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1. Introduction

ABSTRACT

This paper reports hydrogen (H,) yield and reaction rate measurements of ammonia borane (AB)
thermolysis in the neat form as well as facilitated by the presence of an ionic solvent, 1-butyl-3-
methylimidazolium chloride (bmimCl). The measurements were conducted at various temperatures
between 85 and 120°C under quasi-isothermal conditions. The details of fast hydrogen evolution at
the initial stage of the thermolysis process were captured for the first time. The presence of bmimCl led
to significant increases in both the rate and the amount of hydrogen released, compared to the corre-
sponding quantities at identical temperatures for neat AB thermolysis. Measurements reported in the
literature are in qualitative agreement with this observation but lack the time resolution necessary for
the quantitative comparisons. At 120 °C, the measured gravimetric H, storage capacity from the neat AB
thermolysis was 9.9 wt% (material base) and that from the AB/bmimCl mixture (80/20 wt%) thermolysis
was 11.2 wt%. Also, the reaction rate of the thermolysis of AB/bmimCl mixture (80/20 wt%) was twice as
fast as that of the neat AB thermolysis at this temperature. In the bmimCl (20 wt%) aided AB thermolysis,
a significant increase in the H; yield occurred at temperatures over 107 °C.

© 2010 Elsevier B.V. All rights reserved.

AB thermolysis processes in the neat form [5-13] and in the
presence of ionic solvents [14-16] provide the highest known gravi-

Chemical hydrides, such as ammonia borane (NH3BH3, AB), can
be used in hydrogen-powered applications for the release of hydro-
gen (Hy) on demand. Various methods are being developed for
vehicular hydrogen storage in AB, including thermolysis and cat-
alytic hydrolysis of AB.

AB is soluble in water and can react with water in the presence
of catalysts to rapidly release hydrogen at room temperature. Cat-
alytic AB hydrolysis in dilute and concentrated aqueous solutions
[1-3] as well as in AB/water slurries [4] have been investigated
thoroughly. The theoretical maximum gravimetric hydrogen
storage capacity (material base) of AB hydrolysis is 9.0 wt% while
the measured maximum storage capacity was 7.5wt%, when
92% hydrogen yield was achieved in the hydrolysis of a (1:2.37)
AB/water slurry [4].
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metric hydrogen storage capacities (7-11 wt%) for temperatures
under 120°C. Operations in this temperature range provide the
exciting possibility of waste heat recovery from internal combus-
tion engines and PEM fuel cells.

Thereaction of neat AB thermolysis involves the thermal decom-
position of AB liberating H, and a sequence of competing reactions
[7,17,18] forming volatile byproducts (as impurities in the H,),
including monomeric aminoborane (BH,NH> ), borazine ((BHNH)3),
and diborane (B;Hg). The extent of volatile byproducts evolved
increases as the heating rate is increased [12].

With heating rates in the range of 1-10 Kmin~!, the decomposi-
tion of AB initiates below 97 °C as an exothermic process [9]. During
this step, the material loses its crystalline form and birefringence
but without evolution of H,, resulting in a mobile form of AB and the
diammoniate of diborane ([NH3BH,NH3]*[BH4]™) as follows [8],

3NH3BH3 — NH3BH3 + [NH3BH;NH3] + [BH4]™ (1)
crystal mobile
Recent studies revealed that the formation of diammoniate of
diborane in the initial stage, although without H, evolution, is a key
step of the overall AB dehydrogenation process [8,16].
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The endothermic AB melting process that initiates at ~102°C
limits the rise in temperature and the AB melts completely at
~112°C [7]. An exothermic decomposition process occurs in the
temperature range between 107 and 117 °C, liberating 1.1 £ 0.1 mol
of H, per mole of AB [9]. This step is accompanied with the for-
mation of polymeric aminoborane (NH,BH;)x as described below
[7,9,19],

NH3BHs(s) - NH3BHs, 2)
NH3BH3 — % (NHzBHz)X+H2 (3)

where the subscripts ‘s’ and ‘I’ represent solid and liquid phases,
respectively.

