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Influence of Various Factors on the Precipitation Behavior of ¢ Phase

in Duplex Phase Stainless Steels

Yasuhiro MAEHARA, Nobukatsu FujiNO, Tatsuro KUNITAKE

Synopsis :

Influence of various factors on the precipitation behavior of ¢ phase in Fe-25Cr-7Ni-3Mo (4),

Fe-23Cr-6Ni (B) alloys have been studied.

Results obtained in this study are as follows ;

(1) In the time for the precipitation of ¢ phase, a longer time more than two order of magnitude
is necessary in the steel B than in the steel A. This should be attributed to the difference in chemical
compositions between two steels, especially in a phase, where most of ¢ phase is known to precipitate.

(2) o phase precipitation is found to be enhanced by hot work of thermal strain as well as cold

work.
observed in y grains as well as in « grains.

The enhancement effect of cold work is predominant, and the precipitations of ¢ phase are

(3) The precipitation of ¢ phase is found to be retarded by the prior heating history; (2) heating

at the temperature of a single phase or (b) remelting before ¢ phase precipitation.
These retardation effects can be ascribed to homogenization
The difference in case (a) and (b) can result from the

effect of pretreatment (b) is remarkble.
of each element by these heat treatment.
degree of their homogenities.
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Table 1. Chemical compositions of steels used (Wt%).
Steel Cc Si Mn P S Cu Ni Cr Mo w N Creg* Nigg**
A 0.02 0.48 0.94 0.02 0.009 0.49 6.64 25.4 2.96 0.32 0.11 29.6 10.5
B 0.03 0.44 0.38 0.02 0.006 e 6.25 22.5 —_ -— 0.018 23.2 7.8

* Creq=Cr+Mo-+1.58i
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Fig. 1. Procedure of deformation and heat treatment
(schematic). A salt bath furnace was used for aging
at T in the cases of (a), (b), (d) and (e).
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Fig. 2. TTT diagram for ¢ phase precipitation.
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Photo. 1. Microstructures after aging;
(a) Steel A, 1250°Cx 30 min+800°Cx 320 min,
(b) Steel B, 1250°C X 30 min—+700°C x 240 min.
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Fig. 3. Change in area fraction of ¢ phase with
isothermal aging at 800°C after various prior heating
history. In the case of heating at 1550°C, sample
was remelt at this temperature and furnace cooled to
1 400°C in order to complete solidification before water
quenching. -
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Fig. 4. Effect of prior heating history before aging
at 800°C on the precipitation of ¢ phase. Time for
the precipitation was obtained from the data in Fig. 3.
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Photo. 2. Microstructures of Steel A after heating for 30 min at various temperatures and

water quenching.
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Photo. 3. Microstructures of Steel A after aging at 800°C.
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Fig. 5. Effect of hot deformation on the precipitation
of ¢ phase ; open : without hot deformation, filled :
hot rolled to 509 reduction by 1 pass at 7.
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Photo. 4. Microstructure of Steel A after hot
deformation and aging; 1250°Cx 30 min+hot
rolled to 5092 reduction by 1 pass at 900°C+
900°C x 20 min.
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Fig. 6. Effect of cold work on the precipitation
of ¢ phase.
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Fig. 7. Effect of deformation before aging at 800°C
on the precipitation of ¢ phase.
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Photo. 5. Microstructures of Steel A after cold work and aging at 800°C; 1050°Cx 30 min
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Photo. 6. Scanning electron micrograph of the deep etched specimen, showing ¢ phase
precipitation; Steel A, 1050°Cx30min W. Q.+cold rolled to 80% reduction+800°Cx5
min. The photographs (a)~(d) in (2) are those of higher magnification at a~d in the

photograph (1), respectively.

Beam // (123)6,(11Q)T

Photo. 7. Example of transmission electron micro-
graph of Steel A, showing ¢ phase precipitation in
austenite; 1050°Cx30min W. Q.-+cold rolled to
8024 reduction+800°C x 20 min.
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Fig. 8. CCT diagram for ¢ phase precipitation; (a)
after heating at 1 050°C and (b) after remelting at
1 550°C, where time is countered after cooling curve
described in the figure crossed 1050°C,
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Photo. 8. Microstructures of Steel A after cooling at a rate of @ 4.35, ® 2.17 and
@ 0.97°C/min. Numbers correspond to specimen numbers in Fig. 8.
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BEIIHERDF —AF F+ 1 VR AT v U AR CORERS
HLBELL T390, s s fHA7 v LA
i3 o BT 2 R3E A7 &b a, ¥ BA
TIREROHERERE 2D = X 2R TH D & &
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FETHOTIREL . a/r HiEEx M LTO TRBEHH
fThh s 2 ERREHCRILS.

ZRIMTE X 0 o HOHEARES SRR, X%
TRHBBMLEFAFECELORS. LrLZ0BEE2,
A LLEAOMLFOBN), HH/EFRE Ex,
ELOLEBEOERTEEH/ NI TTHS. LaL,
Fig. 7 R L X 5, BEIMTE X 5 H R0
BRI e D R E WS EAVh Dt TR, BRI
D& LR, HED S CTEERI O LR o HD
X Ehs b EEL bRD.

1.2 o EITHEECHLIITREEORE

o D Pk, MBREY S T5Z LX) Bh
. atr O2HETIE, v OGEBRRCOREKET S
LEZ bR, TOEEI/NI WS, 2 HEmMEW T
o BT o L, KiBERS. LiadHE
CaBREYEE L0 Th 2HBRYELD D LER
REED b a BHIRICZE Db D LTI, BFHAAELR
7eh, BRREBYEEh Lic & R RE RIS ESH D
Z LAt (Fig. 3, 4).
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<, C, N ig OBV TR BHCBEH LB S, Cr,
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THE T b b0 L& L bh, all~OInEEHT
3 2 HRIC NS EBEMTH BRI Y I 7 v R
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& OMHLHREOBEYREC Fig. 4 % L0 Fig. 8 »
LHEST D &, L KE Ligw Fig. 8 oFH0HH
OB EZ N ED B, ZORR, —TCAK
B LT-EAE, BEABRI X AR A~O{EHEERIME <
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5. & &

Fe-25Cr-7Ni-3Mo (A) 35 X 08 Fe-23Cr-6Ni(B) o 2

BEOMAT v v AMERGT o FETHZEEIC S 1@
T4 ORTOEELRN, UTOBREEL.
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T bR IE R — T % DT o O
WA b BRALEEKLEDTHS., O LM

o HARB LI W Z ERRLTED, o XRHTHL
BT VAT VU ASOBESEICEEL, EECMR L
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