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"Greetings"

Aluminium, abundant in the crust (Clark number 3) is taken out as metal by smelting an ore called bauxite.

Japan imports smelted Aluminium from abroad, and about 4 million tons of Aluminium products are manufactured
annually, which is used for currency, tableware, bicycles, automobiles, trains, aircraft, building materials such as
Aluminium chassis, and bridges and the field of application of Aluminium is expanding more and more.

In this regard, Toyama has been established for a long time in the industry-government-academic cooperation system
of Aluminium, so it can be said that it is an area well known for Aluminium.

University of Toyama's Advanced Aluminium Research Center (ARC) is a predecessor of the Advanced Materials
International Research Center attached to the Faculty of Engineering, and in April 2021, in conjunction with the
Advanced Magnesium Research Center of Kumamoto University, a new Institute of Light Metals (ILM) was established.

From the April 2022, it was founded and has been conducting activities as a nationwide joint use and joint research base.

ARCis a research institute specializing in Aluminium, but as a member of ILM, magnesium and titanium are also research
subjects. In addition, we are building a comprehensive technology development system in cooperation with
researchers and engineers inside and outside of the university, with recycling technology development research as the
main research task. ARC is establishing a consistent research system necessary for Aluminium research, such as
classification, refining, removal of impurities, alloy design, casting, heat treatment, forming processing, welding, and

surface treatment.

In addition, we are promoting collaboration with materials conversion researchers targeting hydrogen and carbon

dioxide, and are working on environmental issues comprehensively.

ARC widely seeks collaborators. Through cooperation with researchers and engineers at home and abroad, we aim to

deepen and generalize material science and technology, and to realize the realization of material technology in society.

We ask for your understanding and cooperation in the activities of ARC in the future.
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"Aluminium and recycling"
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Aluminium is commonly obtained from bauxite by electrolytic refining
process, which involves a large amount of power consumption. If this
electricity is supplied from thermal power generation, it will emit about 5
times more carbon dioxide than steel refining. This is why aluminium is
criticized for being a material with the high environmental impact.

The effective solution is "recycling”. The required energy for the recycling of
aluminium is reduced by 97% as compared to the original refining process,
giving aluminium an environmental value and contributing to the
realization of carbon neutrality.

This low-environment burdening aluminium is now an urgent subject of a
global resource contention. Toyama is a model area that serves as a
touchstone for a resource recycling society that handles aluminium wisely.
Its core is the impurity removal technology through recycling. ARC
conducts state-of-the-art research aimed at solving this problem in the local

industry-government-academic linkage system and creating a novel
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recycling process on a commercial basis.
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2006 International conference (ICPMAT) establishment about physical properties and advanced material application

2010 Japan of the Norway Science and Technology Agency, enforcement of a Norway international joint enterprise
(durations during 12 years)

2015 Establishment of Advanced Material Research Center affiliated with the Faculty of Engineering
2017 Establishment of international material system network i-MSN
2018 Established "Advanced material research center" affiliated with the Faculty of Sustainable Design
2020 Establishment of Aluminium Research Center University of Toyama

November,2020 New phenomenon discovery of an Aluminium alloy

April,2021  Established International Organization for Institute of Light Metals (ILM) in collaboration with Kumamoto
University

November,2021 Center for Aluminium and advanced Materials Research and International Collaboration was certified as "Joint
Usage / Research Center" by the MEXT

October,2022 Adopted as " COI-NEXT Regional Co-Creation Field (Fostering Type)"
August, 2023  Completed construction of the Collaborative Research Building for Light Metals, University of Toyama

February,2024 Promoted to "COI-NEXT Regional Co-Creation Field (Full-Scale Type)"
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1.Development of light materials for transportation Program for International Joint Usage and Research

Program for Joint Usage and Research

2.Development of bio-materials Program for Joint Research with Common Sample Provision

3.Development of light materials for infrastructures Program for Joint Research with Sample Analysis and Evaluation
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R FFEERRE Projects

Plant Zero: Research Base for Recycling of Aluminium

Comprehensive industry-government-academic-financial research is promoted on the
topic of recycling of aluminum that contributes to the SDGs (Sustainable Development
Goals). We will set up a system that investigates all the elemental processes required for
resource circulation, from collection, classification, and separation of used products, to

refining/impurity removal, alloy design, melting/casting, extrusion, plastic working,
welding/jointing, and surface treatment. In order to develop elemental technologies re-
lated to recycling through industry-university cooperation, Mini Plant: Plant Zero, a facil-
ity for technology demonstration or feasibility studies, have set up at University of
Toyama. Here, we aim to realize a society of recycling technology based on thermody-
namics, metallurgy, electron theory, crystallography, material histology, movement

phenomenology, crystal plasticity, processing engineering, electrochemistry, surface

science, and environmental science in collaboration with domestic and foreign re-

searchers and engineers.
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Five projects to realize regional economic revitalization from 100% aluminum resource recycling.
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Projects1 [Refining] Creation of upgraded recycling technology by extraction and phase separation.
Leader: Professor ONO,Hideki

Projects2-1 [Collection- Alloy Design] Identification and characterization of negative factor elements for recycled aluminum.
Leader: Professor MATSUDA Kenji

Projects2-2 [Sorting] Development of advanced high-speed sorting technology using Al.

