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NENDEFEMEE XT3, ThonFER
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T
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BANDIEFRENRRE L, KICREETHE I &
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hlljgE—, BAHEkR, EO#E

4. 1 #

il

HEIETIINELADON -7 ALFIHILEIL
—N—-7:z=)lbFep&7 3y (R—PH
A) AFRIZAK L, TholdElk, VT7TAS
LofmHA R & LTERATH A AEEEI R
foo #ITATETR, Zh5OR-PHAEDH
WHlE UTORENBHEETHY, SHLTAS
O EER & LT DM AR, BRI
b LUK EEREMOSEEREMET S &
EHITR—PHADEHREOHEE L I 5 DEL
EDRERICOVWTEET A EE LT,

4. 2 R B

Hik . ERICHVWAR-PHARBRLTHEIET
Bt DThbd, BHERE L TIUEREETHY,
ERBEANCRIK & S0 BE TR LTV K
AOpHZHET 7wz, U rBTAKEF Y
W L~ UER-—RE T B YU LOREEREH
Wite FKIEO A A VA0 LIZIRD I DIHER T
MUY LERW, ChOOREFRTOERR
A4 VAL 5 —Br—PAPS(E{CED LD+
b— k& Ui ODSY U H (BRLEER,
develosil ODS15,730) THLEE L TR 7o /KIE
DO pHD P I IZ LI UKL T b Y 7 4
(Merck®, Suprapure)® %\ (i (F v ¥ &,

BWEAFE) bEW, i, —HR-PHADE |

BEE AR~ V4 F 4 ViBAEERTRYD .
F W7 RE ISR D 750 b D i3 e TR
Th b,

#2 . P OME X Varian— Carry219%,
H AW HIT2008 5 7)) B — L Bl 0L
WCEEELVEZRD T, | afEzLbERNT
T o700 RMOpHIZHBEEREHM 15 A pH
A =& =iz k> THIEL 7, HMHOSDBEEERE
247 FBRKM-VSE Y = —4 =TTV, —H
DENERI S EED 255 1 ST HI20PR — B2 BHGENE L

SREEZE RV,

FERRIE - —RANTIR 1 X102~ 1 X107*M®D
HHR-PHAR ST PR MR FE20ml & 1 A V38
EZREEF MY LT 1E L, pHAERBEEET
FHEE L 7o /AKME20m1 A A5 234 TR D, 25
+ 1 CTHRIhriRDEY S, MHEEHEICELA
%, BLOBECXOmBEESBEL, BEEOBOL
B EKBOpHEAIET 5. BIEFEIZR-PHA
DK ETH 52600nmETH 5, KEDR—
PHARE ZMEIE L DEFETKRY, otz
RET 5,

AEEA102 L il AR, A S KD
KA 158 ~16&£73 5 & D IR D EREEE
WMICHEME TR D BEY, FEERE KEOE
FeBEFRICHED ED, pHEHEL, 550D
1 757050 | OBROTUE{LRSE &R DEE, K
MOR-PHAZHFRMICHE LT, FOBLE
AWEST DI LI D AKEOR-PHARE ZK
Bz,

Bkt sk, —HHOR-PHARMHET
R TER A RN B L EDTER -t £D
Ba Rk~ Y VREER (BEL - 9~

#£4.1 R-PHADORIREAHKE S EINBLFE

Reagent A max :
(nm) (1 moltem™")

C4-PHA 265 7500
C8—PHA 264 6830
Cl2—PHA 264 7060
tCO—PHA 264 6900
HD—PHA 262 7150
C4PL—PIA 281 8340




6 : 4) HORBEEER T EEEETRD, ¥
A VBREE 0 IS T B T ST D U KIEH T
DEFRHERCERE Lo

4. 3 HRIEEZR

R—PHADRIIRZART bJ: R—-PHAREEAN
vEVEAEE T 5D T265 n mid T i IO A A
HbOANRT MLEBZ A, F4 UITEBR-PHA
DRIPGR K & & DR TOE VIR REER
T TNFTNOR-PHAFEBHEOBE LI DA
ZRWTERYD

