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Director’s Address

Nowadays, finding energy resources for the future is a very important issue. After much deliberation, we found that there are three
methods of developing new sources of energy for the future; (1) steering from fossil fuel and nuclear energy to new sources of energy; (2)
improving the efficiency of energy conversion methods, including the development of new energy conversion materials, such as fuel cells
and white light-emitting diodes; and (3) recycling waste energy, including waste material. It is a known fact that reducing the use of fossil
fuels is an effective method of reducing global warming. Furthermore, establishing strategies that secure energy resources for the future
is an especially important item of discussion in Japan after the accidents at the Fukushima nuclear power plant, which were a result of the
Great East Japan Earthquake. To meet the demands for energy, developing new energy media and carriers and advanced energy
conversion systems is crucial.

The Center for Advanced Research of Energy and Material (CAREM), which is based on the work that was done by the Center for
Advanced Research of Energy Conversion Materials, aims to conduct energy related research at Hokkaido University. The Center
conducts basic and applied research on materials and substances in order to develop new energy media and carriers as well as
advanced energy conversion systems. The ultimate goal is to make meaningful contributions for the betterment of society by creating a
new field of energy technologies. The Center consists of five laboratories: the Integrated Function Materials, Quantum Energy
Conversion Materials, High Temperature Materials, Energy Media, and Chemical Energy Conversion Systems. In addition, the Center
owns a multi-beam, high voltage electron microscope laboratory, the use of which is open to all students and researchers at Hokkaido
University. The five laboratories belong jointly to the three research specialties of the Graduate School of Engineering.

I hope you will extend to us your kind support and cooperation so we can successfully achieve our ambitious goals.
Professor Tomohiro Akiyama

Center Director
April, 2012

Center for Advanced Research of Energy and Materials, Sapporo, Japan
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History

Three research institutes were active in the Facility of Engineering, Hokkaido University as affiliated research institutes before June,
1994.

- Metal Chemistry Research Institute (founded on March 4, 1937 and revised on April 1, 1958)

- Coal Research Institute (founded on April 1, 1975)

- Advanced Magnetohydrodynamic Research Institute (founded on April 4, 1988)

Center for Advanced Research of Energy Technology (CARET) was established on June 24, 1994.
- Reaction Engineering in Carbonaceous Resource Conversion

- Characterization and Analytical Chemistry of Carbonaceous Resources

- Division of Energy Conversion and Control

Center for Advanced Research of Energy Conversion Materials (CAREM) was established on April 1, 2004.
- Laboratory of Integrated Function Materials

- Laboratory of Quantum Energy Conversion Materials

- Laboratory of High Temperature Materials

- Laboratory of Energy Media

- Laboratory of Chemical Energy Conversion Processes

Division of Non-stoichiometric Compounds (KINBOSHI Co. Ltd. Endowed) was established in October 2005.
Advanced Coating Laboratory was established in July 2009.

Center for Advanced Research of Energy and Materials was established on April 1, 2010.
- Laboratory of Integrated Function Materials

- Laboratory of Quantum Energy Conversion Materials

- Laboratory of High Temperature Materials

- Laboratory of Energy Media

- Laboratory of Chemical Energy Conversion Systems

- High-Voltage Electron Microscope Laboratory

Advanced Coating Laboratory

Center for Advanced Research of Energy and Materials, Sapporo, Japan
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Fig.1 (a) Structure image, (b) simulated image,
and (c) atomic structure model of the Pd/ZnO
interface.

Center for Advanced Research of Energy and Materials, Sapporo, Japan



Laboratory of
Materials

Integrated Function

Professor (concurrent) Kazuya Kurokawa
Associate Professor Norihito Sakaguchi

A highly efficient energy conversion material has
been studied through atomic structure analysis and
property assessment in extended range between
nanoscopic and macroscopic dimension, employing
high-voltage electron microscopy and in-situ ion
implantation in a microscope. Our study aims at a
contribution to efficient use of various energy
resources. R & D on material devises of high electric
energy conversion rate has been carried out on
semiconductors and ceramics. Correlation among
atomic structure, electronic structure and property in
the interfaces of materials is intensively studied.

