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"Greetings"

Aluminum is expanding its use across a wide range of industries, including
transportation equipment, construction materials, and the electrical and
electronics sectors, due to its lightweight nature and high functionality. On the
other hand, aluminum smelting requires large amounts of electricity, resulting in
environmental impacts, particularly increased carbon dioxide emissions, which
pose significant challenges. As demands for a sustainable society grow, the
methods for recycling and utilizing aluminum to achieve a circular economy
represent a critical theme in materials science and engineering.

The key lies in “recycling.” Since the energy required to recycle aluminum is only
about 3% of that needed to produce primary ingots, utilizing it in a closed-loop
system without compromising its properties can significantly contribute to
realizing a future resource-recycling society. The use of recycled aluminum is a
highly significant initiative, both technically and socially, from the perspective of
reducing environmental impact.

Advanced Aluminum Research Center (Aluminum Research Center: ARC) has
established a comprehensive research framework to address these societal needs.
As a research hub focused on aluminum and other light metal materials, it covers
the entire process from sorting, refining, and impurity removal to alloy design,
casting, forming, joining, and surface treatment. In particular, the advancement of
recycling technologies centered on impurity control is a crucial element
supporting the foundation of a sustainable aluminum industry and is one of the
key research areas the Center is focusing on.

Additionally, as a member of the Institute of Light Metals (ILM), established in
2021 in collaboration with the Magnesium Research Center at Kumamoto
University, it has operated as a nationwide joint-use and joint-research center
since April 2022. It promotes research on magnesium and titanium materials, as
well as collaboration with researchers in material conversion technologies
targeting hydrogen and carbon dioxide, thereby deepening light metals research
and comprehensively addressing environmental issues.

Toyama has long been a hub for the aluminum industry, fostering a collaborative
framework among industry, government, and academia. The knowledge and
technologies developed in this region have contributed significantly to the
advancement of light metals research. ARC will leverage these regional strengths
while promoting collaboration with researchers and engineers both domestically
and internationally. We are committed to advancing the societal implementation
of research outcomes and creating new values.

We sincerely ask your continued understanding and cooperation for the
activities of ARC.
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"Aluminium and recycling"
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2006
2010

2015
2017
2018
2020
November,2020

April, 2021

November,2021

October,2022
August, 2023

February,2024

International conference (ICPMAT) establishment about physical properties and advanced material application

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

Establishment of Advanced Material Research Center affiliated with the Faculty of Engineering
Establishment of international material system network i-MSN

Established "Advanced material research center" affiliated with the Faculty of Sustainable Design
Establishment of Aluminium Research Center University of Toyama

New phenomenon discovery of an Aluminium alloy

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

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

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

Promoted to "COI-NEXT Regional Co-Creation Field (Full-Scale Type)"
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Program for Joint Usage and Research

1.Development of light materials for transportation Program for International 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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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

ABFARD R YT —T  Research network

[IEI‘%E;%] International Network
o N—YZFRE(PAUH) o AGHBIZIZITAZ (R—5VR) ° AVYITRARF(RONFP)
USA, University of Virginia Poland, AGH University of Science and Technology Slovakia, Technical University of Kosice
o LIRAZ (HE) o BBAF (hE) ° DIV IIRKRZ(R—SVR)
China, Shandong University China, Shanghai University Poland, Warsaw University of Technology
° Za—YYRII—VAKRE(F—RAIS5U7) o FIYRAKE(IA) o EEFF(HE)
Australia, University of New South Wales Thailand, Chiang Mai University Chaina, Changji University
0 7Ya—hRE(IITH) o R—SYRBERE7ZHF=—(R—3K) o NJA THRRF(NMFL)
Egypt, Assiut University Polish Academy of Sciences Vietnam, Hanoi University of Science and Technology
o FIOREFHF=—(FI) o PEGHAF (FE) o BILASHR (FBE)
Academy of Sciences of the Czech Republic China University of Petroleum-Beijing Korea, Kyungpook National University
o /IO T—FIREIMAE o YUFKRZ(RONF7)
Norwegian University of Science and Technology (NTNU) Slovakia, University of Zilina




ARC Faculty & Staff
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Collection - Alloy Design

