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[ Abstract] The hydrogen storage properties of the nanocomposite MgosNiz( MnO,) 2( mass fraction, %) were studied.

The temperature changes in hydriding/ dehydriding process were investigated. The nanocomposite was fabricated by ball

milling process of mixed elemental Mg, Niand oxide maganese MnO, under hydrogen pressure ( approximately 0. 6 MPa) .

The hydrogen absorption and desorption properties of the samples milled for various times were investigated. A remarkable

enhancement of hydrogen absorption kinetics and low operational desorption temperature have been found after the sample

milled for over 57h. For example, this nanocomposite can absorb hydrogen more than 6.0% (mass fraction) in 60s at
200 C under 2. 0 MPa, and desorption capacity also exceeds 6.0% (mass fraction) in 400s at 310 C under 0.1 MPa.
The storage properties of samples milled for various times were studied and the kinetics of the samples were analyzed.
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1 INTRODUCTION

Metal hydrogen storage materials is very impor
tant function materials, during the last 30 years, hy-
drogen storage materials have been widely investigat-
ed in the world. Mg and Mg-based alloys are consid-
ered to be most promising hydrogen storage materials
because they possess high hydrogen storage capacity
and low-cost compared with other metal storage sys-
tems. But there remain a number of problems to be
solved with these systems, the first is very poor hy-
drogen absorption and desorption kinetics, the second
is too high temperature of dehydrogenation for most
applications.

Recently, many investigators have studied Mg
based composites, because these composites have rela-
tively high capacity, favorable thermodynamics and
remarkable kinetics in hydriding/ dehydriding pro-
cess. The composites may be divided into two types,
one is Mg-simple substance, for example, Mg-M (M
= Fe, Ni, V, Pdetc)'"?. Another type is Mg com-
pound or Mg intermetallic compound, for example,
MgMgNi?! |, MgLaNis'*™ ¥, MgFeTi® ", Mg
ZrNiCr, MgMnO,, Ti0,, Niol'™* "™l

nanocomposite are very hopeful in application espe-

these

cially in the hydrogenoxygen fuel cell. In this paper,
we report the hydrogen storage properties of the ball
milled nanocomposite Mg-NrMnO», and temperature
changes in hydriding and dehydriding process, and
catalytic effect of MnO, in the nancomposite.

2 EXPERIMENTAL

The nanocomposite was prepared from mixture
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of three powders of Mg, Ni and MnO,. M agnesium
(Mg) powder (> 99%), nickel ( Ni) powder
(> 99.5%) and manganese dioxide ( MnO;) were
provided by manufacturer of Shanghai Chemical
Reagent Company. The powder’ s average size was
20 Hm as reported by the manufacturer. The three
kinds of powders were mixed in stainless vial in mass
ratio to 95: 3 2 of Mg: Ni: MnO;. The milling was
carried out with a QM-1SP4 planetary balFmilling
machine made in Najing U niversity and balls of stain-
less steel with a ball to powder mass ratio of 10: 1.
The ball’ s diameter is 20mm and 10mm respective-
ly. The grinding was under hydrogen atmosphere
(about 0. 5MPa) . Because the samples absorb hydro-
gen in the ball milling process, hydrogen pressure
can’ t keep constant. The hydrogen of the vials must
be recharged to 0. 5MPa at intervals. Small amount
of powder was taken for analysis and experiment of
desorption and absorption hydrogen. All handling was
in glove box under argon.

The hydriding/ dehydriding cyclic experiments
were carried out using the self-made apparatus whose
schematic diagram and the reactor is shown in Fig. 1.

X-ray diffraction was performed on a Rigaku ap-
paratus with Cu K4 radiation. The SEM images were
obtained on a Hitachi S-570.

3 RESULTS AND DISCUSSION

3.1 Mechanical milling process

X-ray diffraction spectra as a function of milling
time for the Mg-NrMnO; samples is shown in Fig. 2.
It can be seen clearly that the intensity of the diffrac
tion peaks of magnesium decrease rapidly as well as
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Fig. 1 Schematic diagram of hydriding/ dehydriding apparatus

1 —Vacuum meter; 2 —Pressure meter; 3 —Hydrogen storage container; 4 —Pressure meter;

5 —Reactor and heater; 6 —Bellows sealed valves; 7 —Displacement sensor; 8 —Equilibrium container;

9 —Valve; 10 —Liquid level cylinder; 11 —Computer digital record system; 12 —Reactor and thermocouple

width of the peaks increase with increasing milling
time. At the same time, the intensity and the width
of the peaks of MgH> increase rapidly. From Fig. 2,
we also observed that, after 82h of milling, the char
acteristic diffraction peaks of Mg exist no longer. The
diffraction peaks of MgH, became very broad, which
proved that the crystalline size of MgH> diminished
From the width
broading of Mg peaks, it is considered that the crys-

into the nanocrystalline range.

talline of MgH, partly became amorphous.

e—Mg
a—MgH,
o—Ni
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Fig. 2 X-ray diffraction patterns of
Mg INrMnO; samples milled for various times

Fig. 3 shows the microstructures of the sample
milled for various times. we observed that when ball
milling time is 25h (Fig. 3(a)), the difference of di-

ameter of powders is significant, but this difference

decreases as milling time increasing. When milling
time is over 57h, the average powder size is about
1. O0Hm. Even milling time reached 130h, the aver
age diameter almost doesn’ t change.

