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Introduction

International research center for realizing a sustainable society
by integrating of materials engineering and energy engineering

The integrated Research Center for Sustainable Energy and Materials (IRCSEM) was established on
April 1, 2016 as a brand-new researching center. This center consists of four divisions, with eleven
laboratory heads belonging to the center as core members.

To realize a sustainable society, the recycling of resources and materials and the high efficient use of
energy are essential. IRCSEM is the first platform in Japan to scope the fusion of the research fields of
energy engineering and materials. It promotes cutting-edge researches and developments on the
advanced use of energy and resources, circulation of resources and materials, and innovation of
material and system with low environmental load in conjunction with other research institutions around
the world.

IRCSEM educates human resources for the next generation in conjunction with the Collaborative
Research Center for Energy Engineering and the Endowed Research Unit for Non-ferrous Metal
Resource Recovery Engineering (JX Metals Endowed Unit) in the Institute of Industrial Science, and
related private companies.

Core Members

A ] Y,
Hiroyuki Inoue, Keiichi Edagawa,

“ A
Masafumi Maeda
Professor Professor Professor

Director
Toru H. Okabe,
Professor

Takeshi Yoshikawa, Shunsuke Yagi, Yusuke Hoshi,
Associate Professor Associate Professor  Lecturer

Deputy Director
Naoko Yoshie,
Professor

Shuji Owada, Katsunori Yamaguchi, Atsushi Shibayama
Visiting Professor Visiting Professor Visiting Professor
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Divisions

Resources/Materials Flow and Recycling Division:
Design of Resources/Substances/Materials Flow and Process Control

>Process development based on international material flow

>Analysis of generation, immobilization, and recycling of hazardous
substances

>Development of recycling processes for exhaustible resources

>Improvement of production technologies for base materials

Members: Prof. T. H. Okabe, Assoc. Prof. S. Yagi, Recovering of PGMs from
Visit. Prof. K. Yamaguchi, Visit. Prof. A. Shibayama automobile scraps

Effective Utilization of Energy/Resources Division:
Base Engineering for a Low Energy Consumption Society

>Solution growth of eco-semiconductor SiC and AIN using alloy solvent
>Determining of economic indicators for energy and materials market
>Modeling of super long life supply and demand of resources
>Determining the environmental load index of mining development

Direct observation of high-temp.

Members: Prof. M. Maeda, Assoc. Prof. T. Yoshikawa interface during crystal growth

Advanced Substances/Materials Design Division:
Energy/Materials Engineering for Maximized Utilization of Resources/Substances

>Design and fabrication of polymers and glasses with a reduced
environmental load

>Development of chemical technologies for biomass utilization

>Mechanical properties of environmentally sound materials

>Development of novel high-efficiency thermoelectric materials

Melting of simulated waste

Members: Prof. N. Yoshie, Prof. H. Inoue, Prof. K. Edagawa >
borosilicate glass

Promotion of Social Implementation Division: Clarging o
Strong Cooperation with Industry

Al

—MC-Si

>Development of ultra-long-life materials

>Atomistic optimization for prolonging materials lifetime 7
>QOptimization of waste treatment of huge amounts of structural materials }
>Establishment of recycling technology for socially valuable materials
>Development of optoelectronic devices with van der Waals heterostructures

Si-AlMelts

H:nuﬁng Zome
i

Solidification refining process

Members: Professor (under consideration), Lecturer Y. Hoshi, for solar grade Si

Visit. Prof. S. Owada

(As of April 1, 2016)
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Missions

Social Backgrounds

To make efforts in realizing a low-energy consumption / high recycling-
oriented society, and reducing resource-consumption and
environmental loads on the global scale.

Visions

IRCSEM serves its roles as a world-leading international research
center using its accumulated worldwide research network and in
conjunction with the Collaborative Research Center for Energy
Engineering, with a new focus on solving energy problems.