A second mole of H; is released during another exothermic
step that initiates before the first dehydrogenation step termi-
nates and spans a broader temperature range approximately from
127 to 180°C. This step is accompanied with the formation of
polyiminoborane-like material (NHBH)y, a small amount of toxic
gaseous borazine ((BHNH)3)[7,17] and sometimes diborane (B, Hg)
[9,17].

(NHzBH;)x — (NHBH)x +xH; (4)

The first and second dehydrogenation steps together yield
(2.2+£0.1) mol of Hy per mole of AB. In order to extract all 3 mol
of H, stored in 1 mol of AB, temperatures above 500 °C are needed
to decompose AB to form boron nitride (BN) and H, [11,17]. This
final step is not of interest to the present work since the required
temperature is significantly above the highest waste heat temper-
ature of the PEM fuel cells and the product BN has high thermal and
chemical stability.

An alternative decomposition route of AB is by formation of
cyclic polymeric compounds, such as borazine, polyborazylene
(B3N3Hy)x, and cyclotriborazane (H,BNH; )3. The hydrogen release
reactions that form cyclic polymeric compounds are as follows [13],

3NH3BH3(S) — B3N3H6(g) + 6H, (5)
B3N3Hgg) — (1/X)[B3NsHylx +Ha (6)
3NH33H3(S) — (HyBNH, )3(5) +3H> (7)

where subscript ‘g’ represents the gas phase.

It is difficult to ascertain which of the above-mentioned decom-
position routes and competing reactions dominate. Formation of
the amino and iminoborane-like polymers involves multiple reac-
tions (chain initiation, propagation and termination) [20] and
foaming effects during reaction also add to the complexity [16]. The
exact kinetics and mechanism of neat AB thermolysis are hence,
complicated [18].

Neat AB thermolysis under isothermal conditions was investi-
gated before. AB decomposition initiated after 3 and 1 h heating at
85 and 95°C, respectively [14]; and the material tended to foam
during dehydrogenation. Catalysis is difficult to use in the solid
phase reactions because it is virtually impossible to have all the
material access a catalytic site, but additives have been developed
to be mixed into the AB powder to increase H, release rate and
purity. For example Li-AB (LiNH,BH3) was obtained by a lithium
metal substitution of the hydrogen on the N-atom in AB [21]. Mass
spectrometry showed that H, was released from Li-AB at 92°C
(instead of at 108 °C from AB) with much faster H, release rate. In
addition, the chemical structure of Li-AB does not allow volatile
byproducts; thus suppressing the borazine impurity within the H,
gas [21].

Ionic liquids facilitate milder reaction temperatures and better
reaction control in AB thermolysis, since ionic liquids signif-
icantly enhance the formation of diammoniate of diborane
([INH3BH;NH3]*[BH4]~), which is the key intermediate ionic

species in AB thermolysis [16]. In the work presented here, 1-
butyl-3-methylimidazolium chloride (bmimCl) enhanced the H,
release rate as well as yield from AB significantly. Ionic liquids have
negligible vapor pressures and are thermally stable at elevated tem-
peratures and recyclable with little loss of efficacy. These properties
make their applications in hydrogen storage systems very attrac-
tive [14,19,22]. A possible AB dehydrogenation pathway with the
presence of ionic liquid was discussed in detail in Ref. [16].

