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ABSTRACT

The microstructure and crystallography of carbides in 30wt%Cr-2.3wt%C
cast irons with up to 3.7wt%V additions have been studied by optical microscopy
(OM), scanning electron microscopy (SEM) and transmission electron microscopy
(TEM). An as-cast 30wt%Cr-2.3.wt%C cast iron was destabilised in the temperature
range of 900-1100°C for 2-8 hours, followed by air cooling to room temperature. It
was found that, after destabilisation, M,3Cs secondary carbides were precipitated
within the prior austenite dendritic matrix and that duplex core-shell structures were
formed in the eutectic carbides. Higher destabilisation temperatures resulted in fewer
numbers of coarser secondary carbides, but with comparable volume fractions to
those produced at lower destabilisation temperature. The volume fraction of M»3;Cs
within the duplex structure was also increased with increasing destabilisation
temperature and time. The results from hardness measurement revealed that the

overall macrohardness of the iron was increased with increasing the destabilisation
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temperature up to about 770 HV at 1,025°C, with the microhardness of the dendritic
regions also reaching a maximum value of 800 HV at 1,025°C. The Mx3Cs secondary
carbide possessed the Kurdjumov-Sachs orientation relationship with the martensite
matrix suggesting a possible cube-cube orientation relationship between the M,3Cs
carbide and the prior austenite matrix with <110>M,3C¢ // <110>y growth direction.
The results from electron energy loss spectroscopy (EELS) and electron probe
microanalysis (EPMA) suggest that the stoichiometry of eutectic carbides in the as-
cast condition and of the secondary carbides is close to M;C3; and M23Cs, respectively.
Likewise, the core and outer-shell regions of the duplex eutectic carbides formed
during destabilisation are close to M;C3 and M3Cg, respectively.

The reasons for addition of vanadium are to investigate the refining effect of
V on the eutectic carbide and to study the influence of V on the precipitation of
secondary carbides. It was found that vanadium additions to the 30wt%Cr-2.3wt%C
cast irons produced ferritic matrix structures. Increasing the V content gave finer
eutectic carbide structures, and also increased their volume fraction. Additions of up
to 4wt%V gave no improvement on the hardness and no precipitation of secondary
carbide in as-cast microstructures. The results from EELS and EPMA suggest that the
stoichiometry of eutectic carbides in irons with vanadium addition is also close to
M-Cs as in the vanadium-free irons.

An unusual microstructure was observed in an as-cast 30wt%Cr-2.3wt%C
iron. It was unusual in that the microstructure varied significantly with positions in
the bottom filled cast bar. In the upper part of the cast bar where the cooling rate was
faster, the matrix was essentially austenite with some patches of ferrite-plus-

precipitated carbides as dendritic regions. In the central and the lower parts of the
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cast bar where cooling rates were slower, there was less austenite with greater amount
of ferritic zones. The microstructure of core regions at the centre of the dendritic
ferrite-plus-precipitated carbides zones contained interconnected carbides that are
believed to be the product of a peritectic reaction. TEM examination confirmed that
these peritectic carbides were M;Cs type. Bainite and martensite were also observed
in the transition zones close to the ferrite-plus-precipitated carbides zones. These were
believed to result from solid-state decomposition of the dendritic austenite in the later
stage of cooling. A mechanism for the formation of this unusual microstructure has

been proposed.
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