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Wear Characteristics of ALO; and TiO,
Coating Materials by Plasma Spray

S. L Kim', H. G. Kim and G. S. Kim
Depariment of Mechanical Engineering Cheju National University

Abstract — This paper is to investigate the wear behaviors of two type ceramics, ALO; and TiO., by coated
plasma thermal spray method under the lubricative environment. The lubricative environments are grease fluids,
a general hydraulic fluids, and bearing fluids. The wear testing machine used a pin on disk type. Wear char-
acteristics, which were friction force, friction coefficient and the specific wear rate, according to the lubricative
environments were obtained at the four kinds of load and sliding velocity is 0.2 m/sec. After the wear exper-
iments, the wear surfaces of the each test specimen were observed by a scanning electronic microscope.
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Fig. 1. Shapes and dimensions of test specimens.
(unit : mm).
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(a) AlO3

(b) TiO,
Fig. 2. SEM photographs of ALO; and TiO, powders.
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Table 1. The chemical composition and mechanical properties of test specimens
(a) Chemical composition. (wt %)

C Si Mn P S Ni Cr Cu
(lS{:;oCr) 0.464~0.470 0.246~0.251 0.770~0.774 0.0154~0.0162 0.00693~0.00835 0.02 0.13 0.01
Stator
SUJ I 0.95~1.10 0.15~0.35 0.5 0.25 - 025 1.30~1.60 0.25
(b) Mechanical properties
Yield strength Stress Strain Poisson's Specific gravity ~ Young' modulus
(MPa) (MPa) ratio (g/em®) (GPa)
Rotor (845C) 390 670 - - -
Stator (SUJ II) - 1568~1960 03 7.77 208

Table 2. Blasting conditions

Material composition Powder size (um)

Air pressure (kg/cm®) Distance (mm)

White alumina 15~53

5.5 50~100
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Table 3. Plasma spraying conditions

249 -

) - AR

Condition Type 9MP powder feed unit Plasma gas (psi)  DC DC  Spray distance
Powder Flow rate (f'/h) Feed rate (z/min)  Ar H, A) v) (mm)
TiO, 13.5 53 30 15 500 65~70 75~100
ALO; 13.5 50 50 50 500 74~80 51~102
Ni-4.5 wt%Al 13.5 68 80 15 500 65~70 100~175
Table 4. Chemical compositions of TiO, and ALO; ceramic powder (wt%)
Tio, Composition Fe,0, ALO, SiO, MgO CaO
Bal 04 0.2 0.12 0.05 0.03
' Composition Fe0, TiO, Si0, - -
ALO,
Bal 1.0 25 2.0 - -

Table 5. Powder composition and physical properties

Powder Condition T.ypical composition Typical size range (um) Melting point
TiO, Titanium dioxide 99% minimum 8~88 1920°C
AlO;, Aluminum dioxide 99% minimum —45+11 (325 mesh+ 11 pm) 2010°C
Ni-4.5 wt%Al Aluminum 4.5% Nickel balance 45~90 660°C

Table 6. Microhardness of specimens

Substrate . . . .
S15C SO T Bond coating TiO, coating AlLO; coating
260 788 261 768 1136
Table 7. Physical qualities of lubrication
Kinds of lubrication Grease Bearing fluids A general hydraulic fluids
Density (@15/4°C) - 0.872 0.873
Kinematic @40°C - 150 37
Viscosity @100°C - 15.37 7.0
Viscosity index - 104 150
Flash point (Open type °C) - 276 175
Pour point (°C) - -12.5 —42
Thickener Li-Ca - -
Worked Penetration (@25°C) 265~295 - -
Dropping point (°C) 180 - -
Range of using temperature (°C) =21/+130 - -
o}, 283 B|ekR-&(Specific wear rate, WS)S U 3. 4y g nE

3 e Ao os) AEA.
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Fig. 3. The friction coefficient of carbon steel S45C
(air, V=0.1 m/s, NL=100 N).
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Fig. 4. The friction coefficient of carbon steel S45C
(lubrication, V=0.1 m/s, NL=100 N).
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Fig, 5. The friction coefficient of SM45C (air, V=0.2 m/s,
NL=100 N).
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Fig. 6. The friction coefficient of carbon steel SM45C
(lubrication(V=0.2 m/s, NL=100 N).
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Fig. 7. Friction coefficient vs. sliding distance (air,

SM45C, NL=110 N).
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Fig. 8. Friction coefficient vs sliding distance (lubrication,
SM45C, NL=110 N).
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Fig. 9. The friction coefficient of TiO, coating material
(Load = 300 N).
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Fig. 10. The friction coefficient of ALO; coating material
(load=300 N).
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Fig. 11. Friction coefficient under lubricative environ-
ments (TiO, coating material).
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Fig. 12. Friction coefficient under lubricative environ-
ments (AL O; coating material).
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Fig. 13. The friction coefficients of TiO, -coating
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Fig. 14. The friction coefficients of TiO. and ALO;
coating material (L : 300 N, V=0.2 m/sec).
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(a) Load = 300 N (b) Load = 400N

Fig. 17. SEM photograph of wear surface of TiO,
coating material under general hydraulic fluids
lubrication.
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Fig. 18. SEM photograph of wear surface of TiO,
coating material under bearing fluids lubrication.
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Fig. 19. SEM photograph of wear surface of ALO;
coating material under grease lubrication.
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Fig. 20. SEM photograph of wear surface of ALO;
coating material under bearing fluids lubrication.
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