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Abstract

After precise dismantling of 49 scrap celiular phone models released between 1999 and 2007, we found
that the average number of tantalum condensers used in the celiular phone models decreased significantly
after 2005, The developed automatic sorting system, which combines a taser 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 cellufar 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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Table1 Small scrap electronic devices used in this study.

Group A Group B

Group C

Digital cameras 16 {models)
MD players 5

HDD player 1

Portable game player-new 1

Calenlator

Scanner-small
Printer-small

ZIP drive |

CD players 4 (models)
Cassette tape players 5
Electronic dictionaries 6
Portable game player-old |
AC adapters- heavy 3
Network hubs 2

Remote controls 3 (modeis)
PCmice ¢

AC adapters- light 3
Battery chargers 2

Switeh boxes-large 2
Switeh boxes-small 2
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Table 2 Number of tantalum condensers found in 49 different

scrap cellular phone models.

Number of  Number of Ta condensers per
o c;;;ll(z: phone {pieces)

%ﬁzﬁzﬁ% Max Min Average
1999 3(2) 26 17 220
2000 303) 21 6 13.3
2001 5(4) 15 13 14.0
2002 4(4) 21 1l 150
2003 7(7) 25 8 15.9
2004 8 (3) 19 4 121
2005 9(6) 6 3 36
2006 5(4) 4 2 2.8
2007 5(3) 7 2 26
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Fig.3 Cumulative distributions of measured 3D shape parameters of the serap cettular phones.
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Table3 Results of the cellular phone automatic sorting experiment.

Correctly sorted rate (%)

Data base Group A Group A-ur Group B Group B-yr Total
h (59 models} (31 models) (68 models) (33 models) {191 models)
Primary 84.3 855 92.6 80.3 86.8 (663/764)
Modified I 91.5 86.3 919 76.5 88.2 (674/764)
Modified 2 89.4 87.9 92.6 84.8 89.5 (684/764)
Modified 3 915 92.7 93.0 90.2 92.0 (703/764)
Table4 Number of Ta condensers found in six scrap electronic device types (29 models).
Digital camerag MBD Plavers Cassette tape players
Year Maker Ta condensers Year Maker Ta condensers Year Maker Ta condensers
1995 F 46 1996 S0 42 1998 A 8
1996 CSs 23 SO 20 1998 A 13
1999 ¢ 8 2001 SH 10 A ¢
2600 0 10 A% 15 2001 P 0
2000 F 46 K 12 Average 5.3 pieces
2000 O 19 Average 19.8 pieces
2000 €A 18 T — €D players
¢ dictionari T
2602 CA 15 £honic Cietionaries Year Maker Ta condensers
2002 SO 32 Year Maker Tacondensers 1903 SO 6 picces
2003 F 15 SE ¢ 2001 P 9
2004 CA 22 SE 3 2005 P 4
M 2001 CA Average 6.3 pieces
Average 22.1 pieces 2001 €8 0
Average 2.0 pieces Potable pame player-old
Year Maker Ta condensers
1989 N 1 piece
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Table5 Results of the small scrap clectronic device automatic sorting experiment.

[1st sorting between A and B,C}

Correctly sorted rate [}

Datab Group A Group A-ur Group B,C Group B,C-ur Total
ata base
(16models) (7models) (12maodels) {3 tmodels) {G6models}
Primary 100 90.0 97.9 72.4 5.9 (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)
I2nd sorting between B and C}
Correctly sorted rate [%e]
Group B Group B-ur Group C Group C-ur Total
Data base
(19models) (6models) (8models) {10models) {43models}
Primary 98.7 95.8 160 100 98.8 {170/172)
Modified | 987 100 100 100 99.4 (171/172)
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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 rec
proposed process, Co ion is recovered i

overy of cobalt (Co) was proposed. In the
n gel phase consists of polyethyleneglycol

(PEG) and Co-thiocyanato complex {([Co(NCS8)4]*). Separation of Co and nickel (Ni)
was investigated by fundamental experiment. Gel precipitation from aqueous solution
of nickel sulfate (NiSQ4), cobalt sulfate (CoS04) 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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Table 1 Composition of gel phase obtained after the gel precipitation experiment.
{Gel was obtained by mixing 20 mL of metat solution and 10 ml. of PEG aqueous sofution. In the initial metal solution,
0.15 mol L1 CoSQ4, 0.15 mol L7 NiSQ,, and 1.0 mol L-f KSCN was contained.}

