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Grain Boundary Reaction and Creep Rupture Properties of a
Co-base Superalloy HS-21

Hiroshi T1ZURKA and Manabu TANAKA

Synopsis :

The effect of solution and aging treatment on the grain boundary reaction (GBR) as well as on the general
precipitation in the interior of grain (GP) was investigated for Co-base superalloy HS-21. The GBR
occurred during furnace-cooling after solution heating, and the maximum amount of it was obtained in the
temperature range from 1523 K to 1548 K. The GBR that occurred during aging was considerably
influenced by the cooling procedure after solution heating. A large amount of GBR was observed in the
specimen directly quenched. In the air-cooled specimen, the amount of GBR was less than one half of
that observed in the directly quenched one, while very few amount of it was observed in the water—quenched
one. The extent of GP that occurred during aging was also affected by cooling procedure, and the maximum
amount of it was obtained in the water—-quenched one.

Creep rupture life was longer on the specimen with a small amount of GBR with GP. The improvement
of rupture life resulted from the retardation of grain boundary sliding by the zigzag grain boundary owing

to the GBR and by the increase of strength in the interior of grain due to the GP.
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Table 1. Chemical composition of HS-21 alloy used

(Wt%) .

Material C Cr Ni Mo Si Mn

Fe B w P S Co

HS-21 0.27 26, 71 2.37 5. 42 0.59 0. 64

0.09 0. 003 — <0, 005 0. 007 bal.
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Fig. 1. Amount of the grain boundary reaction
(GBR) occurred in HS-21 during furnace-cooling
after solution-heating for 3.6 ks at 1523 K.
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Microstructures of HS-21 furnace—cooled from each solution temperature of
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Fig. 2. TTT diagram of the grain boundary
reaction (GBR) of HS-21 directly quenched
after solution heating for 3.6ks at 1 523 K.
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Fig. 3. Effect of cooling procedure on the grain
boundary reaction (GBR) of HS-21 solution-
heated for 3.6ks at 1523 K and aged at 1073~
1273 K.
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Fig. 4. Maximum amount of the grain boundary
reaction (GBR) of HS-21 solution-treated for 3.6
ks at 1523 K and aged at various temperatures.
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Photo. 2. Microstructures of HS-21 solution-heated for 3.6ks at 1523 K, and aged

for 36ks at 1073~1323 K.
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Fig. 5. Effect of cooling procedure on the matrix
hardness of HS-21 solution-treated for 3.6ks at
1523 K and aged at 1023~1273 K.
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Fig. 6. Relation between the grain boundary re-
action (GBR) and general precipitation (GP) of
HS-21 solution-treated for 3.6ks at 1523 K and
aged at various temperature.
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Fig. 7. Creep rupture properties of HS-21 at
1088 K, 137 MPa.
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