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Table 1  Proportion of powder mass fraction of cladding material
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Fig. 1 Microstructure of cross section of cladding coating
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Fig.2 Section microhardness distribution of cladding coating
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Table 2 Morphology of cladding layer under different experimental conditions
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Fig. 3 Oxidation kinetics curves of four groups of specimens

under different isothermal oxidation conditions
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Fig. 4 X-ray diffraction pattern of oxide of specimen C under

constant temperature of 800 “C
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Fig. 5 Oxidation morphology of cladding layer of specimen C

under constant temperature of 800 °C



102 R TR ¥ R (8 & A F R

o553 %

VLB A 7 U Z U AR e ) TaC 78 S iR A R A
BT 8B Ta, 040

FR AR B O A SO 25 58, i Ak
PR CRIE IR ERE R R IR
Y, HEBEMA A AR, WE SRR,
PHIEBEIRZ TR 400015 f5 , WEERZ KA 2
ORI B HE, anlE 5(b) iR .

Rk — G S XA AL T B G R A R,
X 5 (a) s XIROHEAT EDS JTE R A Hrid s, A
X IR A EAL ) FE R O, Tiy AL, Ta MTHFZ AL,
SN 35.10% . 53.26%. 9.23%. 1.52% Fl
0. 89%. Z5H 1AM C APy XRD A5 Rl 41,
X 3k OIS AL 7= ) F 2R Ti0,. ALO, M Ta,0,. i
X I OB E AL =0 Tiofn ALCR 48 KB4k 3T
TC4 3k, BARX —H KA, HEAEks N
SRS ATA,  B TCA R RE A B A Y Akt
A —E WA ER, BEN/ MRS T TC4 R im 1)
it EALRE Sy, S8 T g A, R
W AL R P A 2%, K TiO, A1 ALO, I AN
B O W R s T U 2 2 i T v YL SR AR P B R IR i
() FE B A

Ta,0 245 8 By R T IS i P 5 A TaC 7 1 4R
IETE R =) o ARPESE AL B 122l 1, B
MGG, IWEREE SRR T AR TR,
= LR = A Y= b O PN N = A k7
Ta,0, 1 4= B -5 U J2 Tt w5 ik 4800 1 e 0 328 A7 G .
T E I, Ta,0, A G5B . miRkE Tk
SN AL AR S AR, e AT, TC4 TR
JE VAN B e A T v i AR A R R R v ) 32
Kz — 258 A7) Ta, 05 1 AE Al

254 EDSKEIEE S n] A, A C I TR E R
MA7EHITE, (HnE ST &K, M XRDE A —
F L REAST I A A s 5% (5 R 4300 DA
YIARALA, PR Y HEC U in /Nt JEikplic sk
TEXRD AT 45 3R .

JEALUR = 3R HE DT 3R & 1 50/ 19 i (R AT LA fi
FER . HIC Ak b B AR 2 s S e i AL
FEFOCHR S R b DL AOE SAEER B AR A, 32
IR AT R ek, PR T B RS R
DR A J 7 U 2 3 T BR A7 0 & s ARAIR

T ERZEREHOTRN SR, ik
HERA IR 98 HIC By R AE OB B B b B A i A2
RN, XERESERE, FIRJEH HE TR TE SR A LA
58T 2B i HAE AR I )2 R ) A A b
PR ek — 2D A A B Oy 8 Sakse i, U

SR AL FRIE HIC BT LT PR R 25 5
R R BRI AL B AR L

3 Z®

SCHE TCA 2 T 1 45 TC4-TaC-HIC 4 J& M % 2
BITERIE, BRI oA, XL
SYATAS TRL R Ak AL 0 Xo 5 7 U J2 2 OB B . & 4
A, WOWRERE . BUER S L TERER N, 45E
BRI R TP R, o] A IR 4518

(1B TaC FHIC P ZAH B A TR 2 3R 10 -4
H5HEM B RIFAESLE; D0 R4l TCAIEH IR
EH RIS, YBEAHBRINE IS 15% 8}, B0
IR KA 643 HV, BT —F; BE
A4k E5%, B AHTR AN ZE 15% I 5 2H 20 2 SRl
W IR PR ZH 4, R SUEAT R | T ol R
R PR RE RS SR R PERE .