Cone. of PEG e
S Conc. of chemicat f, Co%to (Ni+Co)  SCN'/Cormatio K/ Coratio
in the initial C, (mol L) R . .
K i in gel phase, in gel phase, in gel phase,
PEG solation, WOX Co/ (CotCr) Con /€ Cp/C
CPEG (W‘t% } C€u b CNi b Cl( b CSC'N- o Co' ~Ni SCN Co K Co
10 1325102 259X 10° 28 4x10%  520X107 99.8 4.0 2.2
30 267310 938x10F  5.67X102 1.08 X101 99.7 4.0 2.1
50 266X 102 1.04X104 570102 1.04X101 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.
¢ Determined by AgNO;-KSCN titration method,

13 EEECAIMIC X B SCNB LU PEG R HER

FAMROAR TR CARB Shic AVl b, SONBE
X PEG &L+ 5 B8 CEH H % 250 L 7o, Fig. 315,
W AARD A A TR R ~DEREROBRETT. ¥
AHEER AN HERET S LR TE, Co BER
0,04 mol LVEBEEITEE L,
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h%ﬂm%;ﬁ%%%wmﬁﬁm$0w5$09m3mm&
*mmﬁﬁ%iabfﬁbrwéoﬁ%ﬁ%mwﬁﬁ%ﬁ
b T L, SRl 2 EE D 0.1 mol L Hp80, & i S
TR IR R ITY Y, BT OB R AT IR L
. OAWE 12 ICTET LT L KBRS O Co A A
W1 BB AT 0D 0.04 mol L 72 5 0.09 mol L7 {0 3 CHHE &
hTE D B et ZOL )1, BEEH T O/A
He# g bS5 0 B e X b wihEoAEEho Co ik
o ho—ATHIERTE, Co DEMIUTEL
FIRETHD 1.0 mol LYBEILEDDL I LLTETHD
rES LRD, Shic, Table2 lDT L&D, HHE
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Fig. 3 Dissolution of gel phase into water.

BRERTY



Table 2 Results of the solvent extraction for SCN- and PEG removal,
(Equilibrivm pH = 4.6, 0/A=1/2 {extraction). Composition of the organic phase was defermined from the agueons
solution obtained after the back extraction of metals into .5 mol L H:804)

Sample Concentration of chemical 7, Co% to (Ni+Co) PEG content /
Cf (mol L+t \ Residue obtained after
Sample volume, f (ol L7 in samples, quatititative analysis of
X s
Viml Cea® Ci® Coen ® 100X Ceo/ (CoatCrd PEG existence
Feed solution ¢ 4060 435X102 204X104 194X 107 99.5 4 wi%
XKylene orpanic phase 200 942X107  2.64X104 nd. 99.7 No residue was obtained
Aqueous phase 400 6.63 X107 1.76X10¢4 186X 10! 97.4 White wax-like substance

a: Determined by ICP-AES analysis.

Ir: Determined by AgNO,-KSCN titration method. n.d.: not detected.

e R =100 x (Ciim el % Vge]) H G i e X Vo)

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

g melt, carbonization processes were atiempted; the

existence of the element stabilizing Fe carbide, such as Al, was helpful for better purification, and the
Fe content below 50ppm was achieved by CO: gas injection. Copper in Mg melt could be absorbed fo
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 vibratin
scrap remelting. Some parameters, such as bulk de

g particulate bed was tried as treatment before Mg
nsity, 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

1. 12L&z

Mg 654 (LUF. Mg#%h) i, 858 - Sk
Bovp R BN S B LT0S, e
RABENE, MBI TR Y O CIIREILH 2 2,
INOOHELE LLHEIN»OHE. “DL
5IRBLA G, Mg MPEHOARE - 5B B 4 SR |0
MLTHDHDO, WERID ALED 100 450 1
BE (AlSERMASLIR) KB+, 4%
BITHEMT AL 0 8iEih s,

Mg BEHID 4 O AP R, 28 Mg — ki
SOEBOWER T L —T, Fhid s Ris4
Q:aﬁﬁﬁﬁ%ékénrmé.%%m.Mg
MBOTIBRNR 7 5 w70 ) Yo 2 it A o5
D, Mg B LUHA SR A1, Al #E~0R
A (B&iF) CerMists i 2 BIH & L
THBZHAI ATV S,

T PPt o Mg #B2 75 o7, il
ALABEI VA ZATHE T a by ¥ —ff s
FICAZ Z o PO Mg BEHT-9WTHE, =4k
THERERMEL IR > T o hot. Thbh,
BURDMBE 7 m ¥ 2 TlE, Mg MR 2 5 w712
ALMEA Y T o 7RG L CERENS,

LFRE 27 11 F 26 B ASE 134 BEREES T
BWTHEE

2. BRI S A LR
* ttakenak(@kansai-u.ac.ip
PRE2r# 1001 Bgm

Vol, 62, No. 4 {2015)

TH Mg HRHERER AIFEI R 7 7 o Fic T
NP 20 e, AL A HGRGER 16 /L
HECLOBREIN, S5V IMERRS L L
FHENTER. Lo LAans, Mg #BoEED
PERIZMEST, 20X 5 0B A0 b 240k i
BHRBEE L2055, 4% Me HEI0ORRE &
DITHERTBIWICE, THERAZ I v 70U+
AZMELEDT, Mg #E A2 5 o7t BA
Mg #EHEROHICNET 27 0% 2OH
ERAIRTHD,

BT X 91z, Mg #HEhE ) #1 ZAAER RN &
SND—HT, RELREEMEL TBEDITEA
WHEBLELSCHERDHD, SN+ a8 rs
EHEESEUTOIEY THS.

