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Superplastic Deformation Mechanism of 8/7 Duplex Stainless Steels

Yasuhiro MAEHARA

Synopsis :

Superplasticity of 8/ duplex stainless steels has been studied in relation to the microstructural change
during deformation in order to elucidate the role of the second phase particles. In the case of deformation
in the §/y duplex phase region, local strain concentration within the §-ferrite matrix due to dispersion of
relatively hard y particles and the subsequent recrystallization occur repeatedly. When the alloys contain-
ing high Cr and Mo are deformed at temperatures around 900°C, ¢ phase particles precipitate via eutectoid
decomposition of §-ferrite into new y and ¢ phases, and the y/s duplex phase structure forms. The dynam-
ic recrystallization of y phase matrix occurs locally and intermittently, and extremely large superplasticity
is also obtained. Prior cold work largely accelerates these processes, and leads equiaxied 6/y or ¥/s du-
plex structure in the early stage of deformation. The superplasticity in both cases can be obtained by deli-
cate balance between the local strain hardening and the subsequent recrystallization, and thus the flow
stress exhibits large strain rate dependence. This model also explains granular appearance of the fracture
surface as a coalescence of microvoids induced by the individual hard phase particles. In order to obtain
large superplasticity, the microstructure should consist of hard particles embeded within a soft matrix and
the amount of hard particles should be at least greater than 10% in the case of s in v/¢ duplex structure.
The structure with hard phase matrix within which the soft second phase particles disperse does not exhibit
superplasticity.
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a) Undeformed b) Steel S1 deformed at 950°C at ¢=2.08X 1073
s~ (725% elongation) c¢) S2 deformed at 900°C at ¢ =2.08 X 10
“3571 (193%) d) D1 deformed at 950°C at & = 2.08 X 103
s~ 1 (1178%) e) D2 deformed at 900°C at ¢ =1.04x 1072571
(284%)

Photo. 1. Examples of fractured superplastic ten-
sile specimens which were priorly cold-rolled.
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(a) Steels S1 and S2 deformed at 950°C at e=1.04X10"257!
(b) Steels D1 and D2 deformed at 900°C at e=4.16X10" 35}

Fig. 1. Stress-elongation curves of the cold-
rolled specimens.

Table 1. Chemical composition of the materials used (wt%).

Steel o Si Mn P S Ni “Cr Mo Cu w N
S1 0.015 1.69 3.22 0.005 0.002 4.06 18.52 — 1.18 — 0.0094
S2 0.015 1.73 3.42 0.005 0.002 3.96 18.77 — 1.20 — 0.0928
D1 0.017 0.48 0.85 0.025 0.001 6.82 24.66 2.79 0.46 0.28 0.143
D2 0.005 3.22 0.79 0.003 10.52 22.85 - —_ — 0.0912

0.001
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Fig. 2. Variation of tensile properties with initial
strain rate in various steels; the specimens priorly

cold-rolled and deformed at 950°C.
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Fig. 3. Variation of tensile properties with de-
formation temperature and its effect of the prior
treatment; steels D1 and D2 specimens deformed at
€=2.08X10"3s71,
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Fig. 4. Variation of tensile properties with de-
formation temperature and its effect of prior treat-
ment; steels S1 and S2 specimens deformed at ¢ =
2.08x1073s71
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) a) Steel S1  b) Steel S2 c) Steel D1. d) Steel D2
Photo. 2. Microstructures of the specimens; priorly cold-rolled and heated at 1 050°C for 5 min.

a) Steel S1  b) Steel S2 c) Steel D1  d) Steel D2
Photo. 3. Microstructures of the specimens; priorly cold-rolled and heated at 950°C for 5 min.

Bbhhbh, —HEEEILRELED DIFICBLTIERE
MU ERLABREZGEODDIREAS LY,
950°C %3 L L CEh &1 b AREMH Bk o 47 K s 1o
HEIFLVREEANEDONS. FEHELEEY S1 4
& SZHIZOWTIT D2 b D% Fig. 4 124, S1 Tid
RODVHRBEFICLOTRECEES K, SRIMTH
DENREZLIERLTWSS, S2 TRZoEIEL
THol. F7HUDRKE 2 HBEHEES S1ICL
S2 THRBABITLTVWAHASIEE SRS, 20
BEBUDORENDDIFE/INE L 2 BEMPSED SR,
S1IZHAT S2 DM L NV id SRR ICE .

