
[Research Paper] 대한금속 ·재료학회지 (Korean J. Met. Mater.), Vol. 56, No. 8 (2018) pp.611-619

DOI: 10.3365/KJMM.2018.56.8.611

Hydrogen Uptake and Release Characteristics of Mg-xTaF5-xVCl3 
(x=1.25, 2.5, and 5)

Myoung Youp Song and Young Jun Kwak*

Division of Advanced Materials Engineering, Hydrogen & Fuel Cell Research Center, Engineering Research Institute, 
Chonbuk National University, Jeonju 54896, Republic of Korea

Abstract: TaF5 and VCl3 were chosen as additives to enhance the hydrogen uptake and release rates of Mg.

The total content of the additives was not more than 10 wt% since too high content reduces the fraction of

Mg and thus the hydrogen storage capacity of the alloys. Samples with compositions of Mg-x wt% TaF5-x wt%

VCl3 (x=1.25, 2.5, and 5) were prepared by reactive mechanical grinding. The temperatures at which the as-

milled Mg-xTaF5-xVCl3 (x=1.25, 2.5, and 5) began to release hydrogen quite rapidly were 538, 613, and 642 K,

respectively. Activation of the samples was not needed. In the first cycle (n=1), Mg-2.5TaF5-2.5VCl3 had quite

a high effective hydrogen storage capacity (the amount of hydrogen absorbed for 60 min) of 5.86 wt%. Among

the three samples, Mg-1.25TaF5-1.25VCl3 had the best hydrogen release properties. In n=4, Mg-1.25TaF5-

1.25VCl3 had the largest quantity of hydrogen released for 60 min at 593 K in 1.0 bar H2, releasing 0.23 wt%

H for 5 min, 0.34 wt% H for 10 min, and 3.31 wt% H for 60 min. After hydrogen uptake-release cycling, Mg-

1.25TaF5-1.25VCl3 had the smallest particle size. In n=5, Mg-1.25TaF5-1.25VCl3 released 2.01 wt% H for

5 min, 3.78 wt% H for 10 min, and 4.89 wt% H for 60 min at 623 K in 1.0 bar H2.
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1. INTRODUCTION

Metal hydride storage is advantageous over pressure

storage and cryogenic storage since metal hydrides have a

higher volumetric capacity and metal hydride storage is

safer because low pressures are involved in the hydrogen

uptake and release processes [1]. 

Magnesium has a high hydrogen storage capacity (7.6

wt%), is of low cost, and is abundant in the earth’s crust.

However, it reacts at a very low rate with hydrogen. Many

studies to raise the hydrogen uptake and release rates of

magnesium have been carried out by alloying magnesium

(Mg) or magnesium hydride (MgH2) with metallic ele-

ments [2-5], by mixing Mg or MgH2 with compounds [6-

11], and by synthesizing Mg-containing compounds [12-

16].

Yavari et al. [17] mechanically alloyed a mixture of

MgH2 with a few % FeF3 and found the fluoride transfer

reaction occurred from Fe to Mg, leading to the formation

of Fe nanoparticles (and protective intergranular MgF2)

within a nanograined MgH2 powder. The influence of var-

ious halide additives milled with magnesium hydride

(MgH2) on its decomposition temperature was studied by

Malka et al. [18]. Halide additives milled with magnesium

hydride exhibited a strong catalytic effect on the MgH2

decomposition process and fluorides were found to be bet-

ter catalyst than chlorides [18]. The authors reported that

of the halides studied, TaF5 and VCl3 were the best cata-

lysts for the hydrogen release reaction of magnesium

hydride. 7 wt% of various metal halides (ZrF4, TaF5, NbF5,

or TiCl3) was added to magnesium hydride by ball milling

by Malka et al. [19], and the influence of these additives

on the kinetics of hydrogen uptake and release was exam-

ined. They reported that the catalytic effect of metal

halides on the Mg hydrogen uptake/release process resulted

from the formation of pure transition metal and/or the

MgF2 phase.
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In this work, TaF5 and VCl3 were selected as the addi-