R—PHAODEFEE : HEHT 5 ~XER—-PHA
FHLTHRI &, ZOR~EHRE/ROSELLDIZ
G DRTELZONB, ZITFFEDo 3HHE
HWOLFEETH B LaRT,

D, = [HLI, /([HL] + [L™D 4.1

HLOBEREHRK,. B LU0 EHK, ZHWV 5
EU DRBUDFRICHSEA NS,

log D; =log K; —log(1+K[H*]™H 4.2

| | | 1
3 g 10 2

pH
4.1 EH#EFTIFINBEBREESLDOR-PHA
Dlog DL EpHB EDMF

l
4

K, =[H"1{L7]7 [HL] 4.3

K, = [HL],/[HL] 4. 6

Lcii->T, Q4 2OXDOBEDN SKdd KaD i % 3K
HBHEIENTES,

M4 NcBEE 7V FLEREZ &5, —#OR
—PHAWZS2WTDlog DL &pHE DBEERT,
FRFNDODR-PHAICDWT, K &K D4
kb B72w, MiELEERED 28 L, 4.1

T T T T T T T
4 1o—0 O O——o“;]w
HD-PHA
3 CB-' i

log D

= |
4 5 6 7 8 g 10 11 12
pH
4.2 ErAOBEBEAEDHDOR-PHADIog DL
EpH&E DR
1 T T
4 o -
Cl0-PHA
3 F 4
2 r .
e
A
3 c5
— l = - g
tC5-PHA
0T dcs-pra 7
1 ] i i
0 5 10 15
Carbon Number fin R-
R-C-1-(O)
0 OH
B4.3 R-PHAOE#®ESTOHRRFRFH
Elog Ka & DOBGR



#4.2 R-PHA®IlogK Jili&pK ,{#

R-PHA log Kg pK.a R-PHA log K4 K.
C4-PHA 0.39 8.57 tC5-PHA 0. 77 9,71
C5-PHA L4 8. 60 tC9-PHA 2.00 9. 90
C6-PHA 1.89 8. 63 PP-PHA 2. 46 9.6
C 8 -PHA 2.88 8,76 HD-PHA 4.00 9.74
C9-PHA 3. 42 8.75 C4Hx—PHA 2. 30 8. 42
C10-PHA 3.79 8. 52 C4Ph-PHA 259 9.95

WRLNA XD, ERED T v bIIERIR
1 e 7 RS AR A LR O 2 S OB ERITIE D
o

Bk, EEPAOERREY DR PHAICD
Wl Dlog D, &pHEDBFRAERK4L 2ITRL, &
DBIGH SR LEREIC L » TR, K, 3K
W»ie UL, HD—PHA & C4Hx—PHAIZD
WTRpHOEWEET blog D OEDI TS
BROWIddhd, ZOHETERK, OEZRDSC
EDTER DT, COERELTE, THOR
—~PHADREA A 53 3 VAR UEREEI
mMbEhs, FrMUTLALLRESAA %
FoTAA Y e LT E B L ENER
SRBD, BB OWTIESHkR BREOSEND
%o
HD—PHA$ & U C4Hx—PHADK, {EI3,
B, NEOHEY it - T, BeoREHoK
~ T4 F Y VRAEHACRD, VAT VRE
0 sk LTig 7,
DEOEBRTCELNIZR-—PHAEOK, H&
UK, OMEEMEREE LTEL AR L, B
TIEILVEREE S HODR-PHAOPK, (=-log
K, ME38 5~8.8, 7L+ L EBREEZ LD
LODEBHEY 3~0.0&, FRTHEEI—EDE
AERLI. 2D ENS, TLFILEBREOHE
FpK, HicE8EEEINWEER 5, ST
5oR-PHA®DpK. HRREHERETLHOHD
khkxEwn, ThidBF ol TREEOEETH
A9, THDLL, SEE#EET> L ODR-PHAR
F L — MEREROEHIC KX LT VX ILEE RS
bW, FOMENKNRREICLD, BERET
HEHNEZNHEL L FoF v VENEWITED
Fons, LicdioT, ANFEZNVEOBRESLE
N o v ILEDOKEEOROSFHNAKREENEL
FLENB, FOME, HMEEHREEZLOR-P