(1) Atomic and electronic structure analysis of
metal/ceramics interface

Metal/ceramics interfaces play an important role for
a number of technological applications such as
electronic packaging devices, composite materials,
thermal barrier coatings, solid oxide fuel cells and
catalysis. Functional and mechanical properties of
these materials systems containing the metal/
ceramics interfaces are strongly affected by the
atomic and electronic structures of the interfaces.
The aim of this research is to characterize the
atomic and electronic structures of the metal/
ceramics interfaces using HRTEM, EELS and
ab-initio calculation and to obtain the new guideline
for the development of highly efficient functional
materials (Fig. 1).

(2) Development of quantum semiconductor
devices by means of ion implantation technique
Unigue atomic structure of a coincidence lattice
site (CSL) grain boundary has a potential for the
development of quantum devices, namely, quantum
dot, quantum wire, etc and their application as well.
The CSL grain boundary is described by the
combination of some structural units which have
different atomic structures from bulk materials. We
consider such structural units as “new crystalline
structure”, and try to fabricate the quantum devices
by means of metallic ion-implantation technique
using the structure unit of the grain boundaries in
semiconductor materials. While the atomic and
electronic structures and their correlation are shown
in the CSL boundary, we will get a new guideline for
the design of the quantum materials. A schematic
illustration of the bundle of atomic wires in silicon

CSL grain boundary is shown in Fig. 2.

(3) Improvement and new design of nuclear
reactor materials using multi-beam high-voltage
electron microscopy

In the next generation atomic energy conversion
systems, the performance demanded for the reactor
component materials is becoming severer.
Therefore, the development of advanced materials
has been performed more aggressively. We
fundamentally investigate the radiation damage
behaviors in materials by simulated irradiation
experiments employing multi-beam high-voltage
electron microscopy. The examination based on the
characterization of the atomic structures and
microstructures is also performed to contribute to
the development of the new advanced materials.

(4) Multi-scale simulation and multi-beam
high-voltage electron microscopy aiming at a
design of multi-function energy conversion
materials

In a multi-beam high-voltage electron microscope,
we can not only see the internal structure, but also
different kind of atoms can be injected in the
observed materials using two ion accelerators.
Therefore, various reactions in non-equilibrium
condition are induced in the material, and the
creation of the new kind of materials not obtained in
usual processes becomes possible. To clarify the
elemental processes of the reactions, we also
perform the multi-scale computer simulation,
ranging from first-principle electronic structure
calculation, molecular dynamics, kinetic Monte
Carlo, and to the rate theory.

o g%

Fig.2 Atomic structure and charge density in
silicon CSL boundary with a bundle of metallic
quantum wires.
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Laboratory of Quantum Energy
Conversion Materials

Professor Seiichi Watanabe
Associate Professor Tamaki Shibayama

Assistant Professor Shigeo Yatsu
Postdoctoral Fellow Yang Zhanbing
Postdoctoral Fellow Junya Ishioka
Postdoctoral Fellow Yutaka Yoshida

Achieving advanced energy-utilization system using
new efficient energy conversion materials is a key issue to
be solved. The main research objective of our laboratory
is R&D of innovative materials for severe environments,
such as heavily corrosive conditions and very high
temperature, for the development of advanced atomic
energy plant or highly efficient energy conversion system.

For that purpose, research subjects carrying out in our
lab are (1)researches on development of weatherproof
materials exposed to nonequilibrium plasma and neutron
field, and of structural materials for use in irradiation
environment, intended to practical application of
next-generation reactors such as longer-lasting reactors
and supercritical water reactors, and (2)researches on
nano-material creation by utilizing quantum energy beams
of electron, ion using ion accelerators and the Multi-beam
High-Voltage Electron Microscope (MB-HVEM) with
worldwide incomparable 1.3 MV. We have started
development of nano-materials newly using plasma and
photon (laser) beam.

Our main themes and recent results are as follows.

