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Development of Bio-arming Technology for Selective Adsorption of Various
Metals Including Rare Metals — Construction of Arming Microorganisms

Mitsuyoshi UEDA®" and Kouichi KURODA?

Div. Appi. Life Sci., Grad. Sch. Agric,, Kyoto University

Abstract

The genetic engineering of microcrganisms 1o adsorb metal ions is an atimetive method to facilitate the environmental
cleanup of metal poflution and to enrich the recovery of metal ions. For the recovery of metal jons by microorganisms, cell
surface design is an effective strategy for the molecular breeding of bioadsorbents as an altetnative to intracellular accunulation.
The cell surface display of known metal-binding proteins/peptides and the molecular design of novel metal-binding
proteins/peptides have been performed using the cell surface engineering which we have developed. The adsorption of specific
metal ions, inchiding rare metal ions, is the important challenge for the practical recovery of metal ions, The strategy of protein
design and its cell-surface display is the promising molecular breeding of bioadsorbents with various metal-specific adsorption
abilities, based on a single species of microorganism without isolation fiom nature.
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Fig.4 {llstration of recovery of metals by ariming veasts
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Fig.5 Smuctwe of molybdate-binding protein
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Fig. 6 Selective adsorption of tungstrate with site
directed mutagenesis of molybdate-binding protein
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Moss Protonemata for Metal Recovery

Misao ITOUGA?", Yukari KOMATSU?,
Hitoshi SAKAKIBARA? and Satoshi KAWAKAMI?

2Plant Science Center, RIKEN
*Environmental Protection Laboratory, DOWA Eco-System Co., Ltd.

# H
i
S BT R
Abstract

We have investigated what kinds of metals are selectively recovered from metal mixture
solution at a strong acid condition by moss protonemata. Pulse flow injection analysis (PFIA)
demonstrated that moss protonemata of Funaria hygrometrica can seiectively recover scandium {S¢)
and mercury (Hg) from artificial metal mixture solution. In addition, PFIA showed that moss
protonemata of F. iygrometrica never recover various metals such as alkali metals and alkaline earth
metals. These resuits suggest that moss protonemata may be available to bio-sorbent material for
selective recovery of toxic metals and valuable metals from wastewater containing various elements

of real world.

Key words: Moss, Protonemal cells, Bio-sorbesnt, Pulse flow injection analysis, Metal specificity
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Table 1 Preparatlon of artlﬁcwl metal mixture solutions

Al 016-15471 1 ppm
AlSc

Sc 196-08751 1 ppm
n 264-01421 1 ppm

Zine group metals

1621
(M) cd 030-16211 1 ppm
Hg 138-13661 1 ppm
Li 129-05221 i ppm
Na 199-10831 1 ppm
Alkali metais

(AMs) K 165-17411 1 ppm
188-01951 { ppm
Cs 030-21341 1 ppm
Be 020-07481 1 ppm
Alkali earih metaks Mg 136-12321 1 ppm
(AEMs) Cs 039-16161 t ppm
Sr 199-13871 ippm

*Catalog number of Wako Pure Chemical Industries, Ltd,
*“Concentration of metals was difuted by using 8.61molL HCY

Artificial metal mixtuzre solution for pulse flow injection

pL Switching valve

Peristaltic pump

Column with moss protonemata

Column effluent —> ICP-MS

Fraction
collector

Fig. ! Schematic illustration of pulse flow injection analysis
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Fig. 2 Yield pattern of alumirum and scandium in colamn effluent

1‘ : Injection point
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Table 2 Relative yield of metal in column effiuent

el PR Relative yield of metel in cohimn effluentt. - g
| :1:::::; symbo[ M ass Elgctroncgatwﬁy Pu]se ﬂnw mjectl(m S Selectwcrecovery
5 S ¥ #2 | mo ] mean. | SD
13 Al 27 1.5 1.0 1.6 1.1 1.05 0.05
21 Sc 45 1.3 4.0 0.0 0.0 0.00 0.00 passible
30 Zn 65 1.6 1.2 1.2 1.3 1.22 0.03
48 Cd 112 1.7 1.1 1.1 1.1 110 0.01
80 Hg 1| 201 1.9 00 | 00 | 00 0.00 0.00 possible
3 Li 7 1.0 1.1 1.0 i1 1.06 0.03
11 Na 23 0.9 i1 1.1 1.1 1.10 0.01
19 K 39 0.8 1.0 1.0 1.0 1.02 0.02
37 Rb 85 0.8 1.0 .0 1.0 1.00 0.01
55 Cs 133 0.7 1.0 1.0 1o 1.00 0.01
4 Be 9 1.5 1.0 Lo 1.0 0.95 0.01
12 Mg 24 1.2 1.2 1.2 il 1.7 0.07
20 Ca 43 [.G £.0 1.1 L0 1.03 0.02
38 Sr 83 1.0 1.0 1.0 1.0 1.01 0.00

*Value is given by equation, [Concentration of metal in column effluent] / [Concentration of metal in artificial metal mixture solution]

i, BT Al L Sc DIEHREN Y — 2 1--F LT
HIZENMERETER Fig 2 ®EST 7)Y . Wiz, 77
LICE RS S LSRR T, BT O AL E Se
DR RS E TR B » T B 2 b AR T
& (Fig 20EZFF7)

