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Recovery of Metal Values from Spent Nickel-Metal Hydride Secondary Batteries

Tadaaki NISHIKI, Masayo HISATSUNE

Maiko KAWABATA, Hidemi NAKAMURA

This paper describes the separation and recovery of metal values such as nickel, cobalt and rare earths from spent
nickel-metal hydride (Ni-MH) secondary batteries. The containing metals (Ni, Cao, rare earths, Mn, Zn, Fe} in the
batteries were efficiently leached by sulfuric acid solutions. By adjusting a pH of this leach liguor at around 3, rare

eartha were recovered as a white precipitate. Solvent extraction and supported liquid membranes uaing PC-88A in

kerosene were applied for separation and recovery of Ni and Co from the filtrate. We propose a composite process

using the both techniques for the separation and recovery of metal values from spent Ni-MH secondary batteries,
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Electrical current
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Table 1 Characteristic of activated carbons

Sample Surface Area*|Pore Volume**| Acidity*™* Ash Precusor
frnigl {mi/gl [l /g-ACH  f]
AC1 1300 087 0.871 0.43 Charcoal
AC-2 1000 0.34 0.551 .51 Charcoal
AC-3 1200 0.48 6,335 2.35 Coal
AG-4 1100 Q.47 0.336 069 {Coconut-shell
AQ-S 950 Q.44 1.057 021 Phenol Resin
AC-8 1800 40.80 1.473 0.28 Pitch
ACT 2300 1.02 1.613 024 Piteh
AC-8 2600 1.24 1856 0.24 Pitch
ACH 2300 1.34 2,402 0.22 Pitch
*BE.T. proced s ‘Inkley d st Boebon procsdure
22 BREEE

EHEI-H N EREERE., Fig 1A LEBHEE =
Fr¥THDH, HFRROBEHEIZEEEm.LOLDOH
—RF T2 EMA. Zhlz s vy FoF 7o il
RFEELICLT 811 0BETRAL, BEOTF J—
NMEFRLZBOEEL T — MRICRE L, 208
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Fig. 1 Apparatus of Flow Through Capacitor.
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Coneemieation of effluent [rmmol]]

Time [min]

N2;80; : 1.0mmol/l , Flow zrate : L.Oml/min.
Activated carbor = AC-L

[ 0:000¥, 4:025,0:050,0:075,B: 100, V: 135 ]

Fig. 2 Influence of the applied on ion removal.
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Fig. 3 Effect of flow rate on the removal property.
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Fig. 4 Relation between amount removal and specific
surface area of activated carbons.
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Fig. 6 Pore size distribution curves of oxidized activated
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Fig. 8 Property of removal for some sulfates,

Applied voltage : 1.0V, Concentration : 1mmo¥/]
Flow rate : §.Gmimin. , Used activaled carbon : AC.B
0.05— : . T T Y
o IS0, NaySO,
3 0.04- E
E 222 __eso
‘g i MnS0, g NSOy
g Cus0, 1 2050,
g 0.03- ~0—  Atkati motal §
E = Alkaling carth metal
~Lr Trasifon metal 1
o] Y 1 i i n 1
0.02-—%68 01z 0.16

lonic redius [nmj

Fig. 9 Relation between anount removed and jenic radios.

Applied voltage : 1.0V, Concentration : 1mmsald
ow rate ; |.Omlmir. , Used activated carbon ; AC-8

BEXhTWD, REREPO Lif Aiom LT, 8%
HAT 5 L RBEEHOSRREHESMEEE L, 48
EEHEOMT, H5B0OA I URNAREBELDS
TERTRENTVS P, 1A A0k~ 2 A A
R, DIHIREEE B I URERN SV, BT Zn,
Nis L0 Cu Tk, BRETHIOBEG Z OEmNAS
o, ZhLOAF 31 BBERM/NE L, iR
BRI, TOEDIZ, EBHEETELINEGE
L LTI, MILoMERS| ST hdickEs
Pl lpotbDlELLND, RICF L X CEE
EHROERER L REEOBCEBOHSBEREL
Linh Pig 0o A R2E L 120 0O BRI EE L
DERFEFERLTRLEL, BOERRP RO TEESD
EBIZLN, A FFBREDEVEREA AT LY,
WEEIABVERMSZD, 2hadl &b, BAE

{(31)