(1) Basic researches on energy conversion
mechanism and creation of materials with application
of plasma

We have examined the possibility of creation of new
material through nano-level shape controllability of
electrode material under electro-hydraulic plasma
environment. We have succeeded in refining spherical
nano-balls include ultrafine particles smaller than 10 nm in
diameter, by using cathode materials such as Ni, Ti, Ag,
and Au (Fig.1). This method is expected to realize a
high-quality, mass productive, and low-cost refining
process that exceeds existing both gas-phase and
liquid-phase methods.
(2) Basic research of material by utilizing quantum
beam

We are trying to install a laser-light irradiation system on
MB-HVEM with existing ion accelerators. From the
viewpoint of nano-scale observation or creation of new
materials under nonequilibrium environment, it is thought
useful to apply quantum beams of electron, ion and laser
light onto material, successively or simultaneously.
Outside an electron microscope, a series of irradiation
experiments are now performing onto carbon powder

sprayed on collodion polymer film, carbon slab and
iron-platinum alloys slab, for obtaining quantitative
estimation of laser-light irradiation effect in an electron
microscope. Results show the creation of ultrafine carbon
particles and nano-pit pattern on both surfaces of carbon
and iron-platinum.

(3) Development of advanced material for severe
environment

Nb-Al sintered alloy is irradiated by electron beam in
HVEM and in-situ observation of behavior of fine-structure
changes was performed. Result showed that in the case
of irradiation at room temperature characteristic diffraction
spots of NbAI3 disappeared and diffraction ring of Al
newly appeared, and in the case of irradiation at high
temperature space(350°C). NbAI3 phase was formed in
parent phase after regularization made progress. Since no
apparent fine-structure change is observed in heating
experiment from 285°C to 485°C, it is supposed that the
structure change by electron beam irradiation occurs in
different manner corresponding to the temperature state.
(4) Material development for high efficiency quantum
energy conversion and nuclear energy utilization

Since SiC/SiC composite material is expected as
heat-resistant material in the core of gas-cooled fast
breeder reactor, we have developed a new sample holder
for dynamically in-situ testing of crack propagation in TEM
and examined the route of crack propagation by actually
generating crack in sample(Fig.2).

Moreover, we are undertaking researches of reactor
materials for the development of next-generation nuclear
reactors ensuring both safety and high-efficiency, and for
the supplv of new nuclear enerav source

Fig.1 Metallic nano-balls produced by
electro-hydraulic plasma discharge.
1 BHPITSAIMBICKYERShI=F/HF.

S
c N} CEIN:
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Electron

Fig.2 microscope
nano-mechanical analysis.

2 F/AN=HAEFTACERILT —%KE.
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Laboratory  of

High  Temperature

Materials

Professor Kazuya Kurokawa
Research Promotion Technician Shinichi Kojima

Temporary Employee Junichi Tanaka

Development of new high-temperature materials to
be used above 1600 C is required for advanced
high-efficiency power generation systems such as

vapor at high-temperatures have carried out. The
evaporation species and rate of those metal oxides
have been clarified.

(5) Structure of oxide scale formed on
heat-exchanger materials

Experimental studies on high-temperature oxidation
of Al alloys and stainless steels which are used as
the construction of heat-exchanger have been
carried out. We have clarified the changes in
micro-structure and growth rate of the oxide scale
with alloying elements.

hydrogen fueled combustion turbines and integrated
coal gasification combined cycles. The objective of
the research in this laboratory is to establish

materials technologigs of ad.v.apced CIC composite
high-temperature materials such as silicides,

aluminides, silicon-based ceramics, and C/C / ' \
composite to be used in such environments.

Si-based ceramics Metal disilicide

Especially, studies on physico-chemical properties G—
of those materials have been carried out mainly. \ /

(1) Synthesis of ultra-high temperature materials
In order to develop advanced materials to be used
in ultra-high temperature environments, we have
mainly produced Mo-Si-B, W-Si-B, Nb-Si-B, and
Mo-Si-C composites and Nb/NbSi,-B, C/Ti/MoSi,,
and steel/CrSi, claddings by applying a spark
plasma sintering method. We found these materials
offer high oxidation resistance at ultra-high
temperatures. (Fig. 1)

Refractory metal

Fig.1 Advanced ultra-high temperature
materials.

