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Was the rare-carth crisis really over?

Tetsuichi Takagi

Institute for Geo-Resources and Environment,
Nationat Tnstitute of Advanced Industrial Science and Technology (AIST)

Absiract

The price of rare-earths (RE) soared extremely during 2009 to the mid 2011 due to the export
restriction of China, but the price has been sharply delined toward 2013. During the soaring price, the
Japanese industries using RE have made hard efforts to reduce their consumption and replace them by
alternative materials. Some non-China light RE mines such as the Mt. Pass and Mt. Weld become ready
to operate. However, few heavy RE mines other than the southern China are promised to operate vet.
Therefore, the RE crisis has stifl continued regarding the supply of heavy RE,

Keywords: Rare-earths, China, Mine development, Resource saving, Alternative material

1. Uiz

20 AR ESBRESEEL T Ik e B S IF OIS
R, BT T EE OS2 2004 FUEILHBW LE &4
Hiz(Fig. VY, 07T —AOMERT, RERGHRESE
LT &6 2009 FEPLABIC LR L. 200049 H 7 H
DRMF S BEME RS E L REOL T T —
A B LR A SSIERE, 2011 € 8 AlCh B
AELTELI, ZOHE, A ROBERIENRLTT
— AT R REDbIL. VT 7 —AREORRLEhh
feo LU, EOHLTT7— At Ssdlc FTHL, 8§17
T AR EERI OB KB R0, BV T 7R,
BRI ANERIEEIL THOEL00, BEHEO 3 50
P BESTETAIL, SHOEEREIXE ISR
(Fig. 2)2, ZOIHRREDI D, BEER TRV 77 —Afii
kot Ebh A5 hot, AE TR, L7 7 —A%E
DEBRIZONTC, EO LRI AL BERMAFE T O RS
LThIz,

ol BRSO EEROBXRHREBKMAZE L, %

L Epf254 10 B 24 B F&% 131 BfSic B TR
2. XN BN MBS RR et
EEL 2547 H 24 AEM

Vol, 60, No. 4 (2013)

R BREL CAIARSECRIES Y, ABSHhAY
BELEVOT, B TORBITER P LD TERE
B L0 B E RO RSN DAAMIC AR LIS
LDLDORENTLED TR OTLIEER,

2. V77— A RO FE

(1) #ERARENR- BT R

LT ADE B Lo CRIHCEE B LR
LRV AR HEMIIE R TN TAEETHD, IOESE
T, ZhWETIROEH TEEL TEHBL I AR
ERERARL, EEEER T IV E BELEIRL
o Bl By E T RTAILICLME{E A a = A
FAFER ORI, fT, BRAE A ERE
UL TSRy - O (A B, FE)
by T T — AR LR T RS2, 1T, ER
PLERI IR VWER T, B—F -2 P LB TR OY
=T MRS e Uy AREER P IEA AR ~ ORI
i D R, VT T —RBER OB R Lo
FENAT 4 AT T ARBELEELEI LD, BaRE
R ORGP ORIFIC L, EERRIES I F 4R
iy AEREE KRS T HELRRShE Y, o
GEEAICID, 2012 EOLT TR A RIS T

181



3SD/tonne

10000
S0G0
8000
7000
6000
5000
4000
3000
2000
1000

2000 2001 2002 2003 2004

2005 2006 2607 2008 2009

Fig. 1 Transition of import prices of base metals”,

L (Fig. 3) . s THO— R Ao, BNEEOLT
7 AR ORELLY, BARNERABRLLOE
FREMLTOSLTE X RVR, ThigE By 77—
28 BB R T R, B OS2 E & IRER
AOHWERABBRELEREREIFLE LD,
(2) FEOL 77— RIEHRE

EETHL, 2011 EOLT T —AEESBICLIHTL B
SRy, BRICKEOLVT 7 - AEEERADLID
i, 2012 EHEHCE, PEVT T -ALEEORRKFETH
BAETAERE LS4 A AR EELEY, Lkl
VP T —AGEELSEACEENEL BETHICEL
BBV RIE T, 2013 4E 7 AL EERELEFLL
Tind, 1A WELOTEM CHL P EFEB (IEE 2L

Ushkg
160

_Ce(©F e

Dy (IF japan) ]\

Fig. 2 Transition of prices of Ce and Dy metals (Costs,
Insurance and Freight, Japan)?.

