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Superplasticity of d-ferrite/austenite Duplex Stainless Steels
Yasuhiro MAEHARA
Synopsis :

Superplastic behavior of d—ferrite/austenite duplex stainless steels has been studied by means of isothermal
hot tensile test at temperatures (7°) from 700 to 1 100°C at initial strain rates (¢) from 10~ to 10-%s~* with
particular emphasis on microstructural aspect prior to and during deformation. Large elongations are
observed in the wide renges of T and é. 'The maximum value, above 2 5009, is obtained under the condition
that ¢ phase precipitation occurs. The elongation depends on the precipitation rate of ¢ phase especially
in the lower temperature deformation as well as on the prior microstructure. The most suitable prior
microstructure can be obtained by refining d-ferrite matrix as well as fine dispersion of y particles. In
the deformation of the specimens with such optimum conditions, even if é>10-1s~2, large elongations above
200 % can be observed at T=21 000°C. During superplastic flow, the microstructure largely changes, i.e,
at above 1 000°C y phase is separated and refined into spheroidized particles within the d-ferrite matrix
and at below 1 000°C /o mixed structure is formed by the eutectoid decomposition from -ferrite, resulting
finally in the stable equiaxied micro-duplex structures with 8y and 7/, respectively. Such microstructural

changes can play an important role for the superplastic behavior in addition to the effect of m-value.
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Table 1. Chemical composition of the steels used. (wt %)

Steel C Si Mn P S Ni Cr Mo Cu w Ti N
A 0.017 0,48 0. 85 0.025 0. 001 6. 82 24,66 2.79 0. 46 0.28 — 0.143
B 0.015 0. 40 1.57 0,022 0. 001 5. 50 21.90 2.77 0.06 — — 0.138
C 0.035 0. 44 0.38 0.029 0. 006 6. 25 22.46 - — — 0,30 0.018
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Photo. 1. Profile of a fractured spec-
imen pulled superplastically at 900°C
at an initial strain rate of 4x10-3s-1,

1 | ! !
800 900 1000 100
DEFORMATION TEMPERATURE, °C

-O- 1050°C X 50min W.Q., -A- 1250°C%X30min W.Q.
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-@- 1050°Cx30min W.Q.+50% cold-rolled
-A- 1250°CX30min W.Q.+50% cold-rolled
-@- 1350°C X 30min W.Q.+50% cold-rolled
-[J- 1350°C % 30min A.C.
Fig. 1. Effect of deformation temperature on

the total elongation of Steel A.
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Fig. 2. Effect of deformation temperature on the
total elongation of Steel B.
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Fig. 3. Effects of deformation temperature and
initial-strain rate on the total elongation of Steels
A and B. Numbers in the figure show the total
elongation in 9%,.
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Fig. 4. Comparison of the total elongation be-

tween Steels A and C. Solution-treated at 1350

°C for 30 min, quenched into water and isother-

mally deformed at an initial strain rate of 2X
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Fig. 5. Variations of the total elongation and

peak stress with initial strain rate. Steels and

deformation temperature are indicated in the

figure. The prior treatments are; Steel A:

1250°C X 30 min W.Q. + 509, cold-rolled, Steel

B: 1300°C X% 30 min W.Q.+509, cold-rolled.
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Photo. 2. Prior microstructures of Steel A. Reheated to deformation temperature of 950°C
for 10 min after (a) 1050°C X 30 min W.Q., (b) 1250°CXx30min W.Q., (c) 1350°C X 30 min
W.Q., and (d) 1350°Cx30min A.C. Arrows in (c) and (d) show the grain boundary aus-
tenite formed during cooling from the solution temperature and fine austenite particles formed
during reheating to the deformation temperature, respectively.
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Photo. 3. Prior microstructures of Steel A. Solution-treated at (a) 1050°C, (b) 1250°C and
(¢) 1350°C, quenched into water, cold-rolled to 509 reduction and reheated to 950°C for 10

min.
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Fig. 6. Variation of ¢ phase fraction with aging
time at 800°C. Solution-treated at 1050°C for 30
min and isothermally aged in a salt bath.

Photo. 3 1z U< A 8% 1050°C, 1250°C, 1350
C° whn#gKA L 50% D&M 5z 7% 950
Co CEMBALILEAETHA. BEIMIEEX tiof
Photo. 2(a), (b), (c) LH~NBEIRAH~D 7 O
WA XY B Th DD N T, BELEED 6/7
B EEAMC ZELLBBLEOLEFDEED 6/ &
HEEE o HOVTHZ RO bh b S5k s. WTFho
BEL 1000°C P E~DFEMBR 700°C ~ DT HnEE:
2k o O HITERD bhinhofe.

CORRIY ASTO o HOTHIZIEECEL, i
FHZSEM T o CE LI {EEI RS & Lol
5. RO FTHEE S L L TE < iz, 1050°C
THMEALE o HITH O 2 — XMEDQREDTH % 800°C
TRZIL, FRREE o BEDORFREYRD Fig. 6 R

BN THED 5 SR AHF O HEE) DU
TEBEFR L Tiwa, A CizainEs»s\ Fhtho
Th 750~950°C CEMF AL o AL HTH L, BH#
TEBEMTEM L - BOE i o HOFTHA R
HEREHEA D D, CHTIIThoS&MrR\ T o
WHOMEEIL I S & hn ™,

B&i> CERic 35\~ C L FE 4 DOFTLE % 5 LT BRI Bl
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Photo. 5. Microstructural changé'durmg serplailc deformation. Solution-treated a 1350°C,
quenched into water and pulled at 1000°C at a strain rate of 5x10-3s=1 up to (a) 25%,

(b) 509 and (c) 2009 elongations.

