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Abstract The degree of WC decomposition and hardness of thermally sprayed WC-Co coatings are impor-

tant factors determining the wear resistance of the coatings. In order to minimize the degree of decomposition and

to increase hardness, the effects of processing parameters of high velocity oxyfuel (HVOF) spraying on various
characteristics of nanostructured WC-12Co coating have been evaluated by an experimental design method. The
HVOF sprayed WC-12Co coatings consisted of various carbide phases including WC, W,C and W,Co,C, with a
much reduced carbon content. The degree of WC decomposition and decarburization was affected by changing
barrel length and spray distance. The hardness of WC-Co coatings was strongly related to droplet temperature at
substrate, and increased with increasing fuel addition and/or decreasing spray distance. The effective control of

processing parameters was discussed in detail for manufacturing a high performance WC-Co coating.
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Table 1. Process parameters of HVOF spraying for WC-
Co coatings

Oxygen Kerosene Distance Barrel Feedrate

{scth) (gph) (mm) (mm)  {(g/min)
1 1700 5.1 323 160 20
2 1700 5.1 380 150 75
3 1700 6.0 323 150 75
4 1700 6.0 380 100 20
5 2000 5.1 323 100 75
6 2000 5.1 380 150 20
7 2000 6.0 323 150 20
8 2000 6.0 380 100 75
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Fig. 1. Morphology of (a) initial feedstock powders and (b) thermally sprayed powders, and cross-section microstructure of
(c) partially melted sprayed powder and (d) fully molten sprayed powder.
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Fig. 2. Cross-section SEM microstructure of HVOF sprayed
WC-12Co coating.
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Fig. 3. XRD pattern of (a) WC-12Co feedstock powder
and (b) HVOF sprayed coating.
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Table 2. Characteristics of WC-Co coatings

LA

Droplet temp. at Droplet temp. at Carbon content Non-WC/WC Hardness
nozzle exit (°C) substrate (°C) (wt. %) ratio (Hv)
1 1936 1681 2.63 2.75 1142
2 1957 1649 247 3.67 1077
3 1978 1873 248 3.97 1239
4 1958 1665 3.50 2.4 1151
5 1947 1755 2.80 2.55 1158
6 1968 1625 3.11 1.94 1067
7 2000 1856 2.31 4.78 1304
8 1975 1721 2.57 3.95 1105
Table 3. Effects of processing parameters on characteristics of WC-Co coatings
Level Oxygen Kerosene Distance Barrel Feedrate
lTow (1) 1957 1952 1965 1954 1965
Droplet temp. at  pjop (2) 1973 1978 1964 1976 1964
nozzle exit (°C)
A (2-1) 16 26 -1 22 -1
low (1) 1717 1678 1791 1706 1707
Droplet temp. at  pioh () 1739 1779 1665 1751 1750
substrate (°C)
A (2-1) 22 101 -126 45 43
low (1) 2.770 2753 2.555 2.875 2.888
Cafb(ont f;;“em high (2) 2.698 2715 2913 2.593 2.580
wt. %
A (2-D -0.072 -0.038 0.358 -0.282 -0.308
low (1) 1152 1111 1211 1139 1166
Hardness (Hv) high (2) 1158 1200 1100 1172 1145
A (2-1) 6 89 -110 33 21
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Fig. 4. Correlation between X-ray peak intensity ratio of
non-WC/WC and carbon content in HVOF sprayed WC-
Co coatings.
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Fig. 5. Correlation between hardness of HVOF sprayed
WC-Co coatings and droplet temperature at substrate.

o) =9 IHF AR ARIAE el Zlon

P 5% A49) g5t $34% 2RF) A}
HAAOE Fh siek ] 2R 3e) e

Y i WC BhshEe]
A wletelgie. 7lgo] =2
om, TYF Y4 A RRE7 ééﬁ‘%ol 27k,
o)z Qlsl] THZe) Ars Flab) ek 44

Zdell IAgle] FE F=ZolAM ~1000Hy o|5}e] A
3] 2 AR ZhE Rl o] EAjsiglon,

ol ¥ 200M HFo] TEE o] LFust v}
= X dFolet. F, v|3F okl 43 WC-Co
NH 2 HF Fol FHE ol &3}Eo] 32 o
o3& A (@H 29 49 Be} ), AR