182

ThHL T T AR AR R R IS5, TOMETH, v
T AR RIERREL BRI M BB EA
RIERBORBLVERVEIIEERL, A EER LD
WEBET-TVE Y, LT 7 —ROME T, 201346 B
EARHEL TS, TETH, HESEIEaANEERICT
EloTyVaELE DR TEY, BIESERI OBBbLME,

3. FEALT TR ORX

(1) FRBAROEN

1990 EATLEETL T F—AO X EEERKE (=7
VT ARG, B Thotolt, T0i, REOEEH
BN I P EELT T —ARTIRERELL Lk
L. 2009 SEROL 77 —ARBIZLY, BOREHOLTT
— AL BRSBTS RS S TE T,
HREETL 77— AREOEENThRALIIT R,
Fo R =M, 2011 FEFEC 100 HHI TRIBZA-
& FAREND, Fig, 4 12, RO FERLT T — ARG B
B lrERT, COBH, SRREEEM LT L
AOREE, VWhRAREY =7 RRICEALT T — AR
S Ak, SRS ARFEORIEE R, RIFRIRARE
BORTHEER LRLE, LTAM, 2011 EEENDLOVT
T AR S LB, VT T AL Y
s A DEGIE SR B I I EESA TR E LR
CEN TV, S, VT T —RIEL S — bk T, — 5D
B2 RS AR IAGRY) CIIE TR AR
BRSSP RNICeEEIC LS 8 BOR LB R ERE
HEEABD, FHEL T T AU BRSO REO
1 2LiEo b,
@ =Tz ghil

REHND LT T —ASST L RS A8 L OB
A, BT oA U THD, BRI AT =T

HmEERTE



tonne
40008

35000

30000

25000

#RE Compound

20000

ERE Metal

15000

mla Oxide
@ Ce Compound

4 Ce Oxide

10000

5000

BY Oxide

2608 2009 2010

2011 2012
(Jan to Oct)

Fig. 3 Annual imports of a variety of rare-earths (RE) materials™,

PHFEZIY, 2002 FEpC— BAFEL IR, 2009 HFi2
BRLE, BgELEFET Toe)a— it REROL T
T—AEETHD, 2011 ExR=TOUAAGRE(LT T
— AT ORERERE, BETVFHOF R T AY
MEFLT T AEE) EEIR, 2012 R I DaA=TY
The T /AP — i T T — AN TR 2 BT B,
LT AMEEEEERICERBRBREBEEL CEL,
2011 SEDEERILEMEYREA T 3,516 MoARIR T
B, LinL., WL ILES AR L 77— AOSE BIEE I
Wbk, 2011 FERNERE, VT T - AREEL - mEES
EORBE BT TEREAELL WD, BHiE, 7
B b Tz AR BT T L AR N O E
BRIEVERHE Y2, BASRLOBESERALTT—2
ORI IR ER L TR, B0
BIHAEE S Ta,
(3) =R AR
PESAOLT T — AR EEL CRICHEShAguL s
BT AT ARDPET TR N e VRN TH D, R
IWHBA—AM TS0, AL — v Tosrurd
PIZBERSWESHER RIS IGEIThE GEIRS Y W
THEOBECHE>THE, RERE~ OB LHGTER
PREEE R, v T B O IR A3
B, 59 2011 FEREEFEL WIS 2012 4 12
RETEELE 9 547240 A ASEORIZIZ R
R (BB 8,500 b/ ) DR SR T RY., [FEE
WA ARV T TR AR B EO WY ILEE
HMTWH, UL, BEILEEEEL 77 —2THo, B
FEOTHBIIEF R mE B ARSI B R EICH

Vol. 60, No. 4 (2013)

Do LIciSoT, ZRAARERL 77— A0 BHERE
S ThBEFRHEIN TS,
@) EoMogil

FYZARZ TR BESFF oAt AREECS S
LAV T T —ASHERERLTIEAS 2012 47 11 A SGlEs
BgEL W, 2oL T TR, UV BR ORMREEN
BEETALOT, BLF 7 —RICEDSMNAHY . £
1,500 P OEERTFEL TS, ARG, B AE0
AT AT T T A LO FER S ST T, BAS
ERLT T AR TIRLES RE P, 2013 £FI0
it BARGHYR A R AT Thb, 20N, e T
oo ogild NI T T — A AR R EL, = A
PET R T AL OSHERE T HICHT LT\, BIE,
ERREAACRY, VIS HL T T — REENRE LB L
<HESELBRRHER SR Ty,