Bmim(l is a solid at room temperature but melts above 70°C
[23-25]. AB thermolysis tests with varying proportions of bmimCl
(0, 20, 30 and 50 wt%) in the temperature range from 75 to 120°C
were reported in the pioneering work by Sneddon and co-workers
[5,14,16,26]. The volumes of accumulated H, were recorded either
intermittently using a Toepler pump apparatus or continuously
using an automated gas burette. For the thermolysis of 50/50 wt%
AB/bmimCl mixture at 95°C, 1.6 mol of H, per mole of AB were
generated after 22 h of heating in one test [14] while 2.2 mol of
H, per mole of AB were generated after 161 min of heating in
another test [26]. For AB/bmimCl mixture thermolysis at 110°C,
it was observed that the initial dehydrogenation rate increased
with increasing bmimCl in the mixture from 20 to 30 wt% but then
decreased with increasing bmimCI from 30 to 50 wt% [26]. For the
thermolysis of 80/20 wt% AB/bmimCl mixture at 120°C, 2.2 mol of
H, per mole of AB were generated after 100 min of heating; thus a
breakthrough material-based H storage capacity of 11.4 wt% with
desired release rate was achieved [16]. In these bmimCl aided AB
thermolysis tests, the initial rapid H; release process, however, was
not captured by the Toepler pump apparatus [5,14,26] or was not
captured correctly by the automated gas burette apparatus [16,26],
where rapid unphysical spikes were recorded.

Being used in conjunction with ionic liquids, metal catalysts can
further enhance the hydrogen release rate of AB thermolysis and
lower the release temperature. For instance, the addition of 5 mol%
rhodium (Rh) in a 50/50 wt% AB/bmimCl mixture enhanced the ini-
tial hydrogen release rate from 0.7 mol H, per hour to 1 mol H, per
hour at 85°C [5].

AB thermolysis, neat or ionic liquid-aided, is accompanied by
foaming [5,21], which limits the ability to engineer a solid AB sys-
tem. Proton sponge in ionic liquids was shown to both increase
the release rate of the second mole of H, and suppress foaming [5].
Other additives, which suppress foaming and enable morphological
stability during AB thermolysis, have also been investigated [21].

To further understand details of bmimCl aided AB thermolysis,
H, generation measurements for AB thermolysis under atmo-
spheric pressure and quasi-isothermal conditions were conducted
in the present study. The hydrogen yields and release rates (par-
ticularly, in the first 5min) from the thermolysis of neat AB and
AB/bmimCl mixtures (50/50 and 80/20 wt%) in a temperature (T)
range between 85 and 120°C were measured. The temperature
range was selected with the consideration of utilizing waste heat
from an internal combustion engine or a PEM fuel cell. The specific
objectives of the present work were to:

1. Capture the initial H, release process in neat and bmimCl aided
AB thermolysis;

2. Investigate the effects of temperature on H, release rate and
yield in bmimCI aided AB thermolysis; and

3. Investigate the effects of impurity and aging of bmimCl on Hj
yield.

2. Experimental
2.1. Materials

Ammonia borane (Aviabor, Dzerzhinsk, Nizhny Novgorod, Rus-
sia) and bmimCl (>99% purity, Lot # 1409627, Fluka Analytical)
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Fig. 1. Experimental apparatus.

were used as received in the AB thermolysis measurements.
Another grade of bmimCl (>98% purity, Lot # 1411922, Fluka Ana-
lytical) was used as received to study the effect of bmimCl purity on
the reaction. A small amount of AB (136 4 0.5 mg) was used in each
experiment such that the evolved volume of H, could be accom-
modated in a 250 ml gas burette. Also, 34 + 0.5 mg and 136+ 0.5 mg
bmimCl were used in 80/20 and 50/50 AB/bmimCl mixture ther-
molysis, respectively.

BmimCl is very sensitive to the moisture and oxygen in air. It
should be stored under argon atmosphere; otherwise it becomes
lumped and the H, yield from the thermolysis of AB is lowered sig-
nificantly. Even stored in an argon environment (1 mbar pressure,
0.1 ppm H,0, and 0.1 ppm 0,) after approximately 5 weeks, the
bmimCl salt became lumped and deactivated. In a 0.1 ppm O, envi-
ronment, there exists greater than 10'2 molecules per cm? of O,
atoms. These O, atoms may react with the ions of bmimCl while it
was stored causing a decrease in the yield of the thermolysis reac-
tion. Therefore all data from using bmimCl presented in this paper
are limited to fresh bmimCl received from the vendor.

