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Durability of WC/Co Sprayed Coatings in Molten Pure Zinc

Tomoki ToMITA, Yasuyuki TAKATANI, Yoshihumi KoBAYASHI,
Yoshio HARADA and Hiroshi NAKAHIRA

Synopsis :

In order to develop protective contings for sink rolls used in a coatinuous hot-dip galvanizing, sprayed
cermet coatings were formed on a mild steel by High Velocity Flame Spraying system using two commer-
cially produced WC-12 mass% Co powders and their durability in molten pure zinc(703~783 K) have been
studied by SEM, XRD, EDX and hardness tester.

It was found that the durability of WC/Co sprayed coatings in molten pure zinc depended on the binding
phases, which varied according to a powder-preparation process. Namely, the binding phase in WC/Co
sprayed coatings made of powders prepared by a Spray-dried process (SD-coating) mainly consisted of
B-Co phase, but that prepared by a Sintered & Crushed process { SC-coating) mainly consisted of 7-phase
{CosW3C and CogWsC). In case of SD-coating, the binding phase, 8-Co, dissolved into molten pure zinc
so that the thickness has decreased in a short time. Though, in case of SC-coating, a Zn-rich and Co-poor
layer was build up under the surface and the hardness dropped to HV 500~1 000 just below the surface, no
changes of the thickness and microstructures have been observed for a long time.

The appearant activation energy for the growth of Zn-invaded layer in SC-coating was 170 kJ/mol, which
was nearly equal to that for dissolution of 8-Co. It was suggested that a small amount of #-Co was also
contained in SC-coating and such a excellent durability must have been obtained due to the different dis-
tribution manner of 8-Co.

Key words : durability; continuous hot-dip galvanizing; sprayed cermet coatings; sink roll; High Velocity
Flame Spraying; tungsten carbide ; cobalt; molten zinc.
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Table 1. Chemical compositions of thermal spray
materials (mass % ).

W Co C Fe Preparation

SD-powder 80.6 12.1 6.8 0.5 Spray-dried
SC-powder 83.9 11.2 4.2 0.7 | Sintered & Crushed

Table 2. Conditions of High Velocity Flame
Spraying (Jet Kote method®).

Oxygen gas pressure (MPa) 0.49~0.64
Fuel gas CyHy-C3Hg
Fuel gas pressure (MPa) 0.39~0.49
Powder carrier gas N,
Nozzle size (m 0.15
Spray distance (m) 0.15
1 50L
100 150

%,

N
$S400 Steel

QN \

X =~
75R WC/Co sprayed coating

Dimension of a specimen for immersion

Fig. 1.
test.
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(a) Powder prepared by Spray-dried process
(b) Powder prepared by Sintered & Crushed process

Scanning electoron micrographs of thermal spray materials.

Photo. 1.
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Fig. 2. Shematic illustration of the experimental

apparatus.
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{a) (d) Optical micrographs of SD-coating and SC-coating respectively (non-etched)
(b) (e) SEM of SD-coating and SC-coating respectively (non-etched)
(¢) (f) Optical micrographs of SD-coating and SC-coating respectively (etched by MURAKAMI's etchant)

Photo. 2. Microstructures of the cross sections of WC/Co sprayed coating before the immersion test.
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(a) SD-powder and SD-coating (b) SC-powder and SC-coating
Fig. 3. X-ray diffraction patterns of thermal
spray materials and WC/Co sprayed coatings
(CuKa, 40 kV, 40 mA).
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(a) (d) 24 h, SD-coating (b) (e) 48 h, SD-coating (c) (f) 96 h, SC-coating
Photo. 3. Appearance of the specimens after the immersion test in molten pure zinc (753 K) and
their cross sections. An arrow mark in (d) shows intermetallic compounds.
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Photo. 4. SEM of the cross section of a
SC-coating after the immersion test in
molten pure zine (753 K) for 96 h. Arrow
marks shows pores penetrated by molten
zine.
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Fig. 4. Micro vickers hardness profiles of
SC-coatings after the immersion test in molten
pure zinc (753 K).
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Fig. 5. X-ray line profiles (A—B in Photo. 4)
of a SC-coating after the immersion test in
molten pure zinc (753 K) for 96 h.
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Fig. 6. Parabolic plot of the thickness of zinc-
invaded layers in SC-coatings.
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Fig. 7. Arrehenius plot of parabolic rate con-
stants for the growth of zinc-invaded layers in
SC-coatings.
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