106

EhirBEahE VA T RkET I ERTROBRER
TR, BEROEROAD QfFE~DA O thE
Bt aTRPLETCHD, P, BoihidnA 2
FEFOBRETSEN, NEERESBET I LRY
BEXLRD,

4.8, 7=d v BBRESECRIETES

Fig. 1012 ACB R AVWEBADET Y v aABORE
ek &R L, W3O NaNOs, NaCl, Na:SOy ©Fh
BROBRERFEOHIZERIE L A VY, NazS04 1T
D2F L BATRNERE (15 60 HLIBE) TRBUCKHRE
EhE< s BE LA, ST NagHPOy & NaxCOs
HEE IRV, BERE LI oK, TIERLND
BEEOER, EMEFCEEIATVI LI FA O8I
EB3LOTHHLEZLRS, —F., NapCOs {2001 T
REEENELLAIV, Zhiik ko2 -0ERR
Exbhb, ¥7F 1 DHRECHKGHREETHS,
NaeCOa B SEERMIZ LY. NaOH (Na* & OH) &
NaHCOa 234 U5, NaOH 2488 L T Na* & OH K- &
hd, —H. NaHCOs ARS8 L 9 Navk OH Z
HoCOs B L5, TORE, NaxCOsikEEs vEH
DAFBEETHI LT, BESEEL25. K
CEZLGISZ LR, NaoCOs IT L ATEHRE OA F 2
FRRIETHD, ko CTEEEEROEE (HE
BB M KE { kbh BENERICR-TLELNS.,

T
- O Wall —3— N80, a
5
Q
3 wde= NaNOy -9 NaHPO,
£ B
B s
é % O Na 0y
‘;* 05“7 counodnnuEnd
=] -
g U
§ 07
g E
2 A AR VVVVVV:)V(:xg
S TELEEECELE
PR T T ST S
0 50 100
Time fmin.}

Fig. 1¢ Properiy of removal for some electrolytes.
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Treatment of Fly Ash from Incineration
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*‘—2 BRMIOEEHERE (Unit:9%)

a F Na K Zn

B i Ch R Si G Al

HAA 39 024 53 30 7

PNB 315 005 128 &7 07
PIAC S 0407 155 107 923
P IAD 24 01 107 9.8 22
HoANE 355 01 93 214 66

174 am 043 183 162 134 79
751 011 013 18 03 042 03
407 008 019 03 0.61 5.08 024
a9 001 16 13 187 83 34
15 007 0.28 0.08 1 0.1 001
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4. BrREOBRIERSAES

BRREPOERZEGRE TS LA ETOARICS
NWTRLEELAHTEEO--DTHB I L0, Bk
REREFHRBELE, RBAEFR2ICRT. BERKEXK
WA THED pH KB NT 30 2RiEkkg L. ik
EizAREE AR S FABRO pH ZBWTULT B
., SBRLEBERORSBEESMTL. BERERUE
MERBERDE. REOAFBOBEMSRZIIRL
T A~D DA EORIC DN THE SRR RS
L.

K. s g —4

by 0 TE

TR
BE Ak
H-2 BMRROBIERHS A

FIEHEBERBOFERER L, pHL Y 1D ZBWT
RO ERRE 0% EOEERE N, EHENE
MELNE. BEO W FRECH T 2ERPORRRE
B2 ER FIrEEshTns, &Y, B8FEy AR
RE%EEOEENS TN TWANREE oz
BWTHIERES. W FIcRBELTWS, RS DT
SLEWE MF PRI BN T BB SO &M ERE L.
BEoRRELS, ARBROBENS. E—h—ZF—
NORBIBWLWTH B CTRERI A THES &
FEEank.

F—3 EWRMIROLHE RS R (Unith)

pH7 pH% pH10
B¥  Gpid Zemmw ClRET Zomids  ClRE® Zambd
A 91.5 93.5 88.7 93.5 0.3 95.7
B 953 911 953 957 9.6 920
c 978 865 8§76 99 030 999
D 93.6 954 935 959 02,9 99.5

(42)
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PRETIIATEETH S, BHTRKITNMSET
boFrOABIZBHWTHAMIIEELERTHS. O
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Vertical Strength
5 A
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25-30mm Horizontal
* Strength

