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E #. £ CdJD, Cu(l) 9 PbADS] Trien-OH Fell A ion 3BEE 0.1, 25°C+1 4 BA#EY
of B3 KEEERE Tetzd 2o o8 R3IAFoH, ol F BEHHEWS pHB(L I8 HAHREE
AFE = FHEH A2 =g CulDst GAADE F#s7] A8 Bion Zoigsiail A
BHSEARS BHRAE KEXEHE FIAStY fxstger], pH#ked =& Cu(Ds CIAD9
SRBGERENES pH 9.001 480 & 23%kvh. EDTA & slelgAlz she] Cd(ID-Cu(ll)-Trien-EDTA
Foll A ERESHS pH 11.02 3t3 CudDE GdAD 2 28 S#S #Re 4589 st BR
fEst & A 35l

ABSTRACT. The formation constants of the mixed-ligand complexes in the Cd(II), Cu(Il) and
Pb{I)-Trien-OH system were studied by polarograph. The formation constant (log 8;;) was deter-
mined at 25°C in the ionic strength of 0.1. It was also confirmed that the mixed ligand complexes
in this system were formed above pH 10.2, 10.5 and 9.0 for Cu(II), Cd(II) and Pb(II) by the
calculation of the distribution for complexes at the various pH. Masking of Cd(II) by conversion
to anionic EDTA-complexes has been used to separate Cu(II) from Cd(II) through passage of a
combined Trien-EDTA solution on an cationic resin column. The optimal condition for the separa-
tion of Cu(Il) from Cd(II) is confirmed at the pH range above 9.0, not only by considering the
theoretical equation of the conditional-exchange-constant of metal on the cation exchange resin,
but also by calculating the distribution of the mixed ligand complexes in the resin at the various pH
with computer. By analyzing the synthetic sample of Cu(II) and Cd(II) with a EDTA masking at
pH 9.5, it is found that the results of the experiment are satisfied with the theoretical value.
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Fig.1. Apparatus for the separation of metals. @D
glass plate @ funnel (3 stopper @ resin column ®
