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Preparation and properties of Al,O; based composite ceramic
coating on pure copper surface by thermo-chemical reaction spraying

MA Zhuang', QU Wen-chao', LI Zhi-chao', YUAN Xiao-guang®

(1. Institute of Materials Processing and Surface Technology, Liaoning Technical University, Fuxin 123000, China;

2. College of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110023, China)

Abstract: Al,O3-based composite ceramic coating was prepared on the surface of copper by thermo-chemical reaction
spraying. XRD and SEM were used to analyze the composition and morphology of this composite ceramic coating. The
thermal shock, high-temperature anti-oxidation and wear properties of the composite ceramic coating were investigated.
The results show that the transition phases, such as Al 4Sip30,7 and Al ¢SigsO;.9s, generate within the ceramic, and
AlINi; exists between the coating and Ni-Al transition layer. The melting rate of composite ceramic coating with a
coral-like surface is high and the combination of the coating and copper matrix is well. Compared with the pure copper
base, the coating has excellent high-temperature anti-oxidation capacity, the abrasive wear and adhesive wear are
increased by 10 times and 15 times.
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Table 1 Parameters of spraying Ni-Al coating and ceramic coatings on pure copper based surface

Coating Preheating temperature/C Jet angle/(°) Spray distance/mm Moving speed/(mm-s ')
Ni-Al 350-450 70-90 130-180 60-90

Ceramic 300-400 70-90 130-180 60-90

Coating Power feeding rate/(kg-h™") Oxygen pressure/MPa  Acetylene pressure/MPa Equipment
Ni-Al 0.9-1.2 0.8-0.9 0.08—0.11 QT—E2000—-7/h

Ceramic 1.0-1.5 0.8-0.9 0.08—0.11 QT—E2000—-7/h
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Fig.1 SEM images of interface and surface of coatings: (a)
Interface topography; (b) Surface morphology; (c¢) Remelting

treatment image
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Fig.2 XRD patterns of coatings: (a) Ni-Al coating; (b)

Composite ceramic coating; (c) Melting coating
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Table 2 Shock performances of samples
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S;r:ll Temperature/C niz:lir Thermal shock phenomena
300 7-10 Coating covers with cracks, cracks extend so that parts of coatings come off
400 4-8 Coating tilts up from edge, then most coatings come off
A 500 2-3 Coating and matrix seriously separate
600 1 Coating transient comes off
300 19-21 Cracks lead to coating breaking
400 11-13 Edge of coating tips up and cracks appear, coating on surface is broken
° 500 7-9 Edge of coating has a serious separation
600 3-5 Edge of coating has a serious separation
300 21-25 Good adhesion between Ni-Al coating and matrix, small cracks on surface
400 15-18 Good adhesion between Ni-Al coating and matrix, small cracks on surface
¢ 500 11-14 Good adhesion between Ni-Al coating and matrix, small cracks on surface
600 89 Good adhesion between Ni-Al coating and matrix, most coatings come off
300 30 Coating integrity
400 30 Coating integrity
° 500 30 Coating integrity
600 30 Adhesion between Ni-Al coating and matrix has slight separation
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Table 3 Linear expansion coefficient of each material

Material a/(10°%°Ch
Copper 16.7
Al 23.6
AlL,O5 8.4
SiO, 0.5
TiO, 7.0-8.1
ZnO 7.0
Ni-Al 13.8
Composite ceramic coatings(without Al) 7.8
Composite ceramic coatings 11.4
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Table 4  Mass gain of oxidation tested at different

temperatures

K me/(107 Koo /(107 mg™ mpc/(107 Kyre/(10 °mg™

mgrem?)  cm *min') mgeem?)  cm *min")
773 21.2 3.75 1.62 2.19
823 39.6 13.07 2.01 3.37
873 266.0 589.60 2.34 4.56
1073 480.0 1 920.00 2.59 5.59
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Table 5 Wear data of coatings
Abrasive wear Adhesive wear
Sample
Mass loss per unit area/(ug-mm ) € Mass loss/mg e
Copper 113.5 1.000 12.5 1.000
Ceramic coatings 65.5 0.577 2.4 0.192
Hole sealing 10.5 0.093 0.8 0.064

¢ 18 relative wear rate.
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