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Introduction 
The major problem related to the creation of a 

power plant based on fuel cells (PP with FC) for 
diesel-electric submarines is the system of 
hydrogen storage/production that determines the 
engineering-and-economical performance of PP 
with FC in many respects. 
 
Results and Discussions 

Hydrogen may be stored or produced directly 
on the object where it is used. Basic requirements 
to the hydrogen storage/production system are low 
total weight and volume of the system and safety. 

Analysis of all known data shows that all 
methods of hydrogen storage have some 
advantages and disadvantages, and no “ideal” 
method of hydrogen storage [1] is found. In this 
connection an option of hydrogen producing 
onboard seems to be promising as the necessity in 
a shore hydrogen infrastructure disappears. 

For experimental development of the option of 
hydrogen production by aluminium hydrolysis a 
prototype hydrogen generator for hydrogen 
production by the method of granulated aluminium 
hydrolysis by alkaline aqueous solution was 
created and tested. This method is characterized by 
the presence of a large amount of corrosion-active 
and toxic alkali. 

Therefore, the method of hydrogen production 
by aluminium hydrolysis was modified by means 
of alkali elimination from the hydrolysis process.  
The modified process of hydrogen production is 
based on exothermic chemical reaction of 
aluminium powder heterogeneous oxidation with 
water in a high pressure reaction vessel  
(10-12 MPa) at temperature 250-280°C. 

Chemical reaction equation: 
Al + 2H2O → AlOOH + 1.5H2 + Q, 

where Q=399 kJ/mole, Al – thermal effect of 
reaction. 

Reaction products – gaseous hydrogen and 
aluminium hydroxide oxide – boehmite. Boehmite 
is a powder with particle size not exceeding  
20 micron, which does not stick together. 

Block diagram of a plant for hydrogen 
production by the aluminium powder and water 
interaction is shown on Fig. 1 [2,3]. 

 

 Fig. 1. Block diagram of a plant for 
hydrogen production by the aluminium powder and 
water interaction. 

 
The process is implemented as follows. Bunker 

(1) is filled with coarse dispersed aluminium 
powder; tank (2) is filled with distilled water. 
Aluminium powder and distilled water are fed to 
mixer (5) by means of feeding unit (3) and low-
pressure pump (4). Aqueous suspension of 
aluminium is formed; its smoothness is maintained 
by continuously working agitator (6). Suspension 
is supplied from the mixer by high-lift pump (7) to 
reactor No. 1 (8) through sprayer (9). Before the 
suspension is supplied both reaction vessels are 
filled with a small amount of water for creating 
saturated steam in them in the process of 
preliminary heating of reaction vessels up to 
temperature 250-280°C (about 1.5 hour). When 
this temperature is reached, the heating is stopped 
and it ensures fast (100-400 seconds) and reliable 
reaching the operating condition. The reaction of 
aluminium powder interaction with water proceeds 
in the reaction vessel and a steam hydrogen phase 
– steam-gas and liquid phase – boehmite aqueous 
suspension are formed. Steam-gas is continuously 
fed to heat exchanger (13) where it is cooled with 
steam condensation; then it is separated into 
hydrogen and water in condenser No. 1 (16). In 
dehumidifier (17) hydrogen is dehumidified, in 
filter (18) it is purified and fed to fuel cells. 
Condensed water from condenser No. 1 and 
reaction water from fuel cells is drained to water 
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collection tank (19). From the collection tank water 
is pumped to the distilled water tank by low-
pressure pump (10). The collection tank may be 
eliminated by sending water directly to the tank 
with distilled water. 

From reaction vessel No. 1 boehmite aqueous 
suspension with aluminium oxide particles, which 
had not fully participated in reaction, is forced into 
reaction vessel No. 2 (11) where aluminium is 
fully oxidized. Formed steam-gas (steam with 
small amount of hydrogen) is directed to heat 
exchanger (14), then to condenser No. 1 from 
which hydrogen is discharged to the dehumidifier 
and condensed water is drained to the water 
collection tank. Boehmite preserving high 
temperature, with remaining moisture is directed to 
cyclone evaporator (12), where larger portion of 
water is evaporated; the resulting steam is 
condensed in condenser No. 2 (15), water returns 
to the water collection tank and humid boehmite is 
supplied to one of free sections of the distilled 
water tank. 

To check the feasibility of hydrogen production 
by the described method a full-scale prototype 
sample of the hydrogen plant was created (Fig.2). 

 

 
Fig. 2. Prototype sample of hydrogen plant. 

 
Prototype tests proved in essence the feasibility 

of creation of an efficient ship system for hydrogen 
production based on the coarse dispersed 
aluminium powder hydrolysis by water. 

The process of hydrogen production is arranged 
as a continuous operation and is well-controllable, 
and hydrogen can be used in fuel cells of any type 
directly without additional purification. Neither 
charged reactants nor liquid reaction products have 

corrosion-active and ecologically harmful 
characteristics during the process cycle. Liquid 
reaction products do not contain hard-to-remove 
components. Aluminium powder that is produced 
industrially in Russia is used. The reaction product 
boehmite is commercially valuable. 

Steam-gas that is formed in the aluminium 
hydrolysis reaction can be passed through a steam 
micro turbine mated with an electric generator for 
producing additional electric power. The quantity 
of electric power may reach 30% of the fuel cell 
electric power. 
 
Conclusions 

Power plants based on fuel cells where 
hydrogen is produced by aluminium hydrolysis 
hold much promise with respect to use onboard 
diesel-electric submarines [4-6]. 
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