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against ceramic ball with high hardness is still unknown. Atmospheric plasma spraying is used to deposit Al,O5-Cr,03 composite
coatings with different contents of Cr,05; to reveal its influential mechanism. The experimental results show that Cr,O; decreases
the voids in the coating obviously. The relative a-Al,O3/ y-Al,O5 content ratios in the composite coatings are larger than 37%.
The micro-hardness of Al,03-40%Cr,0O; composite coating increases by 48% compared with Al,O; coating, the fracture
toughness of which is twice as large as that of Al,O; coating. Al,03-40%Cr,03 composite coating has lower friction factor and
wear rates when the wear loads are 5 N, 10 N and 15 N than Al,O3 coating, their wear rates decrease by 60%, 85% and 79%
compared with those of Al,O3 coating. But when the wear load is 20 N, Al,03-20%Cr,03 composite coating has lower friction
factor than Al,O; coating, its wear rate decreases by 50% compared with that of Al,O; coating. The main wear mechanism of the
coatings is micro-fracture. The wear resistance of the composite coating is determined by the content of Cr,O; and wear
condition. Microstructure, hardness, fracture toughness and coefficient of thermal conductivity are important factors affecting

the wear resistance of Al,O3-Cr,03 composite coating. The research results can provide guidance for the design and application

of Al,O3-based coating with high wear resistance.
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Sample number Al,O3 Cr,03
1 100 0
2 80 20
3 70 30
4 60 40
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Table 2 Thermal spraying parameters
Coatings Primary gas / (L / min) Current/ A Voltage / V Powder feed rate / (g / min) Projection distance / mm
Bond coating 40 500 60 30-50 80-120
Top coating 45 600 60 30-50 80-120
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Fig. 3 Schematic diagram of wear test
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Table 3  Surface roughness of the coatings

Coatings Al,O3

Al,03-20%Cr,04

A|203-30%Cf203 AI203-40%Cr203

Surface roughness 5.7+0.3 6.4+0.6

6.3+0.5 6.5+0.3
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Fig. 7 Morphology of the indentations in the coatings
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Fig. 8 Friction factor curve of the coatings with respect to sliding time at different normal loads
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(a) Low magnification SEM image of the wear
track of Al;03-20%Cr>05 coating

(¢} Low magnification SEM image of the wear
track of Al;03-30%Cr,03 coating
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(b) High magnification SEM image of the wear
track of Al503-20%Cr,05 coating
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(d) High magnification SEM image of the wear
track of Al;03-30%Cr,03 coating
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Fig. 11 Wear track of the coatings sliding at normal load of 10 N

3 ik

L SEST CroOs & e A %) Al,Os-Cr.03 E &
WRIE SR ZrOy P BRIk T B I 1R PE S BE 45147 4,
RN F 2L

(1) Al,O3-CryO3 5 AR J2 1 BE 45 R BRI T 5 45
PERE S5 BERA AR CroOs & 2 AHOCI . #ifar IR
i, BRI CroOs n] LAFRRARER 2 1) BE R 4L
PEm L s B s, BAKE S CroOs 1]
DABREARTR 2 I BE R DR K, £ v LT B 1P o

(2) Al,O3-Cry05 541 25 i IR i 5 1 3= 22
T AR A I M . B AR A AS AlLOs
AR () IR BRI A ) T 26 0 2= i B 1k )
M.

(3) Al0s3 %)z I AlO3-Cro03 5412 5 rmfill
55 B B TGS JE I ) 2 P BB A TOM I 1P 2R
Cro0s X A 2 I BE B ML I A BH s 5 i

2 % x W

[1] HU Dengwen, LIU Yan, CHEN Hui, et al. Microstructure
and properties of Ta-reinforced NiCuBSi+WC composite
coating deposited on 5Cr5MoSiV1 steel substrate by laser
cladding[J]. Optics & Laser Technology, 2021, 142:
107210.

(2] St skeEsh, RIEe. FRIEREIR 2 A A RS X Hi
ME[I]. o E L E TR, 2020, 33(5): 99-114.

MA Zhuang, ZHANG Xuegqin, LIU Ling. Restrictions and
corresponding  solutions of environmental barrier
coatings[J]. China Surface Engineering, 2020, 33(5):
99-114. (in Chinese)

[3] /N2, ME R RS H B VAR i sk S I [3]
WESBiY, 2021, 42(1): 8-10, 14. (in Chinese)
WU Xiaojun, YANG Yaliang.

application of heavy-duty anticorrosive coatings for

Requirement  and



52 1

BPE, S

Cr03 %} Aly03-CrpOs Ut J= 131 8l FE S B BT o (11521

185

(4]

[5]

(6]

(7]

(8]

[°]

[10]

[11]

[12]

marine engineerings[J]. Coating and Protection, 2021,
42(1): 8-10, 14. (in Chinese)

MR, AR, MR R TSR KR R[]
WEE T TR, 2011, 24(2): 1-12.