3-2 HAASE o T L)

Photo. 2 & 3 i3I I M % Zh#h 1050°C &
950°C IZ 5min MIZA L 72 & = DM * R, 1050°C
BAEF O S1 & D1 S8k % BN TAT o B AALERC R L
WKy RICMATo- 7254 b b v 2 262
1050°C ~DOFNIZEF IZHT 72 1A H L 72800\ v A5
BMLTWwS, S2 & D2TCHICy < by v 2 2z
8-7x7 4 PHFBRIZHHLTHEY, S1* Dl ok

TRIP VGBI EA L RS, S1 8% 950°C 2
N#& L 72 Photo. 3(a) Tid 6-7 254 b~ bV v ¥
HIZH 72 ST L 72 7 #82% Photo. 2(a) I L 5 512
AT TS, S2HTIE 950°C ~DOFEIELIC &
> TEAR O RIS HT 72 % ¥ OB RD 515 b
DOy EHNSEXKIEIC EBIOTWS. DI & D24
By RLDOGFE I L S RLOSEICIMA CEHD o kit
BOOND, ok SRAEEMIER L TVBBATy T
ANOHTH b oND, $7-F0B1X D2HLY
b D1 SO K%\,

Fig. 5 i3 BT % i3 a0 o & &bd 3 X od B
IM» o/l 2HBL, cMITHD ) — X2k
KN L K & 2 BB O A B h B 1910
900°C TH#hL7z& 2 D1 & D2 D o B OBEZAL
AT, B CREST 5 & D2 I O BGI
BB IM i DI oF5RE . $4b% DI T
BEFHMIIC X > T o MDD K ELRES B DI
FL, D2 TEZOFEFITLALEDLON 2. F 72
BATHEDLKRECRZY, DI Tt 30% 2bET S

—113—



1726 B E W S TEQSDBEUF

Open: solution-treated
| Filled: 50% cold rolled

o

/ 4

(9]
o

__ Steel DI

N
o
T

)
T

[o]
- A’?A_ Steel D2
‘/
/./AA/

@—=@VT AT TO—O0" | | 11l IS EET)
1 2 5 10 20 50 100 200 500 1000
Aging time, min

© Fraction of o-phase, %

o

Fig. 5. Precipitation curves of ¢ phase in steels
D1 and D2; the specimens isothermally aged at
900°C after solution treatment or the subsequent
cold-rolling.

a), b) Steel S1 (700% elongation) c), d) Steel S2 (150% elongation)

Photo. 4. Fracture surfaces and corresponding
microstructures on the longitudinal cross section
observed by SEM; the specimens priorly cold-rol-
led and deformed at 950°C at e=2.08X10 3s™ 1.

2%, D2 Ti3 10% (Cbiililze\ 2 &b hb.

3-3 WIEHMRELEHRPOHESZEL

Photo. 4(a), (¢) Z#nFh S1 & S2 #i% 950°C, ¢
=2.08X1073s7! CTHIIRMBEMT L7z & S DHE 2R,
¥ 700% & K E U E IR L7 Photo. 4(a) TiEALIR
OWEHFEBE SR, FOMMDOEAIE Photo. 4(b) (2
BT QMR E R T O PIcH—SB LI y o Zh e i

a), b) Steel D1 (800% elongation) ¢), d) Steel D2 (180% elongation)
Photo. 5. Fracture surfaces and corresponding
microstructures on the longitudinal cross section
observed by SEM; the specimens priorly cold-rol-
led and deformed at 900°C at ¢=2.08X10" %5 1.
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Photo. 5(b), (d) iZ;R¥. D1 $iz# 800% E RN
LEbDOTHY, d—=y+e OIWE % FHE TS o #l
OFHUZIZIFRT L, ¥ HFIC o Ry — oo L 7o/
& %o THY (Photo. 5(b)), ok D/FEIRIR & *FE
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FREDfibVWbo0EBMLFEHEEEL TS, IR
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Photo. 4(¢) LEPL T 5,
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Photo. 6. TEM micrographs showing mixture of
a) work hardened and b) recrystallized structures
in the same thin foil specimens ; steel S1 priorly
cold-rolled and deformed to 350% elongation at
950°C at ¢=2.08X10 3571