tives to raise the hydrogen uptake and release rates of Mg,

because the addition of TaF5 or VCl3 greatly increased the

reaction rates of Mg with hydrogen and the hydrogen stor-

age capacity of Mg in our previous work [20,21]. The

total contents of the additives were not more than 10 wt%

since too large contents would decrease the fraction of Mg

and thus the hydrogen storage capacity of the alloys. Sam-

ples with compositions of 97.5 wt% Mg+1.25 wt%

TaF5+1.25 wt% VCl3, 95 wt% Mg+2.5 wt% TaF5+2.5

wt% VCl3, and 90 wt% Mg+5 wt% TaF5+5 wt% VCl3

were prepared by milling in a hydrogen atmosphere (reac-

tive mechanical grinding). Their hydrogen uptake and

release properties were then examined. We named these

samples Mg-1.25TaF5-1.25VCl3, Mg-2.5TaF5-2.5VCl3, and

Mg-5TaF5-5VCl3, respectively.

2. EXPERIMENTAL DETAILS

Pure Mg powder (particle size 74-149 μm, purity 99.6%,

Alfa Aesar), TaF5 (Tantalum (V) fluoride, purity 98%,

Aldrich), and VCl3 (Vanadium (III) chloride, purity 97%,

Aldrich) were used as the starting materials.

A planetary ball mill (Planetary Mono Mill; Pulverisette

6, Fritsch) with a mill container of 250 ml volume was

used for the reactive mechanical grinding. The sample

(total weight = 8 g) to ball weight (105 hardened steel

balls, total weight = 360 g) ratio was 1/45. All sample han-

dling was performed in an Ar atmosphere. The disc revo-

lution speed was 250 rpm. The reactive mechanical

grinding was performed in high purity hydrogen gas (≈ 12

bar) for 6 h. Hydrogen was refilled every two hours.

The quantity of absorbed or released hydrogen was mea-

sured as a function of time by a volumetric method, using

a Sieverts’ type hydrogen uptake and release apparatus

described previously [22]. Hydrogen pressures were kept

nearly constant during the hydrogen uptake and release

measurements by using a back-pressure regulator. 0.5 g of

the samples was used to measure the quantity of absorbed

or released hydrogen as the reaction time increased.

Samples after reactive mechanical grinding and after

hydrogen uptake-release cycling were characterized by X-

ray diffraction (XRD) with Cu Kα radiation at a scan

speed of 4°/min, using a Rigaku D/MAX 2500 powder

diffractometer. The MDI JADE 5.0 program was used to

analyze the XRD patterns. The scanning electron micro-

scope (SEM) micrographs of the powders were obtained

using a JSM-5900 SEM operated at 20 kV.

3. RESULTS AND DISCUSSION

Figure 1 shows the XRD pattern of Mg-2.5TaF5-2.5VCl3

after reactive mechanical grinding. The sample contains

Mg, β-MgH2, and very small amounts of γ-MgH2, V, and

TaF5. The relatively high background suggests that the

samples are somewhat noncrystalline. β-MgH2 and γ-MgH2

are formed by the reaction of Mg with hydrogen during

reactive mechanical grinding. It was reported that MgCl2 is

formed from a reaction between Mg and VCl3 [18]. The

reaction of Mg with VCl3 is considered to form MgCl2

and V. The peaks of MgCl2 are hard to observe probably

due to the extremely small quantity. The XRD patterns of

Mg-xTaF5-xVCl3 (x=1.25 and 5) after reactive mechanical

grinding were similar to the XRD pattern of Mg-2.5TaF5-

2.5VCl3 after reactive mechanical grinding.

The SEM micrographs of Mg-xTaF5-xVCl3 (x=1.25, 2.5,

and 5) after reactive mechanical grinding are shown in

Fig. 2. The particle sizes are not homogeneous. Mg-

2.5TaF5-2.5VCl3 has the smallest particles, followed in

order by Mg-1.25TaF5-1.25VCl3 and Mg-5TaF5-5VCl3. The

particles of Mg-5TaF5-5VCl3 are much larger than those of

Mg-1.25TaF5-1.25VCl3 and Mg-2.5TaF5-2.5VCl3.

