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Research Topics of “Separation Science and Technology” in Kyoto University
— Research and Development of Resource- and Energy-Saving Separation Technigues Using Microbubble, and
Tts 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 y

ears, the attention to superiority of microbubble m

a scparation 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.

#~7“FI?47mﬂfwﬁg\wﬁ%ﬁ%\@ﬁﬁ%‘ﬁﬂﬂ\%%'ﬁﬁm

Keywords:

microbubble flotation, fine particle flotation, solid-liquid separation,

water treatment, decontamination of radioactive materials
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Chemical formuia
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Removal amount of toxic anionic spacies with steelmaking slag-LDH®
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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
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Abstract

The authors proposed carrier microencapsulation (CME} zs a2 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 SO, 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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Investigation of Separation Engineering in Akita University
- A Study on Treatment Processing of Copper Resources Containing Impurities -
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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 {8b) from copper ore by mineral processing
and pyro/hydro- metallurgical methods. In this study, copper-bearing ores which contain enargite
(Cu3As8y), tennantite((Cu, Fe), 2A843:3), tetrahedrite, (Cu, Fe)1,8bsS:;) 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/8b and leach liguor 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 16.50 587 6.21
Chalcopyrite 21.63 0.32 23.45
Mixed ore 15.16 3.27 11.9t
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Abstract

The wotk 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

electrokinetics,

processes (€.,

technologies capable of providing an effective
group is also developing recycling systems, wi

immobilization) and filtration-based ~water treatment
barrier for vatious contaminants. Our research
th a special emphasis on solvent exfraction 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 oft 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-sity electrokinetic remediation system 3
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Fig.2 Influence of the [8,8]-EDDS concenration and
the appiied voltage on the Jead remediation
efficiencies’. The pH in both cathode and anode
reservoirs was maintained at 6.8. The applied
voltage was 20 V {1 Viem), and the total

energization time was 264 hours. The initiai pH
value of the contaminated soil was 6.8.
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Fig. 3 Relationship between arsenate recovery and
electricity  consumption  under various
remediation conditions®, Test # in the figure
represent the experiment numbers assigned in
the original reference®,
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Fig. 4 Schematic diagram of an
electrokinetic/permesble reactive barrier hybrid
system (EK/PRB) for the recovery of Cr as
Cr(IH) from Cr{VI)-contaminated kaolinite?.
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Fig.5 Experimental results for the remediation of
Cr(VD-contaminated soils with the EK/FeiOs
PRB system®. The fraction of FeiOa in PRB
was 50 wt%. The pH in both cathode and
anode reservoirs was maintained at 6.8. The
applied voltage was 20 V ({ Viem), and the
total energization time was 120 hours. The
initial pH value of the Cr{VT}-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.

WA LR AT TRIEEES DI LA
ﬁ?fﬁ%m%@&ﬂcmmtbfﬁmﬁNUTW
TRRTER,

2.4 SEROFHE

BB M TR EEE AR O L FE T T
AT ERTE LM~ OEFHLATLAEST b TE
D AELERSTERRESEREL TITbhbEEL
LA, LinLEFn—HFT, BEEGFESEROT
i b ORI < Bvbnbihicid, gL
BT RER B RVEERE AN RPN TFE
FAOLHEETHD, HlE, BHEFOFETEIHR
A B T YLE O ARHE T S S T TR
ﬁﬁbhék&n@k%T%@i@ﬁ%%%gﬂ#ﬁ
L L VB o T D, 2 E D B
Fis AN CEAREELHLT LA E T
BT o T, TR R A T O
EAMGRLELRD I LHEN, B E T O
%%wminﬁﬁwmxﬁméné%ﬁﬁk%<ﬂ
. LoT. MICEETHRHSIRD o D e

