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Superplasticity of Ferrous Alloys and Steels
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Table 1. Summary of superplasticity in high C steels.
. . Maximum .
Chemical Prior - Temperature Strain Author (s)
composition treatment elm(lgg\ )" 1on ° rate (s~ 1) (Year) Reference
0. 42C 1.9Mn 825°C WQ(8 times)+733°C X 3h 460 727 3.3x1074 SHADLER(1968) 12
0.8 927°CX1h WQ—649°CX1h WQ 100 704 ~1073 MANDER (1968) 16
O QC 0.45Mn Lead-patented 133 716 7X1075 YODER & WEISS (1972) 17
— 600~800 CALIGUIRI et al. (1976) 19
(1 3 1.9)C 750 600~800 B WALSER & SHERBY (1979) 20
1.3C Hot and worm working 700 630 1.3%1074 WALSER & SHERBY (1979) 20
1.6C 760 630 1.3x10~4 WALSER & SHERBY (1979; 20
1.9C 380 650 1.7X10"%  WALSER & SHERBY (1979 20
0.9C-1.2Mn-0.3Si Worm rolling and 1200 650 1.6x1074 WADSWORTH et al. (1981) 21
-0.5Cr-0.5W-0.2V thermally cycling
0.75C-0.3Mn Worm rolling and 840 650 2.5X1074 OKADE et al. (1981) 22
0.3Si-1.3Cr thermally cycling
3C-1.5Cr Rapidly solidified 1410 700 1.7x107% RUANO et al. (1982) 30
Powder—Consolidation
3C Rapidly solidified 940 700 1.7x1074 RUANO et al. (1982) 30
Powder—Consolidation
2.4C Rapidly solidified 480 700 1.7X10™%  RUANO et al. (1982) 30
Powder—Consolidation
1.9C-0.9Mn-0.8Si Rapidly solidified ISONISHI & TOKIZANE (1985) 31
-1.2Ni-1.2Cr-0.3Me  Powder—Consolidation _
0.9C Thermo-mechanical >300 1 000 2.5X107¢4 TORISAKA et al. (1985) 29
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Fig. 1. The iron-carbon phase diagram as a. base

to predict superplastic microstructures. Super-
plastic flow has been achieved in Fe-C alloys as
shown by the shaded area®”.
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Fig. 2. Schematic illustration of processing route
consisting of (a) HWW (Hot and Warm Working)
and DET (Divorced Eutectoid Transformation),
(b) HWW and DETWAD (Divorced Eutectoid
Transformation with Associated Deformation)?.
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Photo. 1. Optical micrographs of 1.9% C steel,
illustrating change in microstructure from coarse
proeutectoid cementite structure in as-cast condi-
tion (a) to equiaxed fine grained state in extensive-
ly hot and warm worked condition (b) (Ref. 20).
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Fig. 3. Percent elongation-to-failure of plain car-
bon steels as a function of carbon content at a
strain rate of 1.67X10”*s™! at temperatures be-
low and above the A; point®®.
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Fig. 4. Schematic illustration of thermo-mechani-
cal treatment to obtain recrystallized structure, re-
cently proposed by Torisaka et al.”?.
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Table 2. Summary of superplasticity in low C steels.
. . Maximum ]
Chemical Prior . Temperature Strain Author (s)
composition treatment e‘“'(‘§/:)“°“ ° rate (s~ 1) (Year) Remarks Reference
0.13C-1.1Mn Thermo-mechanical 310 800 1.7X107%  MORRISON (1968) *Containing 0.05Al 34
treatment and 0.1V
0.14C-1.2Mn-0.5P 270 900 3.3x1074 MORRISON (1968) * 7-region 34
0.14C-0.7Mn 240 900 1.7X10™%  MORRISON (1968) 34
-0.15Si-0.2P
0.07C-0.9Mn-0.5P 169 900 1.7X10"%  MoRrison (1968) 34
0.34C-0.5Mn-2Al 372 900 1.7X10"*  MORRISON (1968) 34
0.12C-2Si 171 900 1.7X10”*  MoRRIsoN (1968) 34
0.2C-1.5Mn-0.9P 320 900 3.3X10”*  MoRRIsON (1968) 34
0.16C-1.5Mn-2P 376 900 3.3X107*  MORRISON (1968) 34
10Cr Hot-rolled 152 850 ~1075  HIRANO e al. (1974) /7 duplex 35
: phase region
1.5Cr-1P Hot-rolled 400 800~900 ~10"%  KOBAYASHI ef al. (1975% 37
50Cu - Atomized and 300 800 ~107%  KOBAYASHI et al. (1975 37
consolidated
0.08C-1.1Mn Warm-rolled 184 1000 1.7%107%  STEWART (1976) 38
-0.04Nb-1.5Ti
0.15C-1.2Mn-0.014Nb Cold-rolled and 738 790 1.7x10™4 MATSUMURA & 40
0.15C-1.3Mn-0.3Si austenitized 640 780 . TOKIZANE (1985)
0.2C-0.2Si-0.6Mn-1Cr  Thermo-mechanical 600 770 KoJiMA &
0.3C-0.2Si-0.6Mn-1Cr treatment 500 740 1.7X1074 TOKIZANE (1986) 41
0.2C-0.3Si-0.8Mn-1Cr 845 760
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Fig. 5. Schematic diagrams of the thermo-me-
chanical processing developed for superplasticity
by Tokizane et al*® (a) Basic method and (b) Im-
proved method.
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Table 3. Summary of superplasticity in austenitic stainless steels.

