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Abstract The effects of immersion time in the liquid nitrogen on the behavior of aluminum alloys used for
the hydrogen storage tank of auto-mobile at cryogenic temperature were investigated. With increasing
immersion time in the liquid nitrogen, the elongation of Al 5083 alloy at cryogenic temperature decreased
because of non-uniform fracture of precipitates on the grain boundary, and the serration also occurred because
of discontinuous slip due to rapid decreasing of the specific heat. The mechanical properties of Al 6061 alloy
at cryogenic temperature were characterized by uniformed yield strength, tensile strength and elongation
regardless of the immersion time in the liquid nitrogen. These mechanical properties of aluminum alloys at
cryogenic temperature were interpreted by the strength of grain boundary and the slip deformation behavior.

Key words An extremely low temperature, Wrought aluminum alloy, Mechanical property, Serration.

1. M B

A=

e Ao HHste] JHAEREA 1 o
7F Skl ' Ak /712 (LPG Liquefied Petroleum
Gas), A3t A7F2=(LNG, Liquefied Natura Gas) A7)
il 3 A gy A e FEpda e 7t
gk ool A% AR B BAR S
oA HQ3t HAAF, HA|Fa 5o AGE
FA-E vt Frhstal stk 53] HA1d
A AFEze) e SR WA
] ] zx% o]- HO ;{]1/]1:14 ;qiﬁ/ﬂo]
Jolok st e 4w R AL Susjorgict
E}E‘r"i A9 AFe] AN, FHEAFA, <l
d 5 71AA BAe gt EA4E e A 5 A
284o] a7HE T2 AR ek 38l Bl 3
SHIL Th 53] a4 A7IeS 1A, A 9@ a4
Al ot a2 7Ieo] shEE o] AEs T
785k YA AT = 38 7R g 4 A

=
AT

ZAT EA

2

- O

Corresponding author
E-Mail : jhlee@dau.ac.kr (J.- H. Leg)

192

F71s0] 7P gl AE3lEe] Jong Jgke] AR
Hol| gk kA gt Pr?ii‘:]' Fasich dA F
2 AREEE FA2E A9 49, A= AISI 304,
304LN, 316, 317LN 529 QX2H ol EA ZH] Rl 2%
3 36%NiZ(Invar), F1EAIE o-Ti 2 a+B Ti 3, Al-
LiAl 2 Al-MgAl & 5ol AMH T 9o, d7A e 7
S g ARE B Azl 2o oln 723 vl A,
A8 oA F Al e 2EA G BE FEw

7k 24 4w 4 Ay, AFEAS A AA
ololN BAF WAL AYHI T AEHTL ULk
wg 8 A HAEE F AT Ass AL A F
25 sk A BAPAATRO Y A
PE AR F2 A A=) 4

T ER
SH 3 AT, 2T ol F FALE Al T 7A
A 52 ®igle] gt 4 79 A7e FE GAEA
g §54 14, AR &Y% W0 ¢
delamination toughening™™® 502 A TR 28
AL AIRE o] 28 THE Foll M ofH o] AA| AL
ANAR B 2 MuE £ gJerle dvtels AL o
& dolrh.

e g, A7k % AR FAeE AL

=2



7F-& 45 Tl SA42 54 193

Q7 w2 HAFA AFETEoTZA Al T LA
o] AL EAL Fotataat Al-MgAle] Al 5083, Al-
Mg-S7le] Al 60617 6063 &S AlEste] zHzke] ¢
Fol FAL BN 2= A 2 JAH EH4E 2
Asidnk. =3 AR gold d7A4 e nuEE Al
FEe 71AH A Wkl s 2AREA T

i

2. AE w

It

n

Al 5083, 6061 ¥ 6063 T= S 77 KS B
0801 14B%. A|@Wow siaalgon, FA& 348 &
Astarzl A FAS AR H A Ao Hoy 297714
HAAFAAATLE 22]a A E (Shimadzu AG-1 10KN,
speed : 10 mm/min) §-A| 842 LA QA A4
2 el A A sk

1] 4| %22 Dix-Keller 2] 94(H,0 190ml, HNO; 10m,
HCl 6ml, HF 4ml)g o]&ste] 2 & A&Fs3oH,
FA LM Al T2 JAE A JFL vlAE
821s Hetstaal Fskv|7ds FESEM-EDX(Field
Emission Scanning Electron Microscope with Energy
Dispersive X-ray Spectrometer, LEO 1530FE)Z ©]-&-3}
of MAlFZ 9 sfddd e iAE EAFTF T =

AbstaL olo] thal xzsld ).
3. Zn % 1

3.1 M8 ¥ OM=3F

Table 10 B Ao ARE-E AJH] Al =4
ZAS JERITE Fig 12 QAAE A Al 5 o
A HH A 2 1657 JE/5A T rHzRds &

Table 1. The chemica composition of Al aloys.
Chemical Composition (wt%)