The powder size is one of key factors for kinetics
in hydriding and dehydriding process. In general,
small powders will possess bigger specific surface and
more active sites for hydrogen decomposition and re-
combination, less length of hydrogen diffusion, high-
er surface energy that is helpful to hydrogen absorp-
tion and desorption. Big differences of powder diame-
ters of the composite grains also result in negative in-
fluences on kinetics behavior of hydriding and dehy-
driding process.

3.2 Hydrogen storage properties

The nanocomposite Mg-3NT2MnO, possesses
excellent kinetic properties even at moderate tempera-
ture. At the same time, since the ball milling process
is under hydrogen pressure, the sample has already
absorbed hydrogen in the milling process, and take
places in situ activation, so that the composite can di-
rectly use in hydriding and dehydriding cycle and
needn’ t any activation.

Fig. 4 shows absorption curves of the Mg 3Nr
2M nO; samples milled for various times at 473 K and
under 2. 0MPa of hydrogen pressure (when hydrid-
ing process finished, the hydrogen pressure only
about 1. 2MPa). It is clearly seen that the samples
milled for 82h display best kinetics in the hydriding
process, it can absorb 6.2% (mass fraction) hydro-
gen in 50s, the hydriding velocity is very amazing.
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Fig. 3 SEM microstructures of samples milled for various times
(a) —25h; (b) —57h; (¢) —108h
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Fig. 4 Desorption curves of samples milled
foF varicis times Fig. 5 Absorption (w (H)) and temperature of
(a) —25h; (b) —57h; (¢) —82h; (d) —108h; (e) —130h nanocomposite Mg-NrMnO; milled for 82h

This fast hydriding process is due to ¢ ignition pro- at 200 C under 2. 0MPa

cess’ . The ignition phenomena is shown in Fig. 5, it
is observed that the temperature of sample quickly ris-
es up to 415 C in 5s. In fact, the © ignition’ is not

new concept, but it is a very important phenomena,
it deserved especially attention. Magnesium reacts
with hydrogen will release heat, the enthalpy of for-
mation of MgH, is 74.3kJ/mol'? . The large amount
of heat will be produced from fast hydriding process,
and it can’ t transfer to environment in time, there
fore there must take place ¢ ignition’ . Under same re-
action condition, the hydriding/ dehvdriding kinetics
was evaluated by ignition temperature. In general, if

Fhe‘ s'ample possess well kinetics, it must t'ake place & 545 b5 5 5 1000130
ignition phenomena, and temperature will rise up to a tls

higher level. Fig. 6 shows the absorption and temper-

ature curves of sample milled for 25h at 200 'C under Fig. 6 Absorption and temperature of
2.0MPa. We observed that the sample has slow kr nanocomposite Mg-NTMnO; milled for 25h

netics and the ignition temperature only reaches at 200 C under 2. 0M Pa
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280 C, this shows that the kinetics of the sample is
poor. In the short ball milling process, pow der size is
big and wasn’ t completely activated, and the Mg
phase grain didn’ t tightly contact with Ni and MnO,
grains.

Fig. 7 shows ignition temperature of the sample
milled for various times. We noticed that when ball
milling time exceeds over 82h, for example, the
samples milled for 108 h and 130h, they didn’ t show
better kinetics as expected, the ignition temperature
is lower than that of the sample milled for 82h. This
may be caused by oxygenation in long time ball
milling process and operation.
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Fig. 7

time of nanocomposite Mg-NrMnO>

Ignition temperature vs ball milling

Fig. 8 shows desorption curves of the nanocom-
posite MgNrMnO;, milled for various times, the
sample milled for 82 h displayed remarkable dehydrid-
ing kinetics, it can desorb 6.2% (mass fraction) hy-
drogen in 400s at 310 C under 0. 1 MPa. For the
samples milled for 130h (e) and 25h (a) desorption
velocity of the sample is slow. We experimented des
orption of the sample milled for 82h at various tem-
perature of wall of reactor, the temperature is from
320 Cto 355 C. the experiment results are shown in
Fig. 9. It is clearly seen that the changes of desorp-
tion temperature of sample in reactor is very little, al-
though the wall temperature of the reactor is from
320 Cto 355 C. The desorption curve and tempera-
ture curve are shown in Fig. 10 and Fig. 11, respec
tively. It is observed that the temperature of dehy-
drogenation is changing in whole dehydriding pro-
cess, and the temperature of sample is not equal to
temperature of the wall of the reactor, especially in
the initial stages. In dehydriding process, dehydrid-
ing velocity is not only related to hydrogen storage
material self, but also related to heat transfer veloci-
ty. These show that heat transfer rate is a key fact in
desorption process, it controls progress of desorption
process. Fig. 12 shows the PCT curve of the
Mg NrMnO; at 300 C. From Fig. 12, we observed