Researche and Development / Education and Social Collaborative Activities

v" Design of Resources / Substances / Materials Flow and Control
Process

v' Base Engineering for a Low-Energy Consumption Society

v Energy / Materials Engineering for the Maximized Utilization of
Resources / Substances

v' Strong-Cooperation with Industry

v Promotion of Internationally Cooperative Research / Suggestions
and Education of Global Human Resources for the Establishment
of a Recycling-based Society

v" Industrial Collaboration, Promotion of the Implementations of
Research Achievements, and Workers’ Education
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Organizational Structure

Resources / Materials Flow Effective Utiliza_tit_:n_ of
and Recycling Division Energy / Resources Division
Design of Base Engineering for
Resources/Substances/Materials Flow a Low Energy Consumption Society
and Process Control in conjunction with

Collaborative Research Center for Energy
Engineering, Institute of Industrial Science,
the University of Tokyo

( Director: Prof. Naoki Shikazono)

Shibayama Morita

Yamaguchi Yoshikawa Shikazono
Maeda
Tokoro
Hoshi Yoshie Okabe Yagi
Nakamura
Edagawa Inoue Owada

Energy/Materials Engineering

for Maximized Utilization of Strong Cooperation with Industry
Resources/Substances

Advanced Substances / Promotion of Social
Materials Design Division Implementation Division

Creation of Brand—New Science / Technology by Fusion of Research
Education of Human—Resources with Broad Vision

10
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Okabe Laboratory

Resource Recovery and Materials Process Engineering

Future materials : Titanium, Rare metals

Changing Rare Metals to “Common” Metals !

Okabe Lab. is focusing on research into new production processes for reactive metals and environmentally sound
recycling technologies for rare metals, based on “Future Materials : Titanium, Rare Metals” as the keywords.

Environmentally Sound Recycling Process for Rare Metals

Recycling technologies for low-grade Ti metal scraps utilizing molten-salt-based reactions
“Electrochemical deoxidation”

Onygen dissolved in scrap was
removed by electrolysis in MgCl,.
tion-mediator-based chlorination”
TiCl, was effectively recovered by
combining Ti scrap and chloride waste.

g,

Fabrication of aviation
parts using Ti alloys
usually involves a material

| . . b " . ano )
Marine Structures 2 - loss of up to B0-80%. Ti 4 SmCl, 2 FeCl,
£ 1 :ri—;':,.istant mate}:i:li D fun i e O and Fe removal from (Seraps) % molten salt (MS) el
Q v e u Inway . g
: : Tiis very difficult. Ticl, L 4 SmcCl, 2 Fe

Dissolution process for PGMs using alloying and chlorination
Primary Pt production {2013) R o 3
Alloying Chlorination Leaching f=Bh T=573K 673K TTIK

Zimbabwe (T%) T
—— T ] —
il HCl(ag) or 2 <[ =110 M HCIag) e
P&T America —C_ | N tive Metal Salt water £ Z| 71300 g NaGife.Jag 4 85.3
A ™ Vapor | Vi Ed . i
Russia _— | 479 | 38 i
4% gl (2013) S a7 T / 8| 8505 6824 )
*Plainum 2014 i Fure Pt Pi-Mg alloy affer chiorination
B () R-Maliay HNl rompolnd =0ver 70% of Pt was dissolved in NaCl aq.

Jahnsen Matthey P, UK {(2014)

New recycling technology of Ni-based superalloy scraps utilizing molten metals

I ; ) Environmentally sound recycling Superalloy Collector
Re-added Ni-based superalloy is used without toxic waste generation has SCraps tals, M ([)
1

been investigated. 1
[ Ni extraction by molten M |

No toxic waste

+ Metal extraction using low-melting
generation

metal as a collector Re .;_en}egyn_d M-Ni ()

- Separation and refining of rare metals ,—| R
based on chlorids volatilization Re recavery | | A |
Ni(s) M (g)

[rafl Honcka Motor Go., Lid,
b

Re is one of the rarest elements in the world

Novel Cu refining technique using chlorination
Novel Cu refining technique based on

i L g Electrorefinin:
Main Cu application: — Electrochemical chemical vapor transportation of CuCl, is
Electrical and electronic products reaction occurs cnly being developed.

