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Wear Characteristics of Cr,O; and ZrQO, Coating
Materials by Plasma Spray
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Abstract — This paper reports the wear characteristics of two types of coating materials, which are Cr,O; and
Zr0O,, by coated plasma thermal spray method. The wear test was carried out under air, grease, and bearing fluid
conditions. The wear testing machine of a pin-on disk type were used to measure friction forces, friction coef-
ficients and the weight losses of the coating specimens on the various sliding velocity and loading condition. The
wear surface of specimens were observed by scanning electron microscope (SEM) photographs.
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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
Rotor (S45C) 0.464~0470 0.246~0251 0.770~0.774 0.0154~0.0162  0.00693~0.00835 0.02 0.13 0.01
Stator (SUJ 1) 0.95~1.10  0.15~0.35 0.5 0.025 025 025 1.30~1.60 025

(b) Mechanical properties.

Yield strength Stress Strain Poisson's Specific gravity ~ Young' modulu
(MPa) (MPa) (%) ratio (g/em®) (GPa)
Rotor (845C) 390 670 25 - - -
Stator (SUJ ii) - 1568~1960 - 0.3 7.77 0.8
Table 2. Blasting conditions. ‘
Material Powder compositionr size (um) Air pressure (kg/cm®) Distance (mm)
White alumina 15~53 5.5 50~100
Table 3. Plasma spraying conditions
Condition Type 9MP powder feed Unit Plasma gas (kg/cm’®) De bC Spray
Flow rate Feed rate distance
Powder (m*h) (g/min) Ar H, (A) (V) (inm)
Cr,0, 0.38 38 5.62 1.05 500 65~70 65
710, 0.38 38 5.62 1.05 500 65~70 75
Ni-4.5 wt%Al 038 68 5.62 1.05 500 65~70 100~175
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Table 4. Top coating powders used.
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Condition . .. L
Powder Typical composition Grain size (um) Trade name
Cr.O3 98%Cr,0; 2%TiO, —125+11 pm Metco 106
710 5 76%7Zr0, 24%MgO —90+11 um Metco 210NS-1
H - : T"’“H’:/fg Table 5. Experimental conditons -
—— In air In lubrication
O | i e Normal load (N)
(=] —--/@ 100, 200 300, 500
=
l = U Sliding speed (m/s) 0.1, 02
o %%/Z;:; ® Sliding times (hours) 2
o WA T— 0
= ] i Test temperature (°C) 25
CX [ ] rééj I
® o T o Environment Air, lubrication
- I \@
[ :
=__, 000 . . Co
o ) Table 6. Physical qualities of lubrication oils
Kinds of lubrication Grease Bea?mg
1. Pressure handle 2. Load cell 3. Coil spring fluids
4, Load cell 5. Torque arm 6. Torque arm holder N o
7. Pressure rod 8. Pressure ring 9. Thrust pearing DenSIty (@15/4 C) - 0.872
10. Stat 11. Rotor 12. Turning tabl o
13. BeltO;ulley 14. Motor 15. Stra;ngamzli?ier Kinematic @A0C - 150
16. A/D converter 17. Monitor 18. Computer ViSCOSity @IOOOC _ 15.37
Fig. 3. Block diagram of friction testing machine. Viscosity index i 104
Flash point (Open type °C) - 276
Al o= wlgEke] 2ol Qlollr] Ysl AA vl .
| oE g Aol gelr) f8l WA Al e _ s
FRAY EHZREE ¢F 1 um Ra &2 7133kt . _
Thickener Li-Ca -
2-2. A|EEH] Worked Penetration (@25°C) 265~295 -
£ Age AME AlE7]1= Fig. 39 YERA Pin on Dropping point (*C) 180 .
Used temperatures ("C) -21/+130 -
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Fig. 4. The friction force of Cr,0; and ZrQO, coating
specimens (V=0.1 m/s, in air, NL=200 N).
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Fig. 5. The friction force of Cr.Q; and ZrO:. coating
specimens (V=0.1 m/s, in air, NL=100 N).
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Fig. 6. The friction force of Cr,O; and ZrO: coating

specimens (V=0.1 m/s, in grease, NL=500 N).
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Fig. 7. The friction force of Cr,0; and ZrO, coating
specimens (V=0.2 m/s, in grease, NL=500 N).
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Fig. 8. Friction coefficient of Cr;0; and ZrO, coating
specimens (V=0.1 m/s, load=100 N, in air).
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Fig. 9. Friction coefficient vs. sliding distance (load
500 N, Velocity 0.2 m/s, Cr,0;).
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Fig. 10. Friction coefficient vs. sliding distance (load
500 N, Velocity 0.2 m/s, ZrO,).
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Fig. 11. Relation of weight loss and load (V=0.1 m/s,
in air).
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Fig. 12. Relation of weight loss and load (V=0.1 m/s, in
bearing fluid).
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Fig. 14. SEM micrograph of the worn surface (load=
100 N, V=0.2 m/s, in air).
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