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Abstract

The nanoocrystalline Ni-15W(at.%) coating electrodeposited on the high carbon steel was oxidized at 700
and 800°C in air, and the resultant oxidation properties were investigated using XRD, EPMA, TGA and TEM.
The oxidation resistance of the coating was not so good that most of the coating was oxidized after oxidation
at 800°C for 5 hrs. The oxidation led to the formation of the outer, thin NiO oxide scale and the inner,
porous, rather thick (NiWO,+NiO) mixed layer containing a bit of WO,. During oxidation, substrate elements
such as Fe and Cr diffused outwardly toward the coating, according to the concentration gradient.
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Table 1. Solution compositions and electrodeposition
conditions

Electroplating Solution Composition
Nickel sulfate(NiSO, * 6H,0) as Ni source 16 g/l
Sodium tungstate(Na,WO, * 2H,0) as

W source 32 ¢/l
Citric acid(H;C¢Hs0O; * H,0) as complexing 40 g/l
agent

Ammonia sulface((NH,),SO,) 100 g/l

Ammonia water(NH,OH)

Electroplating conditions

as pH adjuster

Current density 6.5 A/dm’
Temperature 70°C
pH 6.0
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Fig. 1. Ni-15%W coated steel substrate. (a) X-ray
diffraction pattern (b) EPMA cross sectional

image (c) EPMA line profiles.

Atk o] RS NitlollM e 2+ 949 v &
T} el #HEEo] Y8 FoE FFT F
J=dl, Fe, Cr, Mo, Sit= &4 1%°]%4 Nivjo| &
7% AMAZEE Fest Crol Nivjollx o] &4t
£%7F Mot Sig} Hlwste FdUjdez =3 Ao
2 FA% 4 o

2 28 £¥E Ni-wHEAHE -

(Thermogravimetric Analyzer)& °©]-83te ¢ o
7] FelA Ao ZHE 1000°C7HA] 4tstAlE o
of &% ol FA F¥ Fdolth 700°C7HA] = A<
FA W3t glon, 780°C o dH-ElE Ul4kslg ol
F243] Aol Ni-wWEH e 1& fAasige ¢
F3kA S & F AU

2% 32 Ni-W #PEA[He] w248k A Fs
g AbslEe] A2AFeUA], AGTPd digh

3L 2
ar s

2.0

| Ni-15%W

gy

15}

1.0

05

Weight Gain (mg/cm?)

0.0

300 400 500 600 700 800 900 1000
Temperature ('C)

Fig. 2. Weight gain vs. time curve of Ni-15%W coating
during heating in air with a heating rate of 5°C/

min.
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Fig. 4. Ni-15%W coated steel substrate after oxidation
at 800°C for 90 min. (a) X-ray diffraction pattern
(b) EPMA cross sectional image (c) EPMA line
profiles.
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Fig. 7. XRD patterns of Ni-15%W coated steel substrate

after oxidation at 800°C for 5 hrs. The patterns

were obtained by successively polishing off the
oxidized surface.
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