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Abstract

After precise dismantling of 49 scrap cellular phone models released between 1999 and 2007, we found
that the average number of tantalum condensers used in the cellular phone models decreased significantly
after 2005. The developed automatic sorting system, which combines a laser 3D shape detection system
and a weight meter, was used to identify whether a scrap cellular phone was released before 2004 or after
2005. As the result, the sorting system was adequate for separating 191 different scrap cellular phone
models into those two groups. In addition, automatic sorting of various other small electronic devices,
such as digital cameras, CD players, etc., into three groups based on resource value was achieved.
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Fig. 1 Scrap cellular phones used in this study.
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Table 1 Small scrap electronic devices used in this study.
Group A Group B Group C
Digital cameras 16 (models) CD players 4 (models) Remote controls 3 (models)

MD players 5
HDD player 1
Portable game player-new 1

AC adapters- heavy 3
Network hubs

Calculator

Scanner-small
Printer-small

ZIP drive

Cassette tape players 5
Electronic dictionaries 6
Portable game player-old 1

PC mice 6

AC adapters- light 3
Battery chargers 2
Switch boxes-large 2

2 Switch boxes-small 2

1
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Table 2 Number of tantalum condensers found in 49 different

scrap cellular phone models.

Number of  Nyumber of Ta condensers per

checked phone [pieces]
Year phones

(makers) ]

[models] Max Min Average
1999 312 26 17 22.0
2000 3(3) 21 6 13.3
2001 54 15 13 14.0
2002 4(4) 21 11 15.0
2003 7(7) 25 8 15.9
2004 8(3) 19 4 12.1
2005 9(6) 6 3 36
2006 5(4) 4 2 23
2007 503) 7 2 2.6
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Table 3 Results of the cellular phone automatic sorting experiment.

Correctly sorted rate (%)

Data base Group A Group A-ur Group B Group B-ur Total
(59 models) (31 models) (68 models) (33 models) (191 models)
Primary 84.3 85.5 92.6 80.3 86.8 (663/764)
Modified 1 91.5 86.3 91.9 76.5 88.2 (674/764)
Modified 2 89.4 87.9 92.6 84.8 89.5 (684/764)
Modified 3 91.5 92.7 93.0 90.2 92.0 (703/764)

Table 4 Number of Ta condensers found in six scrap electronic device types (29 models).

Digital cameras MD Players Cassette tape players
Year Maker Tacondensers Year Maker Ta condensers Year Maker Ta condensers
1995 F 46 1996 SO 42 1998 A 8
1996 CS 23 SO 20 1998 A 13
1999 (0} 8 2001 SH 10 A 0
2000 (0} 10 v 15 2001 P 0
2000 F 46 K 12 Average 5.3 pieces
2000 (0] 19 Average 19.8 pieces
2000 CA 18 1 . CD players
Electronic dictionaries
2002 CA 15 — Year Maker Ta condensers
2002 SO 32 Year Maker Ta condensers 1998 SO 6 picces
2003 F 15 SE 0 2001 P 9
2004 CA 22 SE 3 2005 P 4
2004 CS 11 2001 CA 5 Average 6.3 picces
Average 22.1 pieces 2001 CS 0
Average 2.0 pieces Potable game player-old
Year Maker Ta condensers
1989 N 1 piece
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Table 5 Results of the small scrap electronic device automatic sorting experiment.

[Lst sorting between A and B,C]

Correctly sorted rate [%)]

Data b Group A Group A-ur Group B,C Group B,C-ur Total
ata base
(16models) (7models) (12models) (31models) (66models)
Primary 100 90.0 97.9 72.4 85.9 (227/264)
Modified 1 922 53.1 100 96.0 90.7 (240/264)
Modified 2 100 100 100 96.0 98.1 (259/264)
[2nd sorting between B and C]
Correctly sorted rate [%]
Group B Group B-ur Group C Group C-ur Total
Data base
(19models) (6models) (8models) (10models) (43models)
Primary 98.7 95.8 100 100 98.8 (170/172)
Modified 1 98.7 100 100 100 99.4 (171/172)
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Table. 4
Al (mg/L) [Si (mg/L) [Fe (mg/L)
7% K 670 70 <20
1 Box 1200 58 < 20
2 Box 1800 48 < 20
3 Box 2000 51 < 20
4 Box 2000 64 < 20