4. LT 7 AR RSO E

(1} FEOVT T R8RS
HEOLT T —2EREZBE RO T, Zhhbh@EE
L P T AREUERICERESh N, FEALT TR
FIUOBRBIBELI I N EARBELVIRFNHA, Lin
L. MEOL 77— AGLE OB I R B S8 £, 4 E
ATFREOIEE AL REN TR, ZodiiE
Lo Ty, REFABBEOS S48
gL v d ma — B TET AL 77— R,
EHRORBEARECZEAD Y BHEBOLE R LT
Sha, Ll REEEO- AR, 16 m

183



BREETY

"ApU3S SIY) PUE , 2ITORIAL] SY1 WO PISEY “PI0A AU UL 102 [oxd woneioydxs pue Fugunw sques-arex Jofew Jo UONNGLISKY ¥ 814

{uanesoldxg up) sulp syieg-ciey ABaH @

g Wupsdoypuez
. Oreenisdweyuoaig
g [

bmmo:mﬂ@;
Y ed

{pa1e1ad0) Suly sULBI~aIEY AreaH g
{uohe1odx] Ul suw sypez-aIEy WM O
{pareiads) suw sUVEI-2Ig WHMN [

apuUnyLet

B

W s Bousiey|

plolpueny

[84



PELT T — AR A b b A B T RO AL B
ThY, TEEEICIETERARSHS, ZNETORIRIC
LOREBRBELELTHY ., BRE Y LRI BB
DIROEST, PEYSRSELOER BEREL OB, L
PoT, 5%, DEFHOLT 77— 2SI VIS
TER, —ERTRLEVCESE, B 77 —RCBLTRE
RABERILEL TEAGRD 8ABIC2 AL VHE b S
Do

BTk~ p @ADL T T AU, BT RS
BELTELT7 —AREETHD, BLT7—A(FAEY
b, FTARTRT LRIV ARBEU TP EE RS04
WG AT SRR B R E o QD — ., A YA
FREAITEROXAER L TEPLREELDY, BT
L > TL AT AT Ry ARMELS Vi 5000
TERW, 5%, ATV B BEORRN YRRV TE
L ADREREBAICREL-SS, EVT TR
BECHEET RIS B TE, ZOME S
TERRY RSP BRI T0B,
@) BEv77—2REEERO ik

BEOL 7T —ARE T, EVTT—AEELEbRE
EARRBRERIAIARE S, BEEOELT7 —Ag00 5
SHELTT—AEEETHNL. AR AREELE LT,
SEOBL T T - AR RFET AV S EELALNR
Do TITVT T —AfEHLAE , SR NS ELT T
—AGRMAE, BB CHEBCESHIUARERLLT
EEIN TS, BF o2l 0gilinTof©
Ha B, Chid, AR ENOEGIE T, PE AN
DELVT 7 AL REEHEDILICEY diRic RO
A 52588 AbhaZE LB HEaL IMNITEIE
TREVAZEREDRICTELIE, REPBRBTHD, T
3, AR LA, WEEORERELTOELT
T A ELE M TRELN TS (ENFREL, 759
N BT AR ) BRSOV T T — R
B, IR AR ED T, BEATIVNSVWIEMLH
FZ et CRRR TES, Ll ZRGIIBE Lo LS
ERTH 2015 EHDO TN LEETHSY,
(3) Bt ROBE

LT AR ST BRI E N T A
BRI LAY O FEYE Th5, fikDT1 T A0 w1
=T L COE RS EEN, LT 7 AR TR
B AR E OB N AERLA LB R ETHD,
B, DA EA BN ELE o TRE T 8EE
BEOEMET. AN BT 7IA, FI9UADISEDAS
ThbH, LrL, BATHIOBMBE T2 HERRI L —
BEETWRNES HLL T 7 AHEBEOCELEILT
SLEDGREEREO S BN F RO NS E . JE
KEBTHIMT?, oet, BRI EEEDI