Fig. 1. XRD pattern of Mg-2.5TaF5-2.5VCl3 after reactive
mechanical grinding.
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Figure 3 presents the hydrogen content versus time

curves for the as-milled Mg-xTaF5-xVCl3 (x=1.25, 2.5, and

5) when the sample was heated at a heating rate of 5-6 K/

min. Mg-1.25TaF5-1.25VCl3 releases hydrogen very slowly

from room temperature to 538 K, quite rapidly from 538

K to 619 K, and then slowly from 619 K to 622 K. The

hydrogen release from Mg-2.5TaF5-2.5VCl3 occurs in two

stages. Mg-2.5TaF5-2.5VCl3 releases hydrogen very slowly

from room temperature to 613 K. From 613 K, Mg-

2.5TaF5-2.5VCl3 releases hydrogen quite rapidly and the

temperature of the reactor decreases until 597 K. After a

Fig. 2. SEM micrographs of Mg-xTaF5-xVCl3 (x=1.25, 2.5, and 5)
after reactive mechanical grinding; (a) x=1.25, (b) x=2.5, and (c)
x=5.

Fig. 3. Hydrogen content versus temperature curves for Mg-
xTaF5-xVCl3; (a) x=1.25, (b) x=2.5, and (c) x=5 when the sample
was heated at a heating rate of 5-6 K/min.
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plateau between 608 K and 626 K, Mg-2.5TaF5-2.5VCl3

releases hydrogen quite rapidly, the temperature being kept

constant at 626 K. The hydrogen release rate after the pla-

teau is slightly lower than that in the first stage of hydro-

gen release. The occurrence of the hydrogen release from

Mg-2.5TaF5-2.5VCl3 in two stages is believed to result

from the small particle sizes of this sample, as exhibited in

Fig. 2 (b). In the first stage, the hydrogen release rate is

high since the particles are small. While hydrogen is

released rapidly, the temperature of the sample decreases

because the endothermic heat is larger than the heat sup-

plied by the heating. The sample waits for the increase in

temperature by the heating: during this time the curve

exhibits a plateau. Then, when the sample is heated to 626

K, the sample begins to release hydrogen and continues to

release hydrogen as the temperature of the sample is main-

tained at 626 K (the second stage). Mg-5TaF5-5VCl3

releases hydrogen very slowly from room temperature to

642 K and as the temperature is kept constant, hydrogen is

released quite rapidly. Mg-5TaF5-5VCl3 then releases

hydrogen slowly. The temperatures at which the as-milled

Mg-xTaF5-xVCl3 (x=1.25, 2.5, and 5) begin to release

hydrogen quite rapidly are 538, 613, and 642 K, respec-

tively. The total amounts of released hydrogen are 3.47,

4.00, and 1.22 wt%, indicating that Mg-2.5TaF5-2.5VCl3

has the largest total amount of released hydrogen.

The amount of absorbed hydrogen, Ha, and the amount

of released hydrogen, Hd, were defined with respect to the

sample weight. Ha and Hd were expressed in the unit of

wt% H. 

The Ha versus t curves in 12 bar H2 and the Hd versus

t curves in 1.0 bar H2 at 593 K in the number of cycles,

n, of 1 for milled Mg and Mg-xTaF5-xVCl3 (x=1.25, 2.5,

and 5) are shown in Fig. 4. The as-milled Mg absorbs

hydrogen extremely slowly. The Mg-xTaF5-xVCl3 (x=1.25,

2.5, or 5) have much higher initial hydrogen uptake rates

and much larger amounts of hydrogen absorbed for 60 min

than the as-milled Mg [23]. The as-milled Mg does not

release hydrogen [23]. Mg-xTaF5-xVCl3 (x=1.25, 2.5, or 5)

have very slightly higher initial hydrogen release rates and

larger amounts of hydrogen released for 60 min than the

as-milled Mg. The reactive mechanical grinding of Mg

with TaF5 and VCl3 is considered to increase the hydrogen

uptake and release rates by forming imperfections (leading

to easier nucleation), creating new clean surfaces (leading

to an increase in the reactivity of Mg particles with hydro-

gen), and decreasing the Mg particle size (leading to a

decrease in the diffusion distances of hydrogen atoms).

