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HERIERS 92 Geosphere Environment
EIEMRIBERESE9EF  Study of Functional Materials
RIEYERESSEF  Control of Environmental Materials
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Towards Establishing Environmentally Benign Material Synthesis
and Devices and New Material Circulation Systems.

DOWA FIBEIFRERZHRR & DOWA R—IL7 v I AR AR MO BENHRARZHO D & 2004 FIcRHR LU, Bald. Tk
ERERBEHSOMADHERICEWTELZIRD EREHEZBRT 5,
- EREHREERI I NCBEFEIRBREZEYENSOERV TV RMELOHE VAT LBEREICEI MR
- RBAFEREBE I TRILF—HIRICRE UM RIS LU Zn 5 2 AW BBE0RIRICETS
EMRT—VICUTHEREB ZHET 5.

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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[ Geosphere Environment ]

Research for the Circular Economy

We are mainly focusing on the control of contaminants in the geospheric
environment and the development of recycling technologies and social
systems of secondary resources. From the viewpoint of the Circular
Economy, we are contracting a research project from Miyagi prefecture.
The aim of this project is to make a strategic plan for producing secondary
raw materials from wastes (e.g., small domestic appliances) that are being
disposed of in landfills. Because this project relates both technical aspects
and social aspects, we can put our experience of WEEE (Waste Electrical
and Electronic Equipment) regulations in the EU to use. In the geopolitical

Fig.1 Site tour with student in Indonesia. Fig.2 Meeting with Kasetsart University in Sendai.
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environment, we are continuing our cooperation with Thai universities
(e.g., Kasetsart University) for conducting groundwater monitoring and
remediation technologies. In addition, we started to discuss Hg recovery
and storage issues under the Minamata convention.

[ Study of Functional Materials ]

Functional Materials Research on optical
devices for the Reduction of Environmental
Load

In our laboratory, we have developed deep UV light emitters and photo
detectors.

Both devices require good ohmic contact, but this becomes difficult to
realize as the Al composition increases.

Regarding n-AlGaN, we improved various pretreatments conducted before
the deposition of the metals and selected the metals and ohmic alloy
conditions. We found that a V-based system is superior to the conventional
Ti-based system. Next, p-type activation was examined for p-AlGaN. It
was found that the catalyst annealing was excellent compared with the
conventional heat treatment.
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Fig.3 I-V profiles for V-based and traditional Ti-based ohmic contacts.

p-AlossGagasN activation method Current at 5V (uA)

Conventional heat treatment 1.2

Catalytic heat treatment 3.5

Table.1 Comparison of p-type activation between conventional heat
treatment and catalytic heat treatment.
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[ RIEMEBRFDE ]
BRFHLSWBEICEEEME - RFICEDIMR

BEAN—INVF/Fa1—7 (SWCNT) Z#E&HL
FHEEFHRHROBEI R

A—RyF/Fa—T2BEFMHRHCBAVCEFRFOERALIER
RERSNTVWEW, FICEFRBEFRE (FE) BEBFT/\CRcHL
TH—RYF/Fa—TDBEFHREFGOESNRALICNTZEE
ZRICB>TWe, BEEENDEABNREZERT B, BiER
{fEU7c SWCNT ZH—Ilc D EILc 2R Z B FRHEFELTAHAWFE
EFREREICE VT 800 KEBZEMI DI EICHIU, i
gt CNT DX — DB REEEFID CNT REICIEHE 9. #
BEMNFEICEV. BAR., REFEANMEMTEZIREDHERE
ZRSICCNT ZDBULEUISEIRZ R L. T DRICEREE = —
JLALBT CNT DRt ZWET 2FEZRH U, CNT ZAW
BEF T/ A RABRICEVWTABRIFZECERDOHIRRETHD. 5
#EERILCNT OBEFT/\A ANDOLARENERT 26D EHARF
EED

ISAREO—RELT AYV—R-F =7 /—REBTHEBEN
B2EFT/IAMADTANY A T2 RBEL (Fig.d Z8). TW RHEDH
BEENTEAITERAREDBEMNRZERT DI LML

ITO-SWCNT

Fig.4 Overview and enlarged view of prototype trial pattern of cathode gate
electrode structure. Flat-panel light emission driven by line-sequential scanning
(shading process performed by ND filter).