HhBEIRE

-3 SE4REAE

B4 - AN RBROBERO—Fl & L THAR OB ENE
ERERT. KOMT %A TFCTREEMETL. 13%E
FrietReoEMNA LN, RENE~11BEET
JUVTBRERINE 0% O4&HT, ZREORESN O
EAELSNA Z ENBHEN

O ANTHER 20%
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cl Zn Pb cd Fe
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H+FB 14 187 2.47 on 156
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6.1 BARBOFE ORERE
BRARRTES BER ARBMRE T OHHESREOmE
WTHDH, TOICHBTER L ZEBEERORLEFR
L. IHEEOFBRREAEBELTHEES AR E
BRI DWT R OERSE O RSN, BB 58,5
Bt 56. 9%, R4t 8.8 BTF 9. 8% T IRBIR OB EL S
HL. SR 5RETHD. ME W FTENDHEE
LS O & RS TH H T,

F-5 EHAREBCEROERSTER (%)

Cl Zn Phb Gé Fe
HEMEEESA 821 58.5 8.78 036 113
HEMLESHE 130 56.9 9,76 041 0.98

B 7 iARRRICEAL-HEEOERE, B8 ICE
BORE FESLVEBRENDASTOFEHRE %
L7,

7 TERBSRICEE LSS

H-8 ERHEORKR
FEHSLYERENHRSY)
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EUFiEMRRIC B 2B IFRIP. v FUT NS
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EHLE. e, B ENORNERIIEMTE AN
B, StELCHENRTHZIEBEL, 2ENER
HHPITERENESOEL T, HWREAT L AHOHE
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Fh, ASVERLAOL I CHECTER L 0
{LHEMICERT I NLEBEERHEIC TR, BN
HABTLELOELT, AF/hoEgRTLDASS
SHBEEMLE. TOLSEARRIIBVLWTIR. i
ELHOEROBEARETE Y. AHSBOERER
BT s 246N T - OERICODWTRSEEICRFT
HBRENSS S,

RSN S OFREE. BHEOHRT ARER
CPOFRR FEENICHE L, FIHRE 100CEE
¥TERL-BS500CETHEFLEBEWNICHEEECTER
LTn5a, ZHdankicsmme A 2EE LspBoe
ERL., TORBMRR b CEBZGOMASEIC. B
EREFLAEDOEEL NS, TOhs CRERSE
BIESET 26~/ min. BETH YD, BERONEHEE
. EIR L AMBETH . TABREBEOEIDNT
., HELoME»end L b ERSMEMNGESNR
oz,

6. 3 BURAROER EHASTOMK
FREBELOEONEZASIOERMITEREER G IR
o RRBRICLDELSNAER S VHEBER O NF A
BEBASMERICEL T, ERBENEL. &Y
WF 2 S T OESBRMIL 3 BEETHS, T, AR
HiEW CLONEETHVRE 0RBS OSBRI D
BVl S>> Tna, ic DLW TIEEAR 6BEETHDIZ
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F—6 ADTOHMBESHHER (%)

Zn Pb Cd Fe
ASYA 6.3 0.2 0.03 32.3
ABUB 8.75 0.26 0.03 336
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6. 4 BRRBOHER AS5VOBHRR
BREERBROBEEBLhAEIS o WTOENERE
#EELRE, chid, A VORI DWTEORERR
HHEERHET AL TRARTHS, BFHRRIBEEFE
13 R (ERESUREHOHERE RU. BERFE
R BRE>TEMLAE.RTRUPBZTOERERT.
7., SICRLEIDIZHHEEZRELTED., Bl
MIR-ERIFF A ERGUBLERSIIRETSAS
FOUBITOWTIEHBEON AR 55 L iZIERSOR®
ERTELOEEEINS,

R—7 ADTOBHRRER
(EREFECERRERBOHERE. BEFER135)

B BEHR (mg/1)
HEHEmg/) BRRRARSY BEMREBASY
Bk iR 0.005 <D,0005 <0.0005
HEEDL 03 <0.001 <0.001
£ 0.3 <0,01 0.02
FAfilE 04 1.5 <0.01 <0.01
2T i <001 €0.01
it 0.3 [GL <0.01
L 0.3 <0.01 €0.01
# <0.01 0.03
ik 0.08 0.22