BEERTH



RELTODEEE, —~BOBELRYE I A0 RELS
REGZ 20 E 5 FRLRROFER R ET 58
o EBERNETHE, -, ~Nu FFA DL
IRBORANEEHTAHERR R LN T H
ROBERCHERINTHEEGI BELBOBESY
BHRE, TOBR, AA VT4 bOL S ARG
WELZETH HRC 2 THERME T 5 - &
BHONTWD, 20X 5T, o B b R
WEFHFECGER BR) 1d5, 9%, B
BOM L& BT LA BERERECHA S &
HEI>ETeR, L L, BESNTEOERELT
LSBT DI L CARFHROER L SRR
WD, R L HOWE A BE 2725 2 OARFIEEME
THILRANRFRBIRALY D 0EIEL < HE+ 5
ZEh, AFEOERAMIZBANALERZETH D,

sExw

1. M. Niinae, Y. Aoki, K. Aoki: Resources Processing,
52, 3, pp.136-144 (2005)

2. M. Niinae, Y. Aoki, K. Acki: Resources Processing,
53, 4, pp.178-184 (2006)

3. M. Niinae, T. Suzuki, T. Koga, M. Adachi, T. Akita,
M. Ohta: Resources Processing, 58, 3, pp.114-119
(2011)

4. T.Suzuki, Y. Oyama, M. Moribe, M. Niinae: Water
Research, 46, pp.772-778 (2012)

5. T. Suzuki, M. Moribe, K. Moriwaki, M. Niinae:
Journal of MM, 129, 1, pp.36-41 (2013)

6. T. Suzuki, M. Moribe, Y. Okabe, M. Niinac: Journal
of Hazardous Materials, 254-255, pp. 310-317 (2013)

7. T. Suzuki, M. Niinae, T. Koga, T. Akita, M, Ohta, T.
Choso: Colioids and Surfaces A: Physicochemical
and Engineering Aspects, 440, pp. 145-150 (2014)

8. T.Suzuki, K. Kawai, M. Moribe, M. Niinae: Journal
of Hazardous Materials, 278 pp. 297-303 (20 14)

8. T. Suzuki, Y. Nishibayashi, K. Kawai, Y. Oyama, M.
Niinae: Journal of MMU, 130, 2, pp.522-526 (2014)

10. T. Suzuki, K. Kawai, Y, Nishibayashi, Y. Oyama, M.
Niinae: Resources Processing, 62, 2, pp.63-68 {2015}

11, T. Suzuki, A. Nakarwra, M. Niinae, H, Nakata, H,
Fujii, Y. Tasaka: Chemical Engineering Journal, 232,
pp.380-387 (2013}

12, T. Suzuki, A. Nakamura, M. Niinae, H. Nakata, H.
Fujii, Y. Tasaka: Chemical Engineering Journal, 233,
pp.176-184 (2013)

Vol. 63, No. 2 {2016)

14,

15.

16.

17.

19.

20.

21.

22,

23.

4.

25.

26.

27,

28

29,

30.

. 'F. Suzuki, A. Nakamura, H. Katasyama, M. Niinae,

H. Nakata, H. Fujii, Y. Tasaka: Journal of MMI, 129,
10, pp.650-656 (2013)

T. Suzuki, F. Nakahara, T. Kawamoto, M, Niinze:
Journal of Hazardous Materials, 300, pp. 680-687
(2015)

T. Suzuki, A. Nakamura, F, Nakahara, M. Niinae, H.
Nakata, H. Fujii, Y. Tasaka; Resources Processing,
62, 4, pp.89-97 (2015)

F. Suzuki, D. G. Cahill, J. . Moore, B. 1. Marifias:
Resources Processing, 58, 2, pp,76-80 {2011)

T. Suzuki, R. Tanaka, M. Niinae: Journal of MMEJ,
129, 8, pp.585-590 (2013)

. T. Buzuki, D. Noor, M. Niinae: Water and

Environment Journal, 28, pp.572-576 (2014)

T. Suzuld, D. G. Cahill, B, J. Marifias: Bulletin of the
Society of Sea Water Science, Japan, 70, 2,

pp. 102-109 (2016)

T. Suzukd, B. J. Marifias: Bulletin of the Society of
Sea Water Science, Japan, 70, 2, In printing (2016)
T. Suzuki, R. Tanaka, M, Tahara, M. Y. Isamn, M.
Niinae, L. Lin, J. Wang, 1. Luk, O. Coronell: Water
Research, Accepted (2016)