Al O BEALFETHY, WEORAMINE
IS, £ROBALMME
WEFNBE T EETT R
WETHREMIC RS pEmpED
HEET oE
BECLM-AMIC KX pmum
HEZET K E N
NiidE T HRMAMEIC K& 2R
gD

Mg HEBHPERENE WD, BEENT 25
EIREETHS 2, $£1, EREEARRIC L 2
THERELBESTHE I —F, Tx o
%f»wfﬁ@,ibﬁm&mglwiéﬁMg
MEVY A 70T aw2%EL, WELE Mg
PORSFMIEEARYRET S, g

123

Fe

Cu

Sus

XOXOxOx



Lol —F A0S TERATSYS

| !
&JF - MR  H Y ‘ M&M@Mgﬂéﬁv?
A E
ERBALTVT Mg;‘ég At ’éE}ﬁ:‘iﬁ‘;ﬁ@
DY C N AL

Fig.1 Recycle process image in this study.

b R AR AT TV D, RARRICL,
Mg SO ABEE ¢S <RIA S, Mg#iBHA 7
5Pl L T VWEEL LD Fe & Cu &Y
EoORBREE LTS, £, BOETHE, BE
W EATT A Mg MR 7 T o T LD SR A Y
S w7, T AL#HEE A 7 5 v T OB 3
4 AT T LA EAT o TV D,

2. Mg BENLOEETRDERE

2.1, RALEIZES Fe BE

Mg i~ Fe OEERITNIVEDD, O
Mg #1#hh Fe FFARIT 50 ppm & ERTRY, [
ml k0 & BIc/hEV,. Mg MEHOERRE T
Fe L HAENTWALYD, Mg HBAZ 7 v
- DA B Fe MIBAVIERET HAL/2V. Mg it Fe
I rahet<, 2RBRTZAENGER
LAV A 2 BN TE RV, I, BRETR
2o Fe ML i3 Ui Mg M & B huE,
Fe B Mg & &S, Mg HEB T D Fe il e
LRAECLED. ZOkD, T Fa—Poh
Lo Mg HEAZ v ARG T, THNAY
57U A I ACEBWTE Fe REHLE L
XA, EEIC Mg 50 Fe kit e LT, Mn iR
e kY Al-MnFe {b&¥% S S TERET D
ik ORB BN, ATy UROFBEEERIELRERE
e ARENL D,

Mg HiE s A Y OFERCTEICH LTas R
WA E L, ®ks, ~og e, Bk
(R R RETHS. UL, C R 2
ik Mg & R LOR(E 2R, Mg 0
C OEEE L/ SV, —F, Fe ik &Y
AT ERELNTWAD Einh, e OISV
— O, RACTERIC & B Fe BRFDFRETIZA
Wik #E L, BEEToTHD.

Fig. 2 10 EREE R 2 BEORT. A FIES
DESSF (700~800 °C) PITFe 81 Mg, F7
14 Mg- 3mass%Al 23R LT, BERIIL, —&
BRI A SR L OB Y L. B ol
AR, BUAEATE, OM, SEM THZT
7z L hle, XRD, ICP-AES THM LI, TRET

124

a: Mg or Mg-Al meit

o fux (LiCH)

c: graphite powder

d: crucible (AMg0 or graphite)
e port for additive additior:
f. thermocouple

— A g electric furnace
N h: gas inlet {dr or CO4r)
= | i gas outlet

i
Fig2 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, Pukae-Kitamachi, Higashinadaku, Kobe-shi, Hyogo 658-0013 Japan

Abstract

As tare 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. Flectrodes for rechargeable baticries are ome of the most aitractive
applications _for re-cycled Fe. We developed an iron-air rechargeable batteries using
Ruddlesden-Popper-type perovskite oxide (LaSr:FesOw) as a positive electrode catalyst.
LaSriFesOoxide possesses excellent ORR characteristics. Tron 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.
Tile {;z;ll){%}cated cell was capable of charge-discharge cycles, and the 1st discharge capacity was
14.7 .