Vol. 60, No. 4 (2013}

TORFCEERES R CRLELWET SRS, I
OREL, 5HOUASER O ->THS,

b. VT —AEMI A Y e BT D

BIEETICR L5 BL7 7 — AR EA o
BT EBRBLED S, LT 7 — REGE SR LS
THETHFIAMF =B AR, L7 7T —REREHHET
ELEBIEBEL 0052 Mh, BRI ER T
BBLCLHILIEERI O, ¥ ELAROL T T —AEE
TR LRt binn s, SORAE TR
THEORELEEROICIEETHES,

—F ., BVT T AR R, PR AR
RBATEILME, PEEEO A4 TS 8L B E R R
TELRVOT, PHIBEGTRAEUSTREENSS, L
i, LT T ARSI E-TORNEF 25,
L%, BV T 7 —AOEFHEHERIIAT T BEE—&T
MFERST DEENDD,

E

TR E AL CORP VBT R hiE . B
BEEFLD TS SRR L BT
kR

References

i) Sankosiryo, Rare metal Kakuho-senryaku, Ministry of
Economy, Trade and Industry, 16p, (2009)

2y  Kogyo Rare Metal, Arumu Shuppansha, 128, 157p,
(2012)

3} Rare Metal News, Arumu Shuppansha, 2578, pp. [,
(2013)

4)  http/Awww.niche.tohol.ac jp/?page_id=1030

5) Industrial Minerals, Feb., pp.9, (2013).

6) Nicoletopoudos, V., Industrial Minerals, July, pp.34-39,
(2012)

7} Industrial Minerals, Feb., pp.20-22, (2012).

8)  hitp//www.molycorp, jp/about-us/project-phoenix/

9)  http:/Awww.lynascorp.com/Pages/
advanced-materials-piant-kuantan-malaysia.aspx

i) Industrial Minerals, Jan., pp. 53, (2013)

i1} htp//www.sumitomocorp.co jp/news/detail/id=25526

12) hitp://www.toyota-tsusho.com/press/2010/12/
20101208-358% html

13) http://www.matamec.com/vns-site/index.php

185



BRI T4 60 ¢ 186-191 (2013)

L

. SR O YIRS & BT 2 1 U5

ERGAA B & @ ouk OTRERF T~ D3k 1

TR B

Industrial Ecology for Metal Recycling:
Challenge in Cyclic Use of Elements in Alloy Steel

Kenichi NAKAJIMA

National Institute for Environmental Studies, Ibaraki 305-8506, Japan

Abstract

The global demand for metal resources has been sharply increasing by economic growth, and
the issue of sustainable resource management has also been increasingly recognized. In order to
optimize the material cycles and increase resource efficiency, material flow analysis (MFA) is a
powerful tool to understand the resource consumption and material cycle in the national
sconomy, However, MFA cannot provide technological information on the recoverability and/ox
removability of elements from secondary resources. This paper introduced the latest study to
propose a combined application of MFA with thermodynamic analysis for sustainable resource
use, and the detailed MFAs of metals, such as nickel, chromium and molybdenum, that were

concerned with thermodynamic properties of elements.
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Recycling of Neodymium Magnet

Yoshiaki Arai?, Yasuyuki Sato?

2 Mitsubishi Materials Co., Lid. Eco-Business Div.
3 Panasonic Eco Technology Kanto Co., Lid.

Abstract

In general, neodymium magnets contained in defectives in a manufacturing process have
been recycled, whereas neodymium magnets contained in almost all used home appliances
have not been recycled. We developed recycling technology to collect neodymium magnets
efficiently from used air conditioner compressors and established the vecycle process. Based on
the findings, demonstration test equipment was developed and made. Demonstration test that
is being conducted using the demonstration test equipment in Panasonic Eco Technology

Kanto Co., Ltd. is reported in this paper.

Keywords® neodymium magnet, rare earth magnet, rare earth, recycle, home appliance recycle
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Fig. 1 'The situation mounted with the air-conditioner of the neodymium magnet.

Table 1

Composition of the neodymium magnet for air-conditioners.

T8
mAE | 671 1.14 4.83 0.22 27.0 6.07 7.56 1.65
=MME | 62,6 0.50 0.54 6.00 18.1 0.10 2.85 0.00
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Fig. 2 Curie temperature of the neodymium magnet

for air-conditioners.
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Fig. 6 The flow chart of the demonstration test for neodymium magnet recycling system.
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Sensor Based Soring Technology in Resource Recycling

Shigeki KOYANAKA

Research Institute for Environmental Management Technology,
National Institute of Advanced Industrial Science and Technology (AIST)

Abstract

Sensor based sorting is one of the physical separation technology, which detects physical properties
of a moving object without contact, identifies its material instantancously by analyzing the detected
information, and separates it mechanically according to the identification result. This separation

technology can handle relatively large particles of nonferrous metal, alloy, plastic, glass, paper, wood
¢te. Recently, social interest in this technology has been growing because various sensors and data
analysis devices have been upgraded. In this article, recent trends of the sensor based sorting in resource
recycling are summarized based on the sensor types of NIR, Optical, XRT, XRF, LIBS etc.

