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Corrosion Resistance of HVOF-sprayed Nano- and Micon-structured
WC-n Coatings against Molten Zinc

YANG Tao, WANG Hai-Bin, SONG Xiao-Yan, LIU Xue-Mei, HOU Chao, WANG Xue-Zheng

(College of Materials Science and Engineering, Key Laboratory of Advanced Functional Materials, Education Ministry of Chi-
na, Beijing University of Technology, Beijing 100124, China)

Abstract: WC-n (i.e. CogW,C, Co;W;C, etc) composite powder was synthesized by in situ reduction and carboniza-
tion reactions using tungsten oxide, cobalt oxide and carbon black as raw materials. Mean particle size of the
as-synthesized composite powder is about 155 nm. Thermal spraying powder with a high density and an excellent
flowability was prepared using WC-n composite powder by agglomeration and heat-treatment. Cemented carbide
coatings were then fabricated by high velocity oxy-fuel (HVOF) spraying technique using nanostructured and com-
mercially available low-carbon WC-12Co thermal spraying powders as feedstock. The results show that equiaxed W,C
particles form at certain amount in the nanostructured coating while cracks propagate mainly along grain boundaries
and phase interfaces. However, the micron-structured coating still contains W besides W,C, which mainly distribute in
outer surface of WC grains. The micron-structured coating has stronger tendency to get transgranular fracture. As a

result, the cracks go forward along a relatively straight path. Due to higher density, finer grain size and much larger in-
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terface area, the nanostructured coating has simultaneously higher hardness and fracture toughness as compared to the

micron-structured coating. After immersion into molten zinc for 200 h, the micron-structured coating suffers from

more serious cracking along the directions perpendicular and parallel to the interface between coating and substrate,

which causes the large-scale exfoliation of coating material and the corrosion of substrate. In contrast, zinc diffusion is

not observed in the nanostructured coating and only a few cracks perpendicular to the coating/substrate interface are

locally produced. Moreover, the inner surfaces of the crack are covered with tungsten and cobalt oxides, which inhibit

corrosion of the nanostructured coating in molten zinc. Therefore, the nanostructured coating has a promising corro-

sion resistance against molten zinc.

Key words: WC-n composite powder; nanostructured coating; toughness; crack propagation path; corrosion re-

sistance to molten zinc
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Tablel Spraying parameters of both coatings
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Fig. 1 Morphology (a) and particle size distribution (b) of the in situ synthesized WC-n composite powder
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Fig. 2 XRD patterns of nano- and micron-structured WC-12Co
thermal spray powders with low amount of carbon
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Fig. 3 Morphologies of nanostructured low-carbon WC-12Co
thermal spray powder with prepared under optimized granula-
tion process and commercially available micron-structured
counterpart

(a) Nanostructured feedstock powder; (b) Cross-sectional microstruc-
ture of a single nanostructured spray particle with WC phase marked in
white, n phase marked in green and pores marked in black; (c) Mi-
cron-structured feedstock powder; (d) Cross-sectional microstructure
of a single micron-structured spray particle
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Fig. 4 XRD patterns of HVOF sprayed nanostructured and
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(a, b) Nanostructured coating; (c, d) Micron-structured coating
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Fig. 6 Hardness and fracture toughness of two kinds of coatings
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Fig. 7 Typical morphologies of indentations applied on both
coatings and its corresponding crack propagation paths

(a, b) Nanostructured coating; (c, d) Micron-structured coating
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Fig. 8 Microstructures of the micron-structured cemented
carbide coating after immersion into molten zinc for 200 h and
EDS analyses at local areas of the coating

(a) Interlayer fracture of the coating and Fe and O distributions at a
local area of the crack, and (b) locally magnified image of (a)

45, WRMERIFR A A SRR, 264l
S35 T AT AH LA R A W AR . Tl I BT R
JEFRIM A X IRBEAT BERE AT (Z B 9%, )=
HRELIN R Zn (A7AE, RS HREATBIELRIZ
i Co KHAFANA AEMSA S, AT B IR L 7l 4%
WIETPAE BB Co AH, Co #ighiAH &L n #1554
GARAAAE AN GPOR G TRIZ BT AR5
FIERL(S W 9(b)). W HRLUHAT RES 7 HT K
W, gt 0 Sy B2, H IR AR
Zn(Z WK 9(d)), WIES LF C5d e misthi iy
H7e, RWISRURLOFAZ h TR RS & i ™
PR, T R] RE S H T A OK Gl R IR RORL A AR
K, AR ERERE E, RB A R EEROR, fEPAT
URIZIFEM FRam 5 ) T B R IR N Sy, [
¥R 2 5 R I R A VL RC B &7 € 1
LN ). AEIXEEN I EREAE R b, )2 R
ADEIRE, FFMIEE TR YR, BT IR
IR T RE s 2 Tk, ARGUm] B A ) 7 6
A T B 1) N BRIV o MU B AT iy
A, X0 PR AR P o O D o AR SRR R
BOAT LS BB 1) 4L, 3R WL R [R) 5 45 A T 3k
KMy 2 o0 5w, Hoh TR Ry vl 17 2z
il R PR 1 B TR o A T ROK S5 TR Z, AT AR
LRI WC-12Co Hi A il 46 ¥4 J= FLAT S (11 445
BEJE L e -

Cop. W w
Lol W

) 2060 3060 400 50 W) 7000 8O0 9040 10,00
E

W) 5,00 6
“nergy | keV

K9 4REiH WCx ERJZAEHEE 1R 200 h S ) SEM
Ji KSR DX Ak 4 e 1 23

Fig. 9 Microstructure of the nanostructured WC-n coating
after immersion into molten zinc for 200 h and EDS analysis at
local areas of the coating

(a) Typical microstructure; (b) Locally generated crack and oxygen
distribution in the center of the crack; (c) Elemental analysis of the
rectangular region in (a); (d) Elemental analysis of the region marked
with “+4 in (b)
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