HADESH, L0 BIHEHREE bW
EHERER-PHAL DAKERM 4 2 5H U
{IEBELEEAS,

FL 2B XUBA.SICR o B KD, EET L
FLEHFEERLOR-PHAOSEESZ T L+
NVEEOEEDOEME & bt kx< 85, Jid#Enh
HoEmcksbDEELONS, R-PHAD
TILFILEEORRET 1 HH /b Dlog Ke B0
Bi3#0.5ThsH. ZOMEE, —CH, E1ED
7=Dlog Ky {HH0.4~0.6THBHEWND, KA
STV AR GHE TRlog 3)Y E/ET
Do 4. 8127 T LT, ST FIIERES
boOR-PHAWRDWT HEMFII, BREDORRE
BOEEMIZHY, log Ky EXRAREZLLEEY, £
DEEMOE & FEE T L FILEREOR-PHA
DBEED /I, O ER, BREOE
BSOS E( LT 5 2 L AR
5o

AW CEIREER 6 LD REFVWERB O
K7L FILERR-PHAOSEER I H4 A%
{, LT A7 NVOMBSERE LT LEMCHAE
HTxs LBz b,

3 Mk

1. FENEEE B R i b 21, 244(1972)

2. T.Sekine and Y. Hasegawa, “Solvent
extraction chemistry” , p. 88, Marcel
Dekker, 1977

3. R.H Aranow and L. Witten, J. Phys,

Chem. , 64, 1643 (1860)
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5. 1 #&

AIEICBWTRAR U cEmEEIN-7 . =
Ve RaF N7 3 Y (R—PHA)DK~PYE1L
REMO S FE =T, BEEER K, BX
URBER, Kookodic, £/, IhoEHER
~PHADOEEBEEEDBERIC>VWTHHLS,TL
foo AETRINSR—PHADL 7 A ¥ ILHIH
DRERIE L COFEHEERENS DI, £9, N
—F7 5 ) AN—-N-—T )b Faxi 73
v (C8-PHAYB XUN—~FH J 1) —N-—
Tz FadF T I (C6e—PHANCES
AAD, =, -9 D, EHIDH L
CHADOBEEHH I >WTH~, s E oM
Bk, MHEHERE L, /2, B*DR-PH
AZRBWT, BOEL 7 X 5 L0z oW
ThEd 2 && L1,

5. 2 HMERUCEE
ZR-PHAIZSE IEmTHE/-HOA MW,

ERFER - WAD, EAMER I SME SR
(99. 89995 D1 L) = B B = ##7 L T L, 000ppm, 0,

NEEEEE S Uiz, 220 bAD, = w7l (DD,
BOBIDEKIIFNFNOWNBE S KciEsE L,

#91, 000ppm, 0. INWEBEISIE & L, 2hom
BRAA VBER, EDTAICKEF L — MilsE
THEE L7,

BEAL  SUEEKEOpHIIZ0. 05mol dm~*
(M) R U 7 L4, 0 2NBERE, 0, 2MEBERE -
MUY LEREEROTIEEL 72,

EERICH WIS, 18R FERR IS E SR
o, BRBRF b U T L, KREE(EF MU L3R
MEEATE (Merck®!  Sprapure)® B\ 7o, PO
TLERE BFRREIEA Y, FHEATIC Ik & R
WROBETH o B8+ N 7 Al X OREE
F U LKL, 5-Br—PAPSEODSY Y A
NI LEHOCTEREAA VEBROWTHOA, i
DHFEIBREEFDE EH W,

& L VHBROKEOER 4 L RERH
SLITO—30RUFFIROEEE 2 W TllE L, /K
MO pHARE IS I RFBEFRHAM — 158 pH A — & —
ERW, FlHODOERRA T7HK
M-VS#y « —Hh—2H\i,

5. 3 SRERIR(E

B0 EE A 7 AR NA Y ILICEB 1M A4 B
1 X107'M, 44 »#E0 1(NaNOQ,), @47
PEEEIR TpHA T U/ /KH20ai E R—PHA A
TERE L - PUIE LIRS 20ed & A A, A3 LT,
fEERZE (252 1°C) TEOET 3 THOEY
%o B D BT EITIE LN EEc L b 7
TS S KREOpHEZRIET 3 & & HICLH
14 ViREZE kDS, MBENRELOEHIBOLE
BEEZEL, SEED, 2RET S,

