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Research Topics of “Separation Science and Technology” in Kyoto University

— Research and Development of Resource- and Energy-Saving Separation Techniques Using Microbubble, and

Its Trend in Resources and Environmental Engineering —
Eishi KUSAKA™

. Department of Energy Science and Technology, Graduate School of Energy Science, Kyoto University

Abstract

The author has being performing research and development of mineral processing as well as that
of practical new separation technology based on the fundamental researches of mineral science and
technology, in addition to solid-solid/solid-liquid separation technology development including
submicron solid particles. Particularly in late years, the attention to superiority of microbubble in
a separation technique has been payed, and research and development of "microbubble flotation"
for the purpose of the recovery of the ultrafine particle less than one micron meter which is hard to
collect have been carried out in addition to the practical study in the conventional flotation

separation.

In this report, parts of fine particle separation, "microbubble flotation," which are

conducted in the author's lab is comprehensively introduced.
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water treatment, decontamination of radioactive materials
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Abstract

ERFT D KEOSRMA T FREEWE L TRAELTWD, KREHENLIAETN D BERE
HEIRORBENRZENTWDIHES, 27 72 HaEEE L TEREAKE{Y (Layered Double
Hydroxide, LA T LDH) ZGkT 2 HIENRALLNTWD, LDH FEA AV RBREEZHT 2
HEMEECH Y, & 2 iE, KBRFTRALVHEE L THETIERS 7 vH, KRURERED

BEAELTHHTESEEZDND,
AR CIx, B R 7 7 & MR R

WTH

FER RO EE WL T D,

FREA A O R/EKERPDENS ZEBRET 2 HIEICS>NT,

FAWT LDH # /T2 ke, A7 7 Hk LDH % H

IhETBonm

Key words: Steelmaking Slag, Anion Exchanger, Layered Double Hydroxide, Water Purification
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Recent Studies in Laboratory of Mineral Processing and Resources Recycling
in Hokkaido University

Applications of Carrier Microencapsulation for Preventing

Acid Mine Drainage Formation and Pyrite Flotation in Coal Cleaning

Naoki HIROYOSHI?**, Mayumi ITO?, Carlito Baltazar Tabelin?

Division of Sustainable Resources Engineering, Faculty of Engineering, Hokkaido University

Abstract

The authors proposed carrier microencapsulation (CME) as a method to form
hydroxide or oxide thin coating on pyrite surface using Ti*"and Si** catechol
complexes. This paper reviews applications of CME to coal preparation. Pyrite
associated with coal generates SOx causing acid rain during coal combustion. Froth
flotation is applied to remove pyrite from coal, but pyrite is frequently entrapped in
froth together with coal due to its hydrophobic nature. Formation of acid mine
drainage due to the air-oxidation of pyrite in tailing pond is also a serious
environmental concern. Model experiments using coal and pyrite mineral specimens
demonstrated that CME is effective to suppress both the floatability and oxidation of

pyrite in coal preparation.

Key words: Acid Mine Drainage, Flotation, Coal, Pyrite, Catechol, Thin layer Formation
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formation on pyrite surface by CME
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Fig.2 Effects of CME on pyrite oxidation (edited from ref.1)
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Fig.3 Changes in the Ti concentration during pyrite
oxidation with TiO, and catechol (edited from
ref.1)
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Fig.4 Effect of Si(cat);> concentration in CME treatment
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air bubbles (pH 7-9, 1 h treatment)(edited from ref.
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Fig.5 Effect of CME treatment on flotation of the
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pH: 7-9 , treatment time: 1 h. (edited from ref.3)
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Investigation of Separation Engineering in Akita University
- A Study on Treatment Processing of Copper Resources Containing Impurities -

Kazutoshi HAGA™, Atsushi SHIBAYAMA”®

? Graduate School of Engineering Science, Akita University
? Graduate School of International Resource Sciences, Akita University

B/ A -
- HERZFICBIT %
Abstract

Our laboratory in Akita University is conducting several studies on mineral processing and

recycling of natural and secondary resources. Ongoing research in our laboratory is focusing to
remove impurities such as arsenic (As) and antimony (Sb) from copper ore by mineral processing
and pyro/hydro- metallurgical methods. In this study, copper-bearing ores which contain enargite
(CuzAsS,), tennantite((Cu, Fe)12As4S13), tetrahedrite, (Cu, Fe)i2SbsS13) and chalcopyrite (CuFeS,)
were used. As a result, arsenic (and antimony) in copper ores separated by alkaline leaching,
volatilization and high pressure oxidative leaching. The clean copper concentrates with < 0.5 %

As/Sb and leach liquor of copper were obtained.

Key words:

Copper ore, Arsenic, Antimony, Mineral processing
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Fig. 1 X-ray patterns of experimental samples.