[ Control of Environmental Materials ]

Research on Functional Materials and
Electronical Devices for the establishment of
a Low Carbon Society

Cold cathodes with highly crystalline single-walled carbon nanotubes
(SWCNTs) have gained increasing interest as a low-power consumption
tool to obtain a great large-field emission current. However, no attempt to
control the crystallinity of SWCNTs has been reported elsewhere.
Motivated to establish a method for designing a cathode with field-
emission characteristics to use a field-emission current efficiently, we
tried to optimize a planar field-emission cathode employing SWCNTs
with high crystallization by an annealing process. As expected, the
electrical properties, field emission characteristics, and assembly of the
planar lighting device with SWCNTs as field emitters were markedly
improved. This is believed to originate from a planar lighting device
employing highly crystalline SWCNTs with low power consumption. In
view of the keen interest in advanced devices, our results should be of

interest to a wide general readership.

ITO film with
SWCNTs

ITO film with
SWCNTS
nick
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KARIFE. VFILAAYZREMOEBMELT Si ZFIAL. O
YRIYMEICE>TERNICESHIhTWS, RERFRETOE
BAREZMAR THAMEICT 2HDESIFEZRF > ZREHZE
WIBZEZEMELTWS,

Btz KARELL. D OZHEIORDRULAREERHEICT D726
ICIF SiZEMBEVTERITZZERBBERARTH D, HRIE Si.
BEALSR (1 )CuO. BEUF UL L0 ZXA/TIANTOELZATH
BUEMEZ SR L. 3500mAh/g BOEAEZT 800 H17JLEL
T REVEERAREETSEROBEICHI LIz, YUEWEIES
/~BT2o0VEF Si-LiI&Si &% -Si B/ AV RYy NMEER
FERLTED, Zhot/ HFOEEHRINEREFEDORINGKREICE
5LTW%, I5IC, LIAAYDSICHRESNcEEICETHMICT
HWEOARMHEZRY Li-Si §2IERIN. ZhhiEDIRUFKRE
HHEDHIEDERENS Li-Si 1bEHY (Li2xSiOs) O—&H LiGE
(LiaSi) &ULTO&EZIBVL, RO Li-Si &£ OERICKDAE
Mo B ol LiA AV ZzfHIBT 2R RzREE1LOH (Figb &
B). BRERMHICEVNT, Si-CuO HREEYMEL LR U TEERK
BICEUHROERBEREICRML. ERLICHGISFETEM
ZHEL TV,

.

Composite with Si, LI20. Cu0 powders

Components with
nano-Si

Si0

Li,Si0,
Cu,Si
LiySi

alloy of SIO&LI
Li,Si05 (Li.,Si03)
Cu,Si
Li,Si

Fig.5 Model of a charge—discharge mechanism employing the composite with Si,
Li>0, and CuO to satisfy the high capacity and long cycling stability of the active
anode material. The charge—discharge model flows as ‘A—-B—C—D—E—B—..."
in the above chart.

Components with

To minimize the large change in Si volume observed during charge—
discharge operation and compensate for the irreversible formation of a
Si-Li component, which are obstacles to achieving high-performance
electrochemical properties, an active anode material was synthesized
using a simple mechanochemical grinding process. The composite
comprising Si, lithium oxide, and copper oxide contains Si nanoparticles,
amorphous silicon monoxide, and Si—Li or Si—Cu alloy compounds, and it
exhibits improved electrochemical properties. In particular, this composite
achieved better capacity retention, higher coulombic efficiency (over
100%), and longer cycling performance than Si alone, indicating
considerable optimization of the electrical and ionic conductivity in the
composite. As a result, the developed method allowed control of the Li
content to compensate for the lack of Li ions in the composite, with the
cycling performance optimized using the Cu alloy, oxide, and Li

compounds within the composite.
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