XU Binshi, TAN Jun, CHEN Jianmin. Science and
technology development of surface engineering[J]. China
Surface Engineering, 2011, 24(2): 1-12. (in Chinese)
VARDELLE Armelle, MOREAU Christian, AKEDO Jun,
et al. The 2016 thermal spray roadmap[J]. Journal of
Thermal Spray Technology, 2016, 25(8): 1376-1440.
W, 254k, 2. SRR SR IHAR TSR]
WIALH T 2R 224, 2021, 37(3): 33-38.

YANG Ming, LI Yuhua, LI Ming. Research review of
thermal barrier coatings preparation methods[J]. Journal
of Hubei Polytechnic University, 2021, 37(3): 33-38. (in
Chinese)

DHAKAR CHATTERJEE
SABIRUDDIN Kazi. Influence of process parameters on

Balmukund, Satyajit,
the formation of phases and mechanical properties of
plasma sprayed Al,O5-Cr,O3 coatings[J]. Materials
Research Innovations, 2017, 21(6): 367-376.

RICO Alvaro, SALAZAR Alicia, RODRIGUEZ Jesus,
et al. Optimization of atmospheric low-power plasma
spraying process parameters of Al,03-50wt%Cr,0;
coatings[J]. Surface and Coatings Technology, 2018, 354:
281-296.

AKBARZADEH Alireza , AHMADLOUYDARAB
Majid, NIAEI Aligholi. Capabilities of a-Al,O3, y-Al,03,
and bentonite dry powders used in flat plate solar collector
for thermal energy storage[J]. Renewable Energy, 2021,
173: 704-720.

SEREBRYAKOVA Marina, ZAIKOVSKIlI Alexey,
SAKHAPQOV Salavat, et al. Thermal conductivity of
nanofluids based on hollow y-Al,O3 nanoparticles, and the
influence of interfacial thermal resistance[J]. International
Journal of Heat and Mass Transfer, 2017, 108: 1314-1319.
YANG Kai, ZHOU Xiaming, ZHAO Huayu, et al.
Microstructure and mechanical properties of Al,03—Cr,0;
composite coatings produced by atmospheric plasma
spraying[J]. Surface and Coatings Technology, 2011,

206(6): 1362-1371.

DEJANG Nuchjira, WATCHARAPASORN Anucha,

WIROJUPATUMP  Sittichai , et al. Fabrication and
properties of plasma-sprayed Al,O5;/TiO, composite
coatings: A role of nano-sized TiO, addition[J]. Surface
and Coatings Technology, 2010, 204(9): 1651-1657.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

CHEN Yida, YANG Yong, CHU Zhenhua, et al.
Microstructure and properties of Al,05-ZrO, composite
coatings prepared by air plasma spraying[J]. Applied
Surface Science, 2018, 431: 93-100.

RS, E51H. SR TmERE ALOs 5 CrOs iRz M fE
WS [I]. Eih$A, 2000, 29(4): 13-15.

HE Yanling, WANG Yinzhen. Study on the properties of
plasma sprayed Al,O; and Cr,O3 coatings[J]. Surface
Technology, 2000, 29(4): 13-15. (in Chinese)

ZHAO Pengda, ZHAO Huizhong, YU Jun, etal. Crystal
structure and properties of Al,05-Cr,03 solid solutions
with different Cr,O3 contents[J]. Ceramics International,
2018, 44(2). 1356-1361.

YANG Kai, FENG Jingwei, ZHOU Xiaming, et al.
Microstructural  characterization and  strengthening-
toughening mechanism of plasma-sprayed Al,05-Cr,0;
composite coatings[J]. Journal of Thermal
Technology, 2012, 21(5): 1011-1024.

YANG Kai, ZHOU Xiaming, LIU Chenguang, et al.

Spray

Sliding wear performance of plasma-sprayed Al,O3-Cr,04
composite coatings against graphite under severe
conditions[J]. Journal of Thermal Spray Technology,

2013, 22(7): 1154-1162.

TR, AR, XIFRHT, S 4K SigNg MRS 21
Ab PR A5 B TR ALOs-YSZ IR JEHIMGE M Re V5%
W], #AEHEdT, 2018, 51(7): 43-46, 62.

