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Towards Establishing Environmentally Benign Material Synthesis

and Devices and New Material Circulation Systems.
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The DOWA Holdings Co., Ltd. Sponsored laboratory was inaugurated in FY 2004 and comes under the endowed division of the Graduate School of

Environmental Studies. The main study aim of our laboratory is to solve problems of environmental conservation while taking into consideration the

viewpoints of both manufacturers and the high-consumption society. Research in this division is categorized mainly into (a) establishing processes of

valuable material resources released in society and controlling, recycling, and disposing of them efficiently and safely, and (b) inventing the preparation of

functional materials that can nurture environmentally friendly engineering applications, such as electronic devices with less impact on the environment.

The research activities of the geosphere environmentalogy division were separation, decomposition, and migration control of pollutants such as heavy

metals. Technologies related to the development of materials for concentrating and retaining rare metals are also being researched. On the other hand, the

study of the functional materials division focuses on mass production of inorganic materials for electronic, photonic, and energy storage devices. These

materials are prepared using solution synthesis or a dry process such as arc discharge evaporation. Research on the control of environmental materials

focuses on the development of technologies for applying carbon nanotubes for light-emitting devices and modifying a negatively charged material for the

purpose of future Li-ion rechargeable batteries.
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Fig.1 Pickup resources from municipal waste.

[ Geosphere Environment ]

Research for the circular economy

We are mainly focusing on controlling contaminants in the geosphere and on
developing recycling technologies and a social system for secondary
resources. From the viewpoint of the circular economy, since the last fiscal
year, we have promoted Miyagi Prefecture’s recycling-based social system
in conjunction with another laboratory. The aim of this project is to create a
strategic plan for producing secondary raw materials from waste products in
landfills. Because this topic has both technical and social aspects, we can
make use of our experience working with regulations for the waste of
electrical and electronic equipment in the European Union. In the geopolitical
environment, we are continuing to cooperate with Kasetsart University in
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Mercury Waste Management
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Fig.2 Mercury seminar in Thailand.
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Fig.3 Device structure of the 310nm photodetector.

Thaildan regarding groundwater monitoring and remediation technologies.
During this fiscal year, we coordinated seminars in which stakeholders from
the local community in Thailand gathered to determine how to collect and
store mercury after the conclusion of the Minamata Treaty.

[ Study of Functional Materials ]

Research for reducing the environmental load

In our laboratory, we developed deep ultraviolet-light emitters and
photodetectors. These detectors are sensitive to ultraviolet-specific
wavelengths. Below, we show a photodetector that is sensitive to 310 nm
and used in phototherapy.

Figure 3 shows the cross-sectional structure of the device; the ultraviolet
light is irradiated from the side with the sapphire substrate. The AlGaN
layer reduces the short-wavelength light between the sapphire substrate
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and the active layer. In addition, as the long-wavelength side (wavelengths
longer than 340 nm) is insensitive, we obtained a spectral responsivity (as
shown in Fig. 4). Photo responsivity improved as the reverse bias increased,
and we obtained 260 mA/W (QE:~100%) at -20V. This occurred because
the dark current under the reverse bias was sufficiently suppressed, as

shown in Figure 5.
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Fig.4 The comparison of spectral responsivities under various reverse bias.
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Fig.5 Dark current and UV(310nm)photo current of this device.
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[ Control of Environmental Materials ]

Research for the Establishment
of a Low-Carbon Society

Currently, the development of electronic systems requires the fabrication
of efficient devices employing carbon nano-materials. Carbon nanotubes
(CNTs) are a promising material due to their unique physicochemical
properties: their nanoscale needle shape, high chemical stability, thermal
conductivity, and mechanical strength. The listed properties confer an
advantage in the fabrication of field emitters. Considering this information,
the synthesis of highly crystalline single-walled carbon nanotubes (hc-
SWCNTs) by arc discharge and their structural characterization were first
briefly reviewed, after which FE’s characteristic properties from the arc-
produced nanotubes were discussed, and finally the application of the
nanotube emitters in a lighting device was described in our previous study.
We successfully manufactured hc-SWCNT-based electron emission
elements that exhibited stability, adequate luminance, and low power
consumption for the electron emitters. Our next purpose is to synthesize
hc-SWCNTs stably into our laboratory for the next generated electrical
devices.

To obtain the high energy out in an active material observed during a
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Fig.6 Schematic view of field emission measurement system under a low vacuum atmosphere inserting O gas.
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charge—discharge operation, which is an obstacle to achieving high-
performance electrochemical properties, the composite FeMnSiO4 as a
package of Li ions in a lithium ion’s secondary battery active cathode was
synthesized in a simple mechanochemical grinding process. The composite
comprising Fe (or Fe-oxidation), Mn (or Mn-oxidation), and Si oxidation
has a ferromagnesium alloy (FeMn) with silicate crystal as a nanoscale-
layered composite with a Perovskite structure and exhibits improved
electrical impedance. In particular, this composite is expected to allow for
the stable insertion of an Li ion into the gap between layered composition,
and better capacity retention, higher energy power than previous cathode
materials and indicating considerable optimization of the electrical and
ionic conductivity in the composite. We will develop a method to insert the
Li ion to compensate in the composite stably through plasma processing in
our next trial.
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Fig.7 FE stability results under a low vacuum with O gas of approximately 0.3 Pa compared

with the change of supplied voltage for a cathode employing hc-SWCNTs.
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