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Characterization of High Temperature Oxide Scales formed on
Ni-18%W Coatings
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Abstract The oxide scales formed on Ni-18W(at.%) coating that was electrodeposited on steel were investigated
using XRD, SEM and TEM. The oxide scales consisted mainly of an outer NiO layer, and an inner thick
(NiWO,+NiO) mixed layer. The unoxidized coating below the oxide scale was rich in Ni and depleted in W,
owing to the consumption of W and the resultant Ni enrichment. The oxidation resistance of Ni-18W coating
was poorer than that of the TiN coating, due to the formation of nonprotective NiWO,. During oxidation, Ni
and the substrate element of Fe diffused outward, while oxygen inward, according to the concentration

gradients.
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Table 1. Solution Compositions and Electrodeposition
Conditions.

Electroplating Solution Composition

Nickel sulfate(NiSO, + 6H,0) as Ni source 16 g/
Sodium tungstate(Na,WO, - 2H,0) as W 32 g/t
source
Citric acid(H;C¢HsO,-H,0) as complexing 40 g/l
agent
Ammonia sulfate((NH,),SO;) 100 g/l

Ammonia water(NH,OH) as pH adjuster

Electroplating conditions

Current density 6.5 A/dm®
Temperature 70°C
pH 6.0
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Fig. 1. XRD pattern of Ni-18%W coated steel substrate after
oxidation at 700°C for 10 hr.
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Fig. 2. (a) Weight gain vs. oxidation time curves of Ni-18%W
coated steel at 700 and 800°C in air. (b) Arrehnius plot of log
k, values of Ni-18%W, Ti3Crs;sNz4, TIN and CrN coatings.
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Fig. 3. SEM/EDS results of Ni-18%W coated steel substrate after oxidation at 700°C. (a) image; 10 hr's oxidation, (b) mappings;
10 br's oxidation, (c) image; 56 hr's oxidation, (d) mappings; 56 hr's oxidation.
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Fig. 4. TEM analytical results of Ni-18%W coated steel
substrate after oxidation 700°C for 3 hr. (a) image; (b)
concentration profiles of Ni, W, Fe, and oxygen; (c) image of
outer NiO grains.
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Fig. 6. TEM analytical results of Ni-18%W coated steel
substrate after oxidation 700°C for 3 hr. (a) image of unoxidized
coating; (b) EDS spectrum of spot X; (c) SAD pattern of spot X.
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