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Development of Aluminum Alloy Welding Member with Superior Fracture Toughness at Cryogenic Temperature
(Study of Aluminum Material for Liquid Hydrogen Transportation and Storage Vessels)
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Abstract: AA5083 aluminum alloy has high strength and high corrosion resistance among non-
heat treatable aluminum alloys. Therefore it is widely used for LNG tank with its good low temper-
ature properties. But when considering the candidate material for liquid hydrogen vessels, there is
a problem that is fracture toughness decrease at cryogenic temperature especially in welded
metal part.

To improve the fracture toughness of weld metal at cryogenic temperature, mechanical properties,
Charpy impact properties and fracture toughness of base metal and weld metals prepared by
using conventional MIG and FSW were investigated at RT, 77 K and 4 K.

Al-Mg intermetallic compounds at grain boundaries cause decrease of fracture toughness of MIG
welded part at cryogenic temperature. It is capable to reduce grain boundary segregation and get
very fine grains by applying the FSW method which can join under melting point. In the case of
aluminum alloy, FSW is very effective way to improve fracture toughness at cryogenic tempera-
ture.
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Table 1 Chemical composition of base metal and weld metals.
Si Fe Mn Mg Cr Ti Al
AA5083 Bt 0.07 0.19 0.67 4.75 0.06 0.01 Bal.
FSWidE£EE 0.09 0.21 0.61 4.65 0.05 0.02 Bal.
AERMIGBHELED 0.04 0.18 0.59 4.72 0.07 0.05 Bal.
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AA5083 81, MIG $ LU FSW BELBED I 7 O#EH
Fig.1 Microstructure of AA5083 base metal, MIG and FSW weld metals.
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Fig.2 Dimensions of tensile, Charpy and fracture
toughness test specimens.
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Fig.3 Stress-Strain curves at testing temperature.
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Fig.4 Relationship between testing temperature and mechanical properties.
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Fig.5 Result of Charpy impact test.

3.3 TFEEABIZEHE

SPTH TE ABBE P IR SR O R EHI B TIER LS
HEELEWETH ), EEOHEBHAEXICHV LS
ST A—=FThh,

AAB083 T IV I = A E&IITRIE L BIED/NT R IZ
BN EETH ) BAKIRIZ BT b P TE AR
B (Kic 508k : ASTM E399) TIX AR 2 EAE S N7z
O, BREVER ISR (J1c U8R - ASTM E813) % %
L, Bonz]iclE VEHEICTK iz ko (ZhE
Kic () &2 3 %),

K6 (2R, MIGHE#M B L O FSWH O &R & i
HERMMEOMRE R,

S0 TIE R B & OTMIGH & 128 Wil %
RL, FSWHIZEH O 1845 & & & 1B BRI fE
R L7z TT K CEBHMTIZETHEL, MIGHB L O
FSWA ClBIEBMEE D THIET L7z b oDkik
ELTHEWEZRLTHY, LNGIREE TIEHERMIG
MTHOBNIELFEOZ L5 h 5,

4 KTIEBH, MIGHB X UOFSWHOWTFILE 77 K
IZHARD EBIERPEIR T T 2 P bz, L
LB ICBOWTIZER L (ZIFFE UBEMMETH Y,
FSWHIZBWTH M L AETHWEEZ/R Lz, &b
FSWH D4 K TOFREBEEFIZIZIFSWE O X ¥ )V 7
O =& ) BEPTHE L2 (B L aho /oo E i L
LTRLTWA,

il 12 L B 2 O B THT O 7 A B T B SR LR B &
R712RT. LD M, MIGH B L OFSWH & b
WCRTB X777 KTET 1 v IIhigE sz, 4 KT
SRR COEND RO LN TR, WKHES O
PR T IR REND LRI R b 720 E 2 b b, &
DR FEN UL EFER OB R 12 Al-Mg R e B BALEY
RIS 5 2 LIRS 2 EHESND, D0
FUUF CHA S A FSWH OBEMEEA K X < 1\ -
L7zboeEZoND, M OMMILIZ X 2R
DB R L RENZ LB EZOND,

DLl oid £H 5 AAS083 & 4 O MIG B #A4 O M KR
2B 2B ORI EEE RO Mgt 8 £ UKL FZAE
T 2EBMLEWICLDEENIRENZ ENEZ LN
oo TOD-OMgEG HEORERFHETLHWN T
AAB454 B LU AAS06 H:# & V79288 b Fht L, fit
kMIGEH BT b EHEET O Mg m A3
L L AERAI R OFEEES T E L, WIEKRICBU LRES
S OBIEMMEAT 35 2 & QMR L7210, 2022

& 512 AAB083 & e E HM ORI L 2 SE 5 5
FE LTE, TERMIGHEREED O FSWENLEH 5 2
ERENTHLZEVPL PR o72,

IoMgEAEZRRRE L, HimIZBT 2 HE L
IR BT 2 BIREIEDO NG ¥ A & it T 5 2 & TiE
REHLTFEIBNTHIYUETE D DT h o7

120

’ \

£

=

o 60 ¢ A \R

= ///

= 40

< Ty’ —o— Bt
20 —— MIG ||

—&— FSW

5 50 100 150 200 250 300

Temperature (K)

X6 BIENMRERER
Fig.6 Result of fracture toughness test.
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