. ' . Maximum .
Chemical Prior - Temperature Strain Author (s)
composition treatment elm(ngéa)t lon ° rate (s~ l) (Year) Reference
1C-1.55i-32Mn-11A1 40 % cold-rolled =500 800 0.7x1073 Toscano (1983) 42
13Cr-16Mn 40 % cold-rolled 228 750 0.4x107%3 MUKHOPADHYAY (1987) 43
20Cr-10Ni-0.7N 1300°C—70% cold-rolled 270 1000 0.8%x1073 TAKAHASHI et al. (1987) 44
20Cr-10Ni-0.7N 1200°C—50% cold-rolled 527 800 0.8x1073 MINEURA & TANAKA (1988) 45
1100°C—40% cold-rolled
21Al1-4B Rapidly solidified 281 871 ? RAY et al. (1983) 46

Powder — Hot extrusion
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~o—SCr 420
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Fig. 6. Temperature dependence of the elonga-
tion-to-failure of various (0.2-0.3) %C steels de-
formed at an initial strain rate of 1.67X10 *s™!

(Ref. 41).
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Table 4. Summary of superplasticity in @/7 duplex stainless steels or alloys.

R . Maximum .
Chemical Prior . Temperature Strain Author (s)
composition treatment elor(lgz)tlon °C) rate (s 1) (Year) Reference
25Cr-6.5Ni-0.6Ti Hot-rolled 500 927 2.6x1073 HAYDEN et al. (1967) 47
30Cr-5.0Ni-0.6Ti Hot-rolled 200 927 2.6x1073 HAYDEN et al. (1967) 47
34Cr-10Ni-0.6Ti Hot-rolled 460 982 2.6X1073 HAYDEN et al. (1967) 47
28Cr-19Ni-0.6Ti Hot-rolled 260 982 2.6Xx1073 HAYDEN et al. (1967) 47
28Cr-22Ni-0.6Ti Hot-rolled 160 982 2.6x1073 HAYDEN et al. (1967) 47
36Cr-26Ni-0.6Ti Hot-rolled 520 982 2.6X1073 HAYDEN et al. (1967) 47
- 41Cr-22.5Ni-0.6Ti Hot-rolled >1000 982 2.6)(10:3 HAYDEN et al. (1967) 47
46Cr-16Ni-0.6Ti Hot-rolled 480 982 2.6x1073 HAYDEN et al. (1967) 47
43Cr-33Ni-0.6Ti Hot-rolled > 740 982 2.6X1073 HAYDEN et al. (1967) 47
55Cr-35Ni-0.6Ti Hot-rolled 400 982 2.6x1073 HAYDEN et al. (1967) 47
39Cr-52Ni-0.6Ti Hot-rolled 740 982 2.6x1073 HAYDEN et al. (1967) 47
39Cr-49Ni-2Ti-1A1 Hot-rolled >1000 982 2.6Xx1073 HAYDEN et al. (1967) 47
45Cr-55Ni-0.6Ti Hot-rolled 720 982 2.6x1078 HAYDEN et al. (1967) 47
25Cr-5.7Ni-0.7Ti-0.1Al Cold-rolled 600 927 4.4x1073 CIBSON et al. (1968) 48
30Cr-6Ni-0.7Ti-0.16Al Cold-rolled 300 871 4.4X1073 CIBSON et al. (1968) 48
26Cr-6.5Ni-0.4Ti Cold-rolled 1050 960 3.2x1074 SMITH et al. (1976) 50
23.4Cr-5Ni-1.5Mo-1Cu-0.15N  Rapidly solidified 500 1070 2x1074 ZHANG et al. (1984) 52
Ribbon—+Hot extrusion
25Cr-7Ni-3Mo-0.14N Cold-rolled >2500 950 2x1078 MAEHARA (1984) 53
>2000 1050 2x1073 MAEHARA (1984) 53
26Cr-6.5Ni-3Mo-0.11N Rapidly solidified >1000 950 1.7%x1073 OsADA & GRANT (1986) 55
Ribbon—Hot extrusion
26Cr-6.5Ni-3Mo-0.12N Cold-rolled >3000 1000 4%1073 OSADA et al, (1987) 56
18Cr-4Ni-3Si-3Mn-1Cu Cold-rolled 765 1000 AOKI et al. (1986) 58
18.5Cr-4Ni-3.2Mn-1.7Si-1Cu  Cold-rolled 750 950 2x1073 MAEHARA (1987) 59
24.8Cr-6.4Ni-3Mo-0.12N Strip cast—Cold-rolled >1000 1000 8x10™¢ OsADA et al. (1988) 57
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TEMPERATURE, °C

