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Abstract:

Fuel cells are becoming more of a practical alternative power source.  However, improvements in a convenient fuel source are still needed for use with portable applications.  The purpose of this research is to develop and test an efficient reaction of sodium borohydride and water for the production of hydrogen gas to be used as fuel for a variety of fuel cells.  The reaction is carried out in the presence of a metal catalyst to accelerate and maximize the generation of hydrogen.  A sufficient chemical support delivers the water throughout the reaction bed and helps against the formation of solid sodium metaborate.    
Summary:

In a basic fuel cell setup, hydrogen and oxygen are converted to an electric current by electrolysis at an anode and cathode.  The oxygen gas can be easily supplied from the surrounding environment; however hydrogen is not always an accessible fuel.  Heavy containment vessels cannot be used to store hydrogen in most applications [1]. Studies have been trying to discover a material with high storage efficiency for the fuel that still meet weight and power requirements for certain systems.  Metal hydrides have been used as the method of supplying hydrogen for spacecraft to fuel cells in small portable electronic appliances [2].  Sodium borohydride has been studied in great detail recently because of its potential to be a source of hydrogen gas.  The slow exothermic reaction of sodium borohydride with water produces hydrogen gas and sodium metaborate:    
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Cobalt and nickel salts have been used to prepare the catalytic agent required to increase the rate of the reaction and to run it to completion.  Different metals can be mixed using various methods to produce a variety of catalysts that are needed.  Through a dip-coating process, cobalt ions can react on a porous surface with borohydride ions to produce cobalt-boride which is the heterogeneous catalyst [3,4].  Different catalytic supports, such as steel wool and copper wire mesh, can act as a surface for the sodium borohydride mixture to react as well as modify the boride formed.  This surface can then be used to react with an excess amount of water to generate hydrogen gas.  Another method consists of directly mixing an anhydrous cobalt based metal salt with sodium borohydride powder.  A closed reactor is set up to contain the reaction and control the amount of water added to the reactant mixture.  Hydrogen gas can then be collected for measurement.  In order to be used as a way to produce hydrogen for fuel cells, the reaction must be stable and easily controllable.  A carefully engineered reactor is essential to containing and controlling the sodium borohydride hydrolysis [5].  

There are a number of variables that have an effect on the final generation of hydrogen gas.  The mass percentages of the metals and hydrides can be varied in order to try to control the hydrogen production.  Porous powders, like aluminum oxide, are used as wicking agents to carry the water to all of the sodium borohydride particles.  One problem with the hydrolysis of sodium borohydride is preventing large amounts of the reaction byproduct, sodium metaborate, from solidifying.  The solid sodium metaborate can become harmful to the overall reaction if it begins to form over the unused sodium borohydride.  This will limit the amount of water that reacts with the sodium for hydrogen reduction, which decreases the overall rate of hydrogen generation. The porous powders used may aid in preventing the sodium metaborate from forming on the surface.  Other research is focusing on finding filters to separate the metaborate, and using steam hydrolysis to keep the reactant mixture dry [6].

In this study, different methods of producing hydrogen from sodium borohydride hydrolysis were experimented with.  Solutions of cobalt and nickel salts were combined with basic solutions of sodium borohydride on a porous surface to try and generate active catalysts.  When the prepared catalysts were added to solutions of sodium borohydride, the rate of hydrogen generation was not sufficient and the reaction was difficult to control.  Another technique of mixing anhydrous cobalt chloride with the sodium borohydride powder was used, with the objective of only creating a catalytic process when water was added.  The uniform reactant mixture was embedded in layers of scouring pads and placed in a sealed container, with two inlets for water entry and gas exit.  The water inlet was attached to a syringe pump and set to a certain rate for which the water would be injected into the reactor.  Once the reaction was taking place, the hydrogen gas being produced was sent off to other containers and measured using a water displacement technique.   
 
Different reaction supports and wicking materials were used in separate trials of running the reaction.  Aluminum oxide particles were evenly added to the sodium borohydride and cobalt chloride.  The mixture was placed in the reactor and water was added at a slow constant rate.  The aluminum oxide dispersed the water over most of the reactant sodium borohydride and the mixture produced a steady output of hydrogen gas.  However, once the water supply was cutoff, the reaction continued producing hydrogen at the same rates for an extended amount of time.  Fine silica powder was also tried as a wicking agent; however there was no initial reaction when water was added because the silica was determined to be too hydrophobic.  

Experimental data was collected from the different sets of reactions.  As predicted, hydrogen generation was essentially negligible when no catalytic material was added to the sodium borohydride.  When aluminum oxide was added to the sodium borohydride and cobalt catalyst mixture, the rate of hydrogen generation was constant over a long period of time.  The aluminum oxide was more hydrophilic than the silica powder and produced a more controllable reaction.  There is still uncertainty to why the production of hydrogen remained constant when more water was added over time.  The reaction of the just the sodium borohydride and cobalt chloride was the most favorable.  As the reaction progresses, the rate of hydrogen generation increased exponentially.  However, the reaction became uncontrollable once an excess amount of water was added to the sodium borohydride.  

Progress must continue in developing a useful source of hydrogen fuel.  The potential of sodium borohydride hydrolysis is in improving reactor designs, catalysts efficiency, and reaction controllability. Recycling sodium borohydride, catalysts, and fuel cell water are ways to help meet certain weight limitations for fuel cell applications.  Cost effective production of sodium borohydride and the catalysts used is also essential to the future of this method as an efficient way of generating hydrogen [7].     
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