5. 4 =RF¥L— MOREFH

BRHEOY L — M3, HLEKBOREA A
MR LU THHED F L — b, ML, (HL).,
ZHERL, CHOEERICHE SN S IBS 0T
FOG DHETREIN 5,

Mn_‘l—‘?"(n‘i* m)HLU _—AML11<HL) +nH+ (5'1)

mn,o

TP >XD o3 ARETHLZ EERT,
B, D HOF#EER, K. 3HHEREETH,
(5.2 TN 2, 4, BLEHELZLLT
BRFCEML, (HL.OAMNEEL, AKE0
MRl oG TE 2 b0 &+, £
B ELE, Dy i (5.3) TRINEG,

[ML,(HL) 1, [HH*]%*

ex = [Mn+][HL]D (n+m) (5 2)

ML _(HL) ]
D, = n : mio (5.9)
M [M" "]




log Dm

G2 % 5.2 RCRALTHEEES &
(5. 4) X%=B5,

log Dy = log K., + (n+m)log{HL], + npH
(5. 4)
Lidi-T, BRHOMEFIRE (HL] . ©
—FEEHEFIZHBWT, logD, %/KHEDpHDBIEK
LLTHay b5 EEHZnDERENELN, F
tepH%E—E & U TlogDy #log [HL] o 34U
T7mw T AHEMEE (n+m) DEHENELN
AT EENB, TORA—=TTFYLRITED,

MHF L — b OEMMNRETE 5, FcfithER,

K. 13 (0.4 ROMBFENIOHEDHIENTE
%o '

ZO kS oMM ER T RET B
& RAEBA A v OEHIHNC X B BEMFOR
FICENEREER T, VWE2ODER AL Y
M1, MraiiisEd+ 5 &%, HEOREZR
T, (5.5) RTERINLDEEHRBESHHL
>h5,

KexI[HL:I ((]n_m)
Kex[[[H+] (n—m)

D
g M1 _

Dy

(5.5

25D FL—1, M, L, &M, L, OHEHE
UiEg, n=m&RE0, SEREREINREDLD
ATHFETE A, MEORNSZIEEGHHAD
BEPPHIZ HETFT 4o

2 T T 1 T T
s Cu (II)
Pb (I}
o
__1_
S S
pH
| C8—PHA(:$52W@E47J"JCD
=5 s IC 81T Blog Dus pH & DB

5. 5 2{f&BAA4OmHtTE

B95. 11 C8—PHAIC X B AD, =-5)b H (D,
Zw LD, WA B L FHBRAD OB
AlogDy E/KHEOPHEDBMFEERT, WIhb
% 2 ORHFEERBRIE o0,
F7.C6—PHAIC LB NSEB M4 OMEBT
bEICATHZ 2 DERBHREZE /. 6. 21
C8—PHAIZ X B =y riDHB XT3, AD
OB AT W TlogDy &loglHL], @B
HERT, WThOERA 4 v OfiicsEVWTH
BiFZEEEZEEE SN, FOEXE, v
(Diz>WTE 3, 250 bADIK>WTiZ2 T
H ot C6—-PHAIZE AHHIC>WTHEHEOD
EEAEN, O/ F I oVThEFLET
Oy haELEEDS, WTHLEAR2HAWES
O BIF S EARBRNE o,
PIEDOEBRERNS, C6-PHAB L FC8-P
HAIC L B 5D 2 {lid)d 1 A - O HIE DK
BEOHBERETRET A EMTE S, fRE
FENIFEEHTRT .

C6—PHA, C8—PHAIR K AKERBAA D

i | ]
Ni (IT)
11— |
=
(]
boli]
2
Co(Il
L o
1= | | L
—28 —24 ~2.0 —16
log [HL]i0)

5.2 C8-PHAICHIFTA=w7I(Il)
BT RO EICET
BlogDM&[HL], & DB



%5.1 C6—~PHAXLUC8 —PHAICKD 2 lERA F DL
{bEfE S Ml ER

Reagent and Slope of log Dy Extracted g K.,

metal ion vs.pH vs.log[HL] oy species

C6-PHA
Cu (I 2.0 2.0 CulL, 2. 01
Co (II 2.1 2.1 Col, 10, 92
Ni (1) 2.4 3.2 NiL,HL 7.52
Zn (1) 1.9 2.7 ZnL,HL 8 17
Ph (II) 2.0 2.1 PbL, 7. 03

C§-PHA
Cu (II) 2.1 1.9 Cul., 2,01
Co (Il 1.9 2.0 Col., 10, 63
Ni (I 2.0 2.9 Nil.,HL 7.27
Zn (I 2.0 2.9 ZnL,HL 8. 02
Pb (1) 2.2 1.8 PLL, 6. 82

mHSEEE, CholbFoBtamebEAS [ML,(HL), 1.

