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The Effect of the Grain Boundary Reaction on the Creep Rupture
Properties of the Austenitic Heat Resisting Steel

Manabu TANAKA, Ohmi MIYAGAWA,

Tsune—aki SAKAKI, and Dai FUjisHIRO

Synopsis:

The effect of the grain boundary reaction on the creep rupture properties has been investigated
for an austenitic engine valve steel (21-4N) at 600°-800°C,

The creep ductility as well as the minimum creep rate increased with increasing amount of the
reaction but its increase came to a halt above about 30 per cent of the reaction. The creep rupture
strength was remarkably improved by very small amount of the reaction, and the steel with about 8
per cent of it had the maximum strength and the favorable ductility, while more than about 8 per
cent of it rather decreased the rupture strength in spite of the increased ductility. A noticeable notch
strengthening was observed on the steels with more than about 30 per cent of the reaction, but the
steels with poor ductility were apt to be notch weakened.

It was found by means of both optical and scanning electron microscopies that the increase in
strength and ductility was resulted from the retardation of the grain boundary sliding and the occ-

urrence of the ductile intergranular fracture owing to the reaction.
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Table 1. Chemical composition of the steel used

(Wt%).

Steel C N Cr Ni
21-4N 0.51 0.40 20.22 3.90
Steel Mn Si S P
21-4N 8.75 0.15 0.008 0.019

Fe : bal.
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Table 2. Amount of the grain boundary reaction (GBR), hardness, and heat treatment

of the specimens.

Amount of GBR (%) (Hf/{a{,%‘:ésSQO kg) Heat treatment
b
0 320 | 1200°C x Th>W.Q.+700°C x 30h—>A.C. +1 000°C x 30h—>A.C.
8 320 1 200°C X 1he—s1 030°C—W.Q, 4 750°C x 30h-—>A.C. + 1 000°C
% 3h—>A.C.
36 313 1 200°C x Th—>W.Q. +900°C: x 100h—A.C.
62 : 393 1 200°C X Th—>W.Q, +900°C x 8h—A.C.
D.O.
99 317 1200°C X 1h —— 900°C x 30h—A.C.
4 357 1 200°C X 1h—>W.Q.+750°C x 30h—A.C.

W.Q. : water quenched, A.C. : air cooled, ¥.C.:furnace cooled, D.Q. : directly quenched.
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Fig. 1. Effect of solution treatment on the creep

rupture properties at 700°C.
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Fig. 2. Effect of aging treatment on the creep
rupture properties at 700°C, 25 kg/ mmz2.
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Fig. 3. Creep rupture properties of specimens
aged for 30 min at 800°C and those aged
for 30h at 750°C.
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the specimens aged for 30 min at 800°C
and those aged for 30h at 750°C.
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Photo. 1. Optical micrographs of specimens in Photo. 2.
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‘(c) ), (i) 36% GBR

Photo. 2. Optical and scanning electron micrographs of specimens in Table 2 creep

ruptured at 700°C, 25 kg/mm?.
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