Si & Fe 13 d L <13 FRRICRNRE Tdh - 7278,
Al DEEER T RRECE -T2, ZO ALY Ty RE
AR TIE RV EB X HID, IFRIKIS LU 1~4 Box
DIKAED AVRENRE L 72> T 7o JFEHR & i L |
VAL PC-88A(20 %)% AT Al O SR & FhE L7,
F7o. Al OFIERE LTIXY—F T —HNOD Al
B2 RE LT,
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Development of a Novel Recovery Process for Cobalt by Utilizing the Precipitation of Its
Organic Compound
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Abstract

A novel process for the efficient recovery of cobalt (Co) was proposed. In the
proposed process, Co ion is recovered in gel phase consists of polyethyleneglycol
(PEG) and Co-thiocyanato complex ([Co(NCS)a4]*). Separation of Co and nickel (Ni)
was investigated by fundamental experiment. Gel precipitation from aqueous solution
of nickel sulfate (NiSO4), cobalt sulfate (CoSO4) and potassium thiocyanate (KSCN)
was observed by mixing it with polyethyleneglycol (PEG#4000, molar weight; 2,700 ~
3,500) aqueous solution. Percentage of Co ion to the total amount of Ni and Co ions in
gel phase were more than 99.6 at%. Furthermore, Co ion was extracted and separated
from SCN- and PEG by utilizing solvent extraction. From the set of experimental
results, feasibility of the proposed process was discussed.

Key words: Cobalt, Recycling, Gel precipitation, Thiocyanate complex, Polyethyleneglycol
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DR, BiArEx 3 £ COE\ R A S IE D AR G~
DOREEZEAL 2 S L DRIEIIRarbHF R~ B L,
ZORAITH L HOATH L THO LN TTE I 7, Ni
WZOWTIHEZ O L) R TEROMERIL R, Zh
ERIALCRIKZ v~ N7 7 4 —® Co & Ni D45
HBIZHHWLRTWD, @, SirbF b s ol
LB A A YRED 1 x 107 mol L' FRE DK TH B, &
Ab 8L, TNEY bEWREFERICBWT, FEA 4
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AR TIE, KBEEORY ~—TChEHrRI=F L/
Y 22—/ L(PEG) & FI\V 5 Z LT & » TR 7 /VF A&
RTAZLERHL, ZNEFH LR Co DlEIRT 7k
AuEFE LT, Fig. 112, RIS TREL- 7Tt 20
7u—F v — MR T S, TAREROER. Co 237 /L8

Electrode material (LiCo4;3Niy;3Mn4305) (s)

Acid leaching |<—HZSO4 (aq.)

Co + Ni+Li+Mn(ag.) PEG, KSCN (s)

Gel precipitation €----=TT e

Gel Liquid
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K,I[Co(NCS),(PEG), (gel) + KSCN + PEG (aq.)

Dissolution/ solvent extraction[¢—H,0 (/)

’—b Organic ueous—l
v

HL (org.) Co(HL,), (org.) KSCN + PEG (aq.)----- '

\\ Back-extraction
Organi Aqueous|¢—HCI (aq.)

HL: D2EHPA ,
L = (C4H4CH(C,H;5)CH,0),PO0O-)

Fig. 1 Flowchart of the proposed process for cobalt recovery
by utilizing PEG gel precipitation and solvent
extraction.
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KER 10mL & & 0 | mILENTS pRREG Lok, =
DATBEC XV IR Lo 7 VR & BB OR BRI % S0 BE L
7o OvBEtR. EBAOKESEARZ BN L, MESTICHE L
7o BILEPNTIREE LI AT K THEB W L
%, TOEEEA A AZHIKITEEME L T 25 mL ~ 100 mL
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B IR > T, FAHOA A o 25k ~D
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BT, ISHMIRE 9 Lictk, mOSHEC K - TS
PR &K IRAR 2 3B L. ARSI AT o
7o AHRERBLAR T O BALEREIREE IZ OV CIE, AR
FH 2 ZERFE D 0.5 mol L Al BE(H2S04) & Flf S8 5 2 &
2 K0 R 24TV e % O K ESIRAR O ST &
ToZ2 LIk ikELE,
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Concentrations of metal sulfates and KSCN
in the initial aqueous solution.
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Fig. 2 Change in the amount of gel and recovery of Co
by the concentration of KSCN and PEG in the
initial sample solutions.
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R3S & U THRmIEMEAIT&H % Triton X-100 & H
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Table 1 Composition of gel phase obtained after the gel precipitation experiment.
(Gel was obtained by mixing 20 mL of metal solution and 10 mL of PEG aqueous solution. In the initial metal solution,
0.15 mol L' CoS0O4, 0.15 mol L' NiSO,, and 1.0 mol L' KSCN was contained.)