BPHAIC X i@ 2 & BIERHTH 5.
bEricEVCpHER T I E, JhidihE
FlOBRSMTELANBPHAL b b/hX Wi s &
bh b,

FHUCRONA LD, C6—PHAILK B F
NENDERA A OB EERIZC8—-PHAI X
LR OBE EIFFISEWETH O, TR
HpHloEBREOERICAHEINLVI EERT,

COHEFEBLITOXDKHATE 5, MHER
Ko @F L~ rORERER Lo, FL—h
Doy Ko LA OBRBRESRK, . BX U
DEHEEHK, OBKELT G.6) XDnkHcE
Ihsb,

Kpum

Kex = ﬁ(z+n)Kan>< K(2+n)
d

(5.6

l: :.TB(Z-&M iO‘J: UKDM Cil/;ﬂ:-@ﬁfﬁig 3’1,50
FBIBETRLIcLHIKC6—PHAL L UFC8—PH
ADKaf iz FIEF LWV, LA > TEERB A A

[ML,(HL),]
[IM¥TI[L=]%[HL]"

B (2+n) —

Koy = ML, Ly, ]

oW, I 2 o0MHEFIOB . DL
BIEBELWEELBENTES, DI EDS
B.ORFDB 20y X K2 THIZEIRED HHEY
DERIITEAEFEE L5,

—7, ERERER> I L NEML, (HL) . &
L= F DlogKp, B HFIHLOIogK, (2 +
NEEIEERETH B, fE-T (5.7 DRI
U, (Kow /K@) HIERK, lEokEX 108
EYAQN

log Kpy = (2+n) log Ky (5.7

L7cdi-T, A% EDEBA A4 C6—PH
ALDF I — FDlogK, EIZCE—PHADF
FRIFEIUCEER 5,



%52 HE2OR-PHAILEZ=w7 N (II) XTAs00 () OfL{LFEE

R—-PHA Ni (D Co (I Extracted species
n n+m 1 n+im
C8-PHA 2.0 2.9 1.9 2.0 NiL,(HL) Col.,
C9-PHA 1.9 2,8 2.2 2.9 Nil, (HL) CoL., (HL)
C4 Hx—PHA 2.6 3.3 2.4 3.1 NiL,(HL)  Col,(HL)
C4Ph-PHA ¥ - e e s
tCH-PHA L7 2.2 1.9 3.0 NiL, CoL,(HL)
PP-PHA 1.9 2.2 2.0 2.4 Nil,, Col,,
HD-PHA 2.1 2.4 2.1 2.3 NiL, CoL,
E R o (N AR) Y TG-S AN
%53 BL2OR-PHAILKZ=w7Jb (1) B&TALE (D
DOFHtipH, i ERE LTS RERE
Hiz2 log Kex 1 F.
R-PHA Nig})(k>(ﬂ) Ni(Hi(la(H) leﬁigocﬂ)

C8PHA 7.09 7.62 —1.27 -10, 63 1,06

C9PHA 7.02 7. 64 —7.13 —8, 38 1,24

C4Hx—PHA 7.24 7.59 —17,58 —8.28 0.70

C4Ph—PHA % - --- - - -

tC 5 —PHA 8. 31 8. 26 —12. 02 -9, 62 -0, 10

PP-PHA 7.68 7.70 —10.76  —10, 80 0,04

HD-PHA 7.82 7. 91 —9.89  —10. 07 0.18

BPHA=*+ 7.64 7. 64 -10,50 —10.50 0.00

* LB AEES ToD i TEW

% % J H.Richardson, K. M. Larson et al., Anal, Chim, Acta,

116, (1980)407411 .