(2) ¥ TaC #1 HEC B & AR5, 6 3 i b
A CTEREE R, ELEDRFRAE, A=Y
/N, X TR 2 i e i S A B A i A A FH i P
AR 0 A 38 T4 e 5 S0 PR A T TR 2 1
1= i A WAL A TiO, . ALO, Al Ta,05, HiH1 Ta,0,
HASMEC | miRfaeE v Byt E b rkae o 45
FERL, RENE AT & IR AL PRI 5 NS ) 1 4 ik
SRR T P A TCA i R 2 22 T i vy iR AP e
SHESCEY LS

S 30K :

[1] LIUZ, ZHANG D C, GONG L J, et al. Microstruc-
tures and mechanical properties of in situ TiC- -Ti-Nb
composites with ultrafine grains fabricated by high-
pressure sintering [J]. Scientific Reports, 2018, 8:
9496/1-9.

(2] AFFM, ZHIBLE, XIZRiE, 4. TC4 RMHOLRH Bl

BEGWREAL SR [J]. ERBE TR A
SRBFERR) . 2024, 52(3): 10-17.
FU Yuming, MA Shunxin, LIU Shaofeng, etal. Micro-
structure and properties of laser cladding hard composite
coating on TC4 surface [J]. Journal of South China
University of Technology (Natural Science Edition) ,
2024, 52(3): 10-17.

[3] ZHANGDC, MAOY F, YAN M, etal. Superelastic
behavior of a B-type titanium alloy [J]. Journal of the
Mechanical Behavior of Biomedical Materials, 2013,
20: 29-35.

[4] SONGR, LIJ, SHAOJZ, etal. Microstructural evo-
lution and wear behaviors of laser cladding Ti,Ni/a (Ti)

dual-phase coating reinforced by TiB and TiC [J]. Ap-



3 1

FBILHF A5 TCAZR T i A BV 2= R i 4 S PERE BT 103

(5]

[10]

(11]

[14]

plied Surface Science, 2015, 355: 298-309.

GUO S Q. Densification of ZrB,-based composites and
their mechanical and physical properties: a review [J].
Journal of the European Ceramic Society, 2009, 29(6):
995-1011.

LIZ, GOBBIS, NORRISI, etal. Laser welding tech-
niques for titanium alloy sheet [J]. Journal of Materials
Processing Technology, 1997, 65: 203-208.

XU X, YUY, HUANG H. Mechanisms of abrasive
wear in the grinding of titanium (TC4) and nickel (K417)
alloys [J]. Wear, 2003, 255: 1421-1426.

QIN Y, XIONG D, LIJ. Tribological properties of laser
surface textured and plasma electrolytic oxidation duplex-
treated Ti6A14V alloy deposited with MoS, film [J] .
face and Coatings Technology, 2015, 269: 266-272.
KUMAR S A, RAMANSGS, NARAYANANTSNS,

etal. Influence of counterbody material on fretting wear be-

Sur-

haviour of surface mechanical attrition treated Ti-6Al-
4v [J]. Tribology International, 2013, 57: 107-114.
W, ARSCE, Z/NNIL TCARKE & RO
NiCrCoAlY-Cr,C, & & U J24 Y B 482 1 1y it Bt 4R Ak 1
fig [J). FPRETRE, 2021, 49(12): 107-114.
QIN Xin, QI Wen-jun, ZUO Xiao-gang. Friction and
high temperature oxidation resistance of laser cladding
NiCrCoAlY-Cr,C, composite coating on TC4 titanium
alloy (1. 2021,
49(12): 107-114.
FsiE, HAEsR, BKEE, . TC4H & RMBOLE
B TIARZER SR AE R A A T8 (1], P EA G
JE4, 2023, 33(2): 400-412.
ZHOU Xuan, XIAO Hua-giang, ZHAO Xin-xin, et al.
High-temperature cyclic oxidation behavior of laser cladding
[J]. The Chinese
Journal of Nonferrous Metals, 2023, 33(2): 400-412.
mpet, FAEWL, TR KGR MEMOCE S Nb-

