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Dehydriding and rehydriding reactions of LiBH4

S. Orimoa,∗, Y. Nakamoria, G. Kitaharaa, K. Miwab, N. Ohbab, S. Towatab, A. Züttelc
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Abstract

Structural differences in LiBH4 before and after the melting reaction at approximately 550 K were investigated to clarify the experimental
method for the confirmation of reversible dehydriding and rehydriding reactions. Since the long-range order of LiBH4 begins to disappear
after the melting reaction was achieved, investigation of the atomistic vibrations of the [BH4]-anion in LiBH4 was found to be effective for
the confirmation of the reversibility. In the present study, LiBH4 was successively dehydrided (decomposed) into LiH and B under 1 MPa of
h ratures
a ic
r
©

K

1

t
g
[
d
t
e

L

1
o

p
a
p

the
ge
-
een

on,

-
ntly,
nd B
er

ride
qs.

H
50 K
the

0
d

ydrogen at 873 K, and then rehydrided (recombined) into LiBH4 under 35 MPa of hydrogen at the same temperature (873 K). The tempe
t the beginning and ending of the dehydriding reaction are lowered, by approximately 30 K, for LiBH4 substituted (or mixed) with Mg (atom
atio of Li:Mg = 9:1) as compared to those for LiBH4 alone. This is similar to the tendency exhibited by LiNH2.
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. Introduction

LiBH4 is a potential candidate for hydrogen storage ma-
erials because of its high gravimetric and volumetric hydro-
en densities: 18.5 mass% and 121 kg H2/m3, respectively

1]. After the melting reaction at approximately 550 K, the
ehydriding reaction accompanied by the phase decomposi-

ion proceeds mainly above 573 K according to the following
quation[2]:

iBH4 ⇒ LiH + B + (3/2)H2 (1)

During the dehydriding (decomposition) reaction,
3.8 mass% of hydrogen (“3/2 mol of hydrogen” per “1 mol
f LiBH4”) can be released from LiBH4.

The dehydriding temperatures of LiBH4 have been re-
orted to decrease to approximately 473 K when SiO2 is
dded as a catalyst[3]. Moreover, experimental studies on the
hysical properties ofMBH4, whereM = Li, Na, K [4,5],
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and the first-principles calculations of LiBH4 [6] have indi-
cated that an effective way to thermodynamically lower
dehydriding temperature of LiBH4 is to suppress the char
transfer from the Li-cation to the [BH4]-anion by the par
tial substitution of Li; a similar technique has already b
applied for Li(-Mg)NH2 [7–9].

In addition, the rehydriding (recombination) reacti
which proceeds as follows:

LiH + B + (3/2)H2 ⇒ LiBH4 (2)

should be improved upon to functionalize LiBH4 as a re
versible hydrogen storage medium. However, until rece
it has been reported that direct synthesis of elemental Li a
yield only LiH [10], and LiBH4 cannot be synthesized und
elevated conditions: 15 MPa of hydrogen at 923 K[2,3].

Therefore, in this study, we have attempted to rehyd
LiBH4 in order to confirm the reversible reactions of E
(1) and (2). Prior to that, the structural differences in LiB4
before and after the melting reaction at approximately 5
were investigated to clarify the experimental method for
confirmation of the reversibility.
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2. Experimental

LiBH4 of 95% purity was purchased from Aldrich Co.
Ltd. The melting and dehydriding temperatures of LiBH4
were measured using differential scanning calorimetry (DSC)
(Bruker-AXS, PDSC 3100S, under 0.1 MPa of hydrogen at a
heating rate of 10 K/min). Based on the results, LiBH4 was
dehydrided according to Eq.(1)as follows: 100 mg of LiBH4
was placed in a Mo crucible in a glove box filled with purified
argon (dew point below 180 K). The crucible containing the
LiBH4 was then sealed into a reaction-tube equipped with a
connection valve for the evacuation and introduction of hy-
drogen. After carrying out the evacuation for 12 h, 1 MPa of
hydrogen (99.99999%) was introduced into the reaction-tube
and heated up to 873 K for 5 min. Subsequently, the dehy-
drided LiBH4, i.e., the mixture of LiH and B, was rehydrided
according to Eq.(2) in a similar method as the dehydriding re-
action explained above: 35 MPa of hydrogen was introduced
into the reaction-tube using the high-pressure gas reaction
unit, and heated up to 873 K for 12 h.

Crystal and atomistic structures were examined at room
temperature by powder X-ray diffraction measurement
(PANalytical, X’Pert, Cu K�) and in situ Raman spec-
troscopy (Nicolet, Almega-HD with color-CCD, 532 nm
laser with back scattering geometry), respectively. The de-
hydriding reaction was investigated using thermal desorption
s ence,
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Fig. 1. DSC profile of LiBH4. The sample was heated under 0.1 MPa of
hydrogen at a rate of 10 K/min.

of the [BH4]-anion in LiBH4 is effective for the confirmation
of the reversibility according to Eqs.(1) and (2), especially
in the case of the rehydriding reaction above the melting tem-
perature.

