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Morphology of oxides in Ni-Cr alloy deposits by thermal spraying

in air and its change on heating

MURAKAMI Kenji, IRISAWA Tsuyoshi

Abstract

A nickel-chromium alloy powder containing 19.0mass% chromium was plasma sprayed
and flame sprayed in air onto a mirror polished nickel substrate to collect individual splat
and a grit blasted steel substrate to obtain deposits. Chromium oxide was hardly detected
by electron probe microanalysis at the splashed splat/cold nickel substrate interface and
was often present at the disc shaped splat/hot nickel substrate interface. The deposits
were composed of alternate lamellae of alloy and chromium oxide. The alloy/oxide
interface in the as sprayed deposits was smooth. On heat treating the deposits at 1073K,
the interface becomes wavy, and at higher temperatures the oxide layer granulated. A
mechanism is proposed for this granulation, which takes into account the balance of the
interfacial tensions at the triple point at which a grain boundary in the oxide layer or the
metal layer meets the alloy/oxide interface.

Keywords : Thermal spraying in air; Nickel-chromium alloy; Chromium oxide; Splat
shape; Oxide layer granulated
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Figl Schematic diagram of a tensile specimen.
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Fig.2 BSE image of a splat collected on a mirror
polished nickel substrate at 393K.
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Fig.3 BSE image of a splashed finger of a splat on a
mirror polished nickel substrate at 393K.
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Fig4 Optical microscope of splats collected on a mirror polished
nickel substrate at 473K. (a)Splat having no substrate at its
center and (b)splat with small plates indicated by arrows.
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Figb BSE image of two splats collected on a mirror polished nickel substrate at 773K.

resin splat substrate

Fig.6 EPMA line analysis across splat/mirror polished nickel substrate
interface. The substrate temperature is 773K.
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Fig.7 SEM micrographs of the cross sections of flame sprayed
deposits on a steel bar substrate. (a)as-sprayed, (b)heat
treated at 1273K for 3.6ks, (c)heat treated at 1473K for 3.6ks
and (d)heat treated at 1473K for 86.4ks.
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Fig.8 SEM micrographs of the cross sections of plasma sprayed
deposits on a steel bar substrate. (a)as-sprayed, (b)heat
treated at 1273K for 3.6ks, (c)heat treated at 1473K for 3.6ks
and (d)heat treated at 1473K for 86.4ks.
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Fig9 Composition of the spray powder and compositions of the alloy region and the
oxide region in the as-sprayed deposits on steel bar deposits.
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Fig10 Free surfaces of (a)flame sprayed deposits
and (b)plasma sprayed deposit on steel bar
substrate.
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Fig.ll SEM micrograph of the fracture surface of the as-flame sprayed deposits and
its characteristic X-ray images. (a) SEM micrograph, (b)nickel, (¢)chromium
and (d)oxygen.

Figl2 BSE images of the fracture surface of a plasma sprayed deposit that was heat
treated at 1473K for 3.6ks.
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Fig. 13 Values of fracture load divided by cross sectional area of notched deposits.
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Fig.14 Schematic drawing of the proposed model for granulation of oxide layer.
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