Journal of Materials Engineering,

TiAl coating on TC4 alloy surface

AT SR A SwZA8 568 1], EBOL,
2016, 43(8): 0802015/1-8.
SHAN Xiaohao, WANG Cunshan, YU Qun. Micro-

structure and property of Nb-Al-Ti high temperature alloy
coatings by laser cladding on Ti alloy surfaces [J]. Chi-
nese Journal of Lasers, 2016, 43(8): 0802015/1-8.
T, BON, skbse, . el i by S phRHT
FedtiE [J]. MiashliEsoR, 2019, 62(19): 53-64.
YU Duo, YIN Jie, ZHANG Buhao,

research progresses on ultrahigh temperature carbide

et al. Recent

[J]. Aeronautical Manufacturing
Technology, 2019, 62(19): 53-64.
YOO H, KIM HS, HONG B G, et al.

bide protective layer coatings on carbon/carbon composites

ceramic materials

Hafnium car-

deposited with a vacuum plasma spray coating method

[15]

[22]

[J]. Journal of the European Ceramic Society, 2016,
36(7): 1581-1587.

HRT, dfURE, BREZOME, 55 a3 TaCIR)ZRY
Wbk s ORAE [J]. FREEA, 2023, 52(2):
297-306.
DONG Tian-xia,

et al.

MENG Fan-gui, CHEN Hong-mei,
Preparation and characterization of TaC coating
on graphite via molten salt method [J]. Surface Tech-
nology, 2023, 52(2): 297-306.

GOWTHAM A, CHAITANYA G, KATIYAR J K,
et al. Experimental investigations on laser cladding of
NiCrBSi+WC coating on SS410 [J]. Materials Today:
Proceedings, 2020, 27: 1984-1989.

MOSTAJERAN A, SHOJA-RAZAVI R, HADI M,
et al. Evaluation of the mechanical properties of WC-
FeAl composite coating fabricated by laser cladding
method [J]. International Journal of Refractory Metals
and Hard Materials, 2020, 88: 105199/1-10.

YAO J, ZHANG ], WU G, etal.

wear resistance of laser cladded composite coatings pre-

Microstructure and

pared from pre-alloyed WC-NiCrMo powder with different
laser spots [J]. Optics and Laser Technology, 2018,
101: 520-530.

SWE, WSO, WIAIE, 4F. BOUHEESIEETICE
BRZBOE BRI (1], BOtEOR, 2022,
46(3): 344-354.

WU Teng, SHI Wenqing, XIE Linyi, et al. Forming
quality control method of laser cladding Fe-based TiC
composite coating [J] . Laser Technology, 2022,
46(3): 344-354.

PEBiEE, BUTE, 20, A% WEOCHEEIE U
MR RIERTE [J]. BB, 2022, 36(Z1):
22030105/1-4.

HOU Suoxia, ZHAO Jiangkun, LI Qiang, etal. Study
on the influencing factors of laser cladding defects [J].
Materials Reports, 2022, 36(Z1): 22030105/1-4.
SRAS, IREEAT, BhEE, 4F. BOURE T 22800
IN718 5 & H A KT R Mg [J]. o TT
2, 2022, 51(19): 30-34, 40.

ZHANG Jie, ZHANG Qunli, YAO Jianhua,

Effect of laser cladding process parameters on micro-

et al.

structure and element segregation of IN718 alloy [J].
Hot Working Technology, 2022, 51(19): 30-34, 40.
B, VI, HARME, . TC4/ & RMBOLEEM
RIFFERERE ()], TERHEET R4, 2022, 41(1):
31-37.

ZHAO Hui, SUN Xu, DU Chunyan, et al. Progress
in research of laser cladding materials on TC4 alloy sur-
face [J] .
2022, 41(1): 31-37.