& on the surface of
electrolytic cells

Printed board:
= Cu film is used as Many electrolytic
electronic circuit cells are needed to
1reM Yozhi Electionics Industrial compensate the low Crude Cu CuCl, — Reduction
Car, LI, webspage i : 4 . e
TReMhitp e odi-cb prel chayema Jp ﬂg;ﬁl\fl{y s Cu sapa?ra_tn?n feoen |mp|:.|nt|as
by distilling Cu chioride
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Yoshie Laboratory

Polymeric and Environmentally Conscious Materials

Materials developed using polymer dynamics

Nano-ordered Patterns by Polymer Blends

We successfully obtained a long-range ordered nanoscopic lamellar morphology in
polymer blends. Solidification, directional phase separation and structural freezing in the
blends are induced instantaneously by solvent crystallization. This method using polymer
blends instead of block copolymers may serve as a low-cost facile way to produce
nanoscale lamellar orientation in thin films.

ct

- Lamella in lamella
Crystalllne pely(L-lactide)ipoly(1-butene)
nucleus of polyA SR

V

Salvent with high T

PV T &

Polymer solution at Solvent crystal
T> Tmscl\renl

Crystallization of solvent at
T < T solvent P il
n secondary  primary

Amorphous phase lamella lamella
(polyA/polyB) Crystals of polyA Lamella

poly(l -lactide)palystyrene

——
——_— =

poly(3-hexylthiophene)
Ipalystyrene

annealing
B

Polymers with Dynamic Bonds

Polymers with novel environmental functions are g)@"@@

developed by using dynamic bonds such as -
reversible covalent bonds and hydrogen bonds.
Through dynamic control of the polymer multi-
level structures, various polymers with novel
functionalities such as hard/soft conversion, self-
healing, tough elastomers and shape memory.

14



HIHE E HIRZE
EMT0eRIE

ERERDIVYAoIILTOER

EREFMYNESATOHBEEOFEREL

RETHIEENDHFED)TAIL

SADAEFEICHUNT, BT (FE : $999%) DR HMEIMYBR<I-HZ,. FTOEITRY BRELTOLR
AFAINTOET, LHL., BEFHBLENSBLNI MR IEHEANE(~90%) . BEABEESN
(FEREL), BRENTIOCREZFEATEEE A, 0T, OB EZTRAMYO S REER
BT I-OOWRELTIVET,

fta 15 - AR IR WEE
) /

N N
) K

A\ N
,

B ERFMEORAR EREEREER
BREBRICHEBLEVRMYNERREICESI5C THHES{ECHMEBREL-HOFTAYDEHEE=S
ETHROBREMETT . Jo7L, BETREETCVARZERA D,

HESEPORIKBIOERGETE

BRIV IOEEMNATOER
— BRI, BREIRFBEEIVTAFRETELE-BDEEDELEELET . RENZLEFNEHBOE
ETHA=O MBI ORENENELTIHEL. R LGREZESTVET, MO ES IL—T Tl
HEEPOEMABIRICH BT 58, VORISR EBNEGHOMERBFIEICRETIAREZLTNET,
BAEMEERMLENS, RISV TEZBAATIRISEAT AT RO EREADF S,
HRIKBMDEBAD=XLIZDOVNTHELTLET .,
.,'_f;','.': > s ..r:- .. oTs.
g » ,'..-., ‘lb..“\"" _'_: 'E