Conc. of PEG L
T Conc. of chemical 7, Co%to (Ni+Co) ~ SCN-/Coratio  K/Co ratio
in the initial C 1 L) . . .
] ; (mol L) in gel phase, in gel phase, in gel phase,
PEG solution, 100X Cpy / (CoitCy)  Csen/ C Ce/C
CPEG (Wt% ) CCo b CNi b CK b CSCN’ c Co Co’ “Ni SCN Co K Co
10 1.32X102 2.59 X105 2.84 X102 5.20X102 99.8 4.0 22
30 2.67 X102 9.38 X107 5.67X102 1.08X10! 99.7 4.0 2.1
50 2.66 X102 1.04 X104 5.70 X102 1.04 X 10! 99.6 3.9 2.2

a: Analyzed for the aqueous solution of obtained gel. The gel phase was diluted to 100 mL.

b: Determined by ICP-AES analysis.
c: Determined by AgNO;-KSCN titration method.

33 AEHRHIC X D SCNR LUV PEG D4y RS

ZNFROAER TR TR Sz 7 U1 D, SCNE £
UVPEG %[BT % H B9 CTH B 2 9206 L 72, Fig. 312,
TNARDA F 2 WK P ~OEIRFEFROFER T, 7
NMBTBEZTKICHEMRT 52 LA TE, Co WX
0.04 mol L B2 L7z,

Table 2 (T, IR H BB O FER S B L O R 2R,
OV IR CHEARE LI R OAE R D | i SERIC
WD ARSI A VERL LT, T EBRIF O O/A HhiX 12 T
D, BPITILERATOKEIR, FERM%OHIEEFE(Co
AR )38 L ONSEER T O KA FE(SCN 8 X Y PEG Ol
FYOMRE £ L O TRL TV S, AREEBHE O/ T
(DN THE, BB B AFE D 0.1 mol L' H,S0, & Ay &
THHH B E ATV Rl 4 O KBS FR 2 S5 BT ok L
72 O/ALE 1212975 Z LI X W AKEEF D Co A A
TR I SEERAT D 0.04 mol L' 725 0.09 mol L {2 F Tl &
NTWEZ ERbhoTz, 20X 51T, I 0/A
WEELSE D Z LI kW% oKERF O Co #
Eray hp—4+52 LNTE, Co DEMERTUIME L
TIRETHD 1.0 mol L'EEEICEHD D ZEHLABETH D
LEZLND, E5IT, Table2 ITRLIZEBY , AHEE
BEFRHIZIE SCN O TR ST, Wi IC K-> T
Co & SCNAHECE D Z ENFEIE I NIz, 72E, Co &
PEG DO BERIIZ DWW CIIE R ZRFEMIZIT - T g
N, UFOFIEIC XY EEICEHETRI2IT 5 PEG OF
A RERR L7z,

Fig. 4 |2, PEG OFHEIZ OV TREAG L 7ZBR D FIE & 551
Ry, £, ERZOKSMENS 20 mL ORI E
TV T U, FHxFREENETHIE L CTRBI DK % 7%
FBRE L, Z 2T, FIBUKERS KO A % o
IREEHIZ DWW TIE, AgNO; KB ZTINT 52 12k
B B COKIEIE O SCNE LR E LT, 3BEHAK %
FRAEHLIE U 7212120k » TRz %t LT, PEG O RIFEET
HHRUPUETINLT, PEG OIEHEIT- 72, EAE
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HHHH AT OFBHAIR & . B Rl % O KEFIRIIZ DV T,
HEU v 7 ZROBIREE S S, VW9 PEGH4000
DX D RBEAREDEN PEG fH & BT & — 2 B—FK LT,
TAUTK LT, AR, 37eb b Co Wfififiti oK
AR D IR D e o e, 2R ORERMNS,
PEG (% Co fliHiRFIZ KESIRAR I /0B LTI V) | ARV
AT &N o7 b D EFEZ B D, Ivanis S,
KE % 70 SE 5 T80 PEG 12D\ T, ZDF T L ~D%
fRRE 2 AT LT 5 0, SCHRIC L AUiE PEG#2050 (1A, F
B4y T4 2,050) D % 3 L ATKET DRI 0.6 ~ 1.6wt%
THY ., ZOfEIE PEGH00 (IR, EHI5 1 400)DIRSE
E L L C/hE <, PEG OO FROBERIZLIZN>T
R XD 3 M B 5, ARFFETHV 72 PEG#4000
D531 81T 2,700~ 3,500 TH Y . T DF T L KT
DB IIIEFINEL D EEZBND, IHIT, KA

