UAC] Technical Reports, Vol.l (2014), pp. 76-81

| BB - HiiEs

IRFEBRBSHTNVI =Y AEESDOnE X OB
FE NI F%EE:*, — 4 %ﬁ]**’ NI o

Development and Evaluation of Aluminum Alloys
for Hydrogen Storage Materials

Takahiro Shikagawa®, Koji Ichitani** and Katsumi Koyama***

Keywords: fuel cell vehicles, hydrogen, storage, aluminum, Al-Mg alloys, hydrogen embrittlement

1. #&

il

AR, IERNR T A OB, ALHBEORE R Lo
MERBR B E MR E LThH V) VD S EAEF
H L7247 v M (HEV) RELAEBH (EV) ~0
YT EDME S TWD, AT, 201542051 X 1D
KEFIETH VY B EFED 300 km PLEEITTE S
PREEMEBIEL (FCV : fuel cell vehicles) O A
MR SN TWBY, FCVIL, REZREE LTHE
L, ZOBELKEFMLCTETT 5720, oK
FERDEMOI TN —EHINTWD, FCVORKE
L B KEORHIRE L LT, BIEKEF A, A KE,
IKFE WA N DA IRARFE VMG ST 5 A8,
W REEONY B V7R A ROR R OBN
DOBIEKRFENADBE IR SN TS, RENRFCV
MR HEA#E N A OB % Fig. LWORT Y, we
Pl O 45 g R BR L D T 4 F — OAMINT e o s L
PG (CFRP) %% X O THIEZ RS A& 12 % -
TWh, FA T —IZEEKFEATACBEEINLZ END
KFE BN L, OoENWARERICELET 5
TV AMEPHCOEND 2 EDE v, BUTOME
WIZBWT, BIEFTRY Y7k E LTEEDD 5 6061
BEDHAPEBHEEKRETAFRDOTA F—L LT
By SNTw52s, ERHAEGOBRRILENS 2D
274 F—MTOERET VI = AGEORFED 0D
AED SN T W5,

=7, FCVIIARFEZMWAGT 5720DKFEAT—V 3

Liner material

High -pressured
hydrogen gas

Carbon fiber reinforced plastic (CFRP)

Fig. 1 Schematic illustration of a high-pressure hydrogen
storage cylinder.
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Table 1 Chemical compositions of Al-Mg (-Cu) alloys.

(mass%)

Mg Cu Fe Si Ti Al
Al-25Mg-Cu | 251 | 041 | 003 | 002 | 001
Al-5.0Mg 494 | 000 | 006 | 002 | 001 Bal.
Al50Mg-Cu | 498 | 040 | 003 | 002 | 001

Fig. 2 Microstructure images of (a) A25%Mg, (b) Al-25%Mg-
04%Cu, (c) AF50%Mg and (d) Al5.0%Mg-04%Cu.

Table 2 Mechanical properties of Al-Mg (-Cu) alloys.

TS YS EL

(MPa) (MPa) (%)

Al-25Mg 168 56 30.0
Al-25Mg-Cu 199 70 333
Al-5.0Mg 244 97 32.8
Al-5.0Mg-Cu 279 120 31.8

| Sample A (t=1.0 mm) |

l l

| Cold rolling (t=0.8 mm) |

Stabilization
treatment

(230°C for 7 h)

I

Sensitization treatment
(150C for 64 h)

| Sample B | | Sample C |

Fig. 3 Schematic diagram showing two series of
experimental procedures.

Table 3 Mechanical properties of heat treated Al-Mg
(-Cu) alloys.

TS YS EL
Treatment Alloy (MPa) (MPa) (%)
Al-5.0Mg 264 158 233

Sample B
Al-5.0Mg-Cu 335 232 21.1
Al-50Mg 261 155 244

Sample C
Al-5.0g-Cu 326 222 18.2
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Fig. 4 Schematic diagrams of a specimen surfaces during
the SSRT tests under high-pressure gas and
under experimental humidity.
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Fig. 5 Tensile specimen for the SSRT test.
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Fig. 6 IndexI () of embrittlement susceptibility by
the SSRT tests at a strain rate of 6.94 < 107s™.

Fig. 7 SEM images showing the fracture surfaces of
the Al-5.0%Mg-0.4%Cu. Specimens were tested
at a strain rate of 6.94 x 107s? in (a) moist air
(RH90%) , (b) dry nitrogen gas (DNG).
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Fig. 8 Stress-displacement curves of Al-5.0%Mg based
on the SSRT tests under controlled experimental

humidity.
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Fig. 9 IndexI () of the embrittlement susceptibility
of Al-5.0%Mg alloys based on the SSRT tests at a
strain rate of 6.94 < 107 ™.
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Fig. 10 SEM images showing fracture surfaces of the
Al-5.0%Mg alloys. Specimens were tested at a
strain rate of 6.94 x 107s? in moist air (RH90%) .
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Fig. 11 TEM images with EDS analyses of Al-5.0%Mg
alloys.
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Fig. 12 Stress-displacement curves of Al-5.0%Mg-0.4%Cu
based on the SSRT tests under controlled
experimental humidity.
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Fig. 13 Index I (6 ) of the embrittlement susceptibility of
Al-5.0%Mg-0.4%Cu alloys based on the SSRT tests
at a strain rate of 6.94 x 107 s
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Fig. 14 SEM images showing fracture surfaces of the
Al-5.0%Mg-04%Cu alloys.
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Fig. 15 TEM images of the Al-5.0%Mg-0.4%Cu alloy
sample C subjected to stabilizing treatment.
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