Mg-1.25TaF5-1.25VCl3 has the highest initial hydrogen

uptake rate, followed in order by Mg-2.5TaF5-2.5VCl3 and

Mg-5TaF5-5VCl3. Mg-2.5TaF5-2.5VCl3 has the largest

amount of hydrogen absorbed for 60 min, followed in

order by Mg-1.25TaF5-1.25VCl3 and Mg-5TaF5-5VCl3. In

n=1, Mg-2.5TaF5-2.5VCl3 has quite a high effective hydro-

gen storage capacity (the amount of hydrogen absorbed for

60 min) of 5.86 wt%. In n=1, Mg-2.5TaF5-2.5VCl3

absorbed 4.23 wt% H for 5 min, 5.23 wt% H for 10 min,

and 5.86 wt% H for 60 min at 593 K in 12 bar H2. After

reactive mechanical grinding, Mg-2.5TaF5-2.5VCl3 has the

smallest particles, followed in order by Mg-1.25TaF5-

1.25VCl3 and Mg-5TaF5-5VCl3, whose particles are much

larger than those of Mg-2.5TaF5-2.5VCl3 and Mg-

1.25TaF5-1.25VCl3, as shown in Fig. 2. As the particle size

decreases, the Ha for 60 min of the sample becomes larger.

Mg-5TaF5-5VCl3 has the highest initial hydrogen release

rate, followed in order by Mg-2.5TaF5-2.5VCl3 and Mg-

1.25TaF5-1.25VCl3. Mg-1.25TaF5-1.25VCl3 has the largest

amount of hydrogen released for 60 min, followed in order

by Mg-2.5TaF5-2.5VCl3 and Mg-5TaF5-5VCl3.

The variations in Ha for 5 min and 60 min at 593 K in

12 bar H2 with the number of cycles, n, for Mg-xTaF5-

Fig. 4. Ha versus t curves in 12 bar H2 and Hd versus t curves in 1.0
bar H2 at 593 K in the number of cycles, n, of 1 for milled Mg and
Mg-xTaF5-xVCl3 (x=1.25, 2.5, and 5).
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xVCl3 (x=1.25, 2.5, and 5) are shown in Fig. 5. In n=1,

Mg-2.5TaF5-2.5VCl3 has the largest values in Ha for 5 min

and 60 min, followed in order by Mg-1.25TaF5-1.25VCl3

and Mg-5TaF5-5VCl3. From n=1 to n=4, the values of Ha

for 5 min and 60 min decrease for all the samples, show-

ing that activation of these samples is not required. As the

value of x increases, cycling performance becomes better

and Mg-5TaF5-5VCl3 exhibits even slight increases in the

values of Ha for 5 min and 60 min, as the number of

cycles increases. Table 1 presents the variations in Ha for

5 min and 60 min at 593 K in 12 bar H2 with the number

of cycles, n, for Mg-xTaF5-xVCl3 (x=1.25, 2.5, and 5).