3.7 g of gel phase was dissolved in 25
mL of deionized water (T = RT).
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Fig. 3 Dissolution of gel phase into water.

REERIF



Table 2 Results of the solvent extraction for SCN™ and PEG removal.
(Equilibrium pH = 4.6, O/A = 1 / 2 (extraction). Composition of the organic phase was determined from the aqueous
solution obtained after the back extraction of metals into 0.5 mol L' H,SO,.)

Sample Concentration of chemical 7, Co% to (Ni+Co) PEG content/
Ci (mol L-! . Residue obtained after
Sample volume, i (mol L7 in samples, quantitative analysis of
u v y
V' /mL 100X Cey / (CeotCyy
" Ceo* Cni® Cson'® co/ (Ceat ) PEG existence
Feed solution ¢ 400 435X102 2.04X10* 1.94X10" 99.5 4 wt%
Xylene organic phase 200 9.42X102  2.64X10* n.d. 99.7 No residue was obtained
Aqueous phase 400 6.63X103 1.76X10* 1.86X10"! 97.4 White wax-like substance

a: Determined by ICP-AES analysis.

b: Determined by AgNO;-KSCN titration method. n.d.: not detected.

c: R; =100 % (C;

i, in gel

X Vo) 1 (Ci i feed X Vieed)

d: Feed solution was prepared from metal sulfates, KSCN and PEG by simulating the saturated solution of gel phase.

Sample solution (/) ; AGNO, (aq.)
i SCN- removal |
Pretreatment for ¢
feed solution &
aqueous phase

filtration
L S

v
| H,O vaporization |—>HZO (2)

+

Residue (s)

L Ag(SCN) (s)

| PEG dissolution |<—Benzene ()

{

filtration
L S

— Residue (s)

| Benzene vaporization |—> Benzene (g)

Fig. 4 Procedure for the quantitative analysis of PEG
existence.
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[ o PEG#4000 (PDF# 00-049-2095)]

Residue obtained from the feed solution.

A

Residue obtained from the aquedus
solution after solvent extraction.

? o

Intensity (a.u.)

b

T T T T T T

10 20 30 40 50 60 70 80
26/ degree

Fig. 5 Photographs and XRD patterns of the residues
obtained after the benzene vaporization.
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Development of Separation Media for Highly Selective Recovery of In and Ga

from Wastes of Solar Panel and its Challenge to Practical Application
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Abstract

KBGFERIBE S/ UTIIT D In 35 N Ga OFHAS3 - [BUEA T OBAFRE AR < SRed HAVTUND , ABFFETIE,
PRIEHETRS JOWSIEA RV, 2D ORG240 08E - [ E B3, WL, #r
IR T 0T 2 ) RARLEE BEAMP), 7V%LT I ) RAT 4 Lf# (DEAPP) BLUT LF/ILT
2 ANVER U (DEHAA) OARKEST, In(I), Ga(ll), Cu(I)Is LN Zn()DIMHEERIEOKET &1 T 72,
FHHFIOACFREE ST 2 FA2 25 Z &1 X - T, In(IYGa(Iy/Cu(IyZn()DFHHEGEIPED R & < S
D EDBAGMNE ol —F WEIETIIREMORIRE LT A~ AT T 5 71 =0T E i)
LIELNDXTF L X M UEBANEHL, B TELTEX /U ) —BIONT 2= /VIRA T ¢ U %EE
AT 5 Z LI~ T, In(ID)F L Ga()ixf LTy WS BRI A R 5 Z L 26N L, Zhbo
FRHRAO S R TSRS BRI, SR REICIAT 5 B2 5N D KB SR Ln B O In(ID) K2
Ga(II) DRV « [BUA FENRANAT S T LN ATREL 720 . filtIA v U 7 —& L7, Bl
WEETHBENEDOF M ABERO THEYSHE L T—T 2—Ya s~ T 7 4 —~OiSHN