#x—8 ADTOBHBBRER
(TEOELICRIRHREE BREFST 46 5)
5 BHAEBER (mg/l)
B SERRARSY  RERIEAST

[re] 0.0005 <0.0005 <0.0005
ARED L 0.1 €0.001 £0.001
£ 0.01 <091 <0.09
Pasfited=FN 0.05 £0.01 <001
SLPL BlhEhELE <0.01 <004
B 0,01 <001 <0.01
i 0.01 <0.01 <0.01
2] <001 <0.01
i 0.08 0.02
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Development of Manganese Oxide Catalyst
for Dioxin Decomposition
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L (NHaHSOO) B L, MR T+ 5MEMN
HD, IOMBEETATDI, BXARH 220CFT
BAREL, MEE A~ T2 ENEVERTNDA,
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THLELE I THE D,
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AT RE TERERGHS, EFECHE 1 ksl
R DANFETCOF AL MR ENE L2
Wi R, g Ao codsirry o BEiR,
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DI IKBEY A% EHEEN A%, V205/TiO2
FRMEITERATOE, REMESTEELRY, B4
L TIF A H BB T A LBBE Y. ZOR
EREA THDEA, V20s/TiO2 AR L T 4%
VORI E BT A2 n B (B S EL T
HE ML AR I TS 1Y,

E#E V208/TiO: Rt OEMEBEORELENHEL
T, EH O T @ R A MO OB 3 I
BUMAT 9 MOz DV REFOEBRILSWIT,
BREERCOTHEOBESMECEN, Fad5i
SRR EAHB TELILP, NHY OS5 BREICE,
MR R E RO EESENIEN, MfFCEdnb
THhb.

LALizdih, MnOx ZEBEORESES A CEH 45
o, i SOx MER S TALEMNBY, -, Az
HoH~DEBHEICENLTNHIES, NOx BEMHEDL
kLA, BIF T, MnOx EFEFRICER T
AT L EL RN REECRVRAATERE LR
o

ErEE A A

FBA

/ --
-
kYo

LI G e B 321 T TR Y S Lo g DT o -

2 EB
2.1 ERUETRE A%

MR OBERERIZE VTR RAREE BV,
FLTBEShEZHESE YW T = AR IO
FL, FEEL.

M RM S EOF%E 2 1wiRrT. Fe b Mn DHES
B2t 4 (Fe/MnOx) D ¥} KX, FeSO4 LT MnSO4
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ORBIRE R ARILE Yo TEMLUE.

RO ARG, BRUBREERE Ao S riqy
F—tRELIH, B 1/ 0V A XTHERICHE
LHL, 110°CT 2h ST A28k > THRBLE.
= AR, MnOx ZOR KRS, BikTHEE
Al F(TiO2 VB LICHEBMREHF LLLIFE
FETCRES-BELEE, ALELAR, €85
1007C), A W0T)DEBRIERERITRIZLIZ
Lo THEMLE, "ol oI, YoF
4.25mm, U7 1.0mm &L7-.

— o ~0 RuCls S OHEFFL, RuCly K ¥ETE
FRCT, HRMBEORSIESEE, = A
DESIHRBREERI-T, BB - EBETo7
BERL I IR ko L CAT o iz,

2.2 BAELEMFEETE

FAZTHR o BEHIEEN - ERPIERTS
i, 29, MM ESENEY o YrnnyY
DCRR HMEHHELLTRAL, MESEESS
Wit DCB B4 ¥ vl o
AL, 2,3,7.83-TCDDURFEHLAF AAF )1 0b
BOMEOCERELFFELELTHS P HEED
MnOx ATV T, DCB BB BT HAE T
BELE 2, SMEEE TR sRERE,
BB AN EELE, YA 5h Ro{EE
HERALE.

DCB O RBEHICE SO TESHE LD, #
T, A3 EFERETALH 3 o%EH
BRLUTHES IR BE~0F 433
ORI, MTOHERL> Tk, +/4bb, n-/
Frn-CoHeo)iZ 3 X 445 (4 tE{udh, 6 15
b4, s L EZEMEETEIEY, Oz- K5

BEBE e A
T *Ha‘ﬂuﬁ O

A
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BEBLCEEXFIHLFACHLTEREE B
EL, BiESETTHiaok. FAdE o BElEE,
MR A ODBIRE AT IR0 A 452 BE S,
EAABENFECE>TRELTRDE,

NOx BB e, B2 bRV A XOMEREHBYE
VY, NOx, NH3, K55, 0 DB HELIEE A
BOTHBETRHELE.