Keywords: Resource Recycling, Physical separation, Sensor based sorting, Sorter, Identification
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Fig.3 Photo of the JX-STREAM .7
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Fig.4 New separation process for concentrating 6063
aluminus alloyfrom scrap sash.”
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Fig. 5 Photo of the automated LIBS sorting system
developed by Fraunhofer ILT and Titech GmbH. ®
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Fig. 6 Photo of the sosting system combining laser 3D and
weight meter developed by AIST.
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Fig. 7 Distributions of the apparent density of lightweight
metal scraps. '?
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B, Foff, FREGIK LTI ) —2OEHEAHR
ENF P KL LURESREE L —Y— (E 600
~900nm DEHE THH 100mW BLE) 2HWTERY, 25
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BRI T 5. BELRMBEERI I AF s (HY
Te&—n, VT4, BEFARTREDTT R
Fod (FH i, F1H—Ex—b, HIEEL=A,6
FAar), BEERSBRERLNDNT S AF v (7
Zuy, RYTFLy, K)o EHT AL
BTE, I0mm~20mmBEOXREIOINALOT T A
Fou 7 FEBRMTHETHD LBELTWS., S
VTR EZE RT3 O OB 2 S E
LLTEY, BRI R R Foem/s BECTHNG
W5, LECHECASEORBETHS .

316 PiTROFH

AT PR B L TS O R R R L
(Neutron activation}, FRFIZFAE T SEI%E v B (Prompt
gamma-ray) BEFEILEBR O TR AX—EFHOZ & FF
BLETRSHE (PGNAA 15 2RET Y, s
THRORNBIIEET S TEBOENE - BRSNS
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E, TOBBIR VLTI TRY, SHOAR
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2T —CEMERY R ENRTES. ERBITHLT
REJBERTT, ARRBERShS0, XEO 100
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BT SR Y —F 4 IR BT AR R E o
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TiTech £, Steimeert #72 & OEFARIEE A —h PEE
FA& R L, Aachen THFRPA° Fraunhofer BIZERF 2 K &
EECREASRIERR ST > ThA. Y —F 1 71,
BRUYA 7Y oV ORRBEE L THEORF LW
2B, ASBITOBRFUORICETHIERENET S
BAOHSTHD, RIER 204 4F 3 ACEEPESND
k970 T, AERCELObIFREMEShS D £
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Development of Resources in Hitachi City: from the Hitachi Mines to the Small Household
Appliances Collection and Recycling Business

Shin Fukuchi
Deputy Mayor, City of Hitachi

Abstract

In "Hitachi Village" named as village standing in the sun because it is like a beautiful rise of the
morning sun, Fusanosuke Kuhara has established Hitachi Mine Inc., which was the dawn of the
industrial city Hitachi. Namihei Odaira who had joined Hitachi Mine Inc, as an electrical engineer
founded Hitachi, Ltd., which led to the rise of the city of Hitachi today by the development of the two
companies. Many medium and small-sized businesses as well as JX Nippon Mining & Metals Co.,
the successor to Hitachi Mine Inc., and many affiliates of Hitachi, Ltd, gather in current Hitachi City.
Many citizens of more than 190,000 are living as of associated with these companies more or less,
Hitachi City, up to here, has realized the coexistence and co-prosperity with the area by the advanced
action to environmental problems such as construction of the world's biggest chimney to overcome
damage caused by smoke and 10-million planting.

High citizen awareness for environment is shown in the action to current recycling.  Our city was
appeinted as a model area of "the rare metal recovery from used household appliance products and their
appropriate processing” which Ibaraki suggested, by Ministry of the Environment and Ministry of
Economy, Trade and Industry, and cooperated with examination abouti construction of effective
recovery systems. After model business of 3 years, we aim at the circulation in the complete level
including the middle processing in the welfare recycling factory by handicapped persons, as original
business.