..‘..f . ,; ..0.;‘: .....,n'..-.:”‘-_" _'_.*.__‘ :%ﬁz\a)#ﬂflﬂj

A o
Er &Y TEAS
- . L .. ek

2~ e L Y : ;

s T S gl Y i el

> 'o‘ .'_. . "', » ‘“’, 5 - /
> : v
v

BRI RSB OWE ' B HHEhi-Rk iR

15



Maeda Laboratory

Materials Process Engineering

Recycling process of metal scraps

Passivation of copper anode with a high concentration of impurity

Recycling of copper from waste electro devices

In the copper refining process, electrorefining is applied for purification of crude copper (grade: 99%).
However, the grade of crude copper obtained from copper scraps is low (~90%). Electrorefining cannot
be applied to such low grade copper because the impurities in copper anode inhibits dissolution
(passivation). Hence, we investigate the electrorefining process with low grade copper.

cathode anode " lon collecting electrode Copper anode

/1r

Figure Schematic view of electrorefining Figure Electrolytic experiment instrument
Impurities which do not dissolve into electrolyte Copper based alloy is anodically dissolved into electrolyte
hinders dissolution of copper. and dissolving ions are detected.

Precipitation mechanism of spheroidal graphite in cast iron

Advanced recycling process of ferrous scraps

Generally, cast iron is a ferrous alloy with carbon and silicon as the main alloying elements. Owing to a
high concentration of carbon in cast iron, carbon precipitates as graphite with different morphologies. In
our research group, we study the structure control of ductile iron; a type of cast iron in which graphite
takes on a nodular/spheroidal shape. Effects of impurities originating from ferrous scraps in the recycling
process and formation mechanism of spheroidal graphite are investigated.
L0 0y JPA AL o
o S e
e RE (5 onh -_'.;'.‘s'" e, Extraction of
il BT ) . 22 -
e, W Ry "y ® raphite
.h: 2 e 4 ... ° c'.‘.’.{' grap l\\

RaZ RSN . \ 2 Qe I ;
“.. o Ay WS RN = Mo |
3 v

Figure Cross sectional image of ductnle iron Figure Spheroidal graphite
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Inoue Laboratory

Amorphous Materials Design

Gas levitation furnace and glass

Materials Design of Amorphous and Liquid States

We study the materials from an amorphous state to a liquid state. Atomic and electronic
structures of the amorphous and liquid states have not been well understood. We study the
method in order to understand these materials, and apply it to a variety of materials. Moreover
we will produce novel materials and their applications.

€ Computer Simulations of Amorphous and liquid States *Total correlation functions

; -Molecular dynamics simulations
Novel Titanium/Manganese Redox flow battery Y )
89 H() + 3 H,80), = 1 TIOSD, + 1 MaSD,

fomevclng
e | Calbde 400
TiCIYTI(V) Mn(ID)/Mn(IT1) | = .
% k1T 3 Cale. =——
Charge:«— . Discharge:— . o )
Anorde ag L\”.‘-:\, z a0 b
Titt + HyO == Ti0? + 2H + - | £ ;
Cathode - ,.,;j' I . & o J L
Mp?t + e~ 2 Mn?t Dkt Dishange e ee———
e | ALl A ]
Unstable Mn* Ilﬂdyﬂv:rv‘:ll\x J & i : i .
. R 0 2 4 [ [ I
2Mn®** + 2H,0 = Mn2* + MnO, | +4H* J rim Distance: (3)
A sch ic diagram of a redox flow battery The experimental and calculated

total correlation functions

€ Chemical Durability and Phase Separation of Nuclear Waste Glasses

N O-B0;-8i0,-Li0-ALO,-CaO-Zn0- 200,

Control of the chemical durability of nuclear waste glasses 15
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S Bah separation and elution Weight loss after phase separation
' and elution
@ Glasses prepared using a gas levitation furnace and their physical properties
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Pre;;une: ]:.en‘ atam " =16 & 0 1 =
Sample size: ¢= | ~ 5 mm

Sample welth: 10 - 200 mg 1.4
B 700 60 30 40 30 20 10

CO, laser Abbe number v,

Dry Air !