1 FROEREMH.

(2) Oxidation mechanism of silicides Silicide
Experimental studies on the oxidation of various Melsi Mel> B Aty for Oxygen
silicides have been carried out. We found that the | 1
oxide scales formed on the silicides can be grouped = e - N <--- B
in to 3 types; (a) silica scale, (b) mixed oxide (silica
+ metal oxide) scale, and (c) double layered | | T ——
(silica/metal oxide) scale. Based on these results, High Low High Low €= metal oxide
we proposed an oxidation mechanism of silicides. l i l l
(Fig. 2) Me-0 + 10, |l seae

©FeSi, ©Mosi, NbSi, oVsi, ovsi,

@COSiZ (>1000K) TaSi, (>1173K) (>1173K)
(3) Spalling of oxide scale owsi, MoSi, TigSi
For development of the advanced undercoat Grma ¢
materials for turbine blades, spalling resistance of gclsf_m)

ral,

alumina scales formed on NiAl compounds has
been investigated. We found that addition of minute
amounts of active elements such as Zr and Hf
suppresses spalling of the alumina scale by
enrichment of those elements in the oxide
scale/substrate interface.

Fig.2 Oxidation mechanism of metal disilicides.
B2 €RIVYIFOBRILEE.

(4) Reactivity of metal oxides with water vapor
Experimental studies on the reaction behavior of
metal oxides such as silica and chromia with water
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HBRARDPBF TEIARAFTRELAHEDRIHERED
BHELT IRLF—EEEEICITE, W, S3E
[CEBTHMBORFEETIEELIS, TI/RLF—E
WICKDV AT LDOFHE - FREEITOTLVS.

(1) KFRHE, FEMHORREETM
EEED)—DKRRBEEEDOEHK:

KFARBESEITHEICITBERDAGLT, B,

EHRME, BER, €Y —, FIHILE—MRUTRE
ELTHRIAFBEIN TS, INFETIZKAERSZTHEKRTT
DERFEERICKYFEILFTED Mg %, Ti-Fe &R,
LaNis RIKRIEYMDEZEERKIZKRIIL, REFERAL
ZEEL KREON\YTFEE, EREHREEZRAKL
TWA.INIZEYRETEODEHEDKERBEA S
DEHENAEEL LS. RIETIE, VS ETERT D
MgH, 774 /\— (B #E nm) DRBELGEREG%
LML, RIGHHEICEND-HZAETOEAEL
NHFILTLS(F 1).

(2) R R BB AT DT
HMEICSFTIREBEIRILT—MEEMRT
RERNAFIAFA, BUEILA (K2)©0R5TF
R, 7UoEZ7ER, RRER, BRAFRALGEES—D
—FIZERERBS LUV RAT LR ZEA TS,

(3) M EAM F DERBEE R :

BT, BERTHEATESZENL, TBEDESY
7 1EEIENBH A7 O (SI-A-O-N)HL F D R EES
RIZHEBLE. COAETEEROALEST, BB
IRILF—HDRIBIZBIBEINDEN OB ANTHS.
BT, BEORT—ILT7YTITEFLTNS.

(4) BTEE MM HOFASKLTM
BMEEMGEEBBEMOERENZVICHFIND.
BB FOAIEE L THRE LLEREY (ABO3 5, MO 13
E)DRRINBREIEDILEND, MESHOEETSX
VEHICKBHEERA TS, B ROBIK, HFE,
EMLEHIEHT A EERILDOOHS.

(6) BRERMH R L

PCM(HZEME) FEWERFZETESIZRYIR
LEATE MA—TCETRERET I ALNHS.
[CECULEFCEEEFTOIEHAMINEBMIC,
DELETE T HPCM AR, RE~NOBEZERAIT
TR SLUMBENICRETIEEHR(RSY, #
A ) #ERLFIAT 2 EMERELTLS.

(6) RBEMMHOMREEE L
BERFRILFIHEF)EEVEEMBELENE
HINETE (10%LUT) DF-OEREINIEBEENTELH,
MEARICKYEREICERLEEHEBL T ELE
It (BRREBESLVBEME) FF—EVITED
FEREGYMBE TS EUVE ZT EICKYEAMEN
B EEMIE 16%EBALITFIVRBIEYMDE
BRICHILBERAERSDEDOR LHEAFTES.