Keywords: Hitachi mine, Hitachi, Ltd., rare metal recycling project, small household appliance
recycling, employment of handicapped persons
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Fig.l Photo of Daioin refinery plant of Hitacht Mine and
the world's biggest chimney.
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Fig. 2 Flowsheet of the original project of Hitachi City for recycling consumer electronics.
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Fig. 3 Concrete flowsheet for processing consumer electronics waste in Hitachi City.

(A szl i3 B8/ B s B RAR R IBDFN)

List of parts for consumer electronics disassembled in the welfare recycling factory.

(B A 2 4 TR RS NI IR

e | B “le|lnl|m )
N R L 28R\ L
SRR EA A |8
S EB& - P i
*
4
R OO O O
ORI PE @] O C
= R [
) Hix ] 01010 ol e
DVDER IS O
@ | =—Fi O ol el RS 010
@ | ~—FT1AZ ole
® | ZREIEEAH SEEREC ke
® | & OO0 C OO0 0100
O | TFAF v OO0 OO0 01010 |0

FEHEA TS, (8L Fig. 4 LB 1)

(HFEOPR

AHAHFRERESYFELLCEEEMIUHICERL
TVATIT7 AP EORICME BEOT — 25 RIT Y

LIEGICREMEE DRSS LAY, FREEDOPRETT o7,

(e hORE

FICR O CE MR ECH B, R A0

Vaol. 60, No. 4 (2013)

(40 £ B {5 B TREFRQEEL ThD, MBI
cAML, §F 1 EHRELEILTWS, 2O ARESH
BICRBIET, BAD AR OBBRE NSRS
e KiEl e a A R IC ol A BRI BY | MRk O
BENRELPRLE ALEL D, R CHRAEIN
#ix, BAERL BORBSH IR, Ak, EiRBO 3
IR MShD, UL, HIEOHRORME TI33Es

207



Fig. 4 Photos of the situation of recycling consumer
electronics.
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Development of evaluation method for sediment deformation
Norio TENMA
Methane Hydrate Research Center, National Institute of Advanced Industrial Science and Technology (AIST)
Abstract

Methane Hydrate (MH) is considered to be one of the new-generation energy resources. The depressurization method has
been proposed as a method of extracting methane gas from the MH sediment in marine sediments. During depressurization
operation the sediment deformation may occur due to MH dissociation and increases of effective stress. Thus, “Development
of evaluation technologies for sedimentary characteristics” is studied in the Research Group for Production Method and
Modeling, MH21 Research Consortium, Geo-mechanical simulation code ‘Coupled thermo-hydro-mechanical analysis with
dissociation and formation of methane hydrate in deformation of multiphase porous media (COTHMA) are developed to
predict the sediment deformation during the methane gas production: from MH. Also, iaboratory experiment for well imtegrity
(push-out test} have been carried out to understand the fricional strength between well and the sediments in AIST, Tsukuba.
Outline of these research activities are described in this paper.

Key words: Methane Hydrate (M), MH21 Research Consortium, COTHMA, Geo-mechanical
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1. Loadcell

9. Specimen
2. Axial displacement transchser 10, Pedestal

3. Refiigerant cooling tank
4. Confining pressure gange
5. Pressure vessel 13. Pore pressure gauge

6. Top cap 14, Water cylinder

7. Lateral displacernent transduce r [S, Piston displacement transducer
8, Rubber membtane 16. Methane gas cylinder

11. Gas-water separator
12. Gas flow meter

Fig. 2 Schematic iflustration of triaxial compression testing apparatus
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Current Status and Problems of Hydrocarbon Production by Microalgae

Twane SUZUKI

Faculty of Life and Environmental Sciences, University of Tsukuba

Abstract

T general, microalgae are capable to preduce more amounts of oils than land plants. They
do not directly interfere production of land crops. Thus, microalgae are thought to be suitable

source of biomass materials to produce renewable energy. However, there are several issues to be

solved before practical usage. To solve the issues we are going to develop new techniques to
couple growth of the algae with treatment of wastewater.

Key words: Aurantiochytrium, Biofuel, Bofryococcus, Squalene, Waste water treatment
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Table 1. Comparison of some sources of biodiesel

Land area Percent of

Oil vield needed existing LS

Crop {L/ha} {M ha)* cropping area*

Corn 172 540 846
Soybean 445 594 326
Canaola 1190 223 122
Jatropha 1892 140 17
Coconut 2689 99 54
Of palm 5956 45 24
Microalgae® 136,500 2 11
Microalgae® 58,700 4.5 2.5

“For mesting 50% of all transport fuet needs of the United States.
¥70% oil {by wt) in biamass.