Professor

HEEZ” %8  MATSUDA, Kenji
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Development of new light-weight Aluminium alloys by controlling of
nano- & micro-structures

HRIGEET D B Organization analysis
Assistant Professor
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TSUCHIYA, Taiki
Al-Mg-Si7 V= =D LG DB MEEIC RS
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limprovement in a mechanical property by organization of an
Al-Mg-Si Aluminium alloy

RERZOIDIT5EF  Advanced Technology of Placticity

Professor
EBHBEXR%E DA Tetsuo
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Research of forming processing which controlled the set organization

REFZOIIT3EF  Advanced Technology of Placticity

Assistant Professor
MANAKA, Tomoyo
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Functional Design of Titanium Alloys

V &1t Adhesion

Associate Professor

W7 ZE5F #5398 NAMIKI, Takahiro
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Research on a superconductor

FOtERERESEF  Process Design

Associate Professor
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
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ISHIMOTO, Takuya
FIUETDEERET

Functional Design of Titanium Alloys

FEFZODTSEF  Advanced Technology of Placticity

. Assistant Professor
BoBR ZE Br%  FUNAZUKA, Tatsuya
FIVEZOLAGERBIUORTRIYDLAGEDERE
BHUNLISLUBEN TOBEEMDFEER

Realization of the high throughput of heat extrusion processing of an Aluminium
alloy and a Magnesium alloy, and forge processing
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UYL I E Recycling

. Professor
IVEF SRHE 308  ONO, Hideki
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Upgrade recycling of Aluminium

UBAIIVS3E  Recycling

Assistant Professor
KATO,Kengo
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Upgrade recycling of Aluminium

pai=dipagad Dynamics evaluation

Professor
BE &% sz SHIRATORI, Tomomi
FT/X—NVERETEICKZEEEDKERN
THEDIFR

Research of the low friction processing characteristic of the light
metal by ananometer cyclus slot tool
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Research on interfaces, joining and welding

Welding connection

Professor
SHIBAYANAGI, Toshiya

BEESSH Welding connection

o Assistant Professor
LR E75 8% YAMANE, Takeshi
REBIRICHSBBERENRDIFT

Research of the heat solute drive style accompanying a solidification
process

Pattlibas]

Dynamics evaluation

Associate Professor

18 f— #3038 MASUDA, Kenichi
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Research on design guidelines for 3D printer models

SIS EF Dynamics evaluation
. Lecturer
=5 = #m TAKANO, Noboru
NATOX=NVRT =)L DEREEZE UIHIT
EDREFREANZXLICET BHHE
Research on the mechanism of adhesion generation of cutting tools
with a micrometer-scale groove structure

REMESDE Field of Surface Modification

— Researcher
{E{HZHRE  saK, Atsushi

REAIPEHEEFIRICRI T B
Research on Surface Modification Treatment and Functional
Applications

REWEDE Field of Surface Modification
—— Professor
15 8817 zuz TSUBAKI, Noritatsu
EREETEEFE. TRILF—DHMR

Development of low-carbon and environmental friendly chemicals
and energy

Field of Surface Modification

REWESEF

Professor
ABE, Takayuki
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Development of the plasma corpuscule surface embellishing
method, and creation of a new material

Field of Surface Modification

REWESEF

Associate Professor
SLL BZ #5248  HATAKEYAMA, Masahiko
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Research of an Aluminium passivate film
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» Professor
INFE FRZR I8 OGUMA, Noriyasu

ERMEIDF A DIVEFFIEDIHR

Research of the gigacycle fatigue characteristics of metal material

Associate Professor

INVET FS5E #58  ONO Yasushi
{BER LAIREIC LD EERENE

Surface Modification of Metals by Advanced Oxidative Process
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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

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.

transmission electron microscope(STEM).

Using a 0.1nm diameter electron beam, na-

400 MT double acting extrusion press

400MTISADIBHUL LV RAEIF, KEANDERBEL IR YD
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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

tHFRAEER  Facilities
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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.

BEEMHHRTRR
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collaboration space/

Collaborative Research Building for Light Metals,
collaboration lounge space

University of Toyama
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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
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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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