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Effects of Cold-rolling and Ni-equivalent on Mechanical Properties
of Austenitic Stainless Steels at Cryogenic Temperatures

Toshio OGATA and Keisuke ISHIKAWA

Synopsis :

Austenitic stainless steels, especially SUS304L and 316L, are candidate structural materials for cryogenic
use. However, there are not enough data on Charpy absorbed energy at 4K nor reports on effects of cold—
rolling and Ni-equivalent on the tensile properties and absorbed energy for these steels. In this study,
tensile and Charpy impact tests of cold-rolled SUS304L, SUS310S and SUS316L were carried out at 293
K, 77K and 4K. Microstructure and texture of the steels were also studied. Effects of cold-rolling and
Ni-equivalent on low temperature mechanical properties of these stainless steels has been discussed. Re-
sults are summarized as follows;

1) 0.2% proof stress and ultimate tensile strength increased as the reduction of cold-rolling increased.
In the 409, cold-rolled steels, there were little difference in the proof stress between the steels investigated.
As the Ni-equivalent increased, the proof stress increased and tensile strength decreased at low tempera-
tures.

2) The notch—to-unnotched ratio of tensile strengths increased as the cold-rolling reduction and Ni-
equivalent increased.

3) As the cold—rolling reduction increased, the absorbed energy decreased. The absorbed energy in

409% cold-rolled steels at 4K was 40-100].
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Table 1. Chemical composition and Ni-equivalent of the steels.

r c Si Mn P

S Ni Cr Mo Ni eq.
3041 0. 012 0. 69 1. 69 0.034 0. 026 10. 24 18.10 — 11.5
3108 0.07 0.77 1. 65 0.021 Q. 003 19. 76 24. 50 — 22.7
3161 0.019 0,52 0. 86 0.031 0. 004 12.75 16. 55 2.15 13.8
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a) before cold-rolling

Photo. 1.

Table 2. Ferrite content of the steels (wt2g).

Cold-rolling reduction 304L 3108 316L
0% 0.61 0. 28 0.31

20% 1.3 0, 30 0.35

40% 5.9 0.28 0.35

Table 3. The intensity of texture of the
investigated steels.
X :none, A :weak, O : fairly strong
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2), b) for 40% cold-rolled SUS304L

a) (200)pole, []: (110){001], b) (111 pole

c), d) (111)pole figures for SUS3I6L

c) 0% cold-rolled, d) 40% cold-rolled
Fig. 3. Pole figures for the steels.
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Fig. 4. Load-displacement curves at 4, 77
and 293K.
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Photo. 2. SEM fractographs of fractured surface of tensile test specimens of 40%

cold-rolled steel tested at 4K.

75

L =7 A

Charpy absorbed energy,

______________ 5
= O7TT A

207LS ]

s g

40718 o

QoL _ -7 e
e

A= ] Fig. 7. Effects of cold-rolling

q reduction on Charpy absorbed

793 L 77 793
Temperature, K

Temperature, K

300 T T T

g

Cold-rolling
I- reduction
0% 20% 0%
O © e 304
& A a 310S
oo = 3160 ®

N

L ] i
500 1000 1500
0.2%Proof stress, MPa

Fig. 8. Correlation between Charpy absorbed
energy and 0.29, proof stress tested at 4K.

3
=]

Charpy absorbed energy ,J

o
o

FABEYEL T35,

4. = =

4.1 -7+ 41 MAOREM LI BEREY

AF YV VAR WTA— AT F 1 F HOREEIME
W EERTEM Y M B mIHR~Ar 7T v A1 b E
BAELS. A7V VABOEBRC R A MIFHFE~ v
v A P EBORRIL S hE TS  fTbh, iz
i¥ 304 L 2o\ Tix GUNTER & REED 5991 X B

Temperature, K

energy at various testing tem-
peratures.

4535, 316 1o\~ Til SHEETHARAMAN & KRISHNAN
59 L A&, 310S OF — AT 51 M O BEH
ToTit WARNES B [ X 28E0RHB. ThbD

B rnE 304L CTRERICK THEARMRRET .
= ATF U A VHENK 3%, a'-wAT VA A
W 5% HAETS. c BREZOOT HZETRKERD
o HEBL, (c+a') OBILEHE L DML 90
% Hkeich. E7- 316 CTREATTRETIZ cH, o«
Hed 0% ThHaHM OTLREDHMME LB o Hid
409 BEFTHEMTS. chbil 7254 A2 —7
ot LhiEE dRFIGLTWA.

Fig. 4 ©H\T 304 L offEMNEIIH L TIRC
LRI 01, o HERK L D MTEE £ T
BB, ENENT=AT VA BERIET LEM,E
LTLE 57 RNTED geq pMEL 5. ThICH
LCBERThH+ — A7 7+ 1 FHBRELER 3105 T3,
304 L AT gog ZEVH o5 EV. Ni 48
304 L & 310S odhffo 316 L 1333EEBHLHEEDOH
HoHEE R L TW5.

304L o 40% AREEEHCE\ T 4K THECR
bR B BRI OEHMIGNOE T, WHEZEC XI>T
Mz bl OTRIC L D REEA — AT F 1 PBERL

— 84 —



BEBRCKTEF 2551 P RAF v VASIOBBIR B S XIETARBEES: Ni ¥EopE 1653

a), c) 0% cold-rolled

b), d) 40% cold-rolled
Photo. 3. SEM fractographs of frac-
ture surface of impact test specimens
of SUS304L 09, cold-rolled and 40
% cold-rolled, tested at 4K.

a), c) L-direction b), d) T-direction
Photo. 4. SEM fractographs of
fracture surface of impact test

! specimens of 40% cold-rolled

,C SUS316L steel.
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