Figure 6 shows the variations in Hd for 5 min and 60

min at 593 K in 1.0 bar H2 with the number of cycles, n,

for Mg-xTaF5-xVCl3 (x=1.25, 2.5, and 5). All of the three

samples have very similar values of Hd for 5 min from

n=1 to n=4 and the values of Hd for 5 min remain quite

constant from n=1 to n=4. In n=1-4, Mg-1.25TaF5-

1.25VCl3 has the largest value in Hd for 60 min. In n=1,

Mg-1.25TaF5-1.25VCl3 releases 0.50 wt% H for 5 min and

3.81 wt% H for 60 min at 593 K in 1.0 bar H2. Mg-

2.5TaF5-2.5VCl3 has the best cycling performance in Hd

for 60 min, followed in order by Mg-5TaF5-5VCl3 and

Mg-1.25TaF5-1.25VCl3. Table 2 presents the variations in

Hd for 5 min and 60 min at 593 K in 1.0 bar H2 with the

Fig. 5. Variations in Ha for 5 min and 60 min at 593 K in 12 bar H2

with the number of cycles, n, for Mg-xTaF5-xVCl3 (x=1.25, 2.5,
and 5).

Table 1. Variations in Ha for 5 min and 60 min (w% H) at 593 K in 12 bar H2 with the number of cycles, n, for Mg-xTaF5-xVCl3 (x=1.25,
2.5, and 5).

x
Ha for 5 min

x
Ha for 60 min

n=1 n=2 n=3 n=4 n=1 n=2 n=3 n=4

x=1.25 4.09 3.47 3.41 3.07 x=1.25 5.36 4.93 4.92 4.68

x=2.5 4.23 4.25 3.76 3.48 x=2.5 5.86 5.82 5.37 5.28

x=5 2.99 3.02 3.05 3.02 x=5 4.83 4.86 4.92 4.89

Table 2. Variations in Hd for 5 min and 60 min (wt% H) at 593 K in 1.0 bar H2 with the number of cycles, n, for Mg-xTaF5-xVCl3 (x=1.25,
2.5, and 5).

x
Hd for 5 min

x
Hd for 60 min

n=1 n=2 n=3 n=4 n=1 n=2 n=3 n=4

x=1.25 0.50 0.47 0.52 0.23 x=1.25 3.81 4.07 3.76 3.31

x=2.5 0.50 0.46 0.43 0.52 x=2.5 2.93 2.64 2.81 3.05

x=5 0.54 0.54 0.50 0.54 x=5 2.14 3.41 2.80 2.93

Fig. 6. Variations in Hd for 5 min and 60 min at 593 K in 1.0 bar H2

with the number of cycles, n, for Mg-xTaF5-xVCl3 (x=1.25, 2.5,
and 5). 
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number of cycles for Mg-xTaF5-xVCl3 (x=1.25, 2.5, and 5).

The XRD pattern of Mg-2.5TaF5-2.5VCl3 dehydrided in

the 6th hydrogen uptake-release cycle showed that this

sample contained Mg, β-MgH2, and very small amounts of

MgF2, V, Ta2H, and MgO. The formation of MgF2 was

reported in the MgH2-7 wt% NbF5 [19], MgH2-7 wt%

TaF5 [19], MgH2-4 wt% TiF3 [24], and MgH2-4 wt% TiCl3

[24], after hydrogen uptake-release cycling. The lower

background of the XRD pattern, compared with that of the

XRD pattern for the as-milled samples, suggested that the

sample had better crystallinity. The γ-MgH2 contained in

the as-milled samples disappeared. V remained after the

hydrogen release reaction. MgO was believed to have been

formed by the reaction of Mg with oxygen contained as an

impurity in the hydrogen. 

Figure 7 shows SEM micrographs of Mg-xTaF5-xVCl3

(x=1.25, 2.5, and 5) dehydrided in the 6th hydrogen

uptake-release cycle. Mg-1.25TaF5-1.25VCl3 has the small-

est particles, followed in order by Mg-2.5TaF5-2.5VCl3 and

Mg-5TaF5-5VCl3, whose particles are much larger than

those of Mg-1.25TaF5-1.25VCl3. The particles of Mg-

2.5TaF5-2.5VCl3 are slightly smaller than those of Mg-

5TaF5-5VCl3. The particle sizes are not homogeneous.

