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Abstract

The joining of magnesia to iron metal at 1473 K in vacuum was accomplished with the
use of a preoxidized iron specimen. The joining of magnesia to cobalt metal at 1273 to 1573
K in air was also accomplished. These joinings were examined by a low pressure process
that does not require heterogeneous fillers.

The fracture strength measurements by three-point-bending tests and the microstruc-
ture observations of joining parts and fracture surfaces were examined.

In order to elucidate the joining mechanism, the diffusion phenomena in related quasi-
binary oxide systems were discussed.

The advantage of these methods is that the joining can be accomplished under nul
pressure without the use of fillers.
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Table 1 Physical properties of metals and ceramics
. linear thermal |vapour pressure diffusivity (1573 K)
materials molar volume .
expansion (1573K) cation anion
nickel 6.6 cm®mol™! | 13.3X%1075K"! 107! Pa 10714 m?2s!
iron 7.1cm®mol™! | 14.0Xx1075K"! 107'° Pa 107'2m?s!
cobalt 6.6 cm®mol™! | 12.5X1075K"! 104 Pa 1071 m2g!
nickelous oxide 10.7 cm®mol~! - 1078 Pa 1071 m?2s7! 1071 " m?s™!
ferrous oxide 12.2 cm®mol™!? - - 10710m?s™! —
cobaltous oxide 12.3 cm®mol™! - - 10712m?2g~! 1071 "m2%s~!
magnesia 11.0cm®mol™! | 13.5X107°K-! | <107° Pa 107 ¥ m?s™! 107 9m2g7!
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Photograph 1 Cross-sectional structure of surface oxides of
iron preoxidized at 1073K for 3.6 ks

Photograph 2 Cross-sectional structure of magnesia/iron
joining annealed at 1473K for 21.6 ks
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Photograph 3 Cross-sectional structure of magnesia/cobalt
joining annealed at 1273K for 14.4 ks

Table 2 Fracture strength of the magnesia/iron joining
annealed at 1473 K (MPa)

vacuum periods of annealing time
conditions | 9 ks 10.8 ks 14.4%ks 21.6 ks
10-'Pa 13 19 9.8 8.4 7.8 3.9 3.2 2.7 2.1
13 9.7 5.4 5.3 3.8 2.7 2.8
10-2Pa 7.2 0.8
3.9
10-*Pa L
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Table 3 Fracture strength of the magnesia/cobalt joining (MPa)

periods of annealing time
temperature
7.2ks |14.4ks|21.6ks|33.4ks| 36ks | bdks [57.6ks|61.2ks|68,4ks 90 ks
3.3 3.4 11 5.2 25 6.3
1273 K 3.4 4.8 7.3
6.8 5.8 3.9 4.2
1373 K 5.8 5.0 13 12
5.2 8.1
5.3 12 8.7 9.8
1473 K 5.3 17 23
3.2 9.0 18
2.8 6.6 4.0 23 15 14 23 5.9 4.6
1573 K 5.4 4.5 8.9 13 20 5.5 26
3.7 3.8

Underlined;direct joining, Others;cobalt preoxidized method
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