5. 6 HEAOR—-PHARKZ=-vTI(DE
DAV X (Jof:: 1 B

2oy VD & 8L M AD R EESYEE L T A 5L
DHAESHED 1 > TH LN, HErOEREL L
SR—PHAIZL 5 I o&B A v Ol P
A, HF L — ok, MHEBRERD S
EEbin, Sy ADETIN NIDDAEEEE
HRE L ORI OVTIHAN

E5 2cfEr DR—-PHAICE B = v 7LD &

a9 bADOMBIc BT A A0 =TT F ) R
OERERT, vy, a0 rIDEbE
O HERR-—PHAIC XD, FiNEEEELS
HEZITIRWEEDLH 5,

E5 3@ L DEREE L OR-PHAK LS
M cEe= v 7 bAD & 3,90 M AD DA RERE
AFd, cHLOENS, FU— MNERREOMKE
HE LT h B oEic LD aBRED R E <
ZT 5 LMD B, TTHRESNTHSIE
BAEBPHAICE B HHFEEREls F=0ThH



he, ZomHFhick b= )ADE 3250 b
M OFEHISROEETH B D, KT THICH
WeR—PHA TR RIRET H 5, FHITtCO—
PHARZ OB BN S, F7/:tCo—-PHA
TRMEOXhBIWFEEREL, 3,90 M IDOK
Py VAD E RTINS K D BT
MiHaha,

D& D UEREDEEDE VL 2 LkE,
SEERE DRI S AL IXBRBE O R, FBELY
HERUHETEELOGREOBRAMERITSH
D, H0&IAHRMABICIFATELVD, Z
DOBEHBENREBERICRHT LD, L

T A VDMBEISEERAERETE S D LR
xhs,

X ®m

1> A D Sherdriker, Talanta, 16, 51(1969)

2) A, Riedel, J. Radioanal Chem, 13, 125(1973)

3) J.H. Hildebrand, J. Amere, Chem. Soc.,
51, 66(1929)

4> J. H. Richardson, K. M. Larson, Anal.
Chim, Acta, 116, 407(1980)
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6. 1 #E

L1980 DEAMTHFFILENA U 7 L3 ELL,
TS DVRBER ST VAT —FEANEZFD
FIHEIEAL, BETEEVEBHEDOSY 7 L4
DHBEDESLLEZHEHBELTVA,Y LA LT
M5, HYTAEEET ABMIRIIERIICS
HohThod, i, 8, WMEEDIA, BX
C7N I =y LEERR—FY1 MIhThiZE
Fh, Ihoo2BOREEETHNINTVS
DHTH B,V LEdi»TH YU 7 L DORHERMSBE,
BREEROmE 3B ET 5,

AE TR, A CECHTHNS B 4 B,
R—PHAMOH U 7 LA BRI & L TOWEE
ARSI 5720, #&AD, TN =T LAAD, o
v AMELICTHY 7 AMDR-PHAIZ X
A EE I OWTHAN L
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Reagent Metal pH;,; n m+n log Kex

C8—-PHA Ga L5 3.2 29 22
In 2.9 3.0 3.1 L9
Al 3.1 2.9

PP-PHA Ga 1.5 2.8 29 2.8
In 2.8 2.9 3.1 -1
Al 3.2 3.2

HD-PHA In 3.0 3.1 3.1 =24

T2 FERBAEANELESE T 5Ga/AlOTT
SWTEHT A&, C8—PHA, PP-PHAWLY
hoMEBR S FABS@ERELDEEX Do T
Kb, | BOMBEETH Y 7 L099%LI Efl
Wah, 7o L0MER 1% TTHSLSE
HEHLBIENTE, b2 DDEEIBEIRX
TN TEETE 5o

PP PHAIZ & 5Ga/AlD 5 EEFRE (5.2) 13
C8—PHAI X AB4 (40 XD LHBOKRE
W ZHEBTERICXELDEHETE b,

AMETHVAHD-PHAS XU PP-PHA
3F L — FEREERE IR X T VFVAEES

#£6.2 R-PHAIC kK 3B

. log(SF)
eagent Ga/in Ga/Al In/Al
C8-PHA 41 44 0.3
PP-PHA 38 52 1.4

L, ¥l — MBEOBICII#ABEELZEITHRT &
ALY —F, FTNIZIh, AUTLABIOA
VUE LD IEEA A DA A VERBERTR
0.5, 0.62, 0.8LAERESINTED, Y Thod
XL — hARART 58S, Al>Ga>IndIEIZIT
BEEAZFEVWIEELB L, LIchi-T, #AY
LR TEID T EBREOEE R T E VT L
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PP—PHAIZ X B DA L DR E A2
BB THBEEL B
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lizkb, Fl— MEROZNEBREDOEEZFER
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N7z,
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TaiE VDEBBELT A ZILEBREMET
TILHRR, (FEHTELT AZ L, Nobb)
1985