3.2. Rehydriding and dehydriding reactions of LiBH

The mixture of LiH and B was prepared by the dehydriding
reaction of LiBH4 under 1 MPa of hydrogen at 873 K for
5 min. As shown inFig. 4(b), only LiH peaks were observed
after the dehydriding reaction. No diffraction peak of boron
was observed, indicating that boron is in an amorphous-like
phase. The dehydrided LiBH4, i.e., the mixture of LiH and B,
was subsequently rehydrided under 35 MPa of hydrogen at
873 K. After the rehydriding reaction, only small diffraction
peaks of LiBH4 were observed, as shown inFig. 4(c). This is
probably due to the disappearance of the long-range order at
873 K, which is a higher temperature than that for the melting
reaction mentioned above.

F
b action
u

pectroscopy detected by gas chromatography (GL Sci
C323, at a heating rate of 10 K/min). The samples w
lways handled in the glove box filled with purified arg
ithout exposure to air before and during measuremen

. Results and discussion

.1. Structural differences in LiBH4 before and after
elting reaction

The DSC profile of LiBH4 is shown inFig. 1. Two sharp
nd one broad endothermic reactions were observed, w
orrespond to the structural transition (Ts = 380 K)[11–13],
elting reaction (Tm = 550 K), and dehydriding reactio

Td = 600–700 K), respectively.
Fig. 2 shows the powder X-ray diffraction profiles

iBH4 at room temperature (a) before the melting reac
as purchased) and (b) after the melting reaction under 1
f hydrogen at 573 K. After the melting reaction (and t
ooled down to room temperature), the diffraction peak
iBH4 became smaller and broader than those befor
elting reaction. These observations suggest that the

ange order of LiBH4 began to disappear after the melt
eaction was achieved.

However, the B–H atomistic vibrations of the [BH4]-anion
ere clearly detected using in situ Raman spectroscopy
efore and after the melting reaction, as shown inFig. 3. Thus,
e emphasize that the investigation of the atomistic v

ions (directly affected by the short-range order or bond
ig. 2. Powder X-ray diffraction profiles (at room temperature) of LiBH4 (a)
efore the melting reaction (as purchased) and (b) after the melting re
nder 1 MPa of hydrogen at 573 K.
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Fig. 3. Raman spectra (at room temperature) of (a) before the melting re-
action (as purchased) and (b) after the melting reaction under 1 MPa of
hydrogen at 573 K.

Therefore, the B–H atomistic vibrations in LiBH4 were
examined, as shown inFig. 5. The vibration modes were
clearly observed in the sample after the rehydriding reaction;
this was expected from the result described in Section3.1.
From these results, LiBH4 was confirmed to rehydride under
35 MPa of hydrogen at 873 K.

The thermal desorption profile of the rehydrided LiBH4 is
shown inFig. 6. The dehydriding reaction of LiBH4 begins
at approximately 700 K, and a sharp peak appears at approx-
imately 850 K. A preliminary result of the rehydrided LiBH4
substituted (or mixed) with Mg (atomic ratio of Li:Mg= 9:1)
is also shown inFig. 6. The temperatures at the beginning and
ending of the dehydriding reaction are lowered, by approx-
imately 30 K, for LiBH4 substituted (or mixed) with Mg as
compared to those for LiBH4 alone. A similar tendency has
been reported in the case of LiNH2 [5,8]. Detailed investi-
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Fig. 5. Raman spectra (at room temperature) of LiBH4 (a) before the dehy-
driding reaction (as purchased, same toFig. 3(a)) and (b) after rehydriding
reaction.

Fig. 6. Thermal desorption profiles of rehydrided (a) LiBH4 and (b) sub-
stituted (or mixed) with Mg (atomic ratio of Li:Mg = 9:1). The sample was
heated under 0.1 MPa of argon at a rate of 10 K/min.

gations of the effects of Mg substitution (or mixing) on the
dehydriding and rehydriding reactions of LiBH4 are under-
way.

4. Conclusions

LiBH4, a potential candidate for hydrogen storage materi-
als, was successively dehydrided (decomposed) into LiH and
B under 1 MPa of hydrogen at 873 K, and then rehydrided (re-
combined) into LiBH4 under 35 MPa of hydrogen at the same
temperature (873 K). An effective way for the confirmation
of the reversibility is to investigate the atomistic vibrations
of the [BH4]-anion in LiBH4, because the long-range order
of LiBH4 began to disappear after the melting reaction was
achieved. The Mg substitution (or mixing) effects for the
dehydriding and rehydriding reactions of LiBH4 have been
preliminary investigated.
ig. 4. Powder X-ray diffraction profiles (at room temperature) of (a) be
he dehydriding reaction (as purchased), (b) dehydrided LiBH4 under 1 MPa
f hydrogen at 873 K, and (c) rehydrided LiBH4 under 35 MPa of hydroge
t 873 K.



430 S. Orimo et al. / Journal of Alloys and Compounds 404–406 (2005) 427–430

Acknowledgements

This work was partially supported, by the Ministry
of Education, Culture, Sports, Science and Technology,
“Grant-in-Aid for Encouragement of Young Scientists (A),
#15686027” and “Grant-in-Aid for Exploratory Research
#15656001”, by the New Energy and Industrial Technology
Development Organization (NEDO), “Development of Safe
Utilization Technology and an Infrastructure for Hydrogen
Use (2003-2004), #03001387”, by the Thermal and Electric
Energy Technology Foundation, by Tohoku Intelligent Cos-
mos Research Foundation, and by the Collaborative Research
in Center for Interdisciplinary Research, Tohoku University.

References

[1] L. Schlapbach, A. Z̈uttel, Nature 414 (2001) 353.
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