Projects2-3  [Extrusion process] Development of a broad process for reducing the effects of impurities during
the extrusion of recycled aluminum.
Leader: Professor SHIRATORI, Tomomi Sub-Leader :Assistant Professor FUNAZUKA, Tatsuya

Projects2-4 [Adhesion] Development of Selective Element Removal Technique from Aluminum Alloys by Laser.
Leader: Professor SAIKI,Atushi

Projects2-5 [Adhesion] Reliability evaluation of welding and joining joints of recycled aluminum alloys.
Leader: Professor SHIBAYANAGI, Toshiya

Projects3 [Dross]) Creation of recycling system for aluminum oxide waste (dross).

Projects4 [DX] Building an Information Infrastructure to Support a Circular Economy Society.
Leader: Professor SHIBAYANAGI, Toshiya

Projects5 [Productize) Establishment of a circular economy-oriented society and development of human
resources to play a role in it.
Leader: Professor SHIRATORI, Tomomi

AFFARD R YT —T  Research network

[IEI‘%E;%] International Network
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USA, University of Virginia Poland, AGH University of Science and Technology Slovakia, Technical University of Kosice
o LIRAZ (RE) o LA (hE) o DY P ITIHAZ(R—SUR)
China, Shandong University China, Shanghai University Poland, Warsaw University of Technology

° Za—YYRII—VAKRE(F—AIS5U7) o FIVYRAKE(IA) o EEFF(HE)
Australia, University of New South Wales Thailand, Chiang Mai University Chaina, Changji University
0 FYa—hKE(IVYTH) o R—SYRBEE7ZHFZ—(R—3K) o N/A THRRF(NMFL)
Egypt, Assiut University Polish Academy of Sciences Vietnam, Hanoi University of Science and Technology
o FIOMBRE7HF=—(FTI) o PEGHAF (FE) o BItAF R (BE)
Academy of Sciences of the Czech Republic China University of Petroleum-Beijing Korea, Kyungpook National University
o /IO T—FIREIMAE o YUFARZ(RONFT)

Norwegian University of Science and Technology (NTNU) Slovakia, University of Zilina




ARC Faculty & Staff
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Collection - Alloy Design
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Development of new light-weight Aluminium alloys by controlling of
nano- & micro-structures

Organization analysis

TR D

Assistant Professor
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limprovement in a mechanical property by organization of an
Al-Mg-Si Aluminium alloy

RERZOIDITSEF  Advanced Technology of Placticity

Professor
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Research of forming processing which controlled the set organization

BRHEDEH Dissolution casting

Lecturer

FiEH 2R 586 TSUKEDA Tadayoshi
RTRIOLEBMERIAR DT

Research of magnesium storage battery cathode material
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Welding connection
Professor
SEMD BB 338 SHIBAYANAGI, Toshiya
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Research on interfaces, joining and welding

BEESSH Welding connection

— Assistant Professor
LR E75 8% YAMANE, Takeshi
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Research of the heat solute drive style accompanying a solidification
process
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Dynamics evaluation

Associate Professor
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Research on design guidelines for 3D printer models

SIS EF Dynamics evaluation

e £ Lecturer
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Research on the mechanism of adhesion generation of cutting tools
with a micrometer-scale groove structure
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HERERTE B Evaluation of function

Associate Professor

W7 ZE5FE #5398 NAMIKI, Takahiro
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Research on a superconductor

TFOERERESEF Process Design

Associate Professor
$ EE R LEE, Seungwon
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The design of the research quantity intensity Aluminium alloy of a
hydrogen capture state in metal material

RERZIDITEF  Advanced Technology of Placticity

Professor

B EHHE  sHMOTO, Takuya
FI U ETDRERERET

Functional Design of Titanium Alloys

RERZIIIEF  Advanced Technology of Placticity

Specially Appointed Assistant Professor
Erh E it 5585 MANAKA Tomoyo
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Functional Design of Titanium Alloys

REMESDE Field of Surface Modification

— Professor
k18 = zus SAIKI, Atsushi
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Research on Surface Modification Treatment and Functional
Applications

REWESD T Field of Surface Modification

o Professor
& 8517 3 TSUBAKI, Noritatsu
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Development of low-carbon and environmental friendly chemicals
and energy