Bigiomill Sn R o EoeHEn, S 3
BIDASNRT oA a7 g i BH LI, Al
D10, 10, L1 TH-DITHL, Sc @B,
0.0, 0.8, 0.0 CHEZ &hvbdrs7=(Table 2),
Thbbh, Fig 2 07 o< b9 LOAF—- B LU
Table 2 DAAMN BT —# 0 h, b a v ¥ I OFESL
{E1E, pH2 BEEOMBIED Al & Sc BAERMD S
BRI M T AEERBB LA D LR S
i,
3.2 KESROBERMRR
ERESBEHRIMs OPFIATE Yo~ h o5 A
oW, P, AT ACECRERRE LV HBEET
i3, B Zn, Cd, Hp OEIRE Y — T L
TWHIEHHERTER (Fig 3 oEFF7) , iz,
AT LG EERE U REEE R, BERO Zn
& Cd DFFEA Y — i —F LT, g o
WEAZ - BIIBIZRAR - TV - MR TE -
(Fig. 3mET77) .

BiEPICE SR ol E0IEr, e
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3 EDSAART o P e S w2 R LI,
In DFEIT 12, 12, 13, CAOBEEIE1L, L1, 11T
HolDIH L, Hg DFEIL, 0.0, 6.0, 00 THAZ &
7RSS B ALYz (Table 2),

FiRbh, Fig 3 Draw b I T AOSY B IR
Table 2 BN BT — F b, b a v g S5 0OESR
(KiE, pH2 FRIE DSBS O TE S OB & WD b He
e RRMICHR TEARERLD LI D LM S
Biﬂv-S‘Dl‘.b_ﬂll%I Prq:_one_xﬁal celis

Name of mixture; HMs [/
Eluent: 3,01 mol / LHCE

Bio-sorbent; al:nsence_:
Name of mixture: FMs
Eluent: 0.0} mol / L ECE-

AN

Hg Hg

T T T T T T A T AT TITT T

ot 24 g4 120
#1 #2 #3

Y2 4240m
#1 #2 #3

Fig. 3 Yield pattern ofzine group metals in column effluent

4. Injection point
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Fig. 4 Yield pattern of alkali metals and alkaline earth metals in
column effluent

@ : [njection point

nit, 78, In AP arEhiREo 2 B
Ex BiETALBHELTHIREICWTE, A7
PTBAREEFE LRWESORIET O Zn OEENE
DEIEN 139 Thotol &hh, SERELLRIET
FEHENCOABERICHEL TV Zn BERESIIZ
RETHRHEANLTWARLTHLS I LHELTWS,
B, CaNiA vy P s ERTCRED 1 HBES]
Rz bBHER CoaFEIZWTH, 274K
FEEFFRIELLVEHED Od OREOERER 125 T
HoliErb, SEEELARECERASRTWSE
BHICAE L TWE Cd BEEShICRETRE ST
WAENLTHA I FHEL TN,

33 ZiLAUER, PhY)LEEROME

%R Sc = Hy OFIR IR O ERGR COR
EEPIESENT, £RRAER AMs BIT AEMs ©
PRIA TEbNEZ o< b T SAEHRHBLIZL DA, WY
nOEB LI, Bk Ry — 8L T
WA T EREED L (Fig. 4).

BT OESNEEHEIL, Li ©BA 1.06, Na @
SA4T 1,10, K OBA11.02, Rb OFAIL 100, Cs @
A 100, Be MBAE 099, Mg @HEIE 117, Ca
DAL 1.03, Sr DEBIH 101 L ThOER L bR
IR Shan 2 L AERD Hh i (Table 2),
Thbh, EREERICHEBNASIERLTVDT
A Y BTN HHARO LD iR EEh
TWABAETY, bav a7y OFERFIIScPH &
BIROICIBIET S 2 BT E LA RENTE IR,
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4. E B
41 RO UL LiEEDOREE

ARG CLL, BRBEEEIE PO Sc b a v F TS DE
HRiER O BRRACHRSh S Z ERHLM R,
So fF, pH4 5 6 BREOHEET T S, Sc(OHY",
Sc(OH) DA ETEEIL L BB A A v AHRTE LI IREETFF
FEL TV AN, MEEMEEE Y C, S At EMAREE
CHEELTWB L EX LNHETEER 21 OEBERE
TETHL, BEY Y V7 E(Chara corallin) B R L L
7RIS T, Sc OHIIEIERN ~OmBRA ¥ — 13 pHA
b 6 DEEICENT, pH B LR T EHARRIEL
pH AMETF 75 LASITES 2 L AREILTVD i
Sc DHERP ~HAZSHP T AFEE & LT, S &k
BEL ORESEISEMT L L LR EREhTWD L v
DI TE TR T, SEF LALMIAER
B LTHHEBILLI 2ETHLN, ¥y PrElaly
oA EOEECERIIARY FoRBAR VD
FORARNI L EEETSE, KR Cra vy Iy
OEAEIZHL SN Sc RRAEOERERS & ME
LTWARIEEMA H DO TRRAeVRE THIL TS,

