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Table 1 Characteristics of powders used for plasma spraying

Powder materials Powder composition /mass% Size range /µm

Self-bonding Al-bronze Al 10.4�Fe 0.52�Cu balance 40∼104

Al2O3-13%TiO2 TiO2 13.2�SiO2 0.5�Al2O3 balance 20∼40

Cr2O3·5SiO2·3TiO2 TiO2 3.1�SiO2 5.2�Cr2O3 balance 20∼40

Table 2 Plasma spraying operating parameters

Parameters Self-bonding Al-bronze Al2O3-13%TiO2 Cr2O3·5SiO2·3TiO2

Arc current /A 550 600 600

Ar 50 45 32
Working gas flow rate /L·min−1

H2 8 10 10

Carrier gas flow /L·min−1 210 190 180

Powder feed rate /g·min−1 28 32 32

Spray distance /mm 90 95 95�i?_?=3| Keyence VK-9710 >sA6j*�� (LSM)�"JY�:)�i*/"5|
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Fig.1 SEM as-sprayed surface and LSM cross-section

morphologies of plasma spraying coatings.
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3 2 1 1- Al-bronze substrate
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Fig.2 Potentiondynamic polarization curves of

Al-bronze substrate, Al2O3-13%TiO2 and

Cr2O3·5SiO2·3TiO2 coated Al-bronze in 3.5%

NaCl solution

Table 3 Rp and porosity values of coating samples which

was measured with electrochemical method

Samples Rp /Ω·cm2 Porosity/%

Al-bronze substrate 2762.8 –

Al2O3-13%TiO2 10665.0 0.26

Cr2O3·5SiO2·3TiO2 22918.0 0.120gxH
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Fig.3 EIS of coating samples at open circuit potential in

3.5% NaCl solution for different time (a) Nyquist

plots, (b) Bode plots of magnitude vs. angular fre-

quency, (c) Bode plots of phase angle vs. angular

frequency

Fig.4 Equivalent circuits of coating sample in

3.5% NaCl solution (a) Al2O3-13%TiO2,

(b) Cr2O3·5SiO2·3TiO2

Table 4 Fitted results for EIS of two coatings in 3.5% NaCl

solution

Coating samples Rpo /Ω·cm2 Rct /Ω·cm2

Al2O3-13%TiO2 233.2 1681.0

Cr2O3·5SiO2·3TiO2 213.8 6769.0

Fig.5 SAM morphologies of corroded coating sam-

ples in 3.5% NaCl solution (a) Al2O3-13%TiO2,

(b) Cr2O3·5SiO2·3TiO2

Table 5 Erosion- corrosion results of Al-bronze substrate

and coating samples in flowing seawater

Samples Average mass Average corrosion

loss/g rate/g·m−2·d−1

Al-bronze substrate 0.2420±0.0030 7.0554

Al2O3-13%TiO2 0.0340±0.0034 0.9910

Cr2O3·5SiO2·3TiO2 0.0287±0.0063 0.8365

Table 6 Results of microhardness and adhesion strength

measurements of coatings

Coating samples Microhardness Adhesion strength

(HV0.2) /MPa

Al-bronze substrate 195±18 –

Al2O3-13%TiO2 802±84 27.2±2.6

Cr2O3·5SiO2·3TiO2 1102±60 30.4±1.3� 6a–c �(�.S��nzlv�:V`L"JY&i?_�.S��&i"Je
�Q6
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Fig.6 SEM micrographs of (a) Al-bronze substrate, (b)

Al2O3-13% TiO2, and (c) Cr2O3· 5SiO2·3TiO2

coated Al-bronze samples after erosion-corrosion

in flowing seawater
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PERFORMANCE OF EROSION-RESISTANT CERAMIC

COATINGS DEPOSITED BY PLASMA SPRAYING

LI Shoubiao1,2, XU Likun2, SHEN Chengjin1, LI Xiangbo2

1. School of Materials Science and Engineering, China University of Mining & Technology, Xuzhou 221116;

2. State key Laboratory for Marine Corrosion and Protection, Luoyang Ship Materials Research Institute,

Qingdao 266101

Abstract: Al2O3-13%TiO2 and Cr2O3·5SiO2·3TiO2 erosion-resistant ceramic coatings were deposited on Al-

bronze alloy using plasma spraying process. The morphologies of the two coatings were investigated by means

of scanning electron microscope (SEM) and laser scanning microscope (LSM). Microhardness and adhesion

strength have been evaluated, respectively. The corrosion behavior of two coatings in 3.5% NaCl solution were

characterized by potentiodynamic polarization and electrochemical impedance spectroscopy. SEM analysis of

corroded surface and weight loss technique were used to study the erosion-corrosion of coated samples and

uncoated sample in flowing seawater. The results indicated that Cr2O3·5SiO2·3TiO2 coating has a much dense

microstructure and the laminar microstructure was not obviously observed. The corrosion behavior of ceramic

coatings was mainly related to the porosity of the coatings. Due to higher microhardness and adhesion strength,

the weight loss of Cr2O3·5SiO2·3TiO2 coated sample was nearly 1/9 of that of uncoated one, indicating better

resistance to erosion-corrosion in flowing seawater than Al2O3-13%TiO2 coating.

Key words: plasma spraying, electrochemistry, ceramic coating, erosion-corrosion


