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Weldability and high-temperature aging behavior of

a nitrogen-containing 2205 duplex stainless steel
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Duplex stainless steels (with 45

ferrite - 55 austenite, vol%) with excellent
combinations of mechanical strength and stress
corrosion resistance have been increasingly
used for the marine construction, petrochemical
and power industries. These advantages of
application are associated with the duplex
structure which consists of approximately
equivalent amounts of ¢ and ¢ -ferrite
without other undesirable precipitates. In order
to investigate the microstructural evolution in a
nitrogen-bearing 2205 duplex stainless steel
during welding, a simulated weld thermal cycle
with 5 kJ/cm heat input followed by exposure at
700 C for different time intervals was
performed. Additionally, the effect of
isothermal treatment (at the temperatures
ranging between 650 and 975 °C) on the
microstructure of a 2205 duplex stainless steel
has been investigated. The microstructure of
high-temperature heat affected zone (HTHAZ)
developed with the thermal experience was
characterized via optical metallography and
transmission electron microscopy. The duplex
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structure with equivalent phase components
was drastically destroyed by the rapid thermal
cycle. In the simulated HTHAZ structure, three
different morphologies of newly formed
austenite were observed in the coarse-grained ¢
-ferrite matrix; i.e., allotriomorphic austenite,
Widmanstiten autenite and intragranularly
nucleated autenite. During the exposure at 700
C, the intragranularly nucleated austenite got
coarse and the Widmanstiten austenite grew
progressively. Transmission electron
microscopy revealed that several variants of
rod-like Cr;N were precipitated selectively at
intragranular and intergranular sites. From the
analyses of diffraction patterns of TEM,
Kurdjumov-Sachs orientation relationship was
found to describe the interface between
intragranularly nucleated autenite and § -ferrite,
while Pitch-Schrader orientation relationship to
describe the disposition between hexagonal
Cn;N precipitates and § -ferrite matrix. A series
of aging treatments at the temperature range of
650 ~ 975°C for different time intervals in a
solution-treated 2205 duplex stainless steel
were carried out. The corresponding
microstructure of aged specimens was observed
and the impact toughness was measured. The
results indicated that the impact toughness of
duplex stainless steel was sensitive to the
precipitation of ¢ phase even at the initial
stage of high temperature aging. Two kinds of
Cr-, Mo-enriched intermetallic phases, ¢ and
X, were found to precipitate preferentially at
6 /7 interface boundary and within ¢ -ferrite
grain after 5 min of aging at the temperature
range of 875 ~ 900°C. The volume fraction of
o phase was continuously increased with the
time of aging and ¢ phase developed into a
coarse particles due to the high diffusibility of
solute atoms at high temperatures.
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