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Slow Strain Rate Tensile Properties of Aluminum Alloys under Controlled Experimental Humidity
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Abstract : Development of fuel-cell-powered cars is underway worldwide to reduce the emission
of green house gases. Aluminum alloys are strong candidate materials for the liner of high pres-
sure hydrogen gas tanks for fuel-cell-powered cars, and their application is expected to expand to
other parts used in a hydrogen atmosphere. Although it is known that aluminum alloys generally
have better hydrogen embrittlement (HE) resistance than steel materials, adoption of a proper alu-
minum alloy is necessary for its safe use under high-pressure hydrogen gas environments. In the
present study, with a view to evaluating inherent HE characters of Al-Mn, Al-Cu, Al-Cu-Mg and
Al-Zn-Mg alloy systems, several binary and ternary aluminum alloys were subjected to slow strain
rate tensile tests under controlled experimental humidity to evaluate their hydrogen embrittlement
sensitivity quantitatively.
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Fig.2 Schematic diagram of a specimen surface during SSRT tests under controlled experimental humidity.
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Table 1 Chemical composition (mass%) of the alloys.

Alloy ID | Alloy System | Mn Cu Zn Mg Fe Si Ti Al Stzﬂgsrd
Al-Mn Al-Mn 1.20 0.00 0.00 0.00 0.06 0.03 0.01 bal 3003
Low-Cu Al-Cu 0.00 2.46 0.00 0.00 0.06 0.03 0.01 bal 2090
High-Cu Al-Cu 0.00 4.53 0.00 0.00 0.07 0.03 0.01 bal 2025
Low-Cu-Mg Al-Cu-Mg 0.00 452 0.00 0.48 0.07 0.03 0.01 bal 2014
High-Cu-Mg | Al-Cu-Mg 0.00 4.50 0.00 1.48 0.06 0.03 0.01 bal 2024
Low-Zn-Mg Al-Zn-Mg 0.00 0.00 4.19 1.46 0.06 0.02 0.01 bal 7NO1
High-Zn-Mg Al-Zn-Mg 0.00 0.00 5.57 2.48 0.06 0.02 0.01 bal 7075

xR2 HEM DEANIBE
Table 2 Heat treatment conditions for the alloys.
Alloy ID Homogenization Solution heat treatment Aging
Al-Mn 550°C x 10 hour 500°C x 1 min? -
Low-Cu 480°C x 12 hour 500°C x 1 hour 190°C x 36 hour
High-Cu 480°C x 12 hour 500°C x 1 hour 190°C x 36 hour
Low-Cu-Mg 480°C x 12 hour 500°C x 5 min 175°C x 24 hour
High-Cu-Mg 480°C x 12 hour 495°C x 30 min 190°C x 8 hour
Low-Zn-Mg 450°C x 12 hour 480°C x 30 min 120°C x 48 hour
High-Zn-Mg 450°C x 12 hour 480°C x 5 min 120°C x 48 hour
1) An annealing treatment for Al-Mn.
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Fig.4 Optical micrographs of the alloys.
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Table 3 Grain sizes evaluated as the mean-linear-intercept lengths of alloys after heat treatment and their mechanical properties.

Alloy ID Grain Size, um Mechanical Properties

' TS (MPa) YS (MPa) EL (%)
Al-Mn 15 105 43 42
Low-Cu 32 213 118 14
High-Cu 31 307 203 13
Low-Cu-Mg 30 366 306 9.6
High-Cu-Mg 28 479 424 7.2
Low-Zn-Mg 39 362 312 15
High-Zn-Mg 62 479 444 11
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Fig.5 Stress-displacement curves for SSRT tests of the alloys under controlled experimental humidity.
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Table 4 Mechanical properties and HES parameters obtained from the SSRT tests. Each numerical value is an average of two
SSRT test results under experimental condition.

Mechanical Properties
Alloy ID TS (MPa) YS (MPa) EL (%) HES Parameter
DNG RH90% DNG RH90% DNG RH90%
Al-Mn 95 94 44 61 441 49.8 -0.13
Low-Cu 222 221 127 131 25.4 27.1 -0.06
High-Cu 298 290 200 190 18.9 17.8 0.06
Low-Cu-Mg 359 359 310 309 14.5 12.9 0.11
High-Cu-Mg 468 468 423 426 10.8 10.6 0.02
Low-Zn-Mg 350 335 308 306 19.4 9.0 0.54
High-Zn-Mg 465 441 434 420 8.0 1.2 0.85
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Fig.6 Fracture surfaces of Low-Zn-Mg after the SSRT tests. Low magnification images of the half planes ((a) and (b)), and
enlarged images of the areas indicated in the whole images ((c), (d) and (e)) .
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Fig.7 Fracture surface of High-Zn-Mg after the SSRT tests.
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Fig.9 Fracture surfaces of Low-Cu-Mg after the SSRT tests.
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Fig.10 Fracture surfaces of Al-Mn after the SSRT tests.
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function of yield strength.
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