s,

Key words: Indium, Gallium, Wastes, Solar Panel, Selective Recovery
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Fig. 1 Structures of DEHAA , DEAPP and BEAMP .
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Fig. 2 Membrane transport. device
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Fig. 3 Effect of equilibrium pH on the extraction percentage of
metal ions in 1.0 mol dm* aqueous ammonium nitrate solution
with 0.05 mol dm® DEHAA
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Fig. 4 Effect of equilibrium pH on the extraction percentage of
metal ions in 1.0 mol dm aqueous ammonium nitrate solution
with 0.05 mol dm® DEAPP (a) and BEAMP (b).
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Fig. 5 Transient concentration of metal ions in the feed and
receiving phase during a transport experiment across a PIMs
containing 35 wt% CTA, 25 wt% NPOE and 40 wt%
BEAMP. Feed solution: initial concentration of metals = 1
mM and initial pH 3.1.
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Fig. 6 Effect of equilibrium pH on the adsorption percent of
metal ions from 1 mol dm* aqueous ammonium
nitrate solution with DEAPP-HP2MGS.
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Fig. 7 SEM images of OWOC. (a) Zoomed out (b) Zoomed in
(c) Cross-section  (d) Pores on surface
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Fig. 8 Structure of QNOC.
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Fig. 9 Effect of pH on the adsorption percentage of metal ions
from 1 mol dm™® aqueous ammonium nitrate solution
on (a) CLAC and (b) QNOC.
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Table 1 Eluent and desorption percentage of In(III) and Ga(III) using QNOC.

Conc. By Desorption percentage [%]
ent
[mol dm™] In (1I1) Ga (IIT)
Lo HC1 95.0 93.6
) NaOH 0.0 95.1

WA & U CHERRIAIE 2 VD 2 & T QNOC 13 I3
LU Ga(M) 2 E BN Lz, —J7, BBl L LKL
F MU T L&D Z ETC, QNOC (3 Ga(ll)DA RN
JiAE LTz, 2L, Ga N Ch D720 Th D, LIeh
ST, Bl UOKEET Y U LNRIRE NS Z LTk
ST, P THAAT (I LT Ga() R 558E - [T
MHHECH D Z LA BN oot
322. 7= VRAT 4 LR MUEREINDPAC)IZ L D

In(IIl), Ga(LD)3S & U8 Zn(I OV 2

In(lID)F3 & O Ga(I) DB 53 - (B A B L L, Flfr
& LT (DB LT Ga(I)NBIFHWENE T ==/ A T
A+ VEREHT % DPAC ZAL L7-, DPAC 1L, 7= =/LiRkA
7 A LROBNRE RIS D7D, #ADIZ OWOC 1K
U7 I EHEANSED, OWOC ZHRERE L, 23641L L
T/ BBATFNAXRT T UBIORY 7I U ThiH YT L
VIUTIUEEA LT, ZORKNL ZEEE YT L b
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~ =y ERIGERIHLCRY 7 I Thovx=F L b
T INTT 2 =VIR AT EAEA L, DPAC ZAIR LT,
Fig. 10 |~ DPAC Ot % 7R~
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Application of some dry separation methods on magnesium recycling

Toshihide TAKENAKA and Taiki MORISHIGE

Faculty of Chemistry, Materials and Bioengineering, Kansai University

Abstract

Some elemental dry processes to remove unnecessary elements from Mg scrap were investigated
for efficient Mg recycling. To eliminate Fe from Mg melt, carbonization processes were attempted; the
existence of the element stabilizing Fe carbide, such as Al, was helpful for better purification, and the
Fe content below S0ppm was achieved by CO: gas injection. Copper in Mg melt could be absorbed to
Ti metal. The existence of Al also accelerated the absorption, but the removing power was insufficient.
The rough separation of Al from Mg by a vibrating particulate bed was tried as treatment before Mg
scrap remelting. Some parameters, such as bulk density, strongly influenced the separation, and Al was
separated from Mg efficiently under a suitable condition. It was also shown that Cu and SUS could be
sorted from Mg by changing the material of a particulate bed.

