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Influence of CPSP on Microstructure and Wear Property of

Nanostructured Al,0,-13%TiO, Coating Deposited by Plasma Spraying
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(School of Materials Science and Engineering, Xihua University, Chengdu 610039, China)

ABSTRACT: Objective To study the influence of different critical plasma spray parameters ( CPSP) on the microstructure and the
wear property of nanostructured Al, 0;-13% TiO, coating deposited by plasma spraying so as to optimize the plasma spraying param-
eters. Methods Nanostructured alumina-titania coatings with NiCrAl as the transition layer and Al, 05-13% TiO, as the ceramic lay-
er on the surface of the Q235 steel were prepared by plasma spraying. The wear property of the coatings at room temperature and at
high temperature was respectively tested, and phase constitutions and the microstructure of spraying powder and coating layer were

respectively analyzed by XRD and SEM. Results The results showed that the nanostructured coating had a bio-model structure,
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consisting of PM region and FM region with defects such as crack and pore. The main phases were a-Al,O;, y-Al, O, and rutile-

TiO,. Lamination and spallation of coating materials, and the plastic deformation of nanostructured coating materials were the main

reasons for coating system failure during the sliding wear test. Conclusion With the ascending of CPSP, the wear property in-

creased, and the wear property at room temperature was better than that at high temperature. The presence of PM region and nano-

crystals in the nanostructured Al,0,-13% TiO, coating significantly increased the wear property.

KEY WORDS:; plasma spraying; nanostructured Al,0;-13% TiO, coatings; CPSP; microstructure; wear property
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FE R Q235 89, RF 8 40 mmx20 mm x5
mm, SRR NiCrAl H A S R AR R N
-140,+260 H, B4 ( LA 53 800T) K. Cr 17% ~
19% ,Al 5% ~6.5% ,Ni 74.5% ~78% , B %smiis 5
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KRN K 50 ~ 500 nm, 4 (LU R0 M
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8% ~10% .
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Fig. 1 Micro-morphology of nanostructured Al,0,-13wt.% TiO,

powders: a) nanostructured powder; b) nanostructured

powder surface
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ARAME R 2K, WA LSOl PQ-1S, AR Ar,
WA H, . IR ZHT, SE7E 5 2 W iR )24 50
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Tab.1 Plasma spray parameters of nanostructured
Al 0,-13wt.%TiO, coatings

0/ CPSP/
%S UV /A
(Lemin™) (A-V/(L-min™"))
N1 55 550 45 672
N2 55 600 45 733
N3 60 550 40 825
N4 60 600 40 900
N5 65 550 35 1021
N6 65 600 35 1114
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Fig. 2 XRD results of nanostructured Al,0,-13wt.% TiO, pow-
ders and coatings: a) nanostructured Al,0,-13wt.% TiO,
powders; b) nanostructured Al,0;-13wt.% TiO, coatings

(CPSP=900 A-V/(L-min™"))

AL O, ,y-AlL O, Fil Rutile-TiO, ( G 41.47) , %85 T Wik
I Ve KR BEAR PR, R a-AL O, TESF B T A T
b Ak Bt S B BV A, A G A 35 [ R R 7
AL O, YR/ SR AL , i F y-AL Oy BAT 1 a-AL O,
TR AL fE, BT L y-AL O, fh e B IE Kok, Rt
WEPEE T v- ALO,

2.2 4% ALO,-13%TiO, & ERRA 5

3 S48k AL 0,-13% TiO, 12 1Y 2% i A
o, WK 3a FTLLE Y, IR 2 R M2 i 58 4 08 10 78
LRI 2 Jeis A UKL 2 B 7 B0 XUASE 45 74 ( bio-model
structure ) , WE ¥R A BE 5« WHEDRIR i 7 Bl AR R ot
F7 (WFRER AR i 7E S A R, BB 3b AT LR
tE U JE IR 1 25 4 [ A Ry OO U 45 4, o 38 0 4
FEIX (PM) F5E 405 AL X (FM) 2 A%, 77 72 2480 FL R
SR

20 um——

b ALY
(CPSP=900 A + V/(L * min™)

a RIS
(CPSP=1114 A - VAL * min™))

B3 99K ALO,-13% Ti0, & ZEH
Fig. 3 Morphology of nanostructured Al,O,-13wt.% TiO, coa-

tings: a) bio-model structure of the surface, CPSP =
1114 A - V/(L-min™") ) ; b) bio-model structure of the
cross section, CPSP=900 A - V/(L-min™"))
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Fig. 4 Wear weight loss of nanostructured Al,0,-13wt.% TiO,

coatings at room temperature (25 °C ) and at high tempe-
rature (600 °C) and its relationship with CPSP
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Fig. 5 Wear surface of nanostructured Al,0,-13wt.% TiO, coa-
tings at room temperature at different CPSP; a) wear sur-
face (CPSP=672 A - V/(L-min™")); b) rough region
(CPSP=672 A + V/(L-min"")); ¢) smooth region
(CPSP=672 A - V/(L+-min™")); d: wear surface ( CP-
SP=900 A - V/(L-min™")); e: wear surface (CPSP=
1114 A - V/(L-min™)); f) smooth region ( CPSP =
1114 A - V/(L-min™))
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Fig.6 Wear surface of nanostructured Al,O;-13wt.% TiO, coatings
at high temperature at different CPSP; a) wear surface (CP-
SP=672 A-V/(L-min™")); b) smooth region (CPSP=672
A-V/(L-min™)); ¢) wear surface (CPSP=900 A-V/(L-
min™)); d) smooth region (CPSP=900 A-V/(L-min™"));
e) wear surface (CPSP=1114 A-V/(L-min™")); ) smooth
region (CPSP=1114 A-V/(L+min™"))
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Fig. 7 Wear debris of nanostructured Al,0,-13wt.% TiO, coat-
ings (CPSP=900A-V/(L+min™")): a) wear debris at

room temperature; b) wear debris at high temperature
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