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ABSTRACT

The microstructure and crystallography of cast 22wt%Cr-0.037wt%C duplex
stainless steel have been studied by light microscopy (LM), scanning electron
microscopy (SEM), electron probe microanalysis (EPMA), conventional transmission
electron microscopy (CTEM) and field emission guntransmission electron microscopy
(FEGTEM) with the electron energy loss spectroscopy (EELS). Precipitation
behaviourin anisothermal and isothermal heat-treated steel was investigated.

The steel was produced by induction melting and refined before pouring by
Argon-Oxygen-Decarburisation (AOD). The samples for this study were taken from a
cast keel block measuring 300 x 150 x 40 mm. The specimens were prepared in a

square centimetre in cross section. They were then solution heat-treated at 1175 °C for
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1 hr. LM revealed that the as-cast duplex structure containedprimary austenite (y1),
delta ferrite (&) and secondary phases in & areas. On the other hand, solution heat-
treated steel consisted of only y; and &, which were presented in approximately equal
area fractions.

For anisothermally heat-treated steel, the samplewas heated from room
temperature to 1175 °C for 1 hr. After that, it was cooled down in the furnace, which
was shut down and left overnight after heat treatment.LM showed that the furnace
cooling resulted in a duplex microstructure ofy;anddbut witha secondary phase, which
had a negative effect on corrosion resistance, at the y1/3 interphase boundaries.SEM
and TEM investigations of the secondary phase revealedthat its size was about 200-
500 nm and faulting contrast was observed in TEM images. SEM-EDS showssome
carbon content in this phase, but characterisation of this phase by SADP was
ambiguous.A method for quantitative analysis using EELS in the TEM was therefore
applied. This method utilises a standard-based k-factor approach, and together with
the results from spot TEM-EDS, the composition of this complexsecondary phase has
been estimated to be (Cris; Fezss Mo012s Nigi7 Sioss)C, which is close to MgC
stoichiometry.

In the case of isothermally heat-treated steel,the samples were solution-treated
at 1175 °C for 1 hr in a box furnace followed by water quenching. Isothermal heat
treatment was carried out at 500, 600, 700, 800, 900 and 1000 °C for the holding
times of 8, 16 and 32 hrs, and for 2, 4, 6, 8, 16 and 32 hrs for 800 °C, followed by
water quenching.SEM and CTEM revealed that four secondary phases including
chi(y), sigma (o), secondary austenite (y,) and My3Cs were found after isothermal

transformation within the temperature range 500-900 °C. These phases and the
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surrounding matrices are easily distinguishable by the contrast levels in back-scattered
electron images in scanning electron microscopy in the brightness order of
X >G>y 0ry;>0> MyCes. However, TEM-SADP alone cannot identify these
phases and CBED is favourable for phase identification in DSS. The morphology of
these phases incast and wrought steels is different. Although, almost all secondary
phases are the same as those from both steels, but Cr,Ncould not be found in the cast
steel. Furthermore, these phases result in a deterioration in corrosion
resistance. Transformation sequences at different transformation temperatures can be
suggested as:
700°C
At &/y; interphase boundaries :5,—9; + carbide

d2 — (y2 + ) aggregates
Inner-6 :0;—02 + globular y

32— (y2 + o) aggregates
800°C
At d/y, interphase boundaries :5,—d; + carbide

d2— (y2 + ) aggregates

Inner-5 :01—>y + eutectoid (y, + o)
X —C

900°C

Inner-5 :01—> + eutectoid (y, + o)

X —O
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A tentative TTT-diagram of this steel is different from that of wrought DSS reported
previously. ywas found at higher temperature at least up to 900 °C and formed
at a very much shorter transformation time. This is practically important because
toughness is severely decreased by the presence of y or o phases. Moreover, the

temperature range over which the carbide was found in this study is below 900 °C, not

as high as up to 1050°C as in the case of wrought DSS.
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