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Wear Characteristics of Ceramic Coating
Materials by Plasma Spray under The

Lubricative Environment

Chang-Ho Kim

Department of Mechanical-Energy Engineering
Graduate School of Industry

Cheju National University

Supervised by professor Gui-Shik Kim

SUMMARY

This paper is to investigate the wear behaviors of two types of
ceramics, AlbOs and TiO2, 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 characteristics,
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 the sliding velocity is 0.2m/sec. After the
wear experiments, the wear surfaces of the each test specimen were
observed by a scanning electronic microscope. The obtained results

are as follows. : 1. The friction coefficients of TiO: coating materials



are 0.11 ~ 0.16 range and those of AlOs; are 024 ~ 0.39. The
friction coefficient of two coating materials is relative to the
hardness of these materials. 2. The friction coefficient of TiO-
coating materials in three lubricative environments is almost same to
each other in spite of changing of applied loads. 3. The friction
coefficient of AlxOs coating materials is more large in low load than
high load. And the friction coefficient in grease is more large than a
general hydraulic and bearing fluids had almost  same friction
coefficient. 4. The specific wear rate in TiO: is greatly increasing
according to change the applied loads, but that in AlxOs is slightly.
And the wear in grease is the least among three lubricating
environments. 5. On the wear mechanism by SEM image
observation, the wear of AlOs; is adhesive wear and TiO: is

abrasive wear.
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Fig. 1 Shapes and dimension of specimens. (unit : mm)



Table 1 The chemical composition and mechanical properties of test

specimens.

(a) Chemical composition. (wt %)

C Si Mn P S Ni Cr Cu
Rotor |0.464]0.246 | 0.770 | 0.0154 |0.00693
- - - = - 0.02] 0.13 {0.01
(545C) | 0.470 | 0.251 | 0.774 | 0.0162 |0.00835
Stator | 0.95 | 0.15 1.30
- - 0.5 0.25 - 0.25| ~ [0.25
(SUJ 1D} 1.10 | 0.35 1.60
(b) Mechanical properties.
Yield ) ] Specific | Young'
. h Stress Strain |Poisson's " dul
stre ravi modulus
L ar | @ | oratio | T
(MPa) g/cnt GPa
Rotor
390 670 25 F R -
(S45C)
Stator -
- 1568 ~ 1960 - 0.3 7.77 208
(SUJ )
Table 2 Blasting conditions.
Material Powder size Air pressure Distance
composition (zm) (kg/ct) (mm)
White alumina 15 7 53 5.5 50 ~ 100




Table 3 Plasma spraying conditions.

o Type 9MP powder |Plasma gas
condition feed Unit (5si) S
S ra
eed Uni psi DC DC .p y
Flow Feed distance
(A) )
Pord rate rate Ar | H (mm)
owder
(ft*/h) | (g/min)
Ti0, 13.5 53 80 15 | 500 |65~ 70|75~ 100
Al505 13.5 50 50 50 | 500 | 74780517102
Ni-4.5wt%Al 13.5 68 80 15 | 500 |65~ 70(100~ 175

Table 4 Chemical compositions of

TiOs and AlO3 ceramic powder(wt%).

composition| Fe:O3 AlOs Si10, MgO CaO
TiOs
Bal 0.4 0.2 0.12 0.05 0.03
composition| FexOs TiO: Si0, - -
AlO3
Bal 1.0 2.5 2.0 - -




Table 5 Powder composition and physical properties.

Condition
Typical Typical size range| Melting
composition (ym) point
Powder
Titanium dioxide
Ti0. 8 7 883 1920C
99% minimum
Aluminum dioxide -45 + 11 .
Al20s .. 2010TC
99% minimum (-325mesh + 11um)
Aluminum 4.5%
Ni—4.5wt%Al 45 7 90 660°C

Nickel balance
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ol & lo
S

1. Pressure handle 2. Load cell 3. Coil spring

4. Load cell 5. Torque arm 6. Torque arm holder
7. Pressure rod 8. Pressure ring 9. Thrust bearing
10. Stator 11. Rotor 12. Turning table

13. Belt pulley 14. Motor 15. Strain amplifier
16. A/D converter 17. Monitor 18. Computer

Fig. 2 Block diagram of wear testing machine.
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Table 6 Experimental conditions.

Normal load (N) 200, 300, 400, 500
Sliding speed (M%) 0.2
Sliding times (hours) 2
Test temperature(C) 25
Environment In lubrication
Table 7 Physical qualities of lubrication.
) A general
. o Bearing .
Kinds of lubrication Grease ] hydraulic
fluids .
fluids
Density (@15/4C) - 0.872 0.873
Kinematic | @40C = 150 37
Viscosity @100C - 15.37 7.0
Viscosity index - 104 150
Flash point
. - 276 175
(Open type C)
Pour point (TC) - -125 -42
Thickener Li-Ca - -
Worked Penetration
. 265~295 - -
(@257C)
Dropping point (TC) 180 - -
R f usi
ange of using 91/+130 - -

temperature (C)

_13_




Table 8 Microhardness of specimens (Hv).

Substrate

. TiO- AlOs
Bond coating . )
S45C SujJ I coating | coating
260 788 261 768 1136

Fig. 3 Calibration of friction force.
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Fig. 4 The friction coefficient, friction force and load of TiO2 coating
material under grease lubrication.

(Fc : friction coefficient, Ff : friction force, L : load)
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Fig. 5 The friction coefficient, friction force and load of TiO: coating
material under a general hydraulic fluids lubrication.

(Fc : friction coefficient, Ff : friction force, L : load)
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Fig. 6 The friction coefficient, friction force and load of TiO: coating
material under bearing fluids lubrication.

(Fc : friction coefficient, Ff : friction force, L : load)
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Fig. 7 The friction coefficient, friction force and load of Al:O3 coating
material under grease lubrication.

(Fc : friction coefficient, Ff : friction force, L : load)
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Fig. 8 The friction coefficient, friction force and load of Al:O3 coating
material under a general hydraulic fluids lubrication.

(Fc : friction coefficient, Ff : friction force, L : load)
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Fig. 9 The friction coefficient, friction force and load of Al:O3 coating

material under bearing fluids lubrication.

(Fc : friction coefficient, Ff : friction force, L : load)
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Fig. 10 Relationship of friction coefficient and applied load
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Fig. 11 Relationship of friction coefficient and applied load

under lubricative environments. (AloOs coating material)
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Fig. 17 Coated surface before a wear test of Al:O3; coating material
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(a) Load = 300 N

(b) Load = 400 N

Fig. 18 SEM photograph of wear surface of TiO: coating material under

grease lubrication.
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(a) Load = 300 N

(b) Load = 400 N

Fig. 19 SEM photograph of wear surface of TiO: coating material under a

general hydraulic fluids lubrication.
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(a) Load = 300 N
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(b) Load = 400 N

Fig. 20 SEM photograph of wear surface of TiO: coating material under

bearing fluids lubrication.

_45_



(b) Load = 400 N

Fig. 21 SEM photograph of wear surface of Al:Os coating material under

grease lubrication.
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(a) Load = 300 N

(b) Load = 400 N

Fig. 22 SEM photograph of wear surface of Al:Os coating material under a

general hydraulic fluids lubrication.
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(a) Load = 300 N

(b) Load = 400 N

Fig. 23 SEM photograph of wear surface of Al:Os coating material under

bearing fluids lubrication.
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