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Thermal Shock Resistance and Adhesion Strength of Plasma-sprayed

Alumina Coating on Cast Iron

IRISAWA Tsuyoshi, MATSUMOTO Hiroshi

Abstract

A thermal cycling test has been conducted for alumina-coated cast iron as well as
alumina—coated steel for comparison. The samples were prepared by plasma-spraying
alumina on flake graphite cast iron and spheroidal graphite cast iron without an
undercoat and with an undercoat of nickel-based self-fluxing alloy or nickel-chromium
alloy. The thermal cycling test revealed that the coating on the flake graphite cast iron
has good thermal shock resistance and that the undercoating improves the thermal shock
resistance appreciably by preventing oxide film formation on the surface of the cast iron
substrates.
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Table 1 Chemical compositions of the substrate (mass%)

: FC-F FC-P FCD-F FCD-P

Fe Bal. Bal. Bal Bal.

C 3.22 3.15 359 3.63

Si 2.22 2.46 2.86 2.81

Mn 0.31 0.80 0.28 0.75

P 0.025 0.025 0.028 0.031

Mg - - 0.051 0.046

Cu - 0.054 - 0.479
FC:Flake graphite cast iron P:pearlite
FCD :Spheroidal graphite cast iron F:Ferrite
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Table 2 Chemical compositions and powder size of the materials for plasma-spraying

Chemical composition of the spray powder/mass% Particle size/ um
ALO, Al,0,-0.15%Na,0-0.02% Si0,-0.02%Fe,0; 44-10
NiSFA Ni-15.7%Cr-4.0%Si-2.6%Fe-3.5%B-1.0%C 83-10
Ni-Cr Ni-50%Cr 44-10
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Figure 1 Thermal cycling diagram

A R BRI EE20mm, JE S5mmO FHBIREAEA ORI 2 R & &, BE AR
AT o 721k, Fig2ioRd & 9 ISR IC F — OB 2 #2555 THA L THRRGIR ) BRI
ZHCTEEBREZ KD,



Bonded with an adhesive
/

Miled steel bar

Specimen

|

| ’ Alumina coating
|

|

P

\
Bonded with an adhesive

Figure 2 Schematic drawing of the tensile test specimen
for adhesion strength measurement
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Figure 3 SEM microstructures of the specimens with and without
undercoat before the thermal cycling test
FC-F: Ferritic flake graphite cast iron, FCD-F: Ferritic
spheroidal graphite cast iron, NiSFA: Ni-based self-fluxing alloy
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Figure 4 SEM microstructures of the interface between coating and
substrate for ferritic flake graphite and ferritic spheroidal
graphite cast iron after 40 thermal cycles
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Figure 5 Number of thermal cycles when peeling of the alumina coating was observed
FC: Flake graphite cast iron, FCD: Spheroidal graphite cast iron,
F: Ferritic matrix and P: Pearlitic matrix
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Figure 6 Adhesion strength of the coatings after the thermal cycling test for the
flake graphite cast iron substrate with plasma-sprayed alumina coating with
and without an the undercoat of Ni-based self-fluxing alloy
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