T. Suzuki, M. Niinae, Y. Sanada, A. Nakamura, Y.
Kouchi: Journal of MMII, 128, I, pp.27-32 (2011)
T. Suzuki, M. Niinae, ¥. Sanada: Resources
Processing, 59, 2, pp.73-80 (2012)

T. Suzuki, M. Niinae, M. Moribe, Y. Cryama:
Chemical Engineering Journal, 183, pp.271-277
(2012)

T. Suzuki, D, Noor, M. Niinae: Resources Processing,
60, 3, pp.138-144 (2013)

M. Niinae, T. Suzuki, T. Nakamura, J. Shibata:
Resources Processing, 57, 4, pp.141-145 (2010}

M. Niinae, T. Suzuki, T. Nakamura, Y. Inoue, J.
Shibata: Resources Processing, 59, 3, pp.131-136
(2012)

T. Suzuki, T. Nakamura, Y. Inoue, M., Niinae, I.
Shibata: Separation and Purification Technology, 98,
pp.396-401 (2012)

M. Niinae, T. Suzuki, Y. Inoue, H. Saito, I. Shibata:
Journal of MMLJ, 130, 1, pp.16-21 (2014)

M. Niinae, T. Suzuki, A. Puji, N. Matsunaga, J.
Shibata: Journal of MMIJ, 128, 12, pp.633-637
(2012)

77



3L

32.

33.

34,

35.

36.

37,

M. Niinae, T. Suzuki, A. Fuji, N. Matsunaga, §.
Shibata: Resources Processing, 60, 3, pp.151-156
(2013}

K. Manabe, A. Fuji, T. Suzuki, M. Masakazu, J.
Shibata: Resources Processing, 61, 3, pp.170-176
(2014)

K. Manabe, T, Suzuki, M. Masakazu, J. Shibata:
Resources Processing, 62, 2, pp.51-53 (2015)

The Ministry of the Environment Government of
Japan, 2008, Retrieved May 1, 2016, from
http://www.env.go. jp/water/dojo/sesaku_kondan/inde
%.html

K.R. Reddy, Geotechmical and Geological
Engineering, 28, pp. 211-221(2011)

The Ministry of the Environment Government of
JTapan, 2015, Retrieved May L, 2016, from
Tettp:/fwrwrw.env.go.jp/water/report/h27-01 /index html
E. Wieland, W. Stumm: Geochimica et
Cosmochimica Acta, 56, pp.3339-3355 (1952)

78

38.

0.

40.

4%,

42,

43,

44,

45,

J. Ganor, J. L. Mogollén, A. C. Lasaga: Geochimica
ot Cosmochimica Acta, 59, pp.1037-1052 (1995)

F. J. Huertas, L. Chou, R. Wollast: Geochimica et
Cosmochimica Acta, 63, pp.3261-3275 (199%)

H. E. Allen, P, H. Chen: Environmental Progress, 12,
Pp-284-293 (1993)

A. T. Yeung, C. N. Hsu, R. M. Menon: Journal of
Geotechnical Engineering, 122, pp.666-673 {1996)
K.R. Reddy, $. Danda, R. E. Saichek: Journal of
Environmenta! Engineering, 130, pp.1357-1366
(2004)

A. D. Henderson, A. E. Demond: Environmental
Engincering Science, 24, pp.401-423(2007)

A. B. Cundy, L. Hopkinson, R. L. Whitby: Science of
the Total Environment, 400, pp.42-51(2008)

R. Thiruvenkatachari, S. Vigneswaren, R. Naidu, R:
Journal of Industrial and Engineering Chemistry. 14,
pp.145-136(2008)

IRHERTE



REHETS 63 79-87 (2016)

¥ A

FLAR FR2AIT 01T B 4y BET e g !

At THEY - KfnHg F -2

Separation Technologies Research in Waseda University

Chiharu TOKORO?Y, Shuji OWADA?

Department of Environment Resources Engineering Faculty of Creative Science and Engineering,
Graduate School of Sciences and Technology, Waseda University

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.3 Mechanism of the electrical disintegration (ED) and the ED product of 1C chip,
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Fig.7 Group phote of members in Tokoro laboratory with graduates.
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