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High Temperature Characteristics of Diffusion Bonds of Heat Resisting

Steel Castings

Synopsis :

Yoji WADA, Kazumasa NisHIO, Mitsuaki KATOH,
Shizuo MUKAE and Yukihiko OHTSUBO

In order to apply diffusion bonding to a radiant tube made of heat resisting steel castings, the relation
between bonding strength of joints and Ni content in insert metals has been investigated. Then the
bonding strength was evaluated by tensile tests at 1273 K as well as creep rupture tests of 1273 K-

9.8 MPa.

Quantity of voids caused with kirkendall effect at the bonded zones heated at 1273 K either for 1800 ks

or 1224 ks in N, gas has been investigated.
The results obtained are summarized as follows :

(1) The joints were bonded with the insert metal of Ni foil or Fe-Ni alloy varied from 10% to 45% of Ni
contents in order to improve the bondability. Their tensile strength as bonded was hardly affected with Ni

contents.

On the contrary, quantity of voids gradually increased in proportion to the difference between Ni

contents in the base metal and the insert metals after heating of 1 273 K X1 800 ks. .
(2) The joint bonded without an insert metal was as excellent as the base metal in the creep strength and

the tensile strength.

(3) The joint bonded with the insert metal of similar composition to the base metal was as almost strong

as the base metal in the high temperature properties.

{(4) Concerning with bonding atmosphere, the joint bonded in N: gas was as almost strong as that bonded

in vacuum in the high temperature properties.

Key words : casting; creep; diffusion bondinng; insert metal ;

effect.
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Table 1. Chemical compositions and high temper-
ature tensile strength of material used.

Chemical compositions (wt% )

C Si Mn P S Ni Cr Mo
0.39 0.78 1.30 0.026 0.020 19.59 24.95 0.12
Tensile strength at 1 273K (MPa) —[ 100
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Fig. 1. Schematic illustration of the way observ-
ing voids.

Bond interface
o

=% | = 3— 31—

4%

70

(b)

(a) Tensile test and creep rupture test specimen
(b) 4-point bend test specimen

Fig. 2. Shape of mechanical testing specimens.

Table 2. Chemical compositions of insert metals used (wt% ).

Insert metals C Si Mn P S Ni Cr Co
Ni* — — — — — 99.5 — —
SUS304 0.049 0.53 1.20 0.024 0.006 8.52 18.00 —
SUS310S 0.079 0.64 1.66 0.011 0.002 19.14 24.80 —
Fe-31Ni 0.016 - 0.07 — - 32.67 — 5.60
Fe-45Ni 0.009 — 0.80 — — 45.95 — 0.23

* Catalog data
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Fig. 3. Schematic illustration of measuring the
displacement of 4-point bend test specimens.
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Fig. 4. Room temperature tensile strength of
joints bonded directly and with the insert metal of
Ni at 1273 K for 1.8 ks in vacuum.
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Photo. 1.

Microstructures of bonded zones as bonded.
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Fig. 5. EPMA analyses of joints with the insert
metal of Ni as bonded.
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Fig. 6. Tensile strength of joints bonded directly
and with the insert metal of Ni at 1 273 K.
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Fig. 7. Relation between bonding conditions and
tensile strength of joints bonded with the insert
metal of Ni at 1 273 K.
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Photo. 2. Microstructures of bonded zones after heated at 1 273 K either for 1 224 ks or 1 800 ks.
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Fig. 8. EPMA analyses of bonded zone bonded
with the insert metal of Ni after heated at 1273 K
for 1 800 ks.
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Fig. 9. Relation between Ni contents in the insert

metal and tensile strength of joints at 1 273 K.
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Photo. 3. Microstructures of bonded zones bonded with insert metals of Fe-Ni alloys after

heated at 1 273 K for 1 800 ks.
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Fig. 10. Relation between Larson-Miller’s param-
eter and fractional area of voids at the bonded
zones.

Table 3. Creep
1273K-9.8 MPa.
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Photo. 4. Microstructures of bonded zones 4-point bend tested.
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