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Solid State Bonding of Superplastic §/7 Duplex Stainless Steels with

Similar and Dissimilar Ferrous Materials

Synopsis :

Yuichi KoMizo and Yasuhiro MAEHARA

Solid state bonding of superplastic &/ ¥ duplex stainless steels with similar and dissimilar ferrous mate-
rials has been studied by means of hot compressive bonding test at temperatures ranging from 1073 to

1573 K in the N, atmosphere.

By using the superplasticity of duplex stainless steels, good bonding, in

which the specimen is fractured in the base metal by room temperature tensile test, can be obtained in sig-
nificantly short time, e.g., the critical time for the bonding at 1 373 K under a compressive stress of 19.6
MPa was 120 s in the case of similar bonding of as-hot rolled 25%Cr-7%Ni-3%Mo duplex stainless steels.
In the vicinity of the bonding interface, fine microstructure is observed, indicating dynamic recrystallization

due to superplastic deformation.

The bonding ability is hardly deteriorated by increasing the surface

roughness up to 100 um or by mixing O, up to 0.5% in the N, atmosphere, because of the easy adhesion or

of easy breakage of the oxide film formed on the bonding interface.

Bonding of the duplex stainless steels

with other non-superplastic materials such as austenitic, ferritic stainless and low carbon steels can also be
obtained. By using the superplastic duplex stainless steel sheets as insert materials, non-superplastic
steels can easily be joined. The critical bonding time largely depends on the superplasticity of the insert
materials such as the kind of steel or the prior treatment.

Key words : welding ; stainless steel ; interface ; plastic deformation ; solid state bonding ; superplasticity ;

duplex stainless steel ; insert material.
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Table 1.

Chemical compositions of steels used (wt% ).

Steel C Si Mn P S Ni Cr Mo Cu w N
Pl 0.015 1.69 3.22 0.005 0.002 4.06 18.52 - 1.18 - 0.0094
P2 0.025 (.40 0.76 0.032 0.002 6.80 24.53 2.75 0.43 0.28 0.154
pP3 0.020 0.42 1.56 0.022 0.001 5.50 21.90 2.77 - - 0.138
C 0.09 0.43 1.67 0.012 0.006 - - - - 0.0068
D 0.018 0.58 1.36 0.019 0.004 12.48 16.41 2.41 0.051

16.06 -

E 0.069 0.33 0.63 0.023
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Fig. 1. Schematic illustrations showing
experimental procedure of solid state bonding.
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Fig. 2. Variation of tensile properties with de-
formation temperature in steels Pl and P2 de-
formed at an initial strain rate of 2.08X10 *s™ !,
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Photo. 1. Appearance of steel P2/P2 specimens
bonded by an upset stress of 19.6 MPa for 120 s at
a)1173,b)1273,¢)1373,d) 1473 and e) 1 573 K.
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Fig. 3. Effect of bonding temperature on the room
temperature tensile properties ; steel P2/P2 and
P3/P3 specimens bonded by an upset stress of 19.6
MPa for 120 s.
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Fig. 4. Effect of upset stress on the room
temperature tensile properties in steel P2/P2
specimens bonded at 1 373 K for 120 s.
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Fig. 5. Variation of UTS or fracture stress at
room temperature of steel P2/P2 specimens bonded
by an upset stress of 19.6 MPa with holding time at
1273 and 1 373 K.
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Fig. 7. Variation of room temperature tensile
properties of steel P2/P2 specimens bonded by an
upset stress of 19.6 MPa at 1 373 K for 120 s with
oxygen content in the chamber. The atmosphere was
controlled by using N, and O, gas.
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Fig. 8. Ultimate tensile strength or fracture
stress at room temperature of steels P2 and P1
bonded with various steels by an upset stress of

19.6 MPa at 1 373 K for 120 s.
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Photo. 2. Microstructures on the longitudinal cross section of
steel P2/P2 specimens bonded for 120 s. The upset stress and

bonding temperature were given above.
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Photo. 4. Microstructure on the

longitudinal
cross section of dissimilar specimens bonded by an
upset stress of 19.6 MPa at 1 273 K for 300 s.
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Fig. 3, and critical holding time is that necessary
for the sufficient joining of carbon steel by using
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was deduced from Fig. 9.
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