ﬁ MuSO4 - FeSOKHE M n
T
Lt |

Fe/MnfE & ER{E
(Fe/MBOX)

mRsEA |- |

R ]

|[ RuC137K 355 it §}~~>| W& or BIE ‘

2 MR
EELR
Ei¥E ;. AT 2%9mm3 x 1.0mL x 33
HAFR : BASNm*/h

B E  BA20C

FHAMEE : He0 : 10%, Oz : 10%/Nzs3i3 X

B3 ¥IA¥LUBEERTHES
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2,3,7.8-T4CDD : 10ng,/Nm? (10ng-"TEQ,” Nm?)

1,2,3,6,7,8-H6CDD : 10ng,”Nm? {1.0ng-TEQ,/Nm?®

08CDHD : 10ng,/Nm? {0.01ng-TEQ,/Nm®)
(47)

Fe/Mnill & K EE Lt



122

I HRBIUEE
3.1 g sic Bl s ad

HOR A DCB BIUF A BENESE B 4,
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FAEOBREREMIL, V20s/TiOz B LV EE 1o
7o, F, Ru (e S HoBRER, SRR kom L
KHBThHo72(E 4, 180°C). 235, Ruik5 % Al
KEFELEZRMBETIL, IBEAYFEENEDLLAL
Hroi=,

KB FHHENPITI-T, MR 0 RudfE
EREET ', RuCls OB-H 121, Fe/MnOx Bk
T ARO: LB 4 i Ru OAHBBEHLhE.—F,
Ru(l)Clz Lob @B (LR B2 5 2 KaRu(VI)O4s %48 55
LES-awit, A0z - Ci 4 i Ru Cdh-o7hs,
Fe/MnOx L CiX, 44 Ru iz, 6 4 Ru-EHIZS
filf RubFEHbhiz,

BlEDES5%~ OBEIRED Ru 13, FRHAFR
BIUBWILTOELERIFER, £LboLEL
biva, Thbbh, RuCh % K2RuQ4 i, BEREH D
A EG TUA CHRKEERP TEEICHE
TEEVD O, SERT R/ BRUTME
S REETARE T, MAKSRES T TREED
REOEBBIEMALT, MELEEELTWALDL
HEEh5.

RuCls ## RICBW T, ARG LT ssiniho
TiE¥ED Fe/MnOx L CHNAERER, ERORu®
KESHOEREERTIE, UTOLNCELLA
5.7%&bE, Ru ORBHAFWREBRCIT-cid,
AlzOs & Fe/MnOx I XE7 RuCl B VB ELS
nApHofoh, DCB BREEREIT >7 200°CHD DR
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BWTEROGEBRELLAO, HAEEZEO—B
DRFHRLETHS.

3.2 N=Hh AMEREIC BT Bat

ANEABYE, SLy MR EROBR A e
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LB BB EESLELENG, Thbh, HERRER
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DCRMZ [95]

rER (%]

1 Taco0ppskx

O ts0°C B 215°C

T} SN
ad

Va0s/Tilz  Fojndx  MnDx

RuCIa Kzﬁuutﬁ aaﬁ
Fefin0x  Fe/Malx Aa03
(] 4 RpRAREED DB kit
AR RAR(1/87), RuiiisE 1wty
SER SV 9000h!, FEHEEE 2.0cm,
DCB 10ppm, H:0 10%, 02 12%

Vidy/ T RGBS

Fa/Mndx
: HGCODM:xs= BB : 08CDDfRz:
=0 o L LR R R (TEQRL )

5 KOV 1 A+ AR
fEEE BOAR(1/87), RuiERE 1w}
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HEY & ¥ VERE 11ng TEQ/Nm®

Fa/Mn0x

Do [4]

¥/ (Fethn) [wt,/wt)

6 Fe-MnOx RALIE® Fe/Mn LA 0CB PREtEAEL
ES &3 2
HE&EMF SV 10000k, DCB 108ppm, HzO 10%,
Oz 12%
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Ma/(FetMn) ELE LAY 0.7 BAT CRED 3.65 T EThH-
7o, Linl, Mn/(FetMn) B & A8 0.7 LAEIC/A2B L Nav i
{£FL, MaOx T 3.0 iIETL Q. 20 MnOx OFE
BHEES XRD T#-L5E, Mns0s(3.2 fi), Mn(OH)2(2.0
OISR LI

HEBALLT, AEPAEZRVIWK Fe/lnlx
(Mn/(Fet)EEH=0.B LTI ERAWLE. &
hooNav.iE, 30 3.6 TH-otk. OBEREXRR,
Fe/Mn0z CRAHMBAGEAS EABETH LN,
Mnlx TRAMBREARICEARE{HLLTWE
(H6, BHEZEA).

