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Effect of Nickel on Strengthening and Toughening of 132 Cr Cast
Stainless Steel by Quenching from (a+7y) Temperature Range

Toshiro KoBavasHi, Hiroshi TACHIBANA, and Yoshisada UEDA

Synopsis:

Strengthening and toughening of a 139Cr cast stainless steel added with Ni by heat treatment is

studied.

In this work, low temperature quenching treatment (L) from (a-+7) range, in the interme-

diate stage between usual quenching and tempering, is applied. Then, the effects of Ni content and
retained austenite on the low temperature toughness are investigated. The heat treated samples are
compared by V-notched Charpy impact test, dynamic fracture toughness test and static tensile test.

It is shown that the steel with higher Ni content has the better low temperature toughess, and that

the L treatment improves the toughness of the 132,Cr cast steel.
toughness due to the L treatment becomes larger in the higher Ni content steel.

Improvement of the low temperature
It is also shown that

the stable and fine retained austenite improves the toughness and the ductility at low temperature.
This may be due to the transformation induced plasticity of the retained austenite.
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Table 1. Chemical composition of steels (wt%).
| ¢ si wmm @ s G N Mo
Al 015 0.22 047 0.018 0.010 12.44 1.09 0.4

B
(o]
D

0.051 0.22 0.50 0.015 0.013 12.03 1.04 0.46
0.066 0.41 0.59 0.030 0.017 12.J0 3.62 0.47
0.046 0.26 0.45 0.023 0.015 12.58 6.09 0.46

Table 2. Transformation temperatures of the
steels (°Q).

Steel | As Af Ms Mf
A 730 820 275 135
B 750 830 380 230
C 670 770 280 180
D 585 710 235 —

V. G
\'r-
Q
—
A3 [P
12 55
45%—y 45°v—~/
= 7
05 width.slit—f || & p=025
Fatigue crack— P—— ¢=025

Fig. 1. Specimen for dynamic fracture toughness
test by 3 point loading.
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Material Q L T
A 950 770 700
B 1000 790 700
c 900 720 620
D 850 650 550

Holding time = 1h at each temperature

00.= oil quenching
AL.= air cooling

Fig. 2. Heat treatment diagram.
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Fig. 3. Relation between Ni content and retained
austenite at room temperature,
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Fig. 4. EPMA results of Ni distribution in the
steels A and B.
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Fig. 5. Transition curves of the various steels.
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Fig. 7. Effect of Ni content on the transition
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Photo. 2. Microfractographs of the steels.
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Fig. 10. Dynamic fracture toughness of the steels
at 15 and —40°C.

— 166 —



1372257y ABEO (aty) HTOMBMAEEANIC X AL XET =y FLORE 1061

EOREFOTZEI® i koD X 5 EFMUFEE = F T —
Bl L ) BOMERER L. Tibh, RBRAPERE
BT 5B AW HE-EHBED RATHERE TOR
{5 A —12 0.8 %% Ul d Ok FHRBE=F VT —
L U7e. SRERKEA i E-LEAI IR O SRR B A LT ClE
BT A BAWI, MHEORE T TORIN =%V
¥ XTUTEAE = R AF — & L. FARERDMEE
,ﬁ%@ﬁ%ﬁﬁkSm;of%k?é:&m%%%ﬁé
B, AERCIIEEE L LT LR X5 REE
Bt

15°C = J B4 ERE A, Dtk QT ABMH
QLT MBI LThTmick &\, i B, C
e QLT MEH TAEXHWMMLTUS. Zhid
QLT MEAHT- Lickb, 88 A, D TRHMEDE
TrzeoTn bh s NRARMES T COAMENRE S
BB LicWoiex L, $ifEB, C CiAEMmcE L<
IR L BB B b ThH. e C, D o J S
SEARS T E-ZfrHE Y Fig. 11 wad. #iE B, C
o QLT WEw X5 JBo{EOMINL, & OB Ja
ETHh Y FOLERCIIELLD bon, QLT AT
I AT R TEOE LTEASINS. 0, S8
CofEipt Fig. 5 €BiF 5 v+ v E—RBROERLLT
LG Lisw &=, B, CHoxkxic QLT IR D%
WD A SR ESEETHLY, TDLD T mD
Bz LASHBOMBE LV X 5.

. —40°C s\ THHEE A, B © J EaEE 15°C
B LT kX WA L. #M G, Do J B E
15°C i kbl LT 3 LABEIN Lichd, & MU 2K
r UCHEMREE LT\ 5 e B EO NS J Ky
oINS S Lics &0 X 5.

3.4 B|ERESM

15°C o Ni &FE X5 G5 EEED Zt%
Fig. 12 @i+, NigHBEOHEME & b, FIERRS,
0.29% MR LT\ 5, Fi, —RRMY, &MU

Load

.
/
—
)
'

Detlection

QLT
—

Fig. 11. Schematic load-deflection curves in the
dynamic fracture toughness test at 15°C.
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Fig. 12. Effect of Ni content on the tensile
properties at 15°C.
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Fig. 13. Stress-strain curves of the steels at 15
and —196°C.
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