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Measurement, observation and equipment development for
understanding of various geosphere information
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The objective of the laboratory studies is to focus on measurement and observation for understanding different geosphere information, for which we are
developing apparatuses. Our main targets are water—rock interaction, the destruction of rocks under hydrothermal conditions at Earth’s interior, natural
and artificial thermoluminescence (NTL, ATL) of minerals such as quartz and feldspar, and hydrogen production from the reaction of strong acid hot spring

drainage and aluminum metals.

Our main focus is the development and utilization of geothermal resources, and we will use these research results for social purposes.
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Fig.1 Changes of porosity of gabbro by Number of
decompression cycles at 500 and 600 °C.

Fig.2 X-ray CT images of decompressed gabbro
sample at 500°C. Upper image is before decompression.

Fracturing of rocks by fluid phase change

Previous studies found that when rocks are placed in supercritical water
above 400 °C to 500 °C and rapidly decompressed, the boiling of the internal
fluid and the temperature decrease associated with adiabatic expansion can
cause significant cracks in the rock. This phenomenon is predicted to
explain rock cracking in the deep crust and to be applied to new excavation
methods for geothermal development. The results of previous laboratory
experiments and numerical simulations suggest that the rocks must include
some quartz for crack initiation. In order to confirm these results, an
experiment was performed using gabbro containing almost no quartz. The
occurrence of cracks in the gabbro was lower than that in granite containing
quartz. Additionally, the amount of cracks increased when heating and
rapidly decompression were repeated (Figs.1, 2).

Preliminary geothermal exploration
using thermoluminescence

A phenomenon called thermoluminescence (TL) is observed minerals
constituting rock, especially quartz and feldspar, in which energy
originating from natural radiation stored in minerals is released when the
minerals are heated and in which energy accumulation is observed as
emission light intensity. This means that the mineral does not emit light
after being heated. Therefore, minerals have less luminescence in
geothermal areas than those in non-geothermal areas crystallized during

Fig.3 Developed TL measuring equipment
for commercial use.

Lower image is after decompression.
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Fig.4 Control and data logging application
for TL measuring.

aluminum scrap waste.
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Fig.5 Hydrogen mixed gas production
experiment using acidic hot spring water and

the same era. This phenomenon makes it possible to screen for promising
geothermal areas from rock samples obtained by surface exploration before
large-scale geophysical exploration. This laboratory and Toei Scientific
Industrial Co., Ltd. has continued to develop dedicated measuring equipment
for obtaining these data, which was completed for commercial use this year
(Figs.3, 4). This equipment will be delivered to the University of El Salvador
for use in the SATREPS International Science and Technology Cooperation
Program. We will continue to study the processing of TL measurement data
and the applicability of feldspar TL.

Hydrogen generation from aluminum with
acid hot spring water at low temperature

Hydrogen is generated when a strongly acidic solution at pH 1-2 or a strongly
alkaline solution at pH 13—14 and metallic aluminum react at about 50—
60 °C. This is a much lower temperature than the conventional hydrogen
production method by hydrothermal reaction, and industrial applications
can be expected. This year, we conducted a full-scale hydrogen production
experiment using the highly acidic hot spring water at Tamagawa Hot Spring
in Senboku City, Akita Prefecture, and aluminum scrap waste discharged
from the manufacturing process for aluminum products. As a result, when
150 g of aluminum scrap was reacted with hot spring water at 60 °C and pH
1.2, it was possible to produce about 7.5 L of mixed hydrogen gas per hour
(Fig.5). In addition, when this mixed gas was directly injected to a hydrogen
fuel cell, it was possible to operate the hydrogen fuel cell and generate power
(Fig.6). However, the produced gas contains hydride gas due to the effect of
elements in Tamagawa Hot Spring water, making it necessary to study how
to efficiently remove hydride gas.
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Fig.6 Driving experiment of hydrogen fuel cell
using generated hydrogen mixed gas.
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