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Construction of a control system of hydrogen generation from water molecules
reacting with activated aluminum particles
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Recently, hydrogen is expected to become the key energy to solving our energy
problems. But, it is necessary to generate hydrogen by some methods, because it does
not occur in nature. The most common method to generate hydrogen, fuel reforming,
produces CO and CO2 as byproducts. That is, fuel reforming method is consumption
of the petroleum, natural gas and so on, and is not environmentally-friendly. In order




to realize a low-carbon society, an environmentally-friendly method to generate
hydrogen is required.

The purpose of this thesis is to construct a control system of hydrogen generation
from water molecules reacting with activated aluminum particles. The activated
aluminum particles are made from aluminum alloy shavings. The reaction between
the activated aluminum and water generates pure hydrogen and alumina. Therefore,
this method is one of environmentally-friendly methods. In this thesis, the
characteristics of the hydrogen generation were measured, firstly. Based on the
characteristics of the hydrogen generation, I produce two different methods to control
the reaction and confirm their effectiveness.

This thesis consists of 8 chapters. The first chapter describes the introduction of this
study including the social background and the review. The second chapter illustrates
the outline of hydrogen generation from water molecules reacting with the activated
aluminum particles. In the third chapter, the characteristics of the hydrogen
generation are measured under various conditions. In the fourth chapter, the
characteristics of the reaction are described using an ARMA model by an adaptive
estimation theory on the basis of the measured data. The fifth chapter shows the
concept to design a control system of hydrogen generation coping with the
characteristic differences of the reaction depending on the materials, the
environmental condition and so on. The control system for supplying the activated
aluminum particles to water in the reactor is designed by a fuzzy control theory in
the sixth chapter. The proposed fuzzy controller is implemented in the developed
experimental system. The proposed system is confirmed to be utilized to control the
hydrogen generation at a certain level. In the seventh chapter, I design a PI control
system to determine the water supply to the activated aluminum particles in the
reactor to the needs of the quantity of hydrogen. In order to confirm the effectiveness
of the control system, a portable hydrogen generator including the controller is
developed and connected to a fuel cell. The effectiveness of the proposed system is
confirmed under experimental condition changes. In the eighth chapter, conclusion of
this thesis and some future visions are described.
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