(NBRTSXTEICLDFT/MHER

BRI SAVEIZED T/ MHERITIZEREDORIG
PHRMTOEREFVELET HUFEICLERTIELSY
DTILTHY, ISAEEMNLLY. ERT/#E 0
EEWEINTHELDIC, KRFERICKD A1) F oL
1AV ZREMMHOESHRELZEHAA TS,

(8) B4 EXMEHED- DD AT L
IRIILF—EBRITITIVERETBIZH=Y, 54
THAOINEEELI=VATLFHEIIARARTHS. C
CTIRHREDIRILF—FFBORE, TV/EILFXF—%HA
WTEXOBRMNR/NLEDIVRTLOFKEEBIEL
TW5. SHICIEEMICVRATLEHBFT 50120
MER VD —VBRICKDBITEESD, RERHAHK
49 5T0- a0 EF—FOREHIZITTLS. (K3)

12

Center for Advanced Research of Energy and Materials, Sapporo, Japan



Laboratory of Energy Media

Professor Tomohiro Akiyama
Associate Professor Noriyuki Okinaka
Research Fellow Masakatsu Tsubota

The mission of this laboratory is to produce
innovative materials/processes for dense storage,
transportation and efficient conversion of energy
from the viewpoints of cascade utilization and
process integration, in which the combustion
synthesis of nonstoichiometric compounds, such as
Perovskite with defect, is chiefly investigated,
controlling chemical compositions of the product
accurately. At the same time, the systems with
materials are

utilization of the developed

evaluated/designed from sustainability, exergy

theory and global warming.

Main research subjects:

1) Combustion synthesis of hydrogen storage
materials and development of its chemical heat
pump.

2) Design of new ironmaking system from
utilization of biomass, limonite ore, ammonia,
waste heat, and carbon cycling.

3) Direct combustion synthesis of fine Si-Al-O-N
powder for high temperature application.

4) Production of battery-related materials by
combustion synthesis and solution plasma.

5) Design of latent heat storage/transportation
system by using phase change material (PCM).

6) Development of thermoelectric transducer
based on combustion synthesis.

7) Solution plasma synthesis of nano-materials.

8) Design of ecological industrial complex with
cooperation of different industries and citizen’s
utilization, and chemical reaction processes
with maximized energy utilization efficiency and

minimized environmental impacts.

O U
e S

X 6,500

5.0kV SEI SEM

Fig.1 Hydriding CVD method produced MgH,
fiber. During H, absorption/desorption of the
product, the zebra-shaped MgH,-Mg was formed
on the fibers. (White; MgH,, Black; Mg)

1 KF{E CVD #%IC&D MgH, 77/ /3 —DHEiE,
KRR FIEDRD MgH,-Mg ETSHRI7A 73—,

T—YIrILAE BAEHNE A RFESHIAE

Goethite ggx Porous ore Carbon deposited ore

- )%fﬂ
e — LA

BFEHHL

Fig.2 Carbon-deposited ore based on CVI.
B2 NAATRABKTIIBHRSN-BLERABOT/
MFLICIERERERE(CVD) EICKYRRMITHT B,

K@z /NTEFHTAqVET—L

LAY PIR

[FArop—naFnqdvz ne |

"""N""""'Ehﬂ;\SIJ!;ﬁI*Jb#*Iﬁ%B‘%

Fig.3 One example of homeostatic-controlled
ecological complex, in which various plants
including steelworks as connector and city are
linked using developed energy media in order to
minimize exergy loss.

B3 ##kmE/N\ITELTHaAVEF—FEEO—Hl. £
CTIRTAERBIL IO DEFRHH, BifiniE
RAEh, £RRDOUMRAFTREOABEEZRL, YEH,
IRXNF—BLVERORNATIILF—RER
POBRMORBERETShTINVS.
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CO. ¥ EZ#R LT HE
HY—h—R 75 /a5—
Carbon-constrained #t£IZEWTIE, BYHBkE

BREMENNRLCFIRATIONEEICKUITHY,

S )= h—Ry - T5/00—DREHEZEFMN CO,
BHEZIT2-OORENDHEEEDLND.
CDESBEEAND, BARETELEXRMARER
BREIV)—V IR F— 10 EMELCERHIFIC
DESKEBRTES S HREMEORIR 1 LTTOERD
FREZASEBRBMOMEIL |ZHLENHTIS.

(1) AROMBBREICETHEINATVDRELEHD
7 B & HF Hh ) 40 ik D Bl 58
BRPICEENDIERETVRIE, MBI HCI %
HF ELTHRE S, IR XA TIE Hg OB RS
REGEEZRL, BLRBDENERTETHRER
HRIEEEHREL AT L(GCC ¥ IGFC) TlEA—EY
MHEOBECHHEMDHEREETESIEFEIT0,
NaFUOREIFERIIv AV E BT RRAA
BMORAREICEVTIE, EELHERREETHS.