Photo. 7. TEM micrographs showing mixture of
a) work hardened and b) recrystallized structures
in the same thin foil specimen ; steel D1 priorly
cold-rolled and deformed to 200% elongation at
900°C at ¢=4.16X10"3s™ 1,

FoO—B%RT. Photo. 6(a) IZ/RT & 5 2 IR
WY REBEEG -7 254 b MY v 2 RIS
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(b) WY & 9 %Mk B E—FRE P IRAE LT,
Dl fi% c PLEBICH T B2584TH S 900°C, c=
4.16X1073s™ 1 € 200% ZEF L 7z Photo. 7 I2BWVT
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WL L 2 DBERG L7z L Bbh 2 ks Sk L 25RE
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-7 x4 P MYy 7 ARy HEMMS S E

Photo. 8. TEM micrographs of steel D2 ; priorly
cold-rolled and deformed to 100% elongation at
900°C at £¢=4.16X10" %571,
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7o BEHEEFICERE ZHBELECS. DI #H
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2T YRAD»S S o RAER TS (Photo. 3(c)) DT,
YHIEESHIH—5ET A L 9274 % (Photo. 5(b)).
DX BHEEFBBEORBIIEFES T2 DOEE
BBEHOREISHOEELHLTHASH. LrLE
DEGEH T DRE ke RBFOERE v/o ZHIK
RCTHEELZ LICIThR7bDTHAZ L EMALTSE
PRIE% S v, EEEETR TR O o FHT RS E s
ERFOLDICEOTIRIFEALEESNZVWOTER
FOHELEERHE>S T TE 29 Flzid
900°C, ¢=2.08X10"3s™1 T 2000% DB H
ENEE, 300% bERTHE o HOWHEETT5
DT, BHD 1700% & y/o O _HIRETER S
BB, y/e ZHE o BOERPICIZY—aE
L7 o B K0T BARE o 72 v RN RFR
B ERED &2 IcH < BRI XS EEHE & 5%
DEL#EZ S (Photo. 7). Thbb, oy ZHHIKED
BELECRALBREA N =X 22 ZOBRELHEATE
%. D1 SRoBBEM O EEZE{LIC 1050°C & 900°C
R E L onBmRKBBDL SN (Fig. 3) Ok, £h
6y, y/lo ZHRETORBEIEVFEEIENI:
HEEbns. Fig 6(a) KEENHERESEET VB
BB 2 HRIR L 7.

8y AV y/o ZHRETEEFEL VT RLOY
EHHMIOFENIKTH Y, BRI H~<TEEM
TH S SICERMIM CoBEEHHREE L CRES
n5b (Fig. 3,4). STHIEEHIIMLIZ X2 Ty ORKGE
%5 \it D1 SORBIBICB W TIZ FDOH O o HOFTH
L BT S T, BHERICEER o/y B i
y/e ZHIREMBICEL LS ICEnL 5V,

4-2 BBHICHRETT s/y HORELHE_HORE
iz D1 8 & RIS 900°C 3 C D o i DOHT H AT
WiIZH Db 5 F, D2 8O BIBMAR AN E WHEHIZ

hard phase matrix

straining straining

a) Dynamic recrystallization of soft phase matrix occurs due to
dispersion of hard second phase particles (large superplasticity)
b) Sufficient dynamic recrystallization cannot occur because of
small amount second phase (small superplasticity) ¢) Dynamic
recrystallization of matrix phase cannot be taken place by the dis-
persion of soft second phase particles (non-superplasticity)

Fig. 6. Schematic illustrations of duplex struc-
tures during the deformation.
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o & 3R O EHAIE I 81T 5 Chiesel point B D
BHEEEELRD, ZOWHEIWEHOSEIRG & 0F
BT bhii OMMM%EE L Tv3 (Photo. 4(a), 5(a)).
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