Fig. 8. Temperature dependence of elongation in a
cold-rolled  25%Cr-7%Ni-3%Mo-0.14%N  steel.
Note two elongation peaks at 900°C and 1 050°C in
¥/ o and 8/ 7 duplex phase regions, respectively®®.

HERALE L L TCoHEBMTICXs TE & R,
~1071sT W) HWEAEE TS 200% UL E oM
BELNBEZ ENbL L. T -EBENIEL NS RER
bV, ZHEHETBRO 6/ y ZHHAR N 2 TR
O y/o “HIKETOHBENIEONRDL T LICERLT
V%, Osaba & 3 E M @ 88 (26% Cr-7% Ni-3% Mo-
0.12% N) O BPHEZEE) % W5 L 7%, SR ILH %
BT 3000% DB % R85k L 725, HoHHAFL
FELHOLTSO XY KE 2 BEEMO 28 -3E1E,
SHEMLOREMEOBBMLE 79325 ) —3I VT
72728, MR E OB R s md EBbRS. S
3 E - EEE A E M L L CEIL L RS



HRESE B L UBEMN L OBYEMN 1253

a) Homogeneous dispersion of 7 particles within & -ferrite
matrix®? ; the specimen deformed to 200% at 1 050°C after solu-
tion treatment at 1350°C. b) Homogeneous dispersion of o
particles within 7 phase matrix®; the specimen deformed to
895% at 950°C after cold rolling.

Photo. 2. Duplex microstructures during superplas-
tic deformation at a strain rate of 4X1073s7 1,

ELONGATION, % 500 200 200
1100}
1000
1000+
iy
[a el
2
< 900+
(2 g
wl
o
&
~ 800- —— 1250°C WQ.+50%% cold~rotled
w—e= AS hot—rlolled | |
|
10°% 103 102 10"

INITIAL STRAIN RATE,s™

Fig: 9. Percent elongation contour lines in de-

formation temperature and initial strain rate axes;
25%Cr-7%Ni-3%Mo-0.14%N steel®®.
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FlZiETi E&0OBEE IEBEMEMTI (Superplastic
Forming) B X U Zh & B8H#E4S (Diffusion Bonding)
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Loz < vy F LEERTHO (Fig. 10)™, “MH 2
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Fig. 10." Diagram showing that superplastic form-

ing is economically most attractive when producing
71)

a few hundred to several thousand.components

Photo. 3. Microstructure on the longitudinal cross
section of dissimilar duplex stainless steels bonded
by an upset stress of 2kgf/mm? at 1100°C for
300s (Ref. 75).
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Fig. 11. Relationship between superplasticity of
insert duplex stainless steel sheet and critical
holding time for achieving enough weldability when
carbon steels are bonded by an upset stress of 2
kgf/mm? at 1 100°C”®.
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Photo. 4. Examples of fracture surfaces after su-
perplastic deformation of duplex stainless steel®® ;

the specimens deformed at a strain rate of 4 X
1073s7 Y at (a) 1050°C and (b) 950°C.
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Fig. 12. Effects of 7/c and 8/7 volume fraction
ratios on superplastic elongation®® ; the specimens
deformed at 950°C at a strain rate of 2X 10 357!

(Ref. 59).

N\
&
-3
o3
B
s

N
N
\

\
X

W
N
W
N
\
)
\\.

R
)
D
AR
R

X
\
R
N

(a) (b)

Fig. 13. Comparison between (a) dynamic recrys-
tallization model of duplex stainless steel®® and
GIFkINS' core/mantle model for grain boundary
sliding®®.
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