ZCT AROMBKICLTRECSESEITERL,

COBREICETIERDELEZFHORMHIEHRIC
RUBATNS. B1IZRHT LT, £EHTHHCI %

AUSATEBLIZESSD, REFESHFENZIZR—D
ARTHE<ELLZTOTI7MINEEZRBELEREHLT-.
F1=, 550°C LD T O—RRE—JIERILEICIKRST
FALE2ARTROLNDIEELBAELMEL ST
(2) REERHOFT/WAFIEICKIBE RN RABEHE
(RybHROV—=2F 9T %) DR

ARARCEEREDELLINERLOI-HIZIF,
1500°C RIRDA AL THRLNIBEHRDERA R
)= 7V TEORENEETHS. MEHRBIZIE
T ppm O NH; BNEFET HD T, EIRXTHMRER
NH; D EEDORFEZEDHTEY, ZEDT—H A+
(a-FeOOH) &L 188k 8k (JEFAR) BBHTHER
M E THAHZEEHASNIZLTLVS. IGCC L E
BithEHAHEHES IGFC TlE, O, REFEHRIELT
ERTEAEEEERAREECHRBARERANSDT,
COHRBHEATTOIEFALDOREEREE -
R, M%BTHED H,0 © CO, DEENAEEHETD
CO oM kFMEZERIBIZHNIFIL, 850°C TD NH;4
PRFE(F95%IZELT=(F 2). LAL, NHzBRERTERD
B/ \O4 2 PR TR (X 500°C L F TIThnbDT,
A NH; DR EDIEBILIIRELREBETHS.
) ARHFEBROEFLREZEDRHR

RSN TWSESIZ, ARFPOERIEMRBERIC
NOx ¥ N,O &L THHESh, -, BB REBEFIZIE
FITNH IZEELEB RO RBREBERFED NOyREKES.
CD&IBERBILYOBLEELET10 ppm LLTFIET
KIBIZIEFH T B1=DIZIE, Ft=Rar T MIEDLV:
ZXEREZDOARNTARTHD.

ZITHMRETIE, BRBEOH RIEDRTER DN fE
BRRICENT, ARPERE N, ELTHRETHILE
FLHEMEL, ERISGEVNRAEZHEERTEHF
HEHETHEEXFALT, AROBEERSBED
N, ERICBIL THAEEZHEDH TS, ZTOHR, BRI
BARPICTLEENS Ca”HF A O/ F R HET
8Lz Ca fili(E, LV hE 1300°C DERTHT/
A7—)LD CaO WA FELTHEEL, Fyr—hHD N,
ERZEREL (K 3). CaO HFIIRBIZFr—F D
REOHERIERTICMEERAZRL, ELERBERSE
(B3 ® T-carbon) BERKLT=. COFERICHESE, CaO
AFIEBERFY—EHEERALENLTRNIYIRANE
BHL ETHMRREHEMERRBICEBRTLEELIC,
Fr—hDERBREEZERELRIEL, N, ERLIZARE
ERERTLDEHREIND.

R#E, EALIE-EZEBIZKESIETLEEEIC, (4)
AT RME0 SNG B AA XLl D BIH A5 (5)
NAFTRE—=)LDOEMIELZREADERBHTD
RESIAEDHRIZHLIYFA TS,
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Laboratory of Chemical Energy Conver-
sion Systems

Professor (concurrent) Tomohiro Akiyama
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Postdoctoral Fellow Yuuki Mochizuki

Ultimately-efficient utilization of fossil fuels as
the best way to reduce CO, emissions

Chemical
Nano-hybrid Jeed stack

€O,-rich n_atural gas catalysts

=

Nanoparticles Pz

Nano-
composite

0

Catalytic
gasification
Low rank coal

and petcoke

Syugae Hot gas cleanup

Approximately 80% of total primary energy supply
depends on oil, coal and natural gas, and this depend-
ency will be almost unchanged in the not-too-distant
future according to a recent IEA (International Energy
Agency) world energy outlook. It is thus probable that
ultimately-efficient utilization of fossil fuels is the best
way in order to reduce CO, emissions in a carbon-con-
strained economy. The laboratory has therefore been
focusing every effort on fundamental research about
advanced and novel technologies for heavy oil resi-
dues, low rank coals and low-valued natural gas.

