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Introduction 

Aqueous solutions of alkali metals 
borohydrides can be used to produce high purity 
hydrogen. 
MeBH4 + H2O = MeBO2 + 4H2 (Me – Li, Na, K) 

The cost and environmental issues are of 
primary importance for hydrogen energy. Sodium 
borohydride (NaBH4) is not detonating at contact 
with water, as opposed to lithium borohydride 
reacts without the ignition, and in contrast to with 
potassium borohydride has a high content of 
hydrogen. Though, the cost of NaBH4 is high 
enough. Obviously, the area of application for 
hydrogen storage will be limited by possibility of 
sodium borohydride recycling. Only when the 
energy-efficient ways will be found to convert end 
product – sodium metaborate (NaBO2) into 
borohydride, you can discuss the large scale 
applications such as energetics or transportation. 
The problem is that it is necessary to convert the 
final product of hydrolysis metaborate to 
borohydride is not «at any way», as well as to the 
cost of energy is lower than the energy value of 
stored hydrogen.  

Each tentative type of sodium borohydride 
causes specific technical and scientific problems 
that can be separated into three main categories: 
storage, controlled reaction of catalytic hydrolysis 
and removal of end product. 

The investigation of storage stability of different 
compositions is initiated by the projects of mobile 
hydrogen generators developing for vehicle 
application, where sodium borohydride solutions can 
be used as a source of hydrogen fuel. 

As in water solutions the process of 
spontaneous hydrolysis of sodium borohydride 
accompanied by hydrogen emission occurs, there 
is the problem of these solutions stabilization. It 
can be resolved adding alkali to solution, but this 
way enables to decelerate the rate of hydrolysis 
considerably, but not terminate it. At room 
temperature produced compositions can be 
considered as quiet stable, but with temperature 
increase the process of hydrolysis rapidly 
accelerates and in the hot climate conditions 
solutions there is lack stability. 

In this paper, a comparative analysis of the 
stability of NaBH4 at its storage in the form of 
slurry and the solid state is presented. The 

influence of technological parameters on the rate 
of catalytic hydrolysis of NaBH4 solutions with 
different catalysts is studied. 

 
Results and discussion  

In order to evaluate the possibility of using 
solid compositions the pellets containing 
anhydrous NaBH4, crystalline hydrate 
NaBH4⋅2H2O and NaBH4⋅2H2O with  
0.1 wt. %NaOH are prepared. The stability of such 
composition is tested at different temperature.  

In the closed environment the pellets maintain 
their properties up to 36.4оС and are in a steady-
state condition during an unlimited time. However, 
at high (70 %) relative humidity the pellets start to 
melt. At this relative humidity the pellets made of 
NaBH4·2H2O and NaBH4·2H2O with 0.1 wt. 
%NaOH are more stable since they already 
contained water and in the contrary to NaBH4 
pellets absorbed water slowly. At lower levels of 
relative humidity (30-40 %) all pellets during a 
three months outdoors storage did not indicate any 
changes.  

At temperatures higher than 36.4оС the 
dehydration of the pellets takes place that initiates 
the process of hydrolysis (Fig. 1, curves 1, 2).  

The curves practically coincide, i.e. the 
presence of hydroxide does not slow the hydrolysis 
that at these conditions reaches 0.045 % NaBH4/hr. 
At increasing temperature up to 60oC (Fig. 1, curve 
3) the rate of hydrolysis increases by two times. 

From this perspective the negligible hydrolysis 
rate of 0.01 wt.% NaBH4/hrs in the system 
containing 44 wt. %NaBH4, 55.9 wt. %H2O and 
0.1 wt. %NaOH (molar composition  
NaBH4-2.67H2O) at 40оС presented by Lumsden 
and Evans [1] is under question. This can be 
explained by the fact that the hydroxide 
concentration is insignificantly small and water 
content is higher than the amount required for the 
formation of crystalline hydrate of sodium 
borohydride NaBH4⋅2H2O. In our case at 40oC the 
hydrolysis rate for the slurry is about 20 times 
higher than specified in [1] (Fig. 1, curve 4) and 4 
times higher than the rate of crystalline sodium 
borohydride hydrate hydrolysis (Fig. 1, curve 1). 
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 Fig. 1. Hydrolysis at 40oC of NaBH4·2H2O 
pellets (1); NaBH4·2H2O with 0.1 wt. % NaOH (2); 
and slurry NaBH4-2.67%H2O with 0.1 wt. % 
NaOH (4).Hydrolysis at 60oC of NaBH4·2H2O 
pellets (3). 
 

The possible choice of slurry for borohydride 
storage is an intermediate composition between 
solution and solid state. In comparison to solutions, 
the slurry does not indicate any advantages, though 
it is could be more suitable for dosage than the 
solid state. At the same time it has the limitations 
of the both solution and solid forms, since similar 
to solution the slurry requires the temperature 
control and as well as in the case of solid state it 
requires dosage and water dilution. 

The efficiency of the catalyst is an important 
factor at designing the reactor, because it affects 
the amount of catalyst required for hydrolysis, and 
hence the reactor size and design solutions for the 
entire installation. 

In the actual process NaBO2 accumulating in 
the solution will result in inhibitory effect on the 
rate of NaBH4hydrolysis. On the one hand, in case 
of the reactor with circulation system, it is a 
positive factor, because non reacted sodium 
borohydride will decompose more slowly outside 
of catalytic layer. On the other hand there is a 
question about possible deceleration of NaBH4 
hydrolysis in catalyst zone.  

Therefore the experiments are conducted to 
estimate the inhibitory effect of NaBO2 (increasing 
pH of solution) within concentration range 2.0-

13.5 wt. %NaBH4 and temperature interval 30-
70оС. Used catalysts are Ni Synetix and 
0.1%Rh/Al2O3 balls (∅ 3 mm).  
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 Fig. 2. Hydrolysis of NaBH4 solutions at 

50oC. 

 
In case of NaBH4-H2O-NaBO2 system the 

adding NaBO2 to solution decreases hydrolysis rate 
of sodium borohydride by the order of magnitude 
(Fig. 2, curves 1 and 3), while in case of NaBH4-
H2O-NaBO2-Ni it is about 3-4 times (Fig. 2, curves 
2 and 4). 

 
Conclusions 

Separate storage of water and waterless sodium 
borohydride completely removes the problem of 
stability. The basic inconvenience of separate 
storage is the necessity to prepare working solution 
before its supply to reactor. Designing reliable unit 
to supply granules would be the natural 
engineering decision for hydrogen source using 
hydrolysis of sodium borohydride. At presence of 
rhodium catalyst the change of solution pH affects 
hydrolysis much more weakly, than in case nickel 
catalyst.  
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