2. 8.J.Lyle and A. D. Shendrikar, Anal,
Chim. Acta, 32, 575(1965)

3. AW, WMHESBESWE", p o2 BEHR
£, 1972

4. L. Pauling, “The nature of chemical
bond” , Cornell Univ, Press, 1960
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WU BEGRE, SF, ZHELTAHI, BT 57
ZNMUEET vy = FRIOBERE TS 729D
2200%E LTEu/PrELUYh/EuEiEA T,
DREHREZ 2 2D T v F = FAD D&M ER
DO E LT DX TEINS,

(SF) = K’ex(l) /K,ex(ﬂ) (7.9

F1.2CR—PHAF I X AW TB O
7log(SF)DZ T TICRHE SN TV A fthDhHE
HiZ2WTDE™ & & BIZRT,

Eu/Prific oW TDlog(SH) I >WT A 5
&, C8—PHADE(L 2D RBATEHETHL
SNTWVADIEHPADEC2. 70) & D /NZ LVAS,
HD—-PHADIBAC, 64)13D2EHPA & & 1313%

#7.1 EHR-PHAILKES VY= FA 4 Db EES
Eu/Pr& L TFYb/MD S REREL
Extractant Extragted o8
Specles Eu/Pr Yb/Eu

C8-PHA® ML, (HL), 1.23 1,71
tCO-PHA® ML, (HL), 1,20 1.56
C4Hx—PHA® ML, (HL), 0.21 1,35
C4Ph—PHA® ML, (HL), 0. 93 1.59
PP-PHA® ML, (HL), 1.14 2.10
HD-PHA® ML, (HL), 1.02 2. 64
BPHA® ML, (HL) 1. 24 0. 68
PBBHA® ML, (HL), 0,88 1.05
HQ® ML, (HL), 2.0 1.9

diBrHQ" ML, (HL) 0,94 9.01
Kelex100°® ML, 1.58 2.10
PANP® ML, 1.13 I.87
D2EHPA® M(LHL), 1,26 270

PBBHA, N—p—t—butylbenzoyl—-N—pheny

1h ydroxylamine;

HQ, 8 —quinolinel;diBrHQ, 5, 7 ~dibromo— 8 ~quinolinol;Kelex100,
7 —dodecenyl— 8 —quinolinol; PANP, 2 = ( 2 —pyridylazo) ~ 4 ~nonylphenol.

£7.2 R-PHAILKES &= A AV OEEHEEL

Pr Nd Eu Gd Tb Dy Ho Er Tm Yb Lu
C8-PHA —12.19 —I1210 —10.96 —10.87 —10.15 —973 —9.58 —949 —934 —9325 —9.13
tC9-PHA —i2.70 —12.55 —11.50 —9.94
C4Hx-PHA —12.10 —12.85 —11.89 —10.54
C4Ph-PHA —11.26 —I11.14 —10.33 —9.07 —8.74
PP-PHA —14.44 —1420 -—13.30 —11.20
HD-PHA —1540 —1531 —14.38 —14.29 —I13.8] —13.27 =—13.03 —12.73 —12.34 —11.74 —]1.53
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ay = Byltart?™ " (7.10)

L?‘:fﬁo'(,‘ AERSEEEE, TR bbHEE
HOLIHEOETT IDATEEN S,
108Ky (1) Keym ) =102(SF) (By 4y /By (13 )

(7.11)
PrdD, EudDH L YA 2WTD B.D

WEEEENFNG 9, T.4BKLUT. 3EHESN
TW5A,2 O ZhoDERMAWAEHD-PHAM
HIzEF AE0/PrBL O Yb/EuwtfHic oW T DL b
HLUO25EFEINE, ThoD{EMLHD-P
HARES » 4 = NADOH T EEA & LTHRE
FICEBNRTWS LW ZENTE B,

ZDXS5ICR-PHAO 7L X LEREICET
LAEREINEOHAREFES v ¥ = DO S

Bt ZE LS mbEsd bl &b -7,

3w

1) BEEEmTERAES VT A S IVERFE

oW CLADEBELT A YIS BEEME
(BRI TELT7 A FINEE) , T LHR

1985

2) L. G, Sillen and A E. Martell, “Stability
Constants of Metal—lon Complexes”
Supplement No, 1, Special Publication No2b
The Chem. Soc, Liondon, 1971