REMESE Field of Surface Modification

Professor
POBB 22 %38  ABE Takayuki
TSR FREIEEDRFEETEIDRIR
Development of the plasma corpuscule surface embellishing
method, and creation of a new material

REMESDEF Field of Surface Modification

Associate Professor
SLL BZ #5248  HATAKEYAMA, Masahiko
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Research of an Aluminium passivate film

UYL I35 Recycling

Professor

INEF AR 238 ONO, Hideki
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Upgrade recycling of Aluminium

UYAIIV3E  Recycling
Specially Appointed Assistant Professor
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TPIVEZOLADTPYTTU—RUBAT)L

Upgrade recycling of Aluminium

pai=dipagad Dynamics evaluation

Professor

BE &% sz SHIRATORI, Tomomi
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Research of the low friction processing characteristic of the light
metal by ananometer cyclus slot tool

RERZIDITSEF  Advanced Technology of Placticity

Assistant Professor

Ao I 1% FUNAZUKA, Tatsuya
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Realization of the high throughput of heat extrusion processing of an Aluminium
alloy and a Magnesium alloy, and forge processing

Professor

INFE FRZR I8 OGUMA, Noriyasu
ERMBOFHIAT)VEFFFEDHRE

Research of the gigacycle fatigue characteristics of metal material

Associate Professor

INVET FS5E #38  ONO Yasushi
{BER LAIREIC LD EERENE

Surface Modification of Metals by Advanced Oxidative Process
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PIWVEZOLBEREEY AT Melting and Refining System of Aluminum
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The system consists of two tilting-type electric resistance furnaces, and melting, refin-

ing, and casting tests of aluminum can be performed in a single system. The system is

capable of melting and refining up to 20 kg of aluminum under controlled tempera-

tures. The energy consumption and temperature of molten Al in each furnace during

the tests can be monitored and saved. The system is utilized for the scale-up tests of the

refining of molten aluminum including a new principle of Si removal which has been re-

searched and developed at University of Toyama.
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This is a 20-200 kV field emission scanning

transmission electron microscope(STEM).

Using a 0.1nm diameter electron beam, na-

no-level precipitates that affect the properties of aluminum alloys can be observed
using the high-angle annular dark field (HAADF) method, and the four EDS detectors

provide highly sensitive and rapid chemical composition analysis.
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400 MT double acting extrusion press
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The 400-ton class extrusion press is the world's top-level extrusion press installed in a
university. It can extrude in 4 modes, combining direct, indirect, single and double
acting. In addition to plates and round bars, seamless pipe materials can be extruded
from the double-action mechanism using mandrels. In other words, it is possible to “re-

search all extrusion methods”.
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Sample surfaces can be observed in mi-
crometer increments and elemental analy-
sis can be performed qualitatively and
quantitatively. The field emission (FE) elec-
tron gun enables high-resolution observa-
tion and efficient elemental analysis by

combining WDS and EDS analysis.
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1. Metallurgy
Physical chemistry for establishing the principle of impurity control and alloy design
2.Design and control of microstructures
Material science for establishing the principle of design and control of microstructures at the atomic level

3. Materials processing
Materials science based on crystal plasticity, interface, and mechanics
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ARC is based in the “Collaborative Research Building for Light Metals" on the Takaoka Campus of the
University of Toyama, where industry-academia-government-citizens collaborate to pioneer aluminum
resource recycling technologies and implement them in society. In this building, there is a "Collaboration
Laboratory" where researchers and students from all over Japan can stay for joint use and research, a
"Collaboration Space/Collaboration Lounge" where students, faculty members, and corporate researchers
can casually gather to exchange information and engage in discussions, and a "Collaboration Lounge" where
local companies and others can move in and conduct joint research on recycling and other topics, a "Open
Lab" will support open innovation between companies, researchers, and students by providing a place where

local companies and others can gather to conduct joint research on recycling and other topics.

BERMHHERRR
Collaborative Research Building for Light Metals,
University of Toyama

IASHKRAR—R/ASKZIVY
collaboration space/
collaboration lounge space
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Aluminium Research Center (ARC) , University of Toyama

180 Futagami-machi, Takaoka-Shi, Toyama-ken,933-8588 JAPAN
Phone:+81-76-625-9270 FAX:+81-76-445-6397

https://arc.ctg.u-toyama.ac.jp/

Access/Detailed Map

Niigata
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[By Taxi]

“Takaoka” Station—

"University of Toyama Takaoka Campus"/about 15 min.
“Shin-Takaoka” Station—

"Universty of Toyama Takaoka Campus"/about 20 min.

[By Bus]

From Takaoka Station, Kojyo Koen Exit (North Exit) (Terminal 5)
Bound for“ Jyokoji Kouen”

Get off at “University of Toyama Takaoka Campus”

bus station /about 20 min.
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