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Abstract

High velocity oxygen fuel(HVOF) thermal spray coating of WC-Co powder is one of the most promising
candidate for the replacement of the tradmonal hard chrome plating and ceramics coating because of the
environmental problem of the very toxic Cr® known as carcinogen and the brittleness of ceramics coating.
WC-Co micron and nano powder were coated by HVOF thermal spraying method for the study of durability
improvement of the high speed spindle. Coatings were planned by Taguchi program for the four spray param-
eters of spray distance, flow rates of hydrogen, oxygen and powder feed rate. Optimal coating process was
obtained by the studies of coating properties such as porosity, surface roughness, micro hardness, and micro-
structure. WC-Co micron and nano powder were coated on the Inconel 718 substrate by the optimal coating
process obtained in this study. The wear behaviors were studied by the sliding wear tester at room temperature
and at an elevated temperature of 500°C for the application to high speed spindle. Sliding wear test was
carried out for four most promising hard coatings of chrome coating, ceramics coatings such as Al,Os;, Cr,0,
and HVOF Co-alloy T800 for the comparison of their wear behaviors. HVOF WC-Co coating was better
than other coatings showing highest micro hardness of 1400 Hv and comparable friction coefficients with
others. HVOF WC-Co coating is a strong candidate for the replacement of the traditional hard chrome plating
for the high speed spindle.
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Table 1. Spray condition of WC-Co conventional powder
and WC-Co nano powder

Spray condition
Test No. | O, flow | H, flow S Feed
(FMR) (FMR) (inch) (g/min)
1 30 53 6 25
2 30 57 7 30
3 30 61 8 35
4 34 53 7 35
5 34 57 8 25
6 34 61 6 30
7 38 53 8 30
8 38 57 6 35
9 38 61 7 25
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Fig. 1. SEM micrographs of the conventional powder. Fig. 3. SEM micrographs showing of the nanocomposite
(a) SEM image of the powder grains, (b) SEM powder. (a) SEM image of the powder grains,
high resolution image of the powder. (b) SEM high resolution image of the powder.
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Fig. 2. XRD analysis of conventional feedstock powder. Fig. 4. XRD analysis of nano feedstock powder.
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Fig. 5. SEM images of cross-sections of (a) conventional,
(b) nanocomposite coatings.

Fig. 6. SEM images of cross-sections of (a) conventional,
(b) nanocomposite coatings.
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Fig. 8. XRD results of nano powder coatings.
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Fig. 9. Variation of hardness of conventional powder coating with spraying parameters.
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Fig. 10. Variation of hardness of nano powder coating with spraying parameters.
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Fig. 14. Variation of friction coefficient of conventional powder coating with spraying parameters at 500°C.
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Fig. 15. Variation of friction coefficient of nano powder coating with spraying parameters at room temperature.
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Fig. 16. Variation of friction coefficient of nano powder coating with spraying parameters at 500°C.
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Fig. 18. Friction coefficients of nano WC-Co powder
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coating at room temperature and 500°C.
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