Alloy -
Si Fe Cu Mn Mg
5083 0.40 0.40 0.10 0.40 4.00
max. max. max. -1.00 -4.90
6061 0.40 0.70 0.15 0.15 0.80
-0.80 max. -0.40 max. -1.20
6063 0.20 0.35 0.10 0.10 0.45
-0.60 max. max. max. -0.90
Chemical Composition (wWt%)
Alloy X
Cr Zn Ti €tc. Al
5083 0.05 0.25 0.15 0.05
-0.25 max. max. max.
6061 0.04 0.25 0.15 0.15 bal.
-0.35 max. max. max.
6063 0.10 0.10 0.10 0.15
max. max. max max.
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Fig. 1. The microstructures of Al aloys versus the immersion
time in liquid nitrogen(x 200); (a) 5083-origina (b) 5083-16
week (c) 6061-original (d) 6061-16 week (€) 6063-origind (f)
6063-16 week.

Fig. 2. The microstructures of Al 5083 aloys on the deformed
area after tensile test versus the immersion time in liquid
nitrogen(x 200); (a) original (b) 2 week (c) 8 week (d) 16
week.
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Fig. 3. The microstructures of Al 6061 aloy on the deformed
area after tensile test versus the immersion time in liquid
nitrogen(x 200); (a) original (b) 2 week (c) 8 week (d) 16
week.

Fig. 4. The microstructures of Al 6063 aloy on the deformed
area after tensile test versus the immersion time in liquid
nitrogen(x 200); (&) original (b) 2 week (c) 8 week (d)
16 week.

w M| Z 2 o]t} Al 5083 &HF3 nR AR QIAAIE A
7Hl R Q1o o3 AR AX WHE 4 FFE wA
221& YERSL Lot A d A HJAAIZ ] mE 27

A zpol= YEPA] ekglt)
3.2. 7|4¥ EM
Fig. 5= A d Aol 2Z3 AlgHe] AAHF3| A7)
w2 QA F Aot} Fig. 5@)¢] Al 5083 I o
AdA JAFAAZ 2727 A= &5 2 A=) v
]

& IR WP dEhT o1} 47 ol ERE o

AeA L 2lom e Fastal ik Fig. 5(b)°] Al
6061 e AAAL HANZ 257 = i H <
=L A SIS 1 T AR L A ]
S7FEdl met AR e fAISaL oS Bl 9
or tgo] dAEE T} 54E e gl &

ok
>
E
ol
o
iy
offt
e
ok
rO

N
o3
k1
=2
X
ful
ol
i
2
=

500 T T T T
] (a) Al 5083
450 —=— Yield Strength L 45
1 —4— Tensile Strength
4004 —e— Elongation L 40
350 35
14 /-IL\A—A IAII
< 300+ % Lhao
1000—n o
E ~ 3
Z 250 ® ¢ L25 S
: . \ 5
§ 2004 § k20 3
& ] £
150 -] !_./i = i 15
100 - 10
50 5
0 T T T T T T T T T T T T T T T 0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Immersion Time in Liquid N, (Week)
500 T T T T T T T T 50
| (b) Al 6061
450 —=a— Yield Strength I 45
1 —a— Tensile Strength
400 —e— Elongation L 40
350 - 35
1 pea——A——
< 300 & Ala
£ g
Z 250 » B . }25%
g e [T %
g 200 " P —p—— o ln 5\;
& ] =
150 - 15
100 - 10
50 - -5
0 T T T T T T T T T T T T T T T 0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Immersion Time in Liquid N, (Week)
500 T 50
i (c) Al 6063
450 4 —=— Yield Strength L 45
1 —— Tensile Strength
400 —e— Elongation L 40
350 35
< 3004 30
E m
£ g
Z 250 F25 §
g1 by g
S 200 A — L TTT— L20 =
Polypt——— s
150—‘ %i_i/i/ \. F15
100 - ~10
50 - L5
0 e o 0

T T USRS BRSNS
6 8 10 12 14 16 18 20 22 24 26 28 30

Immersion Time in Liquid N, (Week)

Fig. 5. The tensile test of Al dloys versus the immersion time
in liquid nitrogen; (a) 5083 (b) 6061 (c) 6063.
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Fig. 6. The stress-strain curve of Al alloys versus the
immersion time in liquid nitrogen.
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Fig. 7. The FESEM fractography of Al aloys versus the
immersion time in liquid nitrogen(x 500); (a) 5083-origina (b)
5083-16 week (c) 6061-original (d) 6061-16 week (€) 6063-
origina (f) 6063-16 week.
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Fig. 8. The FESEM-EDX of Al alloys versus the immersion
time in liquid nitrogen(x 3K); (a) 5083-origina (b) 5083-16
week (c) 6061-origind (d) 6061-16 week (€) 6063-origina (f)
6063-16 week.
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