Mass Flow |
Caontroller Nozzle  Mirror Refractive indexes of the glasses prepared Mechanical properties of the glass prepared
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Edagawa Laboratory

Mechanical Properties of Solids

Order in atomic arrangement and physical properties of solids

Order in atomic arrangement and physical properties of solids

If we look into solids microscopically, we find that atoms are arranged in some ordered manner.
Micrascopic structures in solids can be classified in view of the atomic order into three groups:
periodic structures (crystals), quasiperiodic structures (quasicrystals) and amorphous structures.
Such atomic orders often determine the macroscopic properties of solids. We aim at elucidating
the relationship between the microscopic structure and macroscopic physical properties of solids,
and also at developing new materials with desirable properties using the information obtained
through such studies.

& Development of random network photonic devices
Discovery of an amorphous structure exhibiting a 3D photonic band-gap

Bl e J Photanic density of states Fabrication of photonic amorphous diamond
IorCampHptE dlamand siricins calculated by an FDTD method structure in a microwave regime
and photonic crystalline diamond structure

€ Physical properties of dislocations in semiconductors

Change in optical absorption spectra by
plastic deformation

Conductive spots on surface of GaN
introduced by plastic deformation

€ Phason dynamics in quasicrystals: Elucidation of origin of physical properties
inherent to quasicrystals

dAn ei;a;np!e m:.;l'D qufasi;gslall_in:lstr;mt;re ¢ S /- Measurement of high-temperature
escribed as a section of a 2D periodic structure "T internal iction

taed]

Electron diffraction pattern of Al-Cu-Fe Braking of Dulong-Petit's law

icosahedral quasicrystal with the o S 3w s G
incident beam parallel to a fivefold axis in high-temperature specific heat TempfalireL Ty
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Yoshikawa Laboratory

High Temperature Sustainable Materials Processing

Solution growth of next-generation semiconductor SiC and AIN

Production of semiconductors from molten alloys

Our laboratory tries to develop the innovative materials process — by combining
high temperature physical chemistry (including thermodynamics and crystal growth)
with an original technique to visualize high temperature reacting interfaces.

Solution growth of single crystals of Control of reacting interface
wide-gap semiconductors during steelmaking process

Wide-gap semiconductors such as silicon Tens or hundreds tons of steel react during
carbide (SiC) and aluminum nitride (AIN) are the steelmaking process, but the reaction
key materials to achieving innovation in proceeds thorough micron-scale phenomena.
power conversion and optical devices. We are  We try to contribute to the design of sustainable
developing the rapid growth technique to process for 21st century.

produce their high quality single crystals.

Low temperature rapid growth of SiC Reaction control between Microstructure control during
by the float zone method molten Fe and reaction agents the solidification in mold
World's fastest growth
below 1500°C Tundish
Temp. —.
High Chilled mold
I Powdery o
reaction — Interfacial phenomena
Low agents between mold flux and

Molten Fe solidification shell Slab

Real-time observation of reacting interface at high temperature
using visible light transmission

We perform the in-situ observations of the high temperature interface of reacting couples using
the transparency to visible light of one phase such as SiC.

For example, we observed the growth interface during the solution growth of SiC for the first time
in the world. We aim to establish the optimal conditions for the growth of high quality crystal of
SiC based on the nano-scale observation of interfacial morphology and defects in grown crystals.

Y 'd

Growth interface during solution growth of SiC at 1400°C

Dissolution interface at 1300°C
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Yagi Laboratory

Energy Storage Materials Engineering

Electrochemical materials and processes

Electrochemical Reaction

Electrochemical reactions convert chemical energy to electrical energy and vice versa.
Rechargeable batteries store electrical energy as chemical energy, and convert the
chemical energy to electrical energy when necessary. For example, electrochemical
reactions generate hydrogen and oxygen through water decomposition, and allow for
metal and oxide deposition. In our laboratory, we investigate rechargeable batteries
using multivalent cations as carrier ions (specifically, magnesium rechargeable
batteries) and electrochemical catalysts for efficient and fast electrochemical reactions.

