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Volume Expansion of TiMn,-type Hydrogen Storage Alloy with Hydrogenation
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cnpark@jnu.ac.kr Abstract >> The volume expansions of Tip.95Zr0.05Vo.4Mn1.45F€0 1Cro 05 alloy during

_ hydrogenation with various conditions have been investigated. The theoretical
Ezszzzd Zi gz;g;;;zzog; volume expansion measured with XRD for this alloy with hydrogenation was 21%.
Accepted 30 October, 2017 The apparent volume expansion of this alloy ingot with hydrogenation was com-

posed of two effects. One is a hydrogenation and the other is a pulverization. The
apparent volume of free alloy powder was 1.8 times greater than that of an ingot,
implying the pulverization effect on the apparent volume expansion is 80%. The
apparent volume expansion of the alloy ingot with hydrogenation under a uncon-
strained condition was about 80 (+15)%, much smaller than that of free alloy
powder which expected as 118%. In addition, The apparent volume expansion of
the alloy ingot with hydrogenation under a constrained condition(Al container)
was about 50%, much smaller than that of the unconsrained. This reduced appa-
rent volume expansion of the alloy ingot could be attributed to an arrangement
of alloy powder keeping its original shape of the ingot even after hydrogenation.
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Fig. 1. Equipment for a hydrogenation of alloy
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Fig. 2. The welded Al container with alloy in it

Fig. 4. Al container and alloy
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Fig. 5. XRD pattern of the alloy powder
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Fig. 6. XRD pattern of the hydrogenated alloy powder

Table 1. XRD analysis of the alloy and the alloy hydride

Alloy Alloy hydride
a(d) 4.8693 5.1886
c(d) 8.0223 8.5386
v(A3) 164.7 199.1
(199.1-164.7)/164.7
0,
AVee) =0.209=20.9% (21%)
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Fig. 7. Volume expansion upon change from alloy ingot to alloy
hydride powder
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Table 2. The changes of Al container size upon a hydro-
genation

Before After Change
hydriding hydriding (%)
Diameter 117.3 121.0 3.14
(mm)
Height 23 224 0.44
(mm)
Volume 241.0 257.6 6.9
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Table 3. The apparent volume expansion ratios for various hydrogenation conditions

VER due to VER due to
e 0,
Conditions Total VER (%, 1) hydrogenation (%, h) pulverization (%, p)
Ingot — ingot hydride 21 21 0
Ingot — free powder 80 0 80
Ingot — free hydride powder* 118 21 80
Ingot —
+1 21 48.8 (%1
unconstrained hydride powder 80 15) 88 (15)
Ingot —
21 23.
constrained hydride powder 30 37

* : assumed
'VER=apparent volume expansion ratio=(V-Va)/Va=V/Va-1

total volume=Va(1+h/100)(1+p/100)=Va(1+t/100)=Va(1-+0.4)(1+y/100)

where Va=volume of alloy ingot, h=21, y=apparent volume expansion of Al container(%)
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