Table 1 Typical chemical composition of ore samples

Cu As Fe

Enargite 16.50 5.87 6.21
Chalcopyrite 21.63 0.32 23.45
Mixed ore 15.16 3.27 11.91

SPRIC S o C GRS T G &V = 0, 20
BT OV T IR TR .
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(Unit: mass%)
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Fig. 3 Process design of separation of As bearing mineral
by flotation.
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Fig. 4 Leaching behavior of enargite ore at 500 g/L pulp
density in 100 g/L NaHS and 100 g/L NaOH
solution. Slurry temperature was fixed at 80 °C and
stirred continuously at 500 rpm.
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Fig. 5 Dissolution of Sb and As from tetrahedrite-
tennantite sample leached for 6 h at 95 °C and at
different NaHS concentrations. (Temperature 90 °C,
Leaching time 6 h, Pulp density 100 g/L and
NaOH: 100 g/L).
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Fig. 6 Effect of sulfur addition on the removal efficiency of

arsenic/antimony dissolved in solution during
precipitation.
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Fig. 7 Effect of leaching reagents for dissolution of Cu
from enargite in high pressure oxidation condition.
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Fig. 8 XRD pattern of leaching residue of high pressure
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Fig. 9 Volatilization behavior of As, Cu and Fe by roasting
with nitrogen gas.
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Fig. 11 Volatilization behavior of As, Cu, Sb and Fe by
roasting with nitrogen gas.
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Fig. 12 XRD patterns of residue collected after roasting in nitrogen atmosphere.
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Abstract

The work of our research group (Resources and environmental system laboratory) is in the
area of environmental system engineering and resources recycling engineering based on
separation technologies. Current research interests include various soil/groundwater remediation
processes (e.g., electrokinetics, immobilization) and filtration-based water treatment
technologies capable of providing an effective barrier for various contaminants. Our research
group is also developing recycling systems, with a special emphasis on solvent extraction and
crystallization processes, for valuable metals from secondary resources such as spent lithium-ion
rechargeable batteries and spent hydrosulfurization catalysts. Among current research interests
identified above, this paper focuses on electrokinetics, and the principle and recent progresses in

this field are described using the data obtained in our research group.
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Fig. 1 Schematic of in-situ electrokinetic remediation system 3
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Fig.2 Influence of the [S,S]-EDDS concentration and
the applied voltage on the lead remediation
efficiencies’. The pH in both cathode and anode
reservoirs was maintained at 6.8. The applied
voltage was 20 V (1 V/cm), and the total
energization time was 264 hours. The initial pH
value of the contaminated soil was 6.8.
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Fig. 4 Schematic diagram of an
electrokinetic/permeable reactive barrier hybrid
system (EK/PRB) for the recovery of Cr as
Cr(IIT) from Cr(VI)-contaminated kaolinite®.
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Fig.5 Experimental results for the remediation of
Cr(VI)-contaminated soils with the EK/Fe3Oa4
PRB system®. The fraction of Fe3Os4 in PRB
was 50 wt.%. The pH in both cathode and
anode reservoirs was maintained at 6.8. The
applied voltage was 20 V (1 V/cm), and the
total energization time was 120 hours. The
initial pH value of the Cr(VI)-contaminated
soil was 6.8. (a) Distribution of Cr and in the
soil and cathode/anode wells. The soil pH
values after the experiment are shown beside
the data points. (b) Fe concentration profile in
the soil after the experiment.
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Abstract

In Waseda university, researches of separation technologies for resources recycling and

environmental purification is mainly conducted in two laboratories, Owada laboratory and Tokoro
laboratory. Recent research activities of these two laboratories are introduced in this paper.
In Owada laboratory, intelligent comminution and physical separation technologies have

been developed for establishing energy saving and high performance resources recycling

processes especially the recovery of various metals from industrial wastes.

In Tokoro laboratory, separation technologies for wastewater treatment, contaminated soil

purification, resources recycling and refractory ore dressing have been studied on the basis of

interface engineering, powder technology and solution chemistry. In these studies, we especially

attach great importance to detail mechanism investigation using solid analysis and powder

simulation.
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Fig.2 Pilot plant of cross flow shredder with heating furnace for detaching devices for printed circuit board.

Fig.3 Mechanism of the electrical disintegration (ED) and the ED product of IC chip.
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Fig.4 Apparatus for observing adhesion phenomena of fine particles to an air-bubble and the relationship

between particle collision velocity and slipping time.
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Fig.5 Novel aluminum recycling process by applying advanced sensor based sorting technologies.

Fig.6 The first LIBS sorter developed in the world.
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Fig.7 Group photo of members in Tokoro laboratory with graduates.
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Fig.8 Difference of arsenate removal between co-precipitation process (cop.) and adsorption process (ads.).
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Fig.10 Typical snapshot of PCBs behavior and air flow in drum typed agitation mill obtained by DEM-CFD simulation.
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