Photo. 6. Microstructural change during superplastic deformation. Solution-treated at 1 350°C,
quenched into water and pulled at 800°C at a strain rate of 5x10-3s-1 up to (a) 25%, (b)
509, (c) 100% and (d) 2009, elongations.
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Photo. 7. The initial stage of superplastic defor-
mation (Steel A). Solution-treated at 1350°C,
quenched into water and pulled at 900°C at a
strain rate of 1Xx10-3s-1 up to the peak stress
(8.59% elongation).
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Photo. 8. Transmission electron micrographs ob-
served in the specimen deformed up to 1479,
elongation, showing mixed structure of y and ¢
phases. The prior treatment and deformation con-
ditions are the same as in Photo. 7.

BELTUL 6-7 =91 M ibbD r OHBIME L TS
DORRCEEC Lo THEM L LTORBEIREI NS
EEZbRD. Tichb BEEEHN 5 &84Tk
o M BRIR(IE L7 7 2 M # L3 o (Photo. 5
(€)) o 7 i o -G E Licb o (Photo. 6(d))
POVT LR EBROREMHBE s, ok dix
SEHHBC IR BIFE T E S0 0BEE O R I E
T53DTHH, B X > TER IO B> Bk
M CEDRFESTTBL ZEXEFELS. HEN
BAMEL e Ti #%MLT TIN & LTNEEEL
T2 CHl Tk o+ 7 B BOEE A~ DFENZE LB W &
E2 HhP1®, A, B LAEEMEMUNE L A
X (Fig. 4). oo HONHA RS TAEER i« $
Wb HAA o HOBARZ bV T WERAR D
TWAHZ EWREF|En>5 (Fig. 6 & Fig. 3 ot
) -

A B TRAMONE bhis & & ORTHEZGS
Photo. 3(b) © X 5 B HILREOMKA 7 BEBEELED
DTH Y, Photo. 2(c) % Photo. 3(¢c) D L5 Iz &
e ¥ (BoWE r+o) BTHSEMEOBLEY o T
TR AHEETAI2LENDS. oz Lixsg2, 34

— 384 —



O/y —HAF Vv VAHOBEE

2175

Dy BURRET N 2 CRHE D& S RIEE 3 M ot 1 L
TEETHHZ EERLTVWS. Thbb, 1350°C il
DT 7 PERFTHLDICORORENZE L IR
M5O OTHED O FROEITBDTAEL 722 T W
H. ZOFREMS RGO FESHE L Lt Photo. 4
DX SCHE_HAPERLIBEE NS L CRHEORRE
ZHIHL, FME X o TEHOMMA AR B o
mREEZDRD.
RICBPHEY CRERIE & /s 5 BREERZ IR
m L L OBRIEOWTCEE TS, Fig. 5 ©HLR
BLOCKELMPOVRBONRBEMTIEI m HH KX
R AR D B, FEROFERIND -2 L FET 5
DTIEIg. L Lissi s 2500% Lh b4 ok X i s
D8 BB BRI D St CREEDORE RN 20 oy
FHEIhZ m B TSEE Shizd oad b,
XL, &K 0.5 BETH O, Li-nOoTSEIDEE,
BV om fEC X 5Bk kA AR R oEREE L, T
TThbRETCEC %5 7 OIRRILCHAZTES B\ ik E
BB S BB TR O KR L TRE G 5
LTWaBZ LB LNLTHS.

5. #& ®

(1) ZHA7 v vASROBRFBEEHRISWTEL
WIBEEMOBREE I h, BAMORER I o A
BT 548 TE SR 2500% Ll Eic b E L.

(2) BENLRITERRE L ELAEEOGME X O
o, AR S EERAEF L, BBESHT Tk
10-1s-1 [l B> BREBICIS\TH 200% Ll o o
RELRS.

(3) HMEHERPOMERMZ, 1000°C Y Eo#EEC
X othrhd r HBOMIEAILE LERRIE 58T, o4
DIHEIEHE D 800~950°C B TIX o 7 Lo
CHAEET 5 BB CELL, BREEEME 6+7 572
WL rt+o OB SEAR B,

(4) L oTHBEEoERIIZ TEA T E &
REBHBCIET S X 5 pifffoRAE 4T\, o3
HiC 7 (BB 7+0) BHEMSBIELELE b
BHHTH S d OB ER 2 DEF| & 7c 5.

(5) FALBERHSOEELREL, K 7 o
H, RRIEVNES R 2HE3EE L, 1000°C %

WO Tix o HOFTHEENKRECHEREFTHS.

(6) FBEBMEMO L m EIXIIERIE Lcs, m {EiT
mA 0.5 BE L FHM/IEXL, SHEED DI B
DR TH D In s GIRTRAR M & 25 M O T
FHOREE L TR LDOTHD, TOBEMEL TR
Bt m fHENz TERFOEMEL N ER LB R Y
P00 EELZ BRA.
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