(1) Elucidation of halogen chemistry in coal con-
version process

We have shown that HCI evolved during pyrolysis
of three high-rank coals with almost the same carbon
contents exhibits very different rate profiles and gives
at least four peak temperatures (Fig.1). These obser-
vations have made it possible to speculate about the
presence of different chlorine groups in the coals.
(2) Hot gas cleanup for advanced power genera-
tion systems such as IGCCand IGFC

Our research group has found that an Australian a-
FeOOH-rich limonite ore shows high NH; conversion
of > 95% at 850°C in a fuel gas that simulates product
gas from an O,-blown, entrained bed coal gasifier (Fig.
2). This result may suggest that the limonite is a pro-
mising catalyst material for NH; decomposition.
(3) A novel method of removing coal nitrogen as
N, during pyrolysis

In pulverized coal-fired plants, conversion of coal-N
to NOy increases when char-N increases upon pyroly-
sis. We have found that fine particles of CaO derived
from Ca** cations inherently-presentin low rank coals
and added onto them catalyze N, formation from char-
N during rapid pyrolysis at 1000-1300°C (Fig. 3).

5
T 20 100
S .
Q - e
£ 15 A
° 'S
g_ -4 60 -

O
S“ 1.0 - =
— Qo
] 740 2
: g
L o5t £
o 4120 g
T “_m‘ggf.

ML

so.’. ofl ks rrr'II||||r|||-'.
S 150 350 550 750

Temperature, °C
Fig.1 HClevolutionduring pyrolysis of high-rank
coals with almost the same carbon contents.
1 RREBEELFRABEDS kL E RO RS E
BETRLET S HCI DEEEIL

100 4

80
=
S 20%CO-10%H,-
-,‘§ 60 - 3%H,0/He
S || @ 50%CO-25%H,-3%H;OlHe, 850°C |
8 . In the coexistence
(3 L
2 40 - without H,0 of H,0lsyngas
z T

20 | !

0 '1% el L 1 1
0 50 100 150 200 250 300

Time on stream, min
Fig.2 Catalytic activity of limonite in the decom-
position of 2000 ppmv NH; in 3% H,O-containing
syngas (20%CO/10%H, or 50%C0O/25%H,).

2 H0#BLEBEARHOD 2000 ppmv NH; D
SR 188K AE D Al iR E
50
°\°_ char-N
g 40 - )
3
z% 30t
g 8 20
Z 5
% ° 10 T-carbon
]
5=
0

0 02 04 06 08 10 1.2
Ca content in sample, wt%(db)
Fig.3 Yields of N, and char-N or proportion of tur-

bostratic carbon against Cacontentin coal.
3 N ERERRDOBRAEICRIZTTERFBO Ca
EREORE
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(Multi-Beam HVEM)

EEERZICE T EANETFIEMEE (LT EELRE
O ICKDHZEIZMAFD 17 FICIRFESD. 1948 FIZTTZE
ERICINEREE 5 ARILE, HEEE 3nm D BILRAERT
WO HU4 BHDERESNTLE, EEMNERNICHEHREF
AERERELT, 2ZNEBTERTSILEZBW
12, TERICEFEHEEEZTERN/FERINT. L
X, EFEMBEOMRERLLESE
200kV OEB\EMNEHFHREINT-. BEFTHTED
NABENEER, ARMAFICHKRESN, HHFE,
EF-EYOIBHTEZAORREEFTES-.

1965 ERMNCRRICEFEBBRICKTHEDLAH
RIZEFEDLENT, REIFEIC, 1971 &£ 3 A,
650kV DEBEEEENHRENROHON, BEEEHE
ICKDEZ-EVMELUME -MHICETIUERE
NARBHMICEHIBESNT. BICKZOEBSEEFIEM
BIEIRIILXF—MHTHIERFFMF S EFREIC

“ypeo

oota@eng.hokudai.ac.jp
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Z[E 120y, 100KV,

ROYBFRICEDVIaL—YavBEEEZLEIC
SeER(+CRAtALT=.