2.2. Apparatus, procedure, and operating conditions

The experimental apparatus is shown schematically in Fig. 1.
A glass container (500 ml) was loaded with soybean cooking oil
(Pure Wesson Vegetable Oil, Con Agra, NE) and a stirring bead. The
oil bath was seated on a hot-plate magnetic stirrer and the oil was
heated to the desired reaction temperature. The stirring bead was
rotated at a speed of 550 rpm. A c-shaped glass container (2 ml)
was pre-loaded with the desired amount of AB. A 50 ml 3-necked
reaction flask was pre-loaded with desired amount of bmimCl and
stored in a glove box under argon atmosphere (1 mbar pressure,
0.1 ppm H,0, 0.1 ppm O,). After being taken out of the glove box,
the flask was immediately submerged in the pre-heated oil bath
and a nitrogen purge was connected at the central neck. An open
stopcock was seated on one of the two side-necks of the flask to
allow any trapped air (being replaced by the N,) to flow out of the
flask. The other side-neck of the flask was sealed with a rubber sep-
tum and a hypodermic type-T thermocouple (copper constantan,
accuracy 0.5 K, with a stainless steel sheath) pierced through it to
measure the reaction temperature. When the thermocouple was
not used, the side-neck was covered by a glass stopcock. The flask
was allowed to attain the oil bath temperature for about 10 min
and was continuously purged with N, during this period of time.

After pre-heating of the flask, the open stopcock that was used
as the vent was removed and that side-neck was connected to a gas
burette using a glass stopcock and tubing. The nitrogen source was
removed from the central neck and the AB was gently poured into
the reaction flask through the central neck from the c-shaped glass
container. The c-shaped container was seated on and clamped to
the central neck, and the stopwatch (for time recording) started.
The oil bath temperature was maintained constant within a varia-
tion of +1°C.

The evolving H, was passed through two successive flasks of
water that could absorb and condense the trace amounts of gaseous
byproducts formed during the thermolysis, such as borazine [16].
Subsequently, the H, was collected in the gas burette with a res-
olution of 1.0 ml. The accumulated H, volume in the gas burette
was monitored and recorded using a high-density video camcorder
(HV20 Canon; Zoom 6.1-61 mm, video lens with 10x optical zoom
and instant autofocus, 2.96 megapixel image sensor, filter size
43 mm, 24p cinema mode). The temperature of the H, gas accumu-
lated in the burette was measured at the end of each experiment.

The recorded tape was replayed at the end of each experiment.
The display was zoomed at the gas burette graduated marks. The
hydrogen evolution data, from which the reaction rates were cal-
culated, were acquired by pausing and noting down the volume
graduations and corresponding time instants from the recorded
video. The amount of collected hydrogen in the burette was cal-
culated using the ideal gas law with the consideration of pressure
variation caused by the change of water column height [2].

The operating temperatures for the thermolysis of neat AB,
80/20 AB/bmimCl mixture, and 50/50 AB/bmimCl mixture are listed
in Table 1. The present apparatus was able to maintain the reaction
at the desired temperature within a variation of +2°C for most
part of the reaction. In the AB/bmimCl mixture tests at tempera-
tures higher than 105 °C, within less than 30s after 2-4 min from
the beginning of the heating, the temperature quickly increased
by 5-25°C followed by a rapid return to the isothermal condition,
resulting in a sharp spike in the reaction temperature profile.

Table 1
Experimental conditions of AB thermolysis.

Material

Oil bath temperature (°C)

Neat AB
80/20 AB/bmimCl
50/50 AB/bmimCl

100, 105, 115, 120
85,95, 105, 107, 108, 110, 115, 120
120
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Fig.2. Photographs of 50 ml flask with materials of: (a1) neat AB during thermolysis, (a2) product of neat AB thermolysis right after the completion of the reaction, (b1) product
of 80/20 AB/bmimCl mixture thermolysis right after the completion of the reaction, and (b2) product of 80/20 AB/bmimCl mixture thermolysis 24 h after the completion of

the reaction.
2.3. Experimental uncertainty

It was estimated that the instrumentation inaccuracy for the
hydrogen gas temperature and volume measurements caused
+1.4% bias error in the moles of hydrogen collected or the moles
of AB consumed. Based on three repeated 80/20 AB/bmimCl exper-
iments under the same conditions at 100°C, the overall random
error caused by the measurements of time, the mass of AB, and the
mass of bmimCl, led to an experimental uncertainty of 3.8% (with
95% confidence). As a result, the overall experimental uncertainty
in the moles of hydrogen collected or the moles of AB consumed
were estimated to be 4.0% with 95% confidence.

