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Effect of Roll Bonding Temperature on 21Ni-6Cr—Fe/36Ni-Fe Bimetal Production

Masaaki 1sn10, Masakazu UMEDA, Hirofiumi INOUE and Kenji MORII

Synopsis :

The warm bonding process for 2I1Ni-6Cr-Fe/36Ni-Fe bimetal has been studied and we have confirmed that bond strength was improved

drastically. Furthermore, the cause of improved bond strength has been pursued and the effect of warm bonding has been examined. The
bond strength of warm bonded bimetal at 200°C was about doubled than that of cold bonded bimetal at room temperature. As a result of ob-
servation of the bonded surface separated from the bonded part. as for the warm bonded bimetal, tight bond traces were magnified 2.5 times

than those of the cold bonded bimetal. Adsorption water on the surface of the material is released by heating before bonding, so oxygen

which remained on the bonded part declined sharply. A calculated result of the relationship between bonding reduction and bond contribution

area agreed with very well a tendency of measured results of the relationship between bonding reduction and bond strength. Therefore, the

reason why the bond strength of warm bonding is higher, can be explained by the expansion of the bond contribution area. The bonding re-

duction can decrease in warm bonding, because the bond strength of the warm bonding at 200°C at 50% reduction is equal to the bond

strength of the cold bonding at room temperature at 65% reduction. The range of manufacturing will be expanded in the case of warm bond-

ing because a bonding load was reduced 30%

Key words : cold bonding; warm bonding: bimetal; invar alloy; clad metals; bond strength: diffusion annealing: scratch brushing; bond contribution area.
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Table 1. Chemical composition of test materials used.

(mass%)

C Si [Mn]| P S Ni | Cr | Fe
0.020{ 0.24| 0.80/0.010{0.001]20.90[ 5.60| bal.
0.018] 0.07] 0.35[0.003{0.001{36.10| 0.07] bal.

High expansion side
Low expansion side
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Fig. 1. Conception of the warm bonding process.
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Fig. 2. Specimen of peeling test by tension. (Tension
speed: 5 mm/sec)
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Fig. 3. Relationship between bonding temperature and
bond strength ratio for bonded specimens at 63%
reduction before diffusion annealing. (Bond
strength ratio=Warm bonding strength/Cold bond-
ing strength) .
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Fig. 4. Effects of bonding and diffusion annealing temper-
atures on bond strength.
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Fig. 5. Secondary electron images of HES and LES bonded surfaces after peeling.
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Fig. 6. Fraction of the bonded traces in each surface that

was separated from bonded state.
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(a). Cold bonding
ag=g» Rolling direction

Scratch-brushed layers
v

Fig. 7. Composition images of transverse sections for cold

and warm bonding specimens. Bonding reduction:
57%, Warm bonding temperature: 200°C, Diffu-
sion annealing: 900°C, 180 sec.
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Fig. 8. Effect of the heat treatment before cold bonding on
bond strength of bimetal. Cold bonding specimens
were rolled at a 60% reduction at room temperature
after heat treatment at 100, 150, 200, 250, 300, and
400°C in air, and finally, annealed at 1000°C for
180 sec in a hydrogen after rolling.
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Fig. 9. AES depth profiles of HES and LES specimens just
before cold bonding after heat treatment at various
temperatures.

(a) HES before heat treatment

(b) HES after heat treatment at 150°C for 300 sec
(c) HES after heat treatment at 300°C for 300 sec
(d) HES after heat treatment at 400°C for 300 sec
(e) LES before heat treatment

(f) LES after heat treatment at 150°C for 300 sec
(g) LES after heat treatment at 300°C for 300 sec
(h) LES after heat treatment at 400°C for 300 sec
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Fig. 10. EPMA line analysis at interfaces of diffusion annealed specimens at 900°C for 180sec after cold and warm bonding.

(Bonding reduction: 60%)

(a) Cold bonding (b) Cold bonding (Heat treatment at 200°C for 180 sec before bonding) (c) Warm bonding at 200°C
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Fig. 11. Conceptual diagram of warm bonding mechanism
by rolling.
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Fig. 13. Effects of bonding reduction and temperature on
bond strength of bimetal. Warm bonding speci-
mens were rolled at 200°C in air, and annealed at
1000°C for 180sec in a hydrogen atmosphere
after rolling. Cold bonding specimens were rolled
at room temperature, and annealed at 1000°C for
180 sec in a hydrogen atmosphere after rolling. As
another cold bonding examination, cold bonding
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at 200°C before rolling, and annealed at 1000°C
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Fig. 15. Extension of the manufacturing range by the

warm bonding method.
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