Key words: Mg, recycle, Fe, Cu, Al, carbanization, vibrating particulate bed
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a: Mg or Mg-Al melt

b: flux (LiCt)

c: graphite powder

d: crucible (MgO or graphite)
e: port for additive addition
f: thermocouple

g: electric furnace

h: gas inlet (4r o1 CO/4r)

i: gas outlet

=

i
Fig.2 Schematic illustration of apparatus for Fe
elimination from Mg melt.
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Layered perovskite La-Sr-Fe-O oxide for rechargeable Fe-Air batteries

Tadatoshi MUROTA and Motofumi MATSUDA

Santoku corporation, 4-14-34, Fukae-Kitamachi, Higashinadaku, Kobe-shi, Hyogo 658-0013 Japan

Abstract

As rare earth products increases, recycle technologies for rare earth and their applications
become more important and a number of studies for recycling of RE magnets have been carried
out. On the contrary, number of study for usage of Fe, main byproducts of recycling of RE
magnets, is limited. Electrodes for rechargeable batteries are one of the most attractive
applications for re-cycled Fe. We developed an iron-air rechargeable batteries using
Ruddlesden-Popper-type perovskite oxide (LaSr;Fe;Oi0) as a positive electrode catalyst.
LaSrs;Fes;O10 oxide possesses excellent ORR characteristics. Iron oxides were obtained through
recycle process of RE magnets and used as anode material. 2032 type coin cell consisting with
anode case filled with kneaded ferrous residue, carbon black and KOH solution was prepared.
The fabrilcated cell was capable of charge-discharge cycles, and the 1st discharge capacity was
14.7 mAh.

Key words: Iron-air battery, LaSr3Fe;O10 Ruddlesden-Popper-type perovskite, Recycle technology
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Hydrometallurgical Recovery of Rare Metals from Spent Hydrodesulphurization Catalysts
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Masakazu NIINAE %', Naoya KANEKO 2, Kota MANABE 2, Akiko FUJI 2
Tasuma SUZUKI 2 and Junji SHIBATA 3

2 Department of Environmental Science and Engineering, Yamaguchi University
3 Department of Chemical and Environmental Engineering, Kansai University

Abstract

Spent hydrodesulphurization (HDS) catalysts are treated with hydrometallurgical leaching processes such
as caustic leaching and acid leaching with roasting as a pre-treatment step. In the alkaline leaching processes
such as sodium carbonate roasting followed by water leaching, most of the molybdenum and vanadium are
selectively leached and most of nickel is left in the residue after the alkaline leaching of spent HDS catalysts.
Therefore, it is important to recover nickel from the residue. The main form of nickel in the residue is spinel,
therefore, it is difficult to extract nickel from the residue using mineral acids. In this study, the effect of
grinding conditions and oxidative roasting on the leaching efficiency of nickel and aluminum from the alkaline
leaching residue with sulfuric acid was investigated.

Key words: Spent HDS catalysts, Alkaline leaching residue, Rare metals, Hydrometallurgical recovery
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Fig. 2 Effect of grinding speed on leaching of Ni
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Fig. 3 Effect of grinding speed on leaching of Al
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Fig. 4 Effect of grinding time on leaching of Ni
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Fig. 5 Effect of grinding time on leaching of Al
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Fig. 6 Effect of amount of alkaline leaching residue fed in
grinding on leaching of Ni
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Fig. 7 Effect of amount of alkaline leaching residue fed in
grinding on leaching of Al
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Fig. 8 XRD patterns of untreated residue and ground residue
Grinding condition: grinding speed; 500 rpm, grinding
time; 180 min
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Fig. 9 Effect of roasting temperature on leaching of Al
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Fig. 10 Effect of roasting temperature on leaching of Ni
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Fig. 11 Effect of amount of roasted residue fed in grinding
on leaching of Al

Roasting condition: roasting temperature; 1373K,

roasting time; 120min
Grinding condition: grinding speed; 650rpm,
grinding time; 180min
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Fig. 12 Effect of amount of roasted residue fed in grinding
on leaching of Ni
Roasting condition: roasting temperature; 1373 K,
roasting time; 120 min
Grinding condition: grinding speed; 650 rpm,
grinding time; 180 min
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