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Abstract - In order to investigate the impact properties of structural materials for
LNG tank, instrumented Charpy impact tests were carried out at cryogenic
temperatures. 9% Ni steel showed a superior fracture resistance because of less
degradation in toughness until 77 K. From the load-deflection curve obtained by an

instrumented methods it was found that with the decrease of temperature from 173 K
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to 77 K, the peak load in the curve increased, but the total absorbed energy decreased.
In addition, the energy absorbed during the crack growth was larger than one absorbed
in the process of crack initiation. In SUS304L material, the energy absorbed in the
process of the crack initiation was relatively large, but the energy absorbed in the
process of crack growth was small, the behavior of absorbed energy was well agreed
with the observations of the fracture surface which showed a relatively smooth fracture
surface. The absorbed Charpy impact energy in the case of A5083 alloy was lower as
compared with other steels, and some cracks were observed along the crack
propagation direction at the fracture surface of 77 K.
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Table 1. Chemical composition of cryogenic materials.

Material C Si Mn P

S Cu Ni Cr Mg Al Fe

Stainless steel

SUS 304L 0014 042 119 0.031 0002 - 915 1822 - - bal
Aluminum alloy

AS5083 - 0.16 068 - - 004 - 0.12 45 bal -
Nickel steel

9% Ni steel 0.06 023 0.59 0.004 0.001 - 9.04 - - - bal

Atk AgHAe AL ASTM E23-96°1 what
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Table 2. Mechanical properties of cryogenic
materials at room temperature

Tensile 0.2%Proof Elongation

strength strength

(MPa) (MPa) (%)
Stainless steel
SUS 304L 571 257 60
Aluminum alloy
A5083 309 157 22
Nickel steel
9% Ni steel 713 620 32
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Fig. 1. Change of absorbed Charpy impact
energy and lateral expansion with
temperature in SUS304L material.
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Fig. 2. Appearance of fracture surfaces in
SUS304L. material after Charpy
impact tests (1/2t)
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Fig. 3. Change of absorbed Charpy impact
energy and lateral expansion with
temperature in A5083 material
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Fig. 4. Appearance of fracture surfaces in
A5083 material after Charpy impact
tests (1/2t).
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impact tests at 77K

e Ae YErd

34. S5 stE-#eaH

A%t FHFAANEZEFH @i Gzl A
gAE T F-HF FHE& Fig. 8 4
BT HA (a) 77KelA SUS304ALA S 7
$, &Fo] TEAAHA AZEeE HAdHA =
g3 ¥ 3£ AsE vl FAFFAUA
o] tiREe] FEMAAAA 2T FE3
Mo W& AgANA(Ep)E A UElA &
t A%E & 71 Aok oA Fig. 20 B
g FEAE F It 3o Fig. 8 (b),

()= 9%Ni 723 A508341¢] Z-¢8 Yetixz
Atk AAHA FF-HF FAE AHEY,
(b) 9%Ni 72 7%+ SUS3LAstE= 2o

EHatFol 343 Fdsly AL AT F
AE E& Fgs HASHAM 2 B8 s &
wate AL RodFn vk agstd Fg9ai
Al el A (Ein) B FIAAAAXEP)7E B
T 2 BRSE AXsE RS ¢ $ Utk =3
257t 173K A 77K2 Aol o} 3135-
B FML WalE veh, e Fage 38
£d8o] Zylete #BAE B} F£3] $718d
173Ke} A8t & &S 7HxY o] He
Az FIAMNAAEAA dqdAE 238 &
WNJAE A5l n FEIRANUIRGE & W
37 gl HE B 5 Utk olRe g9
Fig. 6 o geaddsem I dxs ot
9 (c) ABOS3A S g, Ao visted R
ge atd 2wy Jdelda, F5yA
A gaMAedA 2 FEAANAR 7t AR
3te vl go] 2 ARE YEMAR, =A%

- 104 -



LNG AZ®ag Az AL $ASH I gAY

SUS304L
kLY
-
2
Z 2
x
o 5
']
[«
4 10
5
Q
) 2 4 8 8 10 12 14 18 18 20
Deflection (mm)
(a) in SUS304L
9%Ni steel
kL)
b —_—TTK
-+~ 13K
25
z»
=
T "%
©
o
-~ 1w
5 4
0
] 2 4 [} 8 ‘1;712~14 16 1BYZJ
Deflection (mm)
(b) in 9%Ni steel
AS5083
0
. T
— €1
z
x
e} 4
[
o
-4
24
04

] 2 4 6 8 10 12 14 16 18 20
Deflection (mm)

(c) in A5083 alloy

Fig. 8. Load~-deflection diagrams after
instrumented Charpy impact test

- 105 -

o WebE FE EF Astsdch

JAozRE A%y AUZANYA @
2ABARME LNGRAS B IAL B
HH)e) AT @ £HAEE A A0
o) gl fESTn e

4.4 E

1) SUS304LA 9l 39, %71 Asgo] w
g 23 F50vAE & 70], 31 BEFe
ok 0.5mm A3l Fagde 9FL& A
UEtUA @x, figde HolAFL £3
FovR g A AED 2 ggatg. sF
- FA A FAANAAR G FHFF
UA 7t dFEE AA3An #dA- e
FavAE A9 veuzx ol @ US4
= 2 AdX3FH.

2) AS0838EY At 3ZA vl
@3 FHAFFAUAE JEMAARAE, 173K7}
e A& FaduAgeE fA3da, 77K
2 A3 B @AY FHFSFAUA A
£ zA39d. ¢9ddgd nE A7 e,
LuaAgs THEARg 10] A% =& g
e, 250 wWE suygae] Hol:
F&eA #F & £ UAYR, TIKAM e A
A HANHE Yehid

3) 9%NiZe ASE, A=A A
Aoz =& FHAFSFAUAE Yehiiz,
257t 173K A TTKZ Adtge] 60] A= &
g AddE 7tAY 48 FAAZS

HEIY. 48 mWE ¥ LA

o Aee g4 dESL, olw FARE A
dx o J&HAt AVFFY Hele F
AFFAdA Y AaAFH T d&IAC
177KAN M TIKZ A3 gd wa} sh3-Aa3 34
< ¥3E Y, HAHTEE 173K F ¢
Brp 2 #& 7RG W¥ge] He #AE H4
AAA7A ddAE 288 o 30J8%E At
L FEJAAYR A= & At i

8

Ao

-~ g

1. Fulford, N. J. and Slatter, M. D,
Cryogenics, Vol. 28, pp. 810-817 (198R).

2. #aft B, BAREEEER, Vol 58 pp. 24-28
(1989).

3. Reed, R. P. and Clark, A. F.,, Materials
at low temperatures, ASM, pp. 252-254
(1983).

57t 4882 A2 A& 1998 49



AYY - olaT - NFYG - HEA

4. 19944 E B ABAEEL TEEGRETL
"TFMREEREAFAMORR - FEHED
EREACICBRT 2R AHR, REE (1995).

5. Lee, H. M, Reed, R. P. and Han, J. K,
Advances in Cryogenics(Materials), Vol.
36, pp.1273- 1282 (1990).

6. ASTM E23-96, Standard test methods
for notched bar impact testing of metallic
materials, ASTM Committee E-28 (1996).

7. Ogata T. Ishikawa K. et al, Strength
and toughness of austenitic stainless
steels, Proc. of Int. Conf. on Stainless
Steels, Chiba, ISI], pp. 457-464 (1991).

KIGAS Vol.2, No.1, April, 1998 - 106 -



