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Liquid Phase Diffusion Bonding of a Nickel-base Oxide Dispersion

Strengthened Alloy MA 754

Teruo HIRANE, Shogo MORIMOTO and Takas FunamoTO

Synopsis :

The ODS alloy(MA754) produced by mechanical alloying was joined by a Liquid phase diffusion bonding
method under a low compressive stress using an amorphous insert ribbon metal with small thickness. Mi-
crostructural features, concentration of alloying elements and mechanical properties of bonded area were

examined.

1) Dispersed Y, O particles coagulated at the bonded interface in the process of isothermal solidification.
However, the amorphous ribbon of insert metal with elements to lower the melting point produced a sound

structure without any voids.

2) The rate of interface diffusion between the insert metal and the base metal was influenced by the
element added to lower the melting point of insert metal.

3) The fractured position of specimens tested in tension was changed to base metal position at elevated
temperatures. The transition temperature depended on the element added to lower the melting point

of insert metal.

4) The creep rupture life at 982°C of bonded alloy was more than 85%, of that of the base metal.
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Table 1. Chemical composition of ODS alloy
(wt2) .

Cr Y203 Ti Al C Fe Ni

19. 76 0.56 0. 42 0. 36 0.07 0. 99 Bal.

B 59 £4 - 10 AASHEARSCRE MR 60 4 10 § 952 (Received Oct. 9, 1985)
*  (¥k) B BUYERT B SL#F%ERT (Hitachi Research Laboratory, Hitachi, Ltd., 832-2 Horiguchi

Katsuta Ibaraki pref. 312)
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Optical micrographs (A) Longitudinal, (B) Transverse
Electron micrographs (C) Longitudinal, (D) Transverse

Photo. 1. Micrographs of ODS alloy (as shipped).
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Table 2, Chemical composition of insert metals,

wt% at%

No. -

Ni Cr B Si | Ge Ni Cr B | Si| Ge
A 76.0| 20.0| 40| — | — | 63.2| 18.8| 18— | —
B 73.7] 2.8 4.5 — — | 60 20 20 | —
C 72.4] 21.4] 3.3] 29| — | 60 20 151 5 —
D 69.31 20.4| 3.2 — 7.1} 60 20 151 — 5
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By 234
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Schematic view

Fig. 1. Manufacturing method of insert metal.
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Table 3. Thickness and melting point of insert 2.3 BFEERBRAVESHOSUYHREE
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No. Thickness (4m) Melting point (*C) DOBIEMBEEE L7 « b Y CHBEEFEESE L. E5EME
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Fig. 2, Experimental apparatus for diffusion
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Test piece
Insert metal

(A) Bonding time 0.5h

(B) ” 1h
) ” 10h
(D) ” 20h

Insert metal A : Ni-Cr-B amorphous ribbon

Photo. 2. Effect of bonding time on micro structures formed by the liquid phase
diffusion bonding at 1200°C.
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Bonding condition

Temperature, Time ; 1200°C, 1h

Pressure ; 1kgf/cm?2

Insert metal ; Ni—Cr—B
amorphous ribbon

(A) Base metal
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(B) Bonded interface

Photo. 3. Micrographs of bonded region.
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Fig. 3. Effect of bonding time on concentration Fig. 5. Calculated results of apparent
ratio of AL diffusion coefficient.

1.0

Ti Concentration ratio (C/Co)
o
>

0.2
Co ; X-ray CPS of base metal
C : X-ray CPS of bonded interface
0 05 1 50 50 100
Bonding time (h)

Fig. 4. Effect of bonding time on concentration
ratio of Ti.
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Co : X-ray CPS of base metal
C : X-ray CPS of bonded interface

Fig. 6. Concentration ratio of lowering melting
point elements in Liquid phase diffusion bonded
specimens.
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Fig. 7. Calculated results of apparent diffusion
coefficients of Fe, Al, Ti.

H Bonding
: : test piece
g - Insert metal
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Holder Supporting Traverser
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Fig. 8. Schematic view of bonding furnace.
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Open marks : Fractured at bonded interface
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Fig. 9. Effect of chemical compositions of insert
metal on tensile properties of bonded ODS alloy
at elevated temperatures.
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Fig. 10. Effect of chemical compositions of insert
metal on creep rupture strength of bonded ODS
alloy.
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