3. Results and discussion
3.1. Experimental observation

Fig. 2 demonstrates photographs of the 50 ml 3-necked flask
with materials of: (a1) neat AB during thermolysis, (a2) product of
neat AB thermolysis right after the completion of the reaction, (b1)
product of 80/20 AB/bmimCl mixture thermolysis right after the
completion of the reaction, and (b2) product of 80/20 AB/bmimCl
mixture thermolysis 24 h after the completion of the reaction.

Thereactants (AB/bmimCl mixture or neat AB) occupied approx-
imately 2ml in the 50 ml reaction flask at the start of reaction.
During the thermolysis reaction, frothing was observed and the
reaction mixture (reactants and byproducts) expanded as shown
in photograph (al). For neat AB thermolysis, the reaction byprod-
ucts occupied approximately 25 ml in the flask (or 12 times volume
expansion) at the end of reaction as shown in photograph (a2). For
the 80/20 AB/bmimCl mixture thermolysis, the reaction byproducts
occupied approximately 15 ml in the flask (or seven times volume
expansion) at the end of reaction as shown in photograph (b1).
The presence of 20 wt% bmimCl suppressed the extent of volume
expansion of the byproducts by approximately 40%. For the spent
fuel mixture with bmimCl, the frothing-with-volume expansion
effect subsided after approximately 24 h as shown in photograph
(b2).

With a small change of heating temperature from 105 to 107 °C,
significant H, yield increase was observed during the thermolysis
of the 80/20 AB/bmimCl mixture. The 80/20 AB/bmimCl mixture is
a slurry at temperatures above 85 °C with some of the AB dissolved
in bmimCl. The significant H; yield increase with the small change
of heating temperature may be caused by the melting of AB, which
completes around 112 °C. With the present quasi-isothermal appa-
ratus, the reaction temperature exceeded 112°C for a very short
period of time with the heating temperature of 107 °C. We assumed
that the solid-liquid phase AB/bmimCl slurry changed into a lig-
uid phase within the first 2 min of heating and that most of the
dehydrogenation process occurred in the liquid phase. As the H

release progressed, a solid byproduct (most likely polyiminobo-
rane based on literature and limited spent fuel chemical analysis
of the products of the present experiments) began to form and
the mixture solidified during the evolution of the second equiv-
alent of H,. In other words, the thermolysis of AB/bmimCl slurry is
accompanied with changes in phase from (a) solid AB crystals, to (b)
molten AB/bmimCl mixture, to (c) solid byproduct. The process is
also accompanied with competing reactions, frothing and volume
expansion effects.

3.2. Effect of bmimCl mass fraction

Fig. 3 depicts the measured AB thermolysis processes in the
presence of different proportions of bmimCl (0, 20, and 50 wt%) at
120°C, as represented by the moles of H; released (nH,) per mole
of initial AB (nap ) as a function the reaction time (t). As illustrated
in Fig. 3a, the present measurements are consistent with the data
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Fig. 3. Hydrogen release rate for AB thermolysis with different proportions of
bmimCl at 120°C: (a) time between 0 and 90 min of reaction and (b) time between
0 and 10 min showing the initial H, evolution. The present experimental data are
compared to those reported in Ref. [5].
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reported in Ref. [5], where the reaction flask was plunged into a hot
oil bath without pre-heating, thermolysis started under vacuum
conditions, and volatile non-hydrogen byproducts were captured
using a liquid nitrogen trap.

