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Microstructure and Anti—wear Properties of Plasma Sprayed

Alumina-carbon Fiber Coatings
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(1. School of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan
030024 ; 2. Division of Surface Engineering, Ningbo Institute of Materials Technology and Engineering, Chi-
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Abstract; Short carbon—fibers were prepared by ball milling method and were subsequently mixed with alumi-
na powders. The composite powders (4% carbon fiber) were plasma sprayed to form coatings. Microstructure
and properties of the composite coatings were examined by field emission SEM, Raman spectroscopy, XRD,
tensile adhesive test and wear test. Results show that carbon fibers remain almost intact after spraying, revea-
ling their even distribution in the coatings. The presence of the carbon fibers at the interfaces between alumina
splats result in enhanced adhesion by 38%. The coatings with addition of 4% carbon fibers show that the anti
—wear performances significantly increases by 64 % and the wear coefficient decreases by 50%. The improved
anti—wear behavior is presumably attributed to the lubrication characteristics of carbon fiber and enhanced alu-

mina splats’ interfaces. This study gives clear insight into anti—wear applications of the coatings.
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Table 1 Plasma spray parameters

Parameters Values
Voltage 50 V
Current 600 A
Main gas(Ar) 42 L./min
Secondary gas(H,) 12 L/min
Powder carrier gas(Ar) 4 LL/min
The rate of powder delivery 20 g/min
Spray distance 10 cm
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(a) Alumina coating (b) Alumina—4% CF coating (c¢) Fractured cross—section of alumina—4% CF coating showing

clearly presence of carbon fiber (d) EDS results of (¢)
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Fig. 1 Cross—sectional morphologies and EDS results of the coatings
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a-Alumina coating
yb-Alumina-4% CF coating
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Fig. 2 XRD patterns of the alumina coating and alumina—

4 % carbon fiber composite coating
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Table 2 Microhardness and adhesive strength of the coat-

ings

Coating Hardness/HV, ; Adhesive strength/MPa

Al Oy 796 £ 75 7.1

AlLO,-4% CF 800480 9.8
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Fig. 3 Fractured surface of the coating samples after the

tensile test
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Table 3 Surface roughness, friction coefficient and volume

loss of the coatings

Friction Wear volume/
Coatings ] Ra/pm
coefficient mm®
Al, O, 0.597 0.166 1.6+0.2
Al O;-4%CF  0.297 0. 054 1.8+0.4
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Fig. 4 Dynamic friction coefficient curves of the pure alu-

mina and alumina—4 % CF coatings
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(a) Al;O;coating (b) Al, O;—4 % CF coating(c) Element analysis of the selected area in (b) (d) Carbon fiber partici-

pated in the wear track
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Fig. 5 Worn surface morphologies of the coatings after the wear test and EDS results
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Fig. 6 Raman spectra of the worn of the coatings
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Table 4 Position of the peaks D and G in the Raman spec-
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tra and the intensity ratio of peak D to peak G of the car-

bon fiber located on the worn surface

Peak D/ Peak G/

. . Ipn/Ig

cm cm
Unworn surface 1 310 1 580 0.829
Worn surface 1327 1590 0. 834
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