Magnesium Rechargeable Battery

Prototype of Mg battery FI o f
-3.05V-287V 236V -1.66 V -0.76 V -0.44V elgtt:t?'gdggs?ted Vg

Li Ca Mg Al Zn Fe
-3V -2V -1V
Less-noble  gi.ndard electrode potential (vs. SHE)

Noble

—

Standard electrode potential. Metals with large negative standard : _
electrode potentials tend to release electrons to form cations. By Lo R Coma Il | SRR e
using such a metal as a negative electrode active material, a large Mg Ko 2200 30
electromotive force can be achieved. Mg possesses two valence LiC, -2.8 372 841
electrons and has the lowest standard electrode potential (ca. -2.36 V

vs. SHE) among the air-stable metals. Thus, we investigate Mg Li —3.05 3860 2070
batteries as potential rechargeable batteries with high electromotive Electrical capacity of Li, graphite (LiCg), Mg. Mg
force. high energy density, and ease of handling. metal can be used as an active material because

it hardly forms dendrites, while Li metal cannot
be used because of dendritic growth, which
causes detachment and short-circuiting.

Electrochemical Catalyst

Fuel cells and metal-air rechargeable batteries have been
extensively studied as electrochemical devices, using oxygen gas in
the air as a positive electrode active material. Excellent
electrochemical catalysts are required to enhance the reaction
efficiency and electromotive force of these devices. In our laboratory,
we explore the universal descriptors of catalytic activity in terms of
the structure, composition, and electronic states of the catalysts,
with the help of researchers in solid-state chemistry from within and
outside the university. We also prepare prototypes of the
electrochemical devices and evaluate them. The electrochemical
catalysts investigated can also be used for water electrolysis to - -
produce hydrogen and oxygen, and for an insoluble anode in wet  Structure of the electrochemical catalyst

smelting, thus reducing the energy and expense in many processes.  CaCu;Fe,O,, and proposed pathway for oxygen
evolution reaction on its surface.
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Hoshi Laboratory

Solid-state Quantum Functional Devices

Development of next-generation optoelectronic devices

with van der Waals heterostructures

Development of next-generation optoelectronic devices
with van der Waals heterostructures

We study the fundamental optical properties and device applications of van der Waals
(vdW) heterostructures, which consist of two-dimensional atomic crystals bound to each
other with vdW forces

0. .0 &’ f Graphene - - + Massless Dirac fermion

h-BN - = = 2D dielectric material

vdW forceI
vdW force T
' Transition metal dichalcogenides (TMD)

T T s —— = = = 2D-layered semiconductors

| X : Chalcogen atomn

Fundamental optical properties of van der Waals heterostructures

Charged exciton

Optical properties of TMD depend strongly on Pheteluminescence (PL) spectrum £

the structural parameters such as the layer g';::_m?:gmf / Exciton i;j" P

number and surrounding materials. We 3| O £ -20]

investigate fundamental optical properties for é:m. e F 785 190 195 200 205
various TMD monolayers encapsulated by h-BN. £ xu: CUSIIBH e, < .o T
We demonstrated that the photoluminescence g iof @ el T
peak intensity based on exciton emission was P : aeul wg 87

very large even under strong photoexcitation. Phgtoxt Evimy () k5 (R R

Laser poveer (W)

Twist-controlled transition metal dichalcogenide multilayers

Tungsten disulfide (WS,)

Device application to
In-plane atomic models for WS, monolayers PP

multilayer is a semiconductor s jayer 2nd|aye, 39 ayer Lignt Emliieg B
with an indirect band-gap. We TR we. IOy Smpore
found that the efficiency of light ﬂ’“T"T i _(:\ ;_LL’L}\ T muhilazyer{ ssssoces iUl
emission for the twist-controlled ({ = + AuhBN /

WS, multilayers is higher than \.Ir si0,

that for a WS, monolayer with a - - ws,

direct ban d_g ap. We try to N Twllst-c?‘ntrolled WS?TTuIt_:.Iayer Graphene hBNmu““ayar

develop light emitting diodes o B

with ultra-low power / B osemuen
consumption by utilizing the Bris S) et

twist-controlled WS, multilayers. s
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Owada Laboratory