MnOx FEEMBFIOE R I Lo CRRAN, BiEdkE
UETFLIZEME, foa O = AMERERER PO Mo
B, MRt IRV EEBM LRI Th -, BRBETESR
BFIC Lo T Mt ~BahfizlenBErbhd.
MnOx 2280 O THERLEND ), Z0/ER
{ikmE o EaEgsh, EREEE O A AERolD
THH3.

—35, FHEBFIFEMC Lo THEME T AR bR
oz Fe/MnOx 0 Fe I, B 7 ORISR LO74E
BAELTHELDEEZ LRSS, ¥, Fe/Mn & DCB B
FEEOBEFRE OBV TEKESBOLNI LMD,
Fe/MnOx it FeOx & MnOx O B2 58 AIR &% THRA
WIERB R THY, Fe & Mn RS RERHALOLE
EAND, EAIBEITEY VT Fe/MnOx 4T, Mn
LRI ER RO Fe AN LT Fe*~2TE
na. LLiedin, BRahdmLl Fe'lk, 28 P0
Oz Lo TE S F ~FEMLENS. Z0 Pe OF BRIk
OEE Oz BB AN, BEIEEOEY 02X 0 ARE
L, ChbOTEER SRR, £FETAEME vn 2 T8
FTHLERTEA. 2O Mn HEEEINE Fe OFER
Ik, HEmED Mn OFB{RENERESh, &EH
R ERELENALOLELLNS, F2, RO Mo
BEMLIC S4B Fe ORE &Y, [0 6 1D Fe/Mn=3/T(&
BH)SHEEND.

ZOEHT, Mn % Fe bOEEEB{LBELTHRVDIE,
HHEMAOER R T EEL, HENE T h L MEER
DEHICHHTHD. L LoB ALY, Fe/MnOx X
MnOx 1= H~ 4y BEME R A B8, =D b LREE
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MEEMHE HeltrwEBESK, HE 10C/min.
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Treatment of Dioxins in Leachate and Sludge
Tetsuo KOBAYASHI, Kenich USHIKOSHI and Dai KOIIMA

A new treatment process to remove and decompose dioxins in leachate from a landfill site was
developed through experiments using pilot units. This process consists of an reverse osmosis
membrane process (RO process) for leachate treatment and a burning decomposition process
for both sludge from pre-treatment like coagulation/sedimentation and dried salts from

concentrate generated from the RO process.

PBased on our experiments, the RO process removed 99% of dioxins in leachate and the
burning decomposition process decomposed 99.9% of dioxins in sludge and 99% of that in dried
salts from concentrate. These results completely complied with the latest Japanese effluent

standards.
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Fig.1 Flow Diagram of Leachate Treatment Process

Table-1 Specification of DI-¥odule System

RO modules (3 types) NF module

Type of module Reverse oamosis Nanofilter
Caonfigimation Plate and frame Plate and frarme
Miax. Operating Pressure | 6.5 MPa 12MPa 20MPa 40Mpa

Diameter (mn) 226 22 250 123

Length  (mm) 1200 L2200 1,150 2250
Membrane area Témt  Temt  94m’ 50mt
Materiat:  Casing FRP SUS SUS SUS
Eisk ABS ABS
Memibmane Polyarride Polyamide
Qperating Temperatize 5-35 degree 5-35 degree

3.1 FEAEEBAIS & USRI
2 ORIk Y e SERSREE R U AR

SRR TR,
1) #Ehl EEEBUEE (YOS
- R 30nY/H - MRS 90~95%
- SEREHERL | ATALIREREEITI
ROZEE . 1B HRO+ 2B¥ERO

MIEROLEE | NF-HEERO(20MPa)
2) MERD EIEREE(HTERESL A M)