—3r a

...6,- d h

7 1 L L L L L 1
0 200 400 600 800 1000 12001400
t/s

Fig. 8 Desorption curves of sample milled for

various times at 310 ‘C under 0. 1 MPa
(a) —25h; (b) —57h; (¢) —82h; (d) —108h; (e) —130h
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Fig. 9 Desorption curves of MgNrMnO,

milled for 82 h at various wall temperatures of reactor
(a) =320 C; (b) —330 C; (¢) —340 C;
(d) =350 C; (e) —355 C
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Fig. 10 Desorption and temperature of
Mg NrMnO; milled for 82 h when

wall temperature of reactor being 350 C
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Fig. 11 Desorption and temperature curves of
Mg NrMnO; milled for 82h when

wall temperature of reactor being 320 C
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Fig. 12 Pressure-composing isothermal of
nanocomposite M g3Nr2MnO; milled for
82h at 300 C

that plateau pressure reaches 1. 919 x 10°Pa at 300 C
and absorption and desorption hysteresis is little.

3.3 Catalytic effect of MnO;

The nanocomposite has remarkable kinetics in
hydriding/ dehydriding process and lower desorption
temperature, this is partly due to catalytic effect of
MnO;. During the long time ball milling process,
MnO; grains and Ni grains can tightly contact with
Mg grains. We all know that Ni has catalytic effect
for hydriding/ dehydriding process. In fact, the
MnO, has more intense chemisorption for hydrogen,
It even can decompose directly hydrogen molecular to
hydrogen atoms on the surface of MnO; grain in the

[ 16]

low temperature’ ~'. MnO; also is a well known re-

ducing reagent in hydrogen reductive process in
catalytic chemistry! ', From above description, it is
known that MnO, possesses bidirectional catalytic ef-

fect in hydriding and dehydriding process. In absorp-

tion process, hydrogen molecular decomposes easily to
hydrogen atom on the surface of MnO, grain, this
promote hydrogen atom diffuse into Mg matrix. In
fact, the catalytic effect MnO; is proved even in the
ball milling process. In Fig. 13, there are two XRD
patterns corresponding to the Mg-3Ni ( mass fraction,
%) sample (1) and the MgNrMnO, sample (2),
respectively, both samples were produced by ball
milling for 52h under hydrogen pressure ( approxi
mately 0. 5MPa) under same condition. We can ob-
serve clearly the difference of XRD patterns between
(1) and (2), In XRD pattern (2), comparing XRD
pattern (1), the magnesium peaks disappear more
quickly and the intensity and width of MgH, peaks
increase more quickly. This hydriding process shows
that the MnO; in the Mg-NrMnO; sample has in-
tense catalytic effect.
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Fig. 13 X-ray patterns of samples milled for

52h under hydrogen pressure
(1) =M g 3Ni; (2) —M g 3Nr2MnO;( mass fraction, %)

In dehydriding process, the MnO; also shows
catalytic effect, it can reduce desorption temperature
and promote kinetics, the Mg-NrMnO; sample des
orbs hydrogen more quickly and desorption tempera-
ture is 20~ 30 C lower than that of the Mg-Ni sam-
ple.

4 CONCLUSION

The nanocomposite possess remarkable kinetics
in hydriding/ dehydriding process, especially in ab-
sorption hydrogen, it displays excellent kinetics. In
the fast absorption hydrogen process, the nanocom-
posite will trigger the © ignition process’, the temper-
ature will reach 415 C in 55, and the hydriding pro-
cess can finish in 50s. This indicates that the
nanocomposite has promising application as hydrogen
storage materials for fuel cell.

The nanocomposite Mg-3Nr2MnO; is made by
ball milling process under hydrogen pressure, the
composite can completely absorbs hydrogen during
mechanically milling process and it needn’ t any acti-
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vation before using for hydriding/ dehydriding pro-
cess. it is found that the nanocomposite milled for
82h has best kinetics. When ball milling exceeds
82h, the composite doesn’ t show better kinetics,
this may be caused oxygenation in handling process.

The dehydriding kinetics behavior is related to
heat transfer rate of circumstance, and on the whole,
temperature of hydriding process keep constant in the
initial stage. In some content, it is considered that
heat transfer rate is controlling step in hydriding pro-
cess.

MnO;, has obvious key effect on hydriding and
dehydriding process, it can promote kinetics behavior
and reduce temperature of hydriding process.
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