Key words: Iron-air battery, LaSt:Fea(o Ruddlesden-Popper-type perovskite, Recycle technology
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Hydrometallurgical Recovery of Rare Metals from Spent Hydrodesulphurization Catalysts
— Sulfuric Acid Leaching Efficiency of Ni and Al from Alkaline Leaching Residue —
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Abstract

Spent hydrodesulphurization (HDS) catalysts are ireated with hydrometailurgical jeaching processes such
as caustic leaching and acid leaching with roasting as a pre-treatment step. In the alkaline leaching processes
such as sodium carbonate toasting foliowed 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 th

e 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

Sulfuric acid leaching
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Grinding condition: grinding speed; 500 rpm, grinding
time; 180 min

Vol 62, No. 4 (2015)

4. 5 EMEEEEES Ni B LAl DRk 5% 2 R
Al DEHIEZ I 5 LT, 4.ALOs % 0-ALO, I
TOILAEEEER, BILEEROT A D Vg
PHON & Al OFREEB I~y VO L, ML
TRNT A ) B HFEESES L TR 1173 K, 1373K T 120
FTEEEE L1 7 A ) 2 i & RER iR 1y L7856 Al
I L UNE ORISR X B R DR 2 Fig. 9 33 1 U Fig.
161584, =71, PR DIEE N, WS o A )
B 650 tpm, 180 23RO Liz, Fig. 9785
DX, BRI LTz FRHE DB IS R % Br-is
& Al VURBRIREE ORI & 361 b L i
LD Al OBEER LR Ta s s BarhB, T
R, BEBBIC X 0 v ALOs AR Tt Do, s L g
HBEESE 0 o ALOs T Lick b e R b
D, Ei, B LA TR S AlDREMII®E S,
Al OB EHZIN3 5 -7, R RS L B2 2,
—H, Fig 0B85 5510, Nilzo VUL, R
BT LB OB R B A, Ni ORHE,
FEBERLEES 2 > T Aedsflyr B, biieat,

O unroasted / unground
O unreasted / ground
A 113K/ usproung
& 1373K J ungroumd
W LT3/ grouns
A 373K ground

Leacking, %

50 100 150 280 250 L]

Time, min

Fig, 9 Effect of roasting temperature on leaching of Al

O uareasted / unground
) unruasted / graund
& 13K funground
.
n
A

10g

373K { unground
1173K ? ground
$3TIE / groand

A

=
z

Leaching, %

Time, min

Fig. 10 Effect of roasting temperature on leaching of Ni
BT, 1373K, 120 4R Cla{bEss LR g s ko

5 RMBMIH L, RN, BFESEE 650 pm, #}
TSR 180 DR TENEL., B2 HERC L, Al &

137



Ni OEESEHERE, Fig 1l BLTUFe 12 -
Fig. 1 m&H75 X 21T, Al P T 5 IEREEY
B sg b gl TH L BilEaRE EdL, B
HiseA 30 %ERBICIAD Z 0T HChol, ZhiL
RO RS T, GERER ORI T OEREESIE
A EEZ NG, BERBRTE, WD E &
o LR O FREEEE A RE L TR D T2, BETHS ALOs
WA ORI E, Al OEEMEARA LIc b
orEz LN, FLT, BiElgBLUSe O
ORI LICRA, 1g THER TR T 113
pm {AF 4 7 8T pm), Fe, 5g OHEE 391 pm

(AT 4 T 248379 um) L EnEbhi, Z0IE
b b, g OREERTELICHE, BIHCEY pozd o
SECHEESENE DD, HTERANE (el L BEZ
Lha, —#, Fig 12 hband oz, N O HERT
BT ROEERITE A YRLAREY, EE
SH OB SRR | g DIEAREC, HRRORLI
I AR TRmIHCEET & N T R
InmALhA. LI, e A5 650 rpm D
128 180 4 EL R ORTET NiALO: OEREDKTEED
TR LD & R F OB EORENR R L
FhokEILR, N OBHEAME T+ AR A LI
7, T, 650 pm T LIS oFrk TEE, 270
OB 1L0 pm (AT ¢ T AR 13S pmy, & 6iZ, 360
SORBT 165pm (AT A7 HE195 um) EHITRL
7§80 ASOENTR L VEITENKE S o TBH LMD
LEEEOBENANI L REZLENG, LEL, NiD
B AR CH) 70% & BV iR LD, 4 4ERE
CIrER LT A ) R ey FORA LR
HERLIREHT, N CYSTIEIC AT A b0 EEAD
b,

89

Leaching, %

S0 160 150 e 250
‘Fime, min

308

Fig. 11 Effect of amount of roasted residue fed in grinding
on leaching of Al

Roasting  conditiomn: roasting  femperature; 1373K,

roasting time; 120min
Grinding condition: grinding speed; 650,
grinding time; 180min
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Roasting condition: roasting temperature; 1373 K,
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