Journal of Shenyang Ligong University,



104 e BT OR ARk (B R A F R %53 %

(23] VW=, AT, KIE, 5. BOCHBLR AR [26]  HRAE, XswE, BSCH, % BOLEXIE L IE

SLObRARES U], P EAUM TR, 2022, TCA B4 4 P BRSO R 2R Ty 2k se (1], h

33(1): 70-77. [E#OG, 2017, 44(9): 0902001/1-9.

XU Mingsan, ZHOU Chunhui, ZHANG Zheng, et XIAO Zhennan, LIU Tingting, LIAO Wenhe, et al.

al. Temperature distribution of powder-gas-optical cou- Microstructure and mechanical properties of TC4 titanium

pling temperature field in laser cladding processes [J]. alloy formed by selective laser melting after heat treat-

China Mechanical Engineering, 2022, 33(1): 70-77. ment [J]. Chinese Journal of Lasers, 2017, 44(9):
[24] BARIN I, KNACKE O, KUBASCHEWSKI O. Ther- 0902001/1-9.

mochemical properties of inorganic substances [(M]. [27] CHEN Dong, WANG Quansheng, LIU Yanbo, et al.

Berlin/Heidelberg: Springer, 1977. Effect of Ta,04-Y,0, dopants on phase structure, fracture
[25] skMHE, P2, BrdEai, 5. BJGREXNHOLE toughness and thermophysical properties of zirconia [J] .

X AEAL N TIE TCA R G 4 H LR K Si2frERenys2m) (1], Rare Metal Materials and Engineering, 2021, 50(6) :

G RAALFL, 2019, 44(6): 122-127. 1890-1895.

ZHANG Weixiang, TANG Chaolan, CHEN Zhiru, (28] Z=ih, B, RZAW, 5. Ta-HEKRMOEBFFR

et al. Effect of annealing temperature on microstructure J& [J]. ThEMEE, 2020, 56(11): 10-18.

and mechanical properties of TC4 titanium alloy formed LI Hao, WANG Song, Yu Yiping. Research progress

by selective laser melting [J] . Heat Treatment of of Ta-Hf system materials [J] . China Ceramics,

Metals, 2019, 44(6): 122-127. 2020, 56(11): 10-18.

Preparation and Performance Analysis of High Temperature Oxidation
Cladding Coating on TC4 Surface

ZHENG Lijuan  XIE Yinkai ZHANG Kuo FU Yuming
(School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, Hebei, China)

Abstract: Due to the susceptibility of TC4 material to oxidation failure in high-temperature environments, its
service life is significantly shortened under harsh conditions such as high temperatures and marine environments.
To augment the high-temperature oxidation resistance of TC4 material surfaces, this paper employed laser cladding
technology to prepare a high-temperature oxidation-resistant cladding coating with a gradient mass fraction of addi-
tive phases on the TC4 surface. The microstructure of the coating was observed using scanning electron microscopy
(SEM), and the impact of the additive phase on the microstructure morphology of the cladding was analyzed. Subse-
quently, microhardness tests were performed to obtain the microhardness distribution of coatings with different mate-
rial compositions, and the effect of additive phase content on the microhardness of the cladding was analyzed. Ulti-
mately, macroscopic morphology observation, oxidation kinetics, SEM, and XRD methods were employed to evaluate
the high-temperature oxidation resistance of the cladded samples after high-temperature oxidation tests. The effects
of ceramic phase content and the high-temperature oxidation process on the microstructure and phase composition
of the cladding layer were analyzed, and the oxidation resistance mechanism of the coating was explored. The
experimental findings reveal that the incorporation of ceramic phase powders results in a marked improvement in
the microhardness of the cladding layer, along with a refinement and densification of its microstructure. The dense
oxide products formed during the high-temperature oxidation process effectively isolate the coating from the oxidizing
environment, thereby substantially enhancing its resistance to high-temperature oxidation. The high-temperature
oxidation product Ta,0; formed on the surface of the cladding layer has a dense structure, strong high-temperature
stability, and excellent oxidation resistance, which is the main reason for the improved high-temperature oxidation
resistance of the ceramic phase-containing TC4 cladding layer.
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