. Materials Science
and Engineering A[J], 2019, 753: 135

[63] Zhang Shigang( 7K tt WI). Effect of Solid Carburization on the
Frictional Behavior of Ti6Al4V Alloy([E 1B 8% Ti6Al4V & 4>
BERAT NI R M)[D]. Changchun: Jilin University, 2023

[64] Wang Xinyu( F W7 5%). Study on Boron-Carbon Co-infiltration
and Composite Infiltration on TA2 Pure Titanium Surface and Its
Infiltration Layer Properties(TA2 #iEKR M L2 50 &1
Fo 3% )2 4 g B 90) [D]. Kunming: Kunming University of
Science and Technology, 2022

[65] Zhang He, Zhang Shigang, Zhang Mingjun et al. Journal of
Materials Research and Technology[J], 2023, 27: 7059

[66] Tang Jianxin( & % ), Cheng Jihong(F£ 4k £1), Zeng Zhaogiang
(G W& 58) et al. Journal of Inorganic Materials( o Bl #4 K} 2%
#)[I1, 2000, 15(5): 884



B JERERSE: SR

R I [ 1Ak AB R TE 3t

© 279

[67] Guo Buju(F8AN#1), Xue Zhengduo(E% 1E£F), Zhang Yuankun(5k
JC) et al. Rare Metal Materials and Engineering(Fi G 4= J& 44
RS TRD[I], 2024, 53(2): 449

[68] Feng Zhiqi, Wang Xinyu, Duan Yonghua et al. Journal of
Materials Research and Technology[J], 2023, 25: 1882

[69] Zhang Yi( ik %%). Study on Friction and Wear Properties of
Borocarburized Layer of TC4 Titanium Alloy(TC4%5k& 43R T
B 3835 T ST BE # B 45 M B8 WF 90) [D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2018

[70] Qu Deyi, Liu Dan, Wang Xinyu et al. Transactions of
Nonferrous Metals Society of China[J], 2022, 32(3): 868

[71] Peng Mingjun, Duan Yonghua, Ma Lishi et al. Journal of Alloys
and Compounds|[J], 2018, 769: 1

[72] Duan Yonghua, Liu Dan, He Banglin et al. Philosophical
Magazine Letters[J], 2018, 98(12): 521

[73]Li Fenghua, Yi Xiaohong, Zhang lJinglei et al. Applied
Mechanics and Materials[J], 2011, 48: 1177

[74] Feng Zhiqi, Duan Yonghua, Cao Yong et al. Ceramics
International[J], 2023, 49(10): 15101

[75] Tang Zikun(J# ££ &), Feng Zhiqi(#% 1), Duan Yonghua( 8 7k
€)Y et al. China Tungsten Industry("H E45)1)[7], 2024, 39(3): 57

[76] Zhang Zhanzhan, Chen Yunbo, Zhang Yang et al. Journal of
Alloys and Compounds[J], 2017, 704: 260

[77] Li Ping, Liu Dan, Bao Weizong et al. Ceramics InternationallJ],
2018, 44(15): 18429

[78] Feng Zhiqi, Duan Yonghua, Ma Lishi et al. Surface and
Coatings Technology[J], 2024, 487: 131044

[79] Yao Quantong, Sun Jian, Fu Yuzhu et al. Materials[J], 2016,
9(12): 993

[80] Yang H P, Wu X C, Min Y A et al. Surface and Coatings
Technology[J], 2013, 228: 229

[81] Zhang Ping, Guo Xiping, Ren Xuanru et al. Intermetallics[J],
2018, 93: 134

[82] Qiao Yanqiang, Kong Jianping, Li Qi et al. Surface and Coatings
Technology[J], 2017, 327: 93

[83] Tian Xiaodong, Guo Xiping. Surface and Coatings Technology
[J1, 2009, 203(9): 1161

Research Advances on Solid Powder-Pack Infiltration on Surface of Titanium
and Its Alloys

Tang Zikun, Duan Yonghua, Zheng Shanju, Peng Mingjun, Li Mengnie, Li Jun
(School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: Titanium and its alloys exhibit inherent limitations in complex environments due to their low hardness, poor wear resistance, and weak
high-temperature oxidation resistance. Solid powder-pack infiltration technique can effectively enhance the surface hardness, wear resistance, and
high-temperature performance of titanium and its alloys. The morphology of the infiltration layer is significantly influenced by temperature,
holding time, and infiltration agent. The incorporation of carbon and boron elements can substantially improve surface hardness and wear
resistance, while aluminum infiltration enhances high-temperature oxidation resistance and strengthens the interfacial bonding between the
infiltration layer and substrate. By optimizing process parameters, multi-component layers can be fabricated to achieve superior comprehensive
properties. However, there are still some problems to be solved, including surface porosity in borided layers, weak adhesion between the
infiltration layer and substrate, incomplete development of multi-element solid powder-pack infiltration techniques, long processing time, and high
temperature.

Key words: titanium and its alloys; solid powder-pack infiltration; single-element infiltration; multi-element composite infiltration
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