3) T. B, Pierce, P. F. Peck and R.S. Hobbs,
J. Chromatogr. , 12, 81(1963)

4> T. Cecconie, M, Hojjatie and H. Freiser,
Anal Chim. Acta, 193, 247(1987)

5) H. Freiser, Solv, Extr. Ion Exch., 6, 1093
(1988

6) T Hori, M. Kawashima and H. Freiser,
Sep. Sci. Technol, 15, 861(1980)
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x8.1 HEFEERO®

Added as Added V(V)found Error
ppm ppm ppm
Fe (II)  FeCl, 20
Ti (IV) Ti(SO,), 20
W (VD Na,WO, 20 18.0 o0
Mo (VD) (NH,)sMo;0,, 20
Cr (I CrCl, 20
Nb (I NbF, 20
Cu (II) CuSO0, 50
Ni (II) NiCl, 50 21.5 1.5
Zn (1D ZnCl, 50
Pb (1) Ph(NO,), 50
Al (I AlICI, 50
Ga (I Ga(NO,), 50 22.0 2.0
In (1D In(NO,), 50
EREEOEEIC >\ T/ EEE NS 3
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Abstract

The efficient recovery of rare metal has become increasingly important as the demads of
the metals for modern industries such as electronics and fine ceramics are grown up. New
metal-winning technology has begun to focus on the use of solvent extraction and chelating
resins on a hydrometallurgical process scale. However, the success of solvent extraction process
is dependent princepally on the extracting reagents.

In this project, we synthesized a series of N—alkylcarbonyl substituted N—phenylhydroxyl-
amines{R—PHASs) as new extracting reagents (extractants) of various rare matals important in
modern industries. The present report describes the synthesis and properties of these new R—
PHAs and the extraction equilibria of several divalent and tervalent metal ions and lanthanoid
ions from aqueous solutions into carbon tetrachloride with these reagents. The effect of the

substituent on the extractivity and selectivity of metal ions are also discussed.

1. Synthesis and properties of new extractants

Over 20 R—PHAs were synmthesized newly in the present project. All the R—PHAs were
prepared by the addition of appropriate carboxylic acid chlorides to N—phenylhydroxylamine in
an ether solution in the presence of an aqueous suspension of sodium hydrogen caebonate at a
temperature below 273 K. The products obtained were purified by recrystatallization from an
ether—hexane solution. The R—PHAs thus prepared were confirmed by melting—point measure—
ments, elemental analyses, as well as measurements of their H-NMR, IR and MS. The solubilities
of most of R—PHASs in water are very small and those in organic solvents such as toluene, carbon
tetrachloride and methanol are very large. For example, the solubility of HD—PIHA in Solvesso,
one of commercial industrial organic sclvent, is over 60 %. This large solubility of R—FHAs in
organic solvents is convenient to apply these new extractants to hydrometallurgical process of

various rare metals where high concentration of extractants is a necesarry condition.

2.  Extraction and separation vaious rare metals

The extraction equilibria of copper (1) ,cobalt (IT) ,nickel (II) , zinc (1) and lead (1)
with C6—PHA and C8—~PHA from aqueous solutions into carbon tetrachloride were studied.
The extracted species Culi,, CoL,, PbL,, NiL,(HL) and ZnL,(HL) were found for both the
extractants, where HL represents the extractats. The extraction constants for these chelates were
evaluated. The separation factor for a Co(II)/Ni(Il) pair was varied considerably by changing
the substituent of RPHAs.

The separation factors for Ga/Al and Ga/In pairs with C§—PHA were found10* " and 10" ' ..
respectively. These values are the same order of magunitude or better compared to those reported
for other chelating extractants.

The results of the extraction of lanthanoid (I) ions with several R—PHAs showed that
R—PHAs are suitable extractants for separation of lanthanoids each other from their mixtures.
Especially, HD-PHA is the excellent for the separation of heavior lanthanouids. It is clarified

that appropriate blanching near the chelating functional group in the substituent will provide a

good means for improving the selectivity of R—PHAs for the separation of lanthanods.
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