B4R RO = A iE i, pHA2 FRIEOEREE AR
WAEFTLTWEAALHAT TR ¥y 7 5 (Scapania
undulate) VSR EE R W BRI T 3Bpgs DRAET Sc
EFEBRLTWAILARESA TS °, Fi, B
EREAhE Al OSREEHFICEVEORERLLZ
R bRTVS ¢, AR TY 2 X I ORHA
{EiZ, Al-ScBESWEDRMG Sc T ERIELLA, To
P EOER< Y2 AOPH T 42 L ORISR 21
Chotl bEEETHLE, vavirdr0REREL
BT ALSc IR-SIEIEY & Sc B REY sy BERI 5 7
DITIAEG L S I pHR EBEIR R L TR L 2 L8
BEALOML LR,

b o se sl 53 BTN Sc B E o iEL #HE
EhTind ! BRERIAATOECHRIEBERR
1.83pgig TH B, Kbl L TR Ly s S
LEWEEINK Sc DRIEREQG /) & 2D L
POEND Sc DR KEHET—HE, AT FF iy
7 o A PRI B M TR LR TR L Tn D
o FEMT S BTRBEE R O Sc DFIRILE & A AT
NAGEN T - REEFERICOVWTRHAGILT
Sc LHEWHEOBERELMTRBO TRV ETHE
ENnD, 5%, kg vy S oREETRRMIZHTT
AND Sc OEKERECSVTHERL TWIKRET
BHd,

4.2 AKiRcoWT

AT, WEREEPO He A a v Fodod

S L BRSNS Z P Bt o7,
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Hg i, R Tiddksr REFERRTEEL, H', g
HgSy, Hg', HgCL', MeHg (A FA7kd) %5nhs 1L
BAEROBEFIIZET L OSBRI r A 8 F v
¥R L F 5 (Jungermannia vulcanicolay? SEH - o 4 i B2
Phid, Bk (HeS) o7 Y RZARHBLENLTY
3 7, BRI CRMERE T ORBRESHRIZE L BN
FRECERTE 35 2O, RSO RSEIIEEH
HRALNAOTHZVLNETFRELTWNE,

Kih® Hg %A F AR EREE OR MR T A 7
A A (Bickhornia crassipes) CELL E 2 L F57 74 b
VAT 4 mee g VHEIEBREISE S TWS B, kAT
AAN, BRBLEShERE (~FalSrry) BesT
SIEFEREESR TS Y RF 4734 80wt
DAL S NI B EOREEAE T DR B RO
RS THhLIDthh bR, Bl kE: oltic-
WTHRB LT, Ea v I roRRETariEn
4 Hg B TE S LA SV T hH LA EELD
TRPVREELTING,

B oo E R 82 TR OER Sc B ORIES Y
ENTHE Y,

BRER S = X0ETHRBENE 34ugy THD, g
., BERA SN S CER 2 Y H O W A B
T4 RLFWETHHE LTV A RETFES 80 ORaSs
BLRTHL ", BERLIITHESICERICHESHRS
LRSS T SN FR LBV BRERTH S, T
S L et i kit h 308, Bib
ORBICENREEE 52 TE D L1282 MRy,
AIFERE H CADIETEREB R U1 F A RT A
THRELTE e BNEEORE ABO SN 2ED
BELLZHZA-LicoRBATHED,

5. ¥ §

ERFTECIL, BEEEP D Sc P Hgde a v x o
ORARIC L D EIRGICEESh D T 2RO
27z b a v F A QERE XD &EORIREE,
UL 2OBEHREL, HEEST TR L5 2l
MR CRR VW I L RBRLA TS, LT, B
BE M (Electronegativity) & v 5 2880 /2 (L2 AOSRME 72
Tt s ¥ I rOEREICI S Sc % Hg OBIRMAR
REERCBET A 2 L ik (Table 2), 7, 4
[El, R ST Sc ORIEEE & He ORI 2 h 2
W DRER R TH AR LFSELLRS,
Thbb, RAKEIECEGOVATATHEAE VI
ETHD, DX LR, MO F R BEECC T
TEEE, RT3, FARBSOF L— EEEES
EFEAUALES S Y o RERIBENTH S,
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FAREOHHRBEEEREARTS &0 3 g,
DEPIEGEEL ST THAT LI F LY,
ERZASER T IS S VIt B AN e T

REERHOSEL LTOBELBR LWL E1 50
P EOHEETHES S, BERETRE, &6l ol
B LA DL T ECHERES AT AR
L, ZAETCIREOH LOEMOEREERET S L
STEZHFCPHOMAENERIN T THA I,

=, FRECFRAEESER - B L LY 245
METHE, 29, EEU AT AORETHRED 2T
LOMEVS (B O@#R T u 7 g ) Xie X
NHETHAH, Ug i, BEREEEZRLTHEETALE
o, BT R T A VSRt AT
BbHH, Wiz, T L TR #EETA LS BEEL
TND L EALEEBEC L ARFER NEL 2T
CHTHAHD,

FAKOGRBOMIRIC b 55880, 4msanrfl
e BE LN NG Sh A REcha m T
BE D RHhAe v, IERRRAT S BT bR - 1
FRL &5 &V Bin W T L EAEIIER B
FEMTELEREBRELZTWA,

