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Effect of Cooling Procedure after Solution Heating on the Grain
Boundary Reaction of Austenitic Heat Resisting Steels

Mitsuyuki KoBavasar, Manabu TANAKA, Ohmi Mivacawa

Synopsis:

Takuro SAGA, and Dai FujisHIRO

An investigation was made of effect of cooling procedure after solution heating on the grain boundary reac-
tion of austenitic heat resisting steels with high carbon and nitrogen contents, especially 21-4N steel. For
cooling procedure after solution heating, water quenching, air cooling, furnace cooling and direct quen-

ching were used.

It was found that the grain boundary reaction was considerably influenced by these cooling procedures.
The grain boundary reaction occurred markedly during furnace cooling without the formation of general pre-

cipitates,

The amount of grain boundary reaction occurring by ageing treatment decreased with increasing

cooling rate from solution temperature, while the amount of general precipitation increased.
It was concluded from this results that general precipitation suppressed appreciably grain boundary

reaction,

This effect of cooling procedure was attributed to the fact that the dislocation density in specimens

increased with increasing cooling rate, and that M,;C; precipitated preferentially on dislocations, and could

not nucleate in the matrix homogeneously in 214N steel.

Consequently it i1s implied that the grain bound-

ary reaction predominates in specimens with low dislocation density, and general precipitation with high

dislocation density.

(Received Jan. 31, 1972)
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Table 1. Chemical composition of specimens (wt%) .

Steel C Si Mn Ni Cr N Fe
21— 4N 0-51 0-15 8-75 3-90 20-22 0-40 bal
21—12N 0-19 0°55 1-21 11-58 22-21 0-22 ”

A 0-31 0-37 0-48 12-05 20-98 0-26 4
B 0-40 0-36 0-46 12-25 20°62 0-27 7
C 0°50 0-38 0-47 1205 20-85 0-03 7
D 003 0-48 0-43 12-10 20-84 0-23 ”
E 003 0-58 0-51 12-18 20°98 044 ”
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Fig. 2. Relation between amount of the grain

boundory reaction (GBR) and (C4N)
contents of specimens furnace-cooled
after solution heating for 1 hr at 1 200°C.
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Fig. 3. CCT curves of the grain boundary reaction
(GBR) of 21-4 N steel after solution heatig
for 1 hr at 1200°C.
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Microstructures of 21-4 N steel furnace-cooled from solution temperature of

© 1200°C to (a) 1050°C, (b) 950°, and (c) 700°C, respectively, and air-cooled.
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(a) Matrix without grain boundary reaction.
(b) Grain boundary reaction and residual carbide.

Photo. 2. Transmission electron micrographs of
21-4 N steel furnace-cooled after solu-
tion heating for 1 hr at 1200°C.
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Fig. 4. TTT curves of the grain boundary reaction
(GBR)of 21-4N steel directly quenched after
solution heating for 1 hr at 1200°C.
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Fig. 5. Effect of cooling procedure on the grain
boundary reaction (GBR) of 21-4 N steel
solution-treated for 1hr at 1200°C and
aged at 800~ 1000°C.
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Fig. 6. Effect of cooling procedure on the grain
boundary reaction (GBR) of 21-4 N steel
solution-treated for 1 hr 1 200°C and aged
at 900°C.
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Fig. 7. Effect of cooling procedure on the maximum
amount of the grain boundary reaction (GBR)
of 21-4 N steel solution-treated for 1hr at
1200°C and aged at various temperatures.
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Photo. 4. Microstructures of 21-4 N steel solution-treated for 1 hr at 1 200°C and
aged for 8 hr at 900°C. (a), (b) water-quenched, (c)directly quenched.

Photo. -5. Microstructures of 21-4N steel solution-treated for 1hr at 1 200°C
followed by furnace cooling and aging for (a) 300 hr at 700°C
(X800) and (b) 10hr at 900°C. (x400)
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(a) As water-quenched atter solution heating
for 1hr at 1200°C.
(b) aged for 8 hr at 700°C.

Photo. 6. Transmission electron micrographs of
21-4 N steel.
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Fig. 8. Relation between the grain boundary reaction
and the general precipitation of 21-4 N steel
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Fig. 9. Ghangé in"matrix"hardness of specimens
solution-treated at 1200°C and aged at
750°G and 900°C.
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