At 120°C, for 50/50 AB/bminCl mixture, 80/20 AB/bmimCIl mix-
ture, and neat AB tests, 2.4, 2.1, and 1.4mol of H, per mole of
AB were released after 40, 80, and 56 min of heating, respectively.
The increase in H yield with increasing mass fraction of bmimCl
in the mixture suggests that the yield increases with the amount
of initial AB dissolving in the ionic liquid. The highest measured
hydrogen storage capacity was 11.2 wt% from the thermolysis of
80/20 AB/bmimCl mixture at 120 °C, which is within uncertainty
limits of the highest ever reported (11.4wt%) in Ref. [16]. Consid-
ering its high hydrogen storage capacity, remaining studies of the
effects of temperature and bmimCl addition were focused on the
80/20 AB/bmimCl mixture.

The dehydrogenation process during its earliest time step was
successfully captured by the present experimental approach as
shown in Fig. 3b, where the first 10 min of the process are detailed.
For the two bmimCl aided tests at 120°C, there was a very slow
dehydrogenation period at the beginning of the reaction. Then there
was a rapid hydrogen release process approximately within the
following 30s. Most of the hydrogen was released at this stage, fol-
lowed by a slow dehydrogenation process during which a smaller
amount of additional hydrogen was released.

3.3. Effect of temperature

3.3.1. Neat AB thermolysis

Under the quasi-isothermal conditions of the experiments,
dehydrogenation of neat AB was observed within 30 min of heat-
ing between 95 and 100°C. A detailed plot of neat AB thermolysis
in the temperature range from 100 to 120°C is depicted in Fig. 4.
Both the H; yield and the release rate increase with increasing tem-
perature in this range. A gravimetric hydrogen storage capacity of
9.9 wt% was achieved at 120 °C after 100 min of heating. The induc-
tion time and hydrogen yields of neat AB thermolysis at various
temperatures were summarized in Table 2.

Table 2
Induction time and hydrogen yields of neat AB thermolysis under quasi-isothermal
conditions at atmospheric pressure.

Temperature (°C) Induction time (min) H; yield (mol H,/mol AB)

100 10 1.1
105 5 1.2
115 1.5 1.3
120 1 1.5

3.3.2. BmimCl aided AB thermolysis

Fig. 5a shows the normalized moles of H, released per mole of AB
as a function of time for thermolysis of the 80/20 AB/bmimCl mix-
ture at eight temperatures in the range from 85 to 120 °C. With the
addition of 20 wt% bmimCl, dehydrogenation occurred right away
at temperatures as low as 85 °C. At higher temperatures the ther-
molysis processes were very rapid and the data of Fig. 5a need to
be deciphered with a magnified scale as shown in Fig. 5b, where
very shortinduction periods for thermolysis at higher temperatures
are revealed. Both the H; release rate and the final yield increased
with increasing temperature in the present experimental range.
For temperatures above 107 °C, a brief relatively slow dehydro-
genation period progressively decreased from 2.5 to 0.5 min with
increasing temperature was observed. This slow dehydrogenation
period was followed by a rapid hydrogen release process lasting
less than 0.5 min. Most of the hydrogen was generated during this
0.5min period with the reaction temperature profile showing a
sharp exothermic temperature spike followed by a rapid return to
the isothermal condition. The dehydrogenation rates, represented
by slopes of the curves in Fig. 5b, also showed a spike within the
0.5 min period when the nominal oil bath temperature increased
within a narrow range from 105 to 107 °C. The less than 0.5 min
rapid hydrogen release process was followed by a slower dehydro-
genation process providing the final yield of over 2 mol of hydrogen
per mole of AB. In this final stage, the formation of polymers (amino
and imino boranes) may impede the reaction speed. These obser-
vations suggest changes in the underlying reaction mechanisms
deserving of future detailed studies.