After hydrogen uptake-release cycling, the particles of Mg-

1.25TaF5-1.25VCl3 and Mg-5TaF5-5VCl3 became smaller,

while the particles of Mg-2.5TaF5-2.5VCl3 became larger,

compared with those of the as-milled samples. The hydro-

gen uptake-release cycling, involving expansion and con-

traction of the materials, is also believed to form

imperfections, make new clean surfaces, and decrease the

particle size of Mg [25-33], while maintaining relatively

high temperatures during the hydrogen uptake-release

cycling is considered to make the particles coalesce. Even

though Mg-1.25TaF5-1.25VCl3 and Mg-5TaF5-5VCl3 were

cycled at similar temperatures, the particle sizes of these

samples decreased. In the Mg-1.25TaF5-1.25VCl3 and Mg-

5TaF5-5VCl3 samples, it is believed that the degree of par-

ticle size reduction due to expansion and contraction with

cycling is larger than the degree of particle size increase

due to coalescence from maintaining the relatively high

temperature. Finer particles are believed to have higher

probability of coalescence than coarse particles due to dif-

ference in the contact conditions of the particles.

The MgF2, V, Ta2H, and MgO phases contained in the

samples after hydrogen uptake-release cycling are believed

to prevent the particles from coalescing to some degree

during hydrogen uptake-release cycling by staying among

the particles. The effects of hydrogen uptake-release

cycling are the greatest in the Mg-1.25TaF5-1.25VCl3 sam-

Fig. 7. SEM micrographs of Mg-xTaF5-xVCl3 (x=1.25, 2.5, and 5)
dehydrided in the 6th hydrogen uptake-release cycle; (a) x=1.25, (b)
x=2.5, and (c) x=5.
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ple.

The Ha versus t curves in 12 bar H2 and Hd versus t

curves in 1.0 bar H2 at 593 K in n=4 for Mg-xTaF5-xVCl3

(x=1.25, 2.5, and 5) are shown in Fig. 8. Mg-2.5TaF5-

2.5VCl3 has the highest initial hydrogen uptake rate and

the largest amount of hydrogen absorbed for 60 min, fol-

lowed in order by Mg-5TaF5-5VCl3 and Mg-1.25TaF5-

1.25VCl3. Mg-5TaF5-5VCl3 has the highest initial hydrogen

release rate, followed in order by Mg-2.5TaF5-2.5VCl3 and

Mg-1.25TaF5-1.25VCl3. Mg-1.25TaF5-1.25VCl3 has the

largest amount of hydrogen released for 60 min, followed

in order by Mg-2.5TaF5-2.5VCl3 and Mg-5TaF5-5VCl3.

Table 3 presents the variations in Ha with time and the

hydrogen uptake rate for 5 min at 593 K in 12 bar H2 in

n=4 for Mg-xTaF5-xVCl3. Table 4 presents the variations

in Hd with time and the hydrogen release rate for 5 min

at 593 K in 1.0 bar H2 in n=4 for Mg-xTaF5-xVCl3.

Figure 9 shows the Hd versus t curves at 623 K in 1.0

bar H2 in n=5 for Mg-xTaF5-xVCl3 (x=1.25, 2.5, and 5).

In contrast to the very low initial hydrogen release rates of

Fig. 8. (a) Ha versus t curves in 12 bar H2 and (b) Hd versus t curves
in 1.0 bar H2 at 593 K in n=4 for Mg-xTaF5-xVCl3 (x=1.25, 2.5,
and 5).

Table 3. Variations in Ha with time and the hydrogen uptake rate for 5 min at 593 K in 12 bar H2 in n=4 for Mg-xTaF5-xVCl3. 

x
Ha (wt% H) Hydrogen uptake rate for 5 min 

(wt% H/min)2.5 min 5 min 10 min 30 min 60 min

x=1.25 2.11 3.07 3.89 4.71 4.68 0.614

x=2.5 2.32 3.48 4.51 5.28 5.28 0.696

x=5 2.12 3.02 3.99 4.86 4.89 0.604

Table 4. Variations in Hd with time and the hydrogen release rate for 5 min at 593 K in 1.0 bar H2 in n=4 for Mg-xTaF5-xVCl3.