ZHANG Jian, GOU Junfeng, LIU Saiyue, etal. Effects
of nano Si3N, and plasma treatment on thermal shock
behavior of plasma sprayed Al,O3-YSZ coatings[J].
Materials Protection, 2018, 51(7): 43-46, 62. (in Chinese)
SERGEJEV Fjodor, ANTONOV Maksim. Comparative
study on indentation fracture toughness measurements of
cemented carbides[J]. Proc Estonian Acad Sci Eng, 2006,
12(4): 388-398.

HAE, Do, madiy, 5. YSZ L4 SE 2 TR
Al,Oy/8YSZ =T IETERENT T [I]. #4kL 4R, 2018,

32(4): 563-568.

WANG Chang, PANG Xuejia, GAO Zonghong, et al.
Wear resistance of YSZ fibers reinforeced Al,O;/8YSZ
coatings prepared by atmosphere plasma spraying[J].
Materials Reports, 2018, 32(4): 563-568. (in Chinese)

NATH Mithun, KUMAR Pawan, MALDHURE Atul,

et al. Anomalous densification behavior of Al,O3;—Cr,03
system[J]. Materials Characterization, 2016, 111: 8-13.
STAHR Carl Christoph, SAARO Sabine, BERGER Lutz

Michael , et al. Dependence of the stabilization of



186 b B X @ L &

2022 4F

a-alumina on the spray process[J]. Journal of Thermal
Spray Technology, 2007, 16(5): 822-830.

[23] KAKAZEY Mykola, VLASOVA Marina, MaRQUEZ
AGUILAR Pedro Antonio , et al. Laser surface
solutionizing and crystallization of Al,O3;—Cr,O3[J].
International Journal of Applied Ceramic Technology,
2009, 6(2): 335-343.

[24] CAl Jun, XU Bajin, LING Guoping. Observation on the
Interface of a-Al,04/Cr,05: Prepared by oxidation of
AlsCr[J]. Applied Surface Science, 2013, 268: 111-116.

[25] SRTULE, XUBGZK, RERRSE, 5. SR RN iR
HEVISE 1 50 B R BEES 2 AT RS 0). RS2
2019, 39(2): 197-205.

WU Kanxuan, LIU Zengjia, ZHENG Shaoxian, et al.
Effects of interface tailoring on tribological properties of
diamond-like carbon based film / Cu system[J]. Triboloyg,

2019, 39(2): 197-205. (in Chinese)

[26] KATO Kaoji. Wear in relation to friction — A review[J].
Wear, 2000, 241(2): 151-157.

[27] TAO Shunyan, YIN Zhijian, ZHOU Xiaming, et al.
Sliding wear characteristics of plasma-sprayed Al,O3; and
Cr,0; coatings against copper alloy under severe
conditions[J]. Tribology International, 2010, 43(1): 69-75.

EEENY: AfRiE, 5, 1987 g, Wt Yhil. FEHFT N
i B 5 e 2 o

E-mail: goujunfeng@gdut.edu.cn

XL GEEVE#D , 595, 1980 4EHAR, L, MI#ER, WLyt
Sl LERFFOT FOAHUIN L. kAR

E-mail: fejwliu@scut.edu.cn

4, 5, 1954 4R, A, BoR, MAEATSUE SN REOTSUT
WA PR . AR U B B R A

E-mail: wangyou@hit.edu.cn

R e e e e e R e e e R e R R R R R e R A R R R A

CEFE 175 50

[13] TANGL, MAOCJ, JIAW ], etal. The effect of novel
composite pretreatment on performances of plasma
nitrided layer[J]. Journal of Materials Research and
Technology, 2020, 9(5): 9531-9536.

[14] KERTSCHER R, BRUNATTO S F. On the kinetics of
nitride and diffusion layer growth in niobium plasma
nitriding[J]. Surface and Coatings Technology, 2020,
401: 126-130.

[15] LUYY, MAH, LID, etal. Enhanced plasma nitriding

efficiency and properties by severe plastic deformation

pretreatment for 316 L austenitic stainless steel[J]. Journal
of Materials Research and Technology, 2021, 15:

1742-1746.

TEHB ' BRIE, Lo, 1995 4EHA, Wit FTHFIUT A 4 E Ak
R,

E-mail: 1962694190@qq.com

Wl GUEIEED) , &, 1966 fEHiE, it R, FEGFFITN
<G R PRL T S

E-mail: jinghoo@126.com



