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Influence of the Amount of Austenite on the Toughness
of Two Phase Stainless Steels

Akihiko HOSHINO, Keishi Nakano, and Masao Kanao

Synopsis:

The variation in toughness of Fe—Cr—Ni alloys having variable amount of austenite (7) have been in-
vestigated in order to estimate the influence of y on the susceptibility to 475°C embrittlement and o phase
embrittlement of two phase stainless steels, and the principal results are summarized as follows.

(1) In case of heating at 700°C, the ferritic alloy was embrittled immediately by carbide precipitation.

In the alloys containing more than 209y,

there observed no embrittlement by carbide precipitation.

However, marked embrittlement is observed after prolonged heating by formation of ¢ phase. The em-
brittlement by ¢ phase produced by decomposition of ferrite could not be reduced by coexisting 7.
(2) On aging at 500°C of water—quenched specimens, the maximum increases in hardness and Charpy

impact transition temperature appeared at 209, 7,

where the maximum residual stress of ferrite was ob—

served by means of X-ray measurement. It was supposed that this promoting action for 475°C embrit—
tlement resulted partially from the residual stress in ferrite produced by rapid quenching of two phase alloys.
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Table 1. Chemical composition of alloys (wt%).

P S Ti Al N

C Cr Ni Si Mn
Al 0.011 | 31.09} 3.15 0.005 0.004
A2 0.011 | 28.39 | 4.67 0.006 0.006
A3 0.008 | 26.58 | 5.64 0.006 0.002
A4 0.009 | 25.30| 6.03 0.005 0.002
A5 0.005 | 23.55! 7.05 0.006 0.003
A6 0.005 ! 21.35| 8.04 0.009 0.043
A7 0.010 | 19.34 | 8.94 0.009 0.004

0.003 0.012 0.002 0.001 0.0099
0.003 0.011 0.008 0.001 0.0091
0.002 0.009 0.054 0.015 0.0077
0.003 0.009 0.022 0.001 0.0094
0.002 0.008 0.026 0.002 0.0066
0.004 0.009 0.028 0.005 0.0083
0.003 0.010 0.046 0.006 0.0073

(x400x12/13)

Photo. 1. Microstructures of alloys annealed at 1000°C.
(a) Al, (b) A2, (c) A3, (d) A4, (e) A5, (f) A6
For alloys A4-AG6, additionally etched by Murakami’s reagent.
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Table 2. Ferrite content and hardness of alloys
used.

Al A2 | A3 A4| A5| A6| A7

a%| 100 93 | 80 | 67 | 45 | 21 | 1

Hv | 200! 200! 202 | 203 2025 180 | 165
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Charpy impact value (kgm/c

-00 0 [{e}e]
Test temperature (°C)

Fig. 1. Charpy impact transition curves for
alloys annealed at 1000°C followed by
water quenching.

vy A—2 10kg WE) b ZOERIC LA, < b
Vo 7 2R3 r A% L X IETETT 5.

3-1-2 @RERihg

1000°C g7 & LK D Tokd e v v B — 1
BESKY Fig. 1 WL RS, Hixble
Al BEOFHEBEBRERFEZECH Y, BEBEED
R R ERD Shvie. MR r EET 5 &,
Photo. 1b DX 5 a HOBFIEIHAMET S E L D
s T HEORMEE LCOBAEEBIEWER & it X o
EEBREEEMNTT 5.

Photo. 2 (a)~(c) ix 20% r ® A3 &4&% 0°
—70° X —110°C DEREXEE CHERE L 7~ O Rk
ZARLTED, 0°C TR s W CIEMERTE 2 1L
W5, —70°C CTRANEBEMES e METEL, 7HT
VRIEEMRHEL It T, REBESEIETY 5 &,
a FETII YR~ S BRI U, R 1 OB Iz
AR « > BT, RANBEL 0T
WHER RIS, BN 2 v E - ETT5.

3:1:3 72954 F(a)B & BEEBEE

Fig. 1 tRR LAEBEDOY v v ¥~ EREB I
BN, BEI AV B3R R AV -0 1/2 2715
MEz2 22V ¥—BBIRE (vTre) &L, WEO 1/2

(a) 0°C, (b) —70°C, (c) —110°C
Photo. 2. Variation in fracture appearance

with testing temperature for alloy
A3 after Charpy impact test.
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Fig. 2. Relation between ferrite content and
Charpy impact transition temperature.
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Fig. 3. Shifts of Charpy impact transition curves
with annealing temperature.
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Photo. 3. Influence of annealing temperature on
the microstructure of alloy A3.
(a) 1000°Cx1lh
(b) 1000°Cx1/2h +930°Cx1h
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Photo. 4. Variation in microstructure of alloy A2 with heating time at 700°C.

(a) 1h  (b) 8h

(c) 20h
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Fig. 4. Variation in Charpy impact value at 0°G
with heating time at 700°C.
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Fig. 5. Increase in hardness with aging time at
500°C.
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Fig. 6. Decrease in Charpy impact value at 0°C
with aging time at 500°C.
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Table 3. Variation in Charpy impact transition
temperature (°C) with aging at 500°CG
% 1h, for water quenched and air cool-
ed specimens.

Al | A2| A3 | A4 | A5 | A6 | A7

1 000°CW.Q.| 20 |—80 {—50 |—85 —100 —200; —

+500°C x1h| 120 | 40100 60 |—40 | — | —

A4, 5 100 | 120 | 150 | 135 | 70 | — \ 0

1000°CA.C. | 125| 30| O |—40:|-75| — | —

4+500°C X 1h \175 135 \105 50 |—15 | — | —

4,Tri } 50 | 105 | 105 | 90 } 60 | — )__

\,
N
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N
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™ ™
\.\\ \\
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Austenite content (%)

increase in Hv and vTre(°C)

Fig. 7. Correlation between increase in hardness
and Charpy impact transition temperature
for alloys containing variable amount of
austenite after aging at 500°C for 1lh.
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Fig. 8. Variation in lattice parameter of ferrite
phase with austenite content of alloys
water quenched from 1000°C.
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Fig. 9. Variation in half value width of a(211)
diffraction line with austenite content of
alloys water quenched from 1000°C.
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Fig. 10. Relation between ferrite content and
mechanical properties for as-annealed
and aged specimens.
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