Materials Separation and Recycling Process

Visiting Professor from School of Creative Science and Engineering, Waseda University

Smart Recycling

Smart Comminution and Separation

Since valuable and useless components are mixed in natural and artificial (waste) resources, it is
necessary to recover the former elements and to reject or appropriately treat the latter ones.
Key technology of solid—solid separation, in other words “SOFT SEPARATION”, should be
applied with high efficiency and high reliability. In order to achieve the above separation, the
following two kinds of technological developments are essential:

1. Intelligent Comminution to make good liberation of componential elements

2. Intelligent Separation of compositional elements with high energy efficiency

The following are examples of research topics.

# Mechanical comminution to achieve high liberation

# Clarification of the mechanism of electrical disintegration

@ Development of high performance sensor based sorting (LIBS - XRF - XRT etc.) and
process optimization

# Stochastic and rheological studies on flotation

@ Concentration of precious metals from scrap catalyst by flotation

@®Recovery of precious metals from incineration bottom ash

Cathode Cathode
Concept of electrical disintegration

Metals in side Connectdr metals Metals inside Plastic cover
Various Materials of IC chip liberated by Electrical Disintegration

— Particle inlet

Lens of high speed camera

$ e MGRRin 2
Slipping time meas,  Adhasion YIN

Measuring process of

7 Equipment for measuring
The first developed LIBS sorter in the world, Feb, 2015 bubble-particle adhesion bubble-particle adhesion
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Shibayama Laboratory

Mineral Processing

Visiting Professor from Graduate School of International Resource Science, Akita University

Mineral processing and recycling

Development of advanced mineral processing technology and
recycling process

Our laboratory is investigating the development of treatment processes for unutilized resources
that contain impurities and/or are low grade valuable metals contained in electronic waste. The
typical research work is introduced below.

Development of advanced mineral processing technology of unutilized mineral resources

@ Treatment process of impurity bearing copper mineral.
® Metal recovery form low grade ore and mine.

# Development of rare earth recovery process.

Development of precious metal extraction process from waste materials

@ Precious metal leaching process from printed circuit board by halogen leaching.

@ Development of novel extractant for selective extraction of precious metal.

Development of advanced mineral processing Development of precious metal extraction
technology of unutilized mineral resources process from wasted materials
Chalcopyrite Enargite Tennantite

CuFeS, Cu,AsS,

ry

(Cu, Fe);;As,S,;5

Treatment of copper concentrates containing high amounts
of As and Sb impurities by a smelting process is difficult due
to environmental restriction.

The adsorbent 1 and 2 were prepared by immobilization
above extractants on the XAD-7HP.

: . . W Adsorb 1 W Adsorb 2
|_> It is better to remove before smelting process sorbent sorbent

Image flow of treatment process

Typical chamical composition of ore (masss)

As bearing Cu ore almineral | Cu | As | Fe

Enargile [Cu AsS,) | 15,50 | 5.87 | 621

Adsorption (%)

Gas

Solncl soid | Alkali leaching |Soin. | Autoclave leaching
Salid Snin
As

As conc. Cuconc. Cuconc. As soln. Fe-As residue  Cu soln.

Over 99 % of palladium was extracted selectivity.
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a) Dropping mechanism

b) Pt-10%Rh wire

¢) P/Pt-Ph thermocouple

d) Alumina tube

e) Molybdenum silicide
MoSi2 heater

RE, Qysrich phase :

f) Pt crucible
g) Shutter
h) Pt resistance thermometer

Fe-C
Phase

i) Copper tube

i) Copper fins

k) Dewar vessel

1) Insulating material
m) Distllled water

RE(:Nd, Dy, Pr)-Fe-B-C-O%
D=FE5 4

B,0, 75wy RERLVEH LT EHRA)V AL 1600 CETHEATRELERE TR MEE
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Yamaguchi Laboratory

Recycling of Resources and Materials

Visiting Professor from Department of Physical Science and Materials Engineering, Iwate University

Extractive Metallurgy and Resource Recovery

Recovery Process of Rare Metals in
Non-Ferrous Extractive Metallurgy

In non-ferrous smelting processes, the base metals copper, lead and zinc, as well as
rare metals are produced from secondary materials such as scrap metals, alloys, and
residues.