0 20 40 60 80 100 120 140
e P P e o I i e Pl = R R

T°C 7
85

105
107
108
110
115
120

AB,0

Fig. 5. Thermolysis of a mixture of 20 wt% bmimCl (99% purity) and 80 wt% AB: (a)
time between 0 and 140 min of reaction and (b) time between 0 and 12 min showing
the initial H, evolution.
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Fig. 6. Final hydrogen yields from the thermolysis of: (a) neat AB, (b) 80:20 wt%
mixture of AB and 99% purity bmimCl, and (c) 80:20 wt% mixture of AB and 98%
purity bmimCl.

The H; yields, defined as moles of H, per mole of AB at the end
of the thermolysis process, are plotted as a function of reaction
temperature in Fig. 6. Results of three different sets of experiments:
(a) neat AB, (b) 80/20 mixture of AB in 99% purity bmimCl, and (C)
80/20 mixture of AB in 98% purity bmimCl are shown. The variation
of final H, yield with temperature shows an almost linear increase
within the present experimental range for the neat AB. The two sets
of experiments (b) and (c) with bmimClI clearly show a dramatic
increase in the yield at all temperatures including a rapid increase
in a narrow 2 °C range around 107 °C. The high sensitivity of the
results to bmimCl purity is also clearly underscored by the data in
Fig. 6. Both experiments with 98% and 99% purity samples (curves
b and ¢) illustrate the dramatic qualitative and quantitative change
in the H, yield and its temperature dependence.

The gravimetric hydrogen storage capacities (material base) and
initial H, release rates of neat and bmimCl (20 wt%, 99% purity)
aided AB thermolysis under atmospheric pressure in the tempera-
ture range from 85 to 120°C are summarized in Table 3. The initial
H, release stage is defined as the time of the first 0.5 mol of hydro-
gen released per mole of AB. For neat AB thermolysis, the initial
H, release rate increased from 0.04 (mol H,/mol AB) per minute at
100°C to 0.45 (mol H/mol AB) per minute at 120 °C. For the 80/20
AB/bmimCl mixture, the initial H; release rate increased from 0.02
(mol Hy/mol AB) per minute at 85°C to 0.94 (mol H,/mol AB) per
minute at 120°C. At reaction temperatures of 105 and 120°C, the
initial H; release rates more than doubled by the addition of 20 wt%
bmimCl. The results from Table 3 show that using bmimCI solvent
for AB, the hydrogen storage capacity can be increased by over neat
AB.

Table 3
Measured H, storage capacities (wt%) and initial H; release rates for AB thermolysis
under quasi-isothermal conditions at atmospheric pressure.

Neat AB thermolysis 80/20 AB/bmimCl thermolysis

T(°C) Wt% Initial H, release rate Wt% Initial H, release rate
(mol Hy/mol AB) min~! (mol Hp/mol AB) min~!

85 5.1 0.02
95 6.4 0.10

100 7.1 0.04

105 7.7 0.07 8 0.18

107 9.2 0.22

108 10.4 0.24

110 10.5 0.25

115 8.5 0.24 10.6 0.32

120 9.9 0.45 11.2 0.94

4. Conclusions

In the present experimental study, neat and bmimCl aided AB
thermolysis under quasi-isothermal conditions in the temperature
range from 85 to 120 °C was investigated. Dehydrogenation of neat
AB was observed with less than 30 min induction period between
95 and 100°C. At 120 °C, the measured gravimetric hydrogen stor-
age capacity of neat AB thermolysis was 9.9 wt%. With a 20 wt%
addition of bmimCl, (1) dehydrogenation occurred right away at
a lower temperature of 85°C; (2) the measured hydrogen stor-
age capacity of the 80/20 AB/bmimCl mixture was 11.2wt% at
120°C; and (3) foaming during AB thermolysis was partially sup-
pressed. These features make the bmimCl aided AB thermolysis
a very attractive hydrogen storage approach, although hydrogen
yield reduction caused by impurity and aging of bmimCl should
be further addressed. Also, bmimCl aided thermolysis should be
implemented at sufficiently high temperature (>107 °C) to achieve
anoticeable gain in the hydrogen storage capacity when comparing
to the neat AB thermolysis.
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