*30% oil {by wt} in biomass.
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Fig. 1. Hydrocarbon-producing alga, Botryococcus braunii. Left
panel, a picture of light microscopy, right panel, a picture of
fluorescent microscopy after staining with Nile Red
Hydrocarbons were stained white color in the picture.
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Fig. 3. Cells of Aurantiochytorium. Left panel, a picture of light
microscopy, right panel, a picfure of fluorescent microscopy after
staining with Nile Red. Squalene accumulated in these cells were
stained white color in the picture.
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Fig. 4. Scheme of utilization of wastewater. Insoluble crganic matter and activated sindge in: the wastewater treatment plant are
solubilized and apply cultures of heterotrophic organism that accumulates hydrocarbons. Inorganic nitrogen and phosphate in the
treated water are supply to the cultures of autotrophic organism producing hydrocarbons.

5. SokERA Ui iomiRE i

WAL, Al LRBEORR 2 HISL €, Aigipre
W AR ERE e, TN EE OB i RoTE 1‘1{*5?!?:
TR EDEEEECE TN AEEMPERL T, BikE
EENOERBSRFAETIROBRL BB LT, Mkt
ToT5 (Fig 4), “HETORRICLY, EBEED—
HEEEIAICEE R BT, A7V L OEERT
EDHTEMRENTWD, SHBITERFOREIS, B
OFREE KE LTS BENSETHS, Fi-. Ao
FoiEo 2 bRl 0, BEEEO—BE Ll E
EWX T, A2 DL OEERTEL I ENRSRA
TD, SHBCEHTOBET, MR b OSEabRbk
F|OEME, /3 A~ ROWE L AFBBEOR LR Y,
{EBT RN 70— LD BRI LSRR S,

Flo, A= T EF M) U AEFRA LA Y
0B R LR MY, BR - YRR 4B
Ao YO aE B R 25, Then{kEY
VYRR AT O M S O AR O B R A R
EBRTHS, TI20C, ZOMBEKEAVTR N Aavh
ADX H BT RBEOERAOKEIENL. TORED

Vol. 60, No. 4 (2013)

MRS MR R I T E R, & b loghERty
RIGAREERFIBETELLELLRS,

Frd, FALARLUATThCHERSEO=HC, )
IR L BRI Lt A AT MBS R H
B UEHERE b B0 b, fiBhodiets
VE—Z, RV ATy A REORST R OEEEY . 4
=TT AR AR Y OREBRENEEORE N
HBEL, &Blbery—ofbk o GRS ER L&
RIEE AT A, EHOBWHAL AT A, BiFRECE
FAHER EOERRE T, SRR 2 A FRIE
BiazZk, HkaER LT AAX—4EL AT L0
DT O LB R R OB L B BHE L TR
FREBALTA,

References
1) Y. Chisti: Biotechnol. Ady. 25, pp. 294-306 (2007)
2) M. Kawachi, T. Tanoi, M. Demuraa, K. Kaya, M. M.
Watanabe: Afgal Res. 1,2, pp. 114-119 (2011)
3) A, Nakazawa, H. Matsuura, R. Kose, S. Kato, D, Honda, L
Inouye, K. Kaya, M. M. Watanabe; Bioresour: Technol. 109,
pp. 287-281 (2012)

217



BHEE R T 60 : 218-223 (2013)

P BRI & BRAIPED
KA #E

Al

Gravity conceniration and the evaluation of separation propertics
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Abstract

Gravity concentration that separates particles by the difference of their densities is one of the most basic
physical separation techniques. Lots of gravity concentrators such as air tables, pneumatic separators, and jigs
have been used in recycling plants, but the separation causations have not been understood systematically by
the operators. The basic theory of gravity concentration and evaluation methods of separation properties are
introduced in this report. This information is expected to assist the selection of separators and the optimum
separation conditions. I would be happy il this information would be nseful for understanding the separation
resubts and if it would help to construct the optimum operation for people who have always used gravity

concentrators as a black box.

Key words: Gravity concentration, Settling velocity, Particle size, Separation efficiency
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