FN#k, EEOMEERLEBHHEGICEATINES
FILIZITS BRI G, 1981 & 3 AICHT=IZ, 1300kV
DEEEEFHEMBENTRE L. COBEFHEMEE
300kV DAFAUIRFZEFHELI-BATHE—DTT
WE—LEBEEEFEMBRATLELT, BFF
#ILHERF, BREFEMHDOIIaL— a3 B
HEICFERSNTE . S6I2, HEOIRIILTF—H#
MEICNZ, HSM——XHhSYWEDRF-HFLA
ILTORBITERMBEEOHMHBIETOERELTER
EFERALEER - BHFREOLEELSPFINATE:.
%ZIT, ICOE =DM ERESELXZETD
ISLID—/RELT, 1995 EEMD 3 EHDFZA%E
BT, 1998 £ 3 AIZ, 2 BOEIRILF—AF 2 I0E
Fm& 1300kV DEE R fREEER EEE (AAREF (¥)
& JEM-ARM-1300) # Ef#ELI-tHR THHTDOTILF
F‘—A@ﬁ%&%%ﬁﬁﬁfﬁ&xv‘-Aﬁ, it e im

R RRRICRBIA TS,

E L ™

s ZEDOA A VIR EESE

- 300kV, 400kVIN:RFRIZK B4 4 A
- Bn-2REE

- RSfERE 0.117nm

- BERT UV VBOBRRNES

- CDAASICELD [EDiFHI REAT
- ILF VTG HREMNARE

- BUOEH (BIREEESE) LBRET

- BiR, MBEOZERILT—

/

BT NFE—LRBHZRALEMHEBR
RFFRP TR OBERERBRELT

Fe T FelHe Fe/Heleb

Damage structures observed in (a) Fe ion single implantation, (b) Fe ion
and electron dual irradiation, (c) Fe ion and He ion dual implantation and
(d) Fe ion, He ion and electron triple irradiation
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High-Voltage Electron
Laboratory

Professor (concurrent) Seiichi Watanabe
Assoc. Prof. (concurrent) Tamaki Shibayama
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Microscope

Research Promotion Technician Mika Yamamoto

Multi-Beam HVEM at Hokkaido University is eligible
for Radiation Effect Study & In-Situ Experiment with
multi-beams by two ion accelerators and a 1.3-MV
HVEM.

Our MB-HVEM is capable of following studies
on nonequlibrium process:

a) Dynamic observation of irradiation process
and microstructural development.

b) Atomistic direct observation on lattice defect
include cascade damage

c) Simulation of neutron irradiation damage in
nuclear reactors

d) Simultaneous implantation of transmutated
elements such as H, He and Ti, Cr and so on

e) Synthesis and modification for developing
nonequliribrium materials

f) Aerospace materials development
withstanding space debris and radiation

g) Materials science at far-from equilibrium_for
functional device

R

Location of MB-HVEM
facility Building.

(1) Nonequilibrium phase formation processing

due to Ni ion implantation into Al

Fig.3 12X 10"Ni*ions’em?  200nm

Fig4 1.8x%10"Nitions/em?  200nm

(2) Grain boundary migration due to electron

irradiation in a steel

AT 7.3:5: 20
&,

|

14,
-‘;{:

i

(3) Bio-Science: HREM observation on tooth

enamel of human

tooth enamel ™ I§

(97% hydroxyapatite)
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High Temperature Corrosion &
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EHwE Clerical Assistant 2
E & Assistant Technician 5

as of Apr. 2012

a0 Uns,,
e SN

18

Center for Advanced Research of Energy and Materials, Sapporo, Japan



DS 2

Research Activities

RERX EE - k& EFFEER e F2E
Papers published in Books and Papers presented at Patents Prizes
refereed journal Reviews international conference

2006 38 9 25 10 6
2007 39 12 21 13 8
2008 27 6 12 19 4
2009 39 3 8 21 11
2010 48 1 21 34 6

NEBRZBA (M)

Research Funds from External Sources (JPY)

& HETREME ZREHAMRE A%
Donations  Grant from the Ministry of Educa-  Grant for Collaborative Research Total
tion, Science, Sports and Culture
(KAKENHI)

FY2006 23,045,000 10,100,000 113,626,010 146,771,010
FY2007 19,510,000 50,960,000 131,774,148 202,244,148
FY2008 8,250,000 40,800,000 173,758,340 222,808,340
FY2009 26,420,000 51,870,000 207,256,334 285,546,334
FY2010 23,590,000 23,660,000 234,598,963 281,848,963
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