The valuable metals that result from the refining process provide the raw materials for
a wide range of application possibilities in various fields.

We suggest a new and effective recovery process of rare metals in non-ferrous
extractive metallurgy.

@ Copper enrichment based on liquid phase separations.
@ Recycling of platinum group metals for used auto catalyst.

@ Recovery of rare earth elements from magnet scrap using B,O; flux.
@ High temperature calorimetry.

Pt

Fe-rich

phase

~Cuzrich’
phase

phase

Fe-Cu-C system Fe-Cu-P system

Copper enrichment of low grade copper scraps New and efficient process for recovery
of platinum group metals.

a) Dropping mechanism
) b) Pt-10%Rh wire
A ¢) PUPt-Ph thermocouple
R -hase RS d) Alumina tube
AP s e) Molybdenum silicide
RE Ogtieh,phase § MoSi2 heater
f) Pt crucible
Fe-C-B g) Shutter

Phase

h) Pt resistance thermometer
i) Copper tube

) Copper fins

k) Dewar vessel

3 phase separations of the Recovered rare earth oxides

RE(:Nd, Dy, Pr)-Fe-B-C-O system

1) Insulating material
m) Distilled water

High temperature drop calorimeter
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Global Cooperative Research Activities
and Industrial Collaboration Activities

Activities so far

E-scrap Symposium 2016

September 27 (Tue), 2016
at the Institute of Industrial Science, the University of Tokyo

Youngsters’ science festival of Tokyo in Koganei

October 9 (Sun), 2016
at Tokyo Gakugei University

Upcoming Activities

Frontier of Extraction and Recycling Technology of Precious Metals
(The 4th KIKINZOKU Symposium)

January 6 (Fri), 2017

at the Institute of Industrial Science, the University of Tokyo

The 12th Workshop on Reactive Metal Processing (RMW12)

March 3 (Fri) — 4 (Sat),
at Massachusetts Institute of Technology (MIT)
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E-scrap Symposium 2016
September 27 (Tue), 2016
Institute of Industrial Science, the University of Tokyo

A special symposium titled “E-scrap symposium 2016” was held on September 27, 2016, in the
Convention Hall of the Institute of Industrial Science (IIS) with nine invited speakers from government,
industry, and academia. The symposium was inaugurated with an opening address by Professor Teruo
Fujii, Director of 1IS. Approximately 200 people attended this symposium and participated in the discussion
on the current status and challenges of E-scrap recycling. On September 28, a plant tour of the recycling
facilities was arranged for students and young researchers. Participants visited the Strategic Urban Mining
Research Base (SURE) of the National Institute of Advanced Industrial Science and Technology (AIST)
and the Hitachi Works of the JX Nippon Mining & Metals Corporation.

\

\
Harita Metal Co. Ltd. Renet Japan Group Inc.
Mr.Takeshi Kuroda

Ki iversity
rof. Eiji Hosoda
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Youngsters’ science festival of Tokyo in Koganei
October 9 (Sun), 2016
Tokyo Gakugei University

A public event on “Youngsters’ science festival of Tokyo in Koganei” was held on October 9, 2016, in
Tokyo Gakugei University. In this event, lectures and exhibitions on rare metals were delivered by Prof. T.
H. Okabe, who is a director of IRCSEM. The demonstrations using the shape memory alloys and the
electrochemical plating on metal plates were also delivered.

Many children and parents were very interested in the lecture on the rare metals that are used in our
lives or unusual places. After the lecture, visitors of the event from children to adults enjoyed the
demonstration of shape memory alloys and electrochemical plating.

Samples of
rare metals and others
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