x 
Hd (wt% H) Hydrogen release rate for 5 min 

(wt% H/min)2.5 min 5 min 10 min 30 min 60 min

x=1.25 0.18 0.23 0.34 1.18 3.31 0.046

x=2.5 0.48 0.52 0.61 1.31 3.05 0.104

x=5 0.50 0.54 0.61 1.17 2.93 0.108

Fig. 9. Hd versus t curves at 623 K in 1.0 bar H2 in n=5 for Mg-
xTaF5-xVCl3 (x=1.25, 2.5, and 5). 
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the samples at 593 K in n=1, the samples have quite high

initial hydrogen release rates, showing that the nucleation

of the Mg-H solid solution occur rapidly in the samples at

623 K in n=5. Mg-1.25TaF5-1.25VCl3 has the highest ini-

tial hydrogen release rate, followed in order by Mg-

2.5TaF5-2.5VCl3 and Mg-5TaF5-5VCl3. Mg-1.25TaF5-

1.25VCl3 has the largest amount of hydrogen released for

60 min, followed in order by Mg-2.5TaF5-2.5VCl3 and

Mg-5TaF5-5VCl3. Mg-1.25TaF5-1.25VCl3 releases 2.01

wt% H for 5 min and 4.89 wt% H for 30 min in 1.0 bar

H2. Figure 7 shows that after hydrogen uptake-release

cycling, Mg-1.25TaF5-1.25VCl3 has the smallest particles,

followed in order by Mg-2.5TaF5-2.5VCl3 and Mg-5TaF5-

5VCl3, whose particles are much larger than those of Mg-

1.25TaF5-1.25VCl3. The order of increasing particle size in

the samples conforms well with the orders of decreasing

initial hydrogen release rate and decreasing amount of

hydrogen released for 60 min from the samples: the

smaller the particle size, the higher the initial hydrogen

release rate and the larger the amount of hydrogen released

for 60 min. Table 5 gives the variations in Hd with time

and the hydrogen release rate for 5 min at 623 K in 1.0

bar H2 in n=5 for Mg-xTaF5-xVCl3 (x=1.25, 2.5, and 5).

4. CONCLUSIONS

In the present work, samples with compositions of Mg-

x wt% TaF5-x wt% VCl3 (x=1.25, 2.5, and 5) were pre-

pared by reactive mechanical grinding. When the as-milled

samples were heated at a heating rate of 5-6 K/min, Mg-

2.5TaF5-2.5VCl3, with the smallest particle size, had the

largest total released hydrogen amount (4.00 wt%), begin-

ning to release hydrogen at 613 K. In the first cycle, Mg-

2.5TaF5-2.5VCl3 had quite a high effective hydrogen stor-

age capacity (the amount of hydrogen absorbed for 60

min) of 5.86 wt%. Activation of the samples was not

required. Mg-2.5TaF5-2.5VCl3 after reactive mechanical

grinding contained Mg, β-MgH2, and very small amounts

of γ-MgH2, V, and TaF5. Mg-2.5TaF5-2.5VCl3 dehydrided

in the 6th hydrogen uptake-release cycle contained Mg, β-

MgH2, and very small amounts of MgF2, V, and Ta2H.

Among the three samples, Mg-1.25TaF5-1.25VCl3 had the

best hydrogen release properties. In n=4, Mg-1.25TaF5-

1.25VCl3 had the largest Hd for 60 min at 593 K in 1.0

bar H2, releasing 0.23 wt% H for 5 min, 0.34 wt% H for

10 min, and 3.31 wt% H for 60 min. After hydrogen

uptake-release cycling, Mg-1.25TaF5-1.25VCl3 had the

smallest particle size. In n=5, Mg-1.25TaF5-1.25VCl3

released 2.01 wt% H for 5 min, 3.78 wt% H for 10 min,

and 4.89 wt% H for 60 min at 623 K in 1.0 bar H2.
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