CEE 120%/H - [EIXEE  : 70~90%
. GEREHEGT - ATALBEEETCIE L LI
RO¥EE : 1B ERO+ ZEEERO
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3) SR (Tt . E R
4R 70w B - [EREE : 80~95%
- SEERHERY ; AALEREREEITR
RO . 1EXERO+ 2 HRO
PEROEE  : NFHEFRO{20MPa)

AR RREER

3.2 BhODXNsREHERERR

Table2~4178%88 1, 2 BLUEMRICISH HDXNsD
SR A, BER 1 CRIFAKR ODXNsA2. 3~14pe-
TEG/LITR LT, ALERACGIR0. 00520, 062pg-TEQ/L &99.
6~98. SxDIHERIME LI,

48k 2 TIIEUKPODXNsAI2, 08pg-TEY/L Tdh-oTe %,
AEECGII0. 00027pe-TEQ/L L ROBUC THRETE, T,
iR B BERNE L EROTEIC VTS, FUKE
ODXNsA2. Wpg-TEQY/L Tab-7rhs, HUEK . 000459pg-
TEQ/L EBksh, & 61299, Ml boRRELFBI L
MWTER,

Table-2 Analytical data of diexins for examination-1

Raw Leachate Treated waker Removal ratio
Units (pgTEQL) (pg-TEQAL) &)
PCCDs+PCDFs 23 ~ 14 00052 ~ 0052 506 ~ 998

T



Table-3 Analytical data of dioxins for examination-2

Raw Leachate Treated water Removal mfio
Units (pe-TEQL) (pgTEQL) (e
PCCDsHCDEs 173 0.00013
Coplanar  PCBs 045 0.00014
””””” Tl | 2w | owm | o9

Table-4 fnalytical data of dioxins for a commercializer Plant

Raw Leachate Treated water Removal ratio
Units (pe-TEQIL) {pe-TEQL) &0;
PCCDs+PCDFs 22 000030
Coplanar  PCBs 015 0.00019
""" Tl | 235 | o049 | 999
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Fig.2 The Burning Decomposition Test Eguipment

Dried shudpe o salts
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4.2 DXNsHRIERERR
1) BEEIERRODXNs R
Table-SHIBIRHP ODXNs HERBR O R 2T, RN 1
T, RN AU B LB LS T CODXNDEEE)
RIHE Le, EIBRG ODXNEEA , 316pe-TEG gl
LT, AR Ciis620e-TE Y v, DHER06. %% 4
BRI RES W b o, —F, MEERCESET AT
B LIZRIN 2T, HAFAERIRT150. 8pg-TEY/g & 87.
WONRENRF LN, ZORENS, MBEHIEES
A FICTBTEHERE L 43 7 L DX NsONE M ARENC
BirAEFREHCHDH Z S, £, MDA
HONRMERE~ORERRERRIN 3~5) Ty, 450C~
550°C T8~ L EE VARREEE S, HEESIR 4

Table-5 Analytical data of dioxins in sludge

BRERWTLETEREDREETH I 8I2LY, 5
THODXNs SN TTRETH D Z LA ST E, DXNs®
SRERRE E LT, BB
EYREZTHD I LT TR,
2) EEERODXNs R

Table-61Z ROMVEEIERE 15 DL S e & AR
T I - TR S, BHREDODXNE ISR
RS CORNUE LSRR, SHBEHHETODKNS
R 26pe-TEQ/ gz xt LT, IHE SR TNk
EH B ODXNSIEETT0. 01pe-TEQ/ g & 99. 9611 L O3l
/LT LRTE, SREEPODEIIONTE
BRI EIT THMRTIRETH D Z LIRS TE T,

{REGN 1} [RUN 2] [RUN 3] [RUN 4] {RUN 5]
T e T e | wc | s0C soC
Decomposed  condition airblow N, blow air, Ny air,/N; air, N;
ihr 1hr 1hr+Thr thr+1he Ihr+ihr
Raw studge
POCDs+PCDFs pg-TEQ/g 1,300 300 365 365 365
Coplanar PCBs peTEQ: 16 133 10 10 10
Total peTEQE 1316 1316 375 ps | w
Decormposed sludge
PCCDs+HPCDFs peTEQ/E 920 150 61 7.0 00
Coplanar PCBs pe-TEQE 42 98 13 El 0003
Tl | peTEQR %2 1598 u T oom
Remmoval ratio % 269 879 803 o8.1 99.959