# i

FEFSRL, DOWAT 2 ) 7 v F (EHER - VT A Z
NEBRERTH s ERORE) L3RRS
EEILLT, #EERTH,

References

1. M. Ttouga, Y. Honma, S. Nakatsuka, Y, Komatsu, S.
Kawekami, H. Sakakibara: Regulation of Plant Growth &
Development, 45, pp.64-72 (2010)

2. 8. Fujikawa: Journal of Japan Institute of Light Metals, 49,

pp.128-144 (1999)

3. I. Reyset, N. Ryum: Imternational Material Reviews, 30,
pp.19-44 {2005)

4. J. O. Nriagu, W. C. Pfeiffer, O, Malm, C. M. M. Desouza,
G. Mierle: Nature 326, p.389 (1992)

5. R. Elvince, T. inowe, K. Tsushima, R. Takayanagi,
Ardianor, U. Darung, 8, Gumiri, S. Dohong, O. Nagafuchi,
T. Kawakami, T. Yamada: Journal of Water and
Environment Technology, 6, pp.103-112 {2008)

6. M. Harada, S. Nakachi, T. Chen, H. Hamada, Y. Ono, T.
Tsuda, K. Yanagida, T. Kizaki, H. Ohno: Science of Total
Environ., 227, pp.249-256 (1999)

7. T. Nishiyama, T. Adachi: Shigen-to-Sozai, 122, pp.47-55

REERTS



{2006}
8 R. J. Reid, Z. Rengel, F. A. Smith: J. Exp. Bot, 47,
pp-1881-1888 (1996)
9. K. Satake, M. Nishikawa: Hydrobiologia, 199, pp.173-177
(1990)
10. §. Takada, T. Takamatsu, K. Satake, H. Sase: Data on
elemental concentration in land plants by neutron activation
analysis (No. 1), (1994}
11. A. Kabata-Pendias, A. B. Mukherjee: Trace elements
from soil to human, Springer (2001}

12. K. Satake, K. Shibata, Y. Bando: Aquatic Botany, 36,
pp-325-341, (1990}

13. S. Chattopadhyay, R. L. Fimmen, B. J. Yates, V. Lal, P.

Val. 60, No. 2 (2013}

Randall: International Journal of Phytoremediation, 14,
pp.142-161 {2012)

14. N. Dantas-Santos, D. L. Gomes, L. 8. Costa, S. L.
Cordeiro, M. S. 8. P. Costa, E. 8. Trindate, C, R. C.
Franco, K. C. Scortecci, E. L. Leite, H. A, O. Rocha: Int.
J. Mor. Sci., 13, pp.961-976 (2012)

15. Y. Sohrin, S. Urushihara, S. Nakatsuka, T. Kone, E. Higo,
T. Minami, K. Norisuye, S. Umetani: Anal. Chem., 80,
pp.6267-6273 {2008)

16. 8. Kagaya, E. Maeba, Y. Inoue, W. Kamichatani, T.
Kajiwara, H. Yanai, M. Saito, K. Tohda: Talanta, 79,
pp.146-152 (2009)

89



BT T 60 1 90-95 (2013)

¥R

BEAFBITMEICLDESB - LT A XD EIR

# o

N R

Separation and recovery of precious and rare metals utilizing metal ion-reducing bacteria

Yasuhiro KONISHI*

2Departmeﬂt of Chemical Engineering, Osaka Prefecture University

Abstract

We have developed new separation and recovery methods utilizing microorganisms, in order to
recycie precious and rare metals sourced from post-consumer products. The metal jon-reducing
bacteria, Shewanella algae and Shewanelia oneidensis, were able to reduce and deposit the precious
metal iens (PA(ID), Pt{1V), Rh(II}) and Au(l{I)} into metal nanoparticles. The microbial method was
applied to the recycling of precious metals from printed circuit boards and automotive catalysts, We
also found that the microbial cells of 8. algae and S. oneidensis exhibit the ability to separate and
concentrate soluble rare metals (Dy(EII), Nd(IfD), In{IH) and Ga(Il[}) from ditute solutions into the
microbial cefls. Using this biomass adsorbent, the effectiveness of system for the novel recovery of
indium from the leachate of used liquid crystal display panels was demonstrated.

Key words: Precious metal, Rare metal, Recovery, Metal ion-reducing bacteria, Recycling
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EAZ) P 19% LI UTEN Y ¥ 7 AT,
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B, YA 7SN, BEAYAREEIRTWAD
PREETHL, 20 “bokany RREHA LT
DILEMERE, “HFRFIER DI AEREES
BEE - VT ASAEDHELL, BEUICERTE5Y
VoA IR OBERBLNI LItk A,

FRTE, BHEILHCOFREBEOBERY 27 AMER
BOISLT, MHESA—FBRBE BT T2 ‘R
AABRFHEPETHEBEE - LT AXAONEE L
B Ao TR TS V5,
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2. ERAAETHE

Ba®RE - L7 A0 - BT, @B B
FANE Shewanella algae (VEPEFEMIE) |, Shewanella
aneidensis (BARVENNE) £ B 5, Shewanella BT,
HEROHESHEE CHABERRVICEEL TR, &
B (RLEMEZ: CEESE) 208 Bk L, B4+
DEFEZECT Fe(Il) 4 A Z BT 5B SEHSEMEA
WTHLFig 1) 0L I ICHRMEBET T Fe(I) 4 4
PEREETRER VAR LCATTA I LG,
Shewanella BHIE ISR TME L ITh TV 5,
Shewanella BHIELE, BRBE T Fl(llDA 4% 8T
T HN, Fe(l)A A & PUIVYA 3 2 OBAEASBE L~
NTHET LICHH L, PIVIA A2 OB « 47 I F