Ho| wrsbE 1z od9-E x3ksl HH Al o

FHze) nl23 3 54 61

2 gk A% e vehiA fdh

Ha7kx] Bus ule) 2jsld WC-Co TS
TRZe] ﬁiﬂ} Aol =A ek
= A3AH 7] A o
of AAHe{A |, —“& °d TR B9kRe] 7]4%
=7t 2855 AEr )
=4 %7}3}1::4 wC EP%

Fkl =) nE lo

o 28 mx gulpe QiHoT FlRs ARS

e, ol 2939 48 ) Bl 8

Qo2 23] a% el e 2
e 5 eI, WL} $AE FAs

24 WC E}ﬂ?/] B m= ekl 71/\/\]71
G AR, wE o)) Zha de] LR 4
7122 HH7ke] AgH IWF| AR oA
7= ARE gt J8EE WC-Co ZHZ)
WrteAd el ads Hetedrs SArelE Fas)st
o] wigAsl How Algsid

-

4.4 B

1. YRegizk WC-Co 253
o &) AFH WC-Co FHZS tiekst Ao
—% 7k oﬂz;]_‘;_o] Bz o ]_0:1 ‘;]—ﬁ\_ %&??]_6;_ 1:!]

o 1
B
b
)
oo
k9

A ]
AEAE A, THES 2] HY2ds)
wsped ) %i% 23S 7o, Sl

WC o]2j8] w,Co} w3c03c o) dekat E}%i
o] 5017 gllct. B3] AHemr) e =S A

i b i W

%, we di}%ﬁﬂ ol 8 W] st

2. HlEB F EE 71H 5 A9 93 2
2043190 S} FA el o8 =ZA o é
orom FHEHow WC-Co IHZ2 nz3 3
7eg AR WC g3Ee] e 3 gehikg
> M2 HAHS RS e, wEAe) e} &
AAEZ 7l o2t @A) Foisledet. 2E 9]
A 7l B Ale) Ao w9l WAsl At
WS oA, dBe] of] SIS me 84
27t #ES F71kkie. WC-Co iEJ% AR
g WelRAE Sstd 87EE 2 e FHas)
H gehibgces WO EEE B SR E
7 A= Aol 7 Ep el

Py e

O

-

Vol. 16, No. 1, 2009



62 7}8) 4 .

HAle 2

2 A HPIEY 207] ZEEeld oAl
9 TheaA iRl Ao SaEg

rat

nl=]

i

[1] D. A. Stewart, P. H. Shipway and D. G. McCartney:
Surf. Coat. Tech., 105 (1998) 13.

[2] K. H. Baik, J. H. Kim and B. G. Seong: Mater. Sci.
Eng. A, 449-451 (2007) 846.

[3]1 J. H. Kim, H. S. Yang, K. H. Baik, B. G. Seong, C. H.
Lee and S. Y. Hwang, Curr. Appl. Phys., 6 (2006)
1002.

[4] Y. C. Zhu, C. X. Ding, K. Yukimura, T. D. Xiao and P.
R. Strutt: Ceram. Int., 27 (2001) 669.

Journal of Korean Powder Metallurgy Institute

L

[5] Y. Qiao, T. E. Fischer and A. Dent: Surf. Coat. Tech.
172 (2003) 24.
[6] H. J. Kim, C. H. Lee and S. Y. Hwang: Mater. Sci.
Eng. A, 391 (2005) 243.
[7]1 S.S.Kim, G H. Lee and K. H. Baik: J. Kor. Inst. Met.
& Mater., 43 (2005) 165 (Korean).
[8] D. A. Stewart, P. H. Shipway and D. G McCartney:
Acta Mater., 48 (2000) 1593.
[9] B. H. Kear, G. Skandan and R. K. Sadangi: Scripta
Mater., 44 (2001) 1703.
[10] P. H. Shipway, D. G. McCartney and T. Sudaprasert:
Wear., 259 (2005) 820.
[11] C. Verdon, A. Karimi and J. L. Martin: Mater. Sci.
Eng. A, 246 (1998) 11.
[12] N. Belavendram: Quality by Design, Prentice Hall,
UK (1995).
[13] K. H. Baik, P. S. Grant and B. Cantor: Acta Mater., 52
(2004) 199.