Table—6 Analytical data of dioxins in dried salts

Raw saits Decomposed salts | Rernoval ratio
Units (pg-TEQ/E) (P TEQ/R) ()
PCCDs+PCDEs 26 0.04 9996
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Raw Leachate cordition
Flow rate 100 [ w'/day Tofislent condition Treated water
S8 0| ml Flow rate 04 | \B/day Flow rate 989 | w/day
TS 10,000 me/L TS 9,800 me/L N <00 mg/L
D)XNs 30 | pe-TEQ/L DXNs 3| Pe-TEQ/L DXNs .1 | peTEL
. ,_\ Coagulating /
Landgill site L_J ’? Sedimentation tank b RO - Process *
1
i
b Condesate _____ ..,
Coagulation sludge i .......... {encentrate
Flow rate 016 w/day E Flow rate 5.2 i/ day
16,800 | pe-TEQ/L ! S 190,000 | me/L
s B0 | e g ! DR 60 | pg-TEL
4 i ¥
Dried sludge and salts
Solid weight | 1,100 | kgiday jrrmee Vacuum dryer
DXs 3 | oo TEVE
Refined and decomposed solid Burning
Solid veight T Decomposition
DS <10} peTEV/g Process

Fig. 4 A material balance sheet of Dioxins in the leachate treatment
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Design of Liquid-Liquid Extraction Process for Separation of Metal Ions
Syouhei NISHIHAMA, Takayuki HIRAI and Isao KOMASAWA

The analyses of the extraction equilibrium formulations for metal ions up to high loading ratios of the
extractant were carried out. The extraction equilibrium formulations can be determined by combining the
results of the slope analysis method and the stoichiometric compositions of the extract species at the high
loading ratios, and these can express the extraction and scrubbing behaviors of metals at all ranges of the
loading ratios. The formulations and mass balance equations can be used fo construct the separation process
with counter-current mixer-settler cascade, leading to the most suitable conditions for the separation and

parification of metal ions. The method proposed can be also applied for the design of the extractive separation

process in the presence of water-soluble complexing agent.
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E (a) PlA-226

107k

Di-1
3

pH[-]

E2 pH SHEHLOBREy b ZiE, 5
> BFREAE)
[(RED Jees =005 mol/l. [La]y = 0.1 molit

PR R R L 1), BB L R
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T, ERME SR R L TWB I EMG, I
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SKnx,![Ln3+ ]S3 SKux I.Kl:x Z[th ]255
{(RH); Jpew =[(RH), ]+ 3[LaR, (RH), [+ 5[(LaR ), (RH) 4] = 5 + T3 s )]
[H*] [H*]
-— Ko [Ln™18? 2K, Koo[Ln™' S
]y = (RIS + 2R R = i I, PKorsralCn ] @
H'T [H']
Ko 1018° | o KengiKiwalLny T'S°
[(RH)Jea = [(RE); ]+ 33 {10, R5(RH)s ] + 53, [(EniRy),(RH), ] =S +33 ’1'[1-1*]3 +5y, = [;1;[]5 ‘ 5)
i ¥ 1 i
#1 FIESEOMEEEER
Extractant Pr Nd Ho Y Er
PIA-226 Ko [-1] 8.49 x 10 1,38 x 107 1.49x 107 202107
Koawml-] 459 %107 5.55x107 2.32x 107  576% 107
EHPNA Ko, [-1 555x% 107  972x 107  1.05% 10 162x 100 2.26% 100
Ko l-] 806 x10%  1.81x 107 8.12 6.26 9.23
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Nomenclature

C = flow rate of aqueous phase in the scrubbing section  [J/min]
D = distribution ratio
E = fiow rate of organic phase [#/minj
f = overall decontamination factor [-1
F = flow rate of aqueous phase in the extraction section  [#/min]
H = hydrogen ion concentration [mol/]
K, = extraction equilibrium constant
L = dissociated ligand of EDTA
P = number of extraction stages
(2 = number of scrubbing stages
§ = concentration of free dimeric extractant [moli]
X = concentration of metals in aqueous phase [mold]
Y = concentration of metals in organic phase [mol/f]
B = overall formation constant
p = overall fractional recovery

(£ YeplF - Xpor E - Yo o(F - X + € Xppeed) [-]

<Subscripts>
C = scrubbing secticn
E = extraction section

F = feed aqueous solution
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