Electron donor

Lactate CO;

Formate

{Finaf product)

Metal iont-reducing
bacterium

Electzon acceptor 4

= Reduction

[

Fig. 1 A conceptual diagram for the reduction of

metal icns by metal ion-reducing bacterium

BRERTY



i, 200 B &R A 2 (Pd( 1), Rh(H), Au(II))

A AL T, Shewanelln BAEILEST - i

BRET A, ZoLYCERRREES (TRTA) &
PEBRENR AL FIRF V¥~ arThh, TOREK
ISR OEE, BERETHE, HEDERH
TEHALFIRFTIE—ardah, RF—<ThHB

“EERSBAFHERE AL L IRT I E—Ta T
T, BN TS AIERII R,

—35, Shewanella BHEIL, 77 ABREHE LD D
LG, HIMFBICEE TS Y IEEC U R EE (R
BEL LTI AER AR R Y) B
L LTIERATAZEMHA, ThETE, FED
VP A # A A (Dy(ID, NI, (T, Ga(lll)) 2%
LT, Shewanella BAMEAENBERYTT I EMHA
HEhTind, BERREEA 4 2WET LR
Ay —7ar (EBERFE) LFELL, HEEEL
ORMEROEE - EICERRERITRD,

S A - FI T BB A, Shewanella JBIRE O &
WEEMBEEL /25, S aloge (ATCC 51181 #8) BX W
5. oneidensis (ATCC 700550 ¥F) 1%, A4 —77F 4 H
Lk 1 Ch Y, BENRES TR, BT, B
SHHETHD Shewanells BTN, FRIEENHE
Té D BT R FERRE B CLERESEVEED (S
DR 15 HIRE) TR A, o LiEe - EaA
T SR e T E 5 I LD, Shewanelle BT
TEAEAICELEMEMTH S,

3. NAFETRSVE—Lavickd
HER (Pd(I), Pt(IV), Rh(IM), Au(I}) O
SrEk - B

31 FEIENSORERAFOER - BN
Shewanella BAEIZ X B (A IZXFUE—T 2
W EaT, Wi OB&E A A (Pd(ID), PHIV), Rh(HT),
Aun(IlY) #453FE - BN TE S, BICAIE S algae 1235
PA(I )4 A L OIBTE - WTHHEE (e Pd(IDIRIE OREE
Z4k) % Fig, 2571, 8 algee HUEB ZOFEET P Y 7 A
(EFHLEE) THM LB, BT Y VAR
BRI AR BT, TR Pe(IDIEE A
FiTEAP LTEY, PAINA o5 43R - iR
ST BT B, W IR L 4.8 mol/m’ (510 ppm)A*  PA(TT)
A A L@ AR - BRI, 30 SRR OESHEE TR
T4, IOBe, EnMEICLD pdREIREE, 1g@
FARM (50°C, 12 WERHRAUE) Hioh 15z D,
SRR 0 PA B I 60 wi% T D Z E Ak, HIFRE
W (510 ppm) (¥ T BHIBEEAEIT 1180 IR D,
s34 A3 pd B F0 TEM BR % Fig, 312w ¥, 731
ABRHOBETREEL LTYBES AV,

Vol. 60, Ne. 2 (2013)

1 1

0 30 60 90 120
Time {min]
Fig. 2 P&(11 ) ion reduction and deposition by 8 % 10'° ells/m’
S, algae cells at 25°C and pH 7 (&)
8. algae with 50 moVm® formate; (@)
8. algae with 50 mol/m’ Jactate; (M)
S. algae cells; (£) sterile contrel with 50 mol/ny’ formate

Cone. of dissolved PA{II} ions [mol/mﬁ

Fig. 3 TEM image for biogenic Pd nanoparticles
at different electron donors: (a) formate, (b} lactate

Fig.'d TEM image for thin section of S. algae cells and
biogenic Pd nanoparticles af different electron donors
(a) formate, {b) lactate

fakmicEeR e BET 5 2 -2, F /YA ADPd
PP BB AN T 5, PdF 2 RTFOLERB T
Belz B WIT, S algee SO F BN TEM B2
Lic(Fig. 4). Pd 7 /ROy RS OB REGHEE LT

SRR A BV R IRAITNE, BT AR ME R Y
75 AL (HESE NI E R /) Tho
fro —#, BFLSECFBESBAVWZEEITE, PdT
DB FOERBIIRY 7T A2 L BIAREIC B RS
D EHbiol, OES&RE (P(V), RhUD) , Al
o Th, BLABOMERICL - T, FHRE 50~500
ppm OEERBA F B 60 PEEORRHACESES
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Fig. 5 Low (A) and high (B} magnification TEM images
for Pt nanoparticles deposited in S, a/gae cellsat
at 25°C and pH 7
Low (C} and high (D) magnification TEM images
for Au nanoparticles deposited in S, algae cells
at25°Cand pH 7

(%)

Metal concentration atany time
Initial concentration of dissolved metals

I Cell concentration
! 4.2 % 10! cellsim?®
P | ] i ] dos
%1023 30 36 %0

Time [min)
Fig. 6 Microbial recovery of gold from aqua regia leachate
of printed circuit boards at pH 1. Initial concentrations of
metals in [eachate: (M) 0.023 mM Au(I); (@) 22.4 mM
Cu(I); (A)4.7 mM Ni(H); (W) 0.029 mM Zn(T1)

T & L CHIREEIC O BT % (Fig. 5),
32 FngioBHE~ORA

TV PREERICF T, HEBANCHEATE
BETS—AAZ (Cu, Zn ) BEFLTHLAE
B, BERIIHT 5 BREOFTERSIERE Fow L i
Do Y MEROTAKRHIKE HRIT, BIHIED pH
REBOH 1~D%1T21E, S algee MBI X - T Au(I)A
F v RN TREIRIT - AT T & 5 (Fig. 6). TR
DOEMENOER Y — 7 v BB BRI ST
DRI, S AR EORERBEETHE,
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S AR BULERY, SE3EHEET AMENSOES
BEROBNTHEDTHD, FHEME (B
&) OERB L FHERTIC pH 3% L%, S aleae
M L BT A (KB 2Tl BeKAR
A A (PA(IT), PHAV), RRD) @ 95 %L % 50 338
JLcETEDFR 7). T, HOKREBESHETAR
MR LR - BT S 2ok, SokeBLsE
ERE&WmE LTERTE 3,
33 UHA ol LToRE

Fig. B i3, TEROBHIEMLHE & B2 30 A e ss
DR 7 o2 BLELOTHS, BrfgepEaT
AHHEHENLE, BHED pH B8 L ETHEE (X
B2 L) ORMAKEILREE, FHEEEFLOSBO
SEE - BELENLT VN FENTRIEASERTE
BV ATy T CHEBTELIRAE T o v ALRD, I
KA T, —RACASRBITIER B 20 5 a7
BDDOR, S AEEI T EEEA OB - AF
&R, 30 SREOEMROESBRETET T 5%
EdHD, BB BET COMEMREGERET 554
AEMRERY, BB 7o ACBASNATRLE B
WEBRDRL, BHROITEIET 5 BERTEE L bR
VRRE BOBREHETA S Yo S AR E B,
AL A BN ERSBADLIEET 2 i, 3
A A 47EE - B A AR (B - A S
ERRNLT - BRI OES) L, ReREEELE

SA ZBIEERTT - TRE, WS PA(IHBE® 500 ppm
WEE LTRSS EEE R 20 BNCE CRIBICEY &8
Th, PdEMEL 05%LL E L& L~ i T & B (Fig,
9. ZOWEENT T Pd BKEHGEEN 95 ky/ithond)
CET S AN, BEEROEEEELL L, Bk E

0.6 i

Pd : sterile control
'S A/&—_—‘*—A A

o PL: Sterile control

&
s

Rh ; sterile contrat

Conc. of dissolved PGM ions [ruul/ml

0.2 I} T £1.]
Q\\:::::

¢ 30 60 90 120 150 180
Time [min}

Fig. 7 Microbial recovery of PGMSs (Pt, Pd and Rh)
from aqua regia leachate of automotive catalysts at
pH 6, an initial formate concentration of 200 mol/m®
and 1.2x10" celis/m’ §, algae cells
(&) Pd, (@) Pt, () Rh
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Fig. 8 The recycling flow of precious metals by the new and conventional technologies
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Fig. 9 Microbial recovery of soluble palladium
in a continuous-flow stirred tank reactor
(Effect of mean residence time on Pd recovery)
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Comminution and Separation Technologies for Concentrating Various Metals
from Scrap Smail Domestic Appliances

Shuji OWADA™

*Faculty of Science and Engineering, Waseda University

Abstract

Scrap small domestic appliance (SDA) is one of the target resources to recover various metals,

involving minor rare metals, for making a stable supply of such metals.

Varicus hydro- and

pyro-metallurgical metheds have been developed to extract each metal element from them but littie of
concentration technology was reported which must be a most important pretreatment stage for achieving

energy saving process.

The paper describes the comparison of conventional/novel mechanical and

electrical comminution technologies followed by the concentration processes combining “device separation”

and “powder separation”,
especiatly for minor rare metals,

I¢ has been found that considerable concentration ratio could be obtained

Keywords: Small domestic appliance, Minor rare metal, Comminution, Electrical disintegration,

Concentration
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Separation and Recovery of Rear Earths by Magneto-Archimedes Method
Shigehiro NISHIJIMA?"
*Department of Sustainable Energy and Envirenmental Engineering,
Graduate School of Engineering, Osaka University
Abstract

Rare earth separation vsing magneto-Archimedes method has been carried out on the waste of
ceriwm oxide or phosphor, The characteristic and coverage of the Magneto- Archimedes method was
examined and clarified the separation materials that this technique was suitable for.

Based on the results of study, we investigated the separation of waste phosphor which was
mixture of four phesphors, that is LAP, HP, BAM and YOX. The following separation flow was
designed. First, using a high gradient magnetic separation the LAP having highest magnetic
susceptibility is separated, and then the magneto-Archimedes method is applied to separate the HP.
To separate BAM and YOX the lateral magneto-Archimedes method is performed. The experiments
showed that the separation flow is effective,

Concerning cerium oxide separation, the new separation scenario was developed. First pH
adjustment is made to disperse the sludge and then iron oxide is removed by high gradient magnetic
separation. After that, to leave the cerium oxide the magneto-Archimedes method is employed to
remove silica and alumina. Based on the scenario, the separation system was developed and

satisfactory results were obtained.

Key words: Magneto-Archimedes Method, High Gradient Magnetic Separation, Susceptibility,

Rare Metal Recycle
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Fig. I Effective range of magnetic susceptibility for HGMS and Magneto-Archimedes method.

The magnetic susceptibility of the 4 types of phosphor together with typical materials are also

shown in this figure

BRAATOERET T ESHOSNTHE, T6
U OBEERE TRETIIRAZ 7 v, RO
ERBELHLHATIER Y 5 v b i B
BFCRBAAORS BHRESEERE LTV A, ¥

FEONEORBRECENFEOEM L Va2 b hh,

a2 M CHAEEE S - HRET A RESRD LR T
WhH, ZITCHE, RERBRsEELBE AR AT R
EERFALE, #EEOSEIC N THRET S,

Table 1IZFEEEMR AT AEBELEOR LR L
WEAT L, TOUEESRVTHE T d i
L, YT UA#BEST /D, Fig 1l 030, &%
FlEOBEL, BARBEESEE L BRT AT AT 2
ERAENISE TR D GWEOR RO 21T -
7o Fig. 1505 LAP BEEEIMEIC I~ TE <, Bk
R SBEEE O THEMNIC SBT3 2 L NER T
Do EBELAP OBIH{ERIT Table | L D 1.33x10° TH 35 28,
COBREOHBILETHNE, BEEEASBECONT
D,

Wwio, HP, YOX, BAMIC 2\ T Th5, Fig | OR
LD BT 5 &, BAM 3 LAP ORISR <
L b BAEBSIBEANRTE oRbETH A, L
pLARL, EEIMON RS EET I RhG, 1070

Table 1 The bulk susceptibilities and dens:

LFOEEROREOLEMET o0 L S (8
&L L THRELTWAEEE, Fgl KWELTHE LI,
RARHMASESEBATES) . ToEh, hofiE
BF- & DHEFERABTETR0LTHY, Z0REEE
FFEO R, BN TRERY Ahbhin, £2C

YOX, BAM, HP OB 7T /F A T AEIL X B5@O
BEEHM L, fik Lok 5, BHESsSAEnES
AERELPTE @EET7 A AT A0S HM Lot
W) BT A, FITYOX BEEC LS A8 HP

EDOBHLRDEIFAS L, TOEXRBLTHSETH
FIEREELEL s (BNESEZRATRITITETSH
DA . L Leddh, (NDREHRD TR TR L, BE
FTAXAFARITIIEEOER A - THE T LIZE-S<
Table | 264725 X5, HP ELEEI/IEL, B
{EEL YOK HIREEUL L fiahd, 2ox &)
LD, AP RHRTAF AT RAETCHR X2 2 M
HEEENS, FICYFUAELT, HPEHET L
AT ALTHET A LIz Lk,

BHRIIBAM L YOX ORETH D, 2O LEDES
B, BETAR AFAE TR CEX L BRI HEE
SNDH, Table | DEEPBEL T YOX & BAM it
B35, YOX @RLEI NSRS, BETAF AT A

a

ity of the particles in the waste (Slunit)

Composition Susceptibility Density(g/ cm?)
YOX Y,05Eu 697107 5.1
LAP LaPos:CeTh 133x10°3 52
BAM BaMuoAl;;017:Eu 1.371x10°% 318
3Cay(P0,), Ca s 3
HP (ECB&Shﬁn 1711%10

104

BEAERET



Fiuorescence waste

o

Paramagnetic medium

0" B 12
o, BAM = separaion BAM, YOX YFUE
Re;nuve 75:‘ Fig. 5
’ HP: . 1 wm L7,
consrate of four | LAP: | | Lowest density £F,
naterials Largest susceptibility AR
G # T
LAP %47

Fig. 2 Developed separation process for phesphior ‘ BT s,

j { g

FMKELRY, BEACRELLSTN I D,
—%, BEWBLTES >, YOXIBAM 1Y REV
¥, BARNECELILE W &IERS, TP DHE
BZrhh BE7AFATARHERN) OREES, £h
PhoMEGEERLTWS, Zokh, {EROBEET v
FAFAETCHABIIRETCHD s BREShE, T
mT, EEROBETAXATAERMBTAILEE
if. QBCERS L, BECHEELIEMIEESAT
WHED, BHLBOMCETFLESEHELEE T L
RTEBRI LIRS,

900 -

"::22 (a) . gp
£ oo L v

ig 500 L:AP- H\ B

— :2: ! \ ‘ ........
¢ DI LT

8 oo BAM v ]}

« 0 - ; w—f\—m/U -

320 370 420 470 520 570 620 67¢

Wave Length(nm)

a0, (B)

wo | Trapped by filter - ~ 4
=o | Not trapped —— -7

Spectral intensity

Wave Length (nm)

Fig. 3 Fluorescent spectrum
(a) before and (b) after HGMS

Vol. 60, No, 2 (2013)

T, BERTAFAFAETH £B 0BT 5, 5612
WERBEE T A% AT ALETBAM & YOX 2454 D0
THhsb,

BELESEYT Y AE ST, BAORRERRE
Br, MRT7AXATARR, HIAEKTAXATFTAE
A EEL, SEFVFOEREIZ VTR L.
o0 T 4 FEE e RO ESRS L a0 se i & 4R0E
LTW3A, F2THP, LAP, BAM, YOX OTFfEH% 6
2:1:1 WLEEFAVBAEERYHE L, &ERT
HEEFACYH EESEYF Y AT 5 D S ER
LA, AT Ty A0EREARIETSEM
CEMLFHEESY A TOERETT) &

Figd K ARBESEEROFReRY. TORR
WMESERMBROEEAS PAEFRLTHD, Figd (@)
TR O AR AT H B, IR YE(254nm) T B
5 LEBOEREDEE A A TEHS, LAP 1 500,
550, 580nm {1 E—2Z #A L, BAM K460, 580nm
7, YOX * HP 1% 580nm fHFIZ B BFEET S, 20
fedh, 4 BIEOELESES L TS L, Figdla) OL
A4z, 580nm [ I — O RE Al Y2 B RA, Y,
LAPO oA — 7 BT r— PRt —IBELD
el s,

BSABERO 7 ¢ A — i S Lk Ay
b AVHL FigdDyDHER T, £/, MBS EOE
PLOENE— 7 ZERTTRLTHD, BROREE—
i LAPWRETSLOTHAL LFBERTED, —H,
T4 AEEEERT, R UERTFREORASS b
A, HP, BAM, YOX 25D A~T FARKRELED
DIt oTvvb, ERREE, 580nm L 460nm THO Y
— DO LHBRA TV, #IZ, 460mmiTEo Y
—Z REEIRATS, LEO BAM B LR E
OHTEET A D RS CE VA, —F, BIOR
BMim L AEENGL, BRI LAP BOBETERIEE

105



Fig. 4 HP separation by Magneto-Archimedes method
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Gallium separation with continuous counter-current foam separation

Susumu NII*', Takehiko KINOSHITA and Nobuyuki SHIBATA

*Department of Chemical Engineering, Nagoya University

*Nagoya Municipal Indusiriai Research Institute

ABSTRACT

A method of continuous counter-current foam separation, CCFS, was developed to enhance the selectivity
for the target component in a conventional foam separation of metal mixtures. CCFS is characterized by
simuitaneons injections of metal and surfactant solutions into floth. The injections improved mutual separation of
metal mixtures, in addition to enhance metal-surfactant contact. By using nonionic surfactants, PONPEs, having
poly{oxyethylene) units, gatlium ions were effectively recovered from hydrochloric acid solutions, CCFS was
also applied to multi component solutions of Ga(IIT), Fe(fll), Cu(lf) and Zn(I1), Under appropriate conditions,
highly sefective recovery of Ga(tll} was achieved: the separation factor of Ga/Fe was 67 and those of Ga/Cu and
Ga/Zn were more than 1000 while keeping the recovery of Ga(III} nearly complete,

Key words: Gallium, Foam Separation, Nonionic Surfactant, Polyoxyethylene
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Table 1 Metal content in solid sampie and its leaching liguid

with 6 M HCI
Solid sample[wt%) Leaching liguid {ppm]
Zn 10 3100
Fe 1.6 1500
Al 53 1400
As 2.1 600
In 1.1 320
Cu ¢.3 87
Ga 0.03 12
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Table 2 Comparison of separation performance of CCFS and SX in gallium recovery from leaching liquid

Rgal%] | ERGall | GalZn GalAs Ga/Fe Ga/Al Galln Gal/Cu
CCFS 100 3.2 25000 | 15000 860 20000 5100 3300
SX 71 0.7 62000 340 T2 7700 oo oo
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Separation and Recovery of Precious Metals from Nitric Acid Solution
Akihiko OKUDA® and Akihito TAKEDOMI
?Shonan Plant, TANAKA KIKINZOKU KOGYOU K.K.
Abstract

The extraction behavior of platinum and palladium from nitric acid solution containing silver,
copper and other base metals with three extractanis were investigated. It was observed that the
extractability of platinum and palladium decrease with increasing nitric acid concentration. And the
extraction stoichiometry of palladium with each extractant and the stripping behavior of platinum
and paliadium from the loaded organic selution with various solutions were also investigated.

Key words: Precious Metal, Separation, Recovery, Nitric Acid
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Table 1 Chemical composition of the selution for the HNO,
concentration dependence (metal ion: g/L FINOs: mol/L)
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Fig.1 Chemical Structure of Aliquat336, TOPQ and TBP
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ICP-AES [T TadT L, Hithsea-EE L,

22 NSITOLORBRICHT ABHEAEREORYE

FEBCIIEBRIC R MR L35 o Aotk
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Table 2 Concentration of Pt and Pd of organic solution
before stripping test { g/L)

Aliquat336 TOPO TEP

Pt Pd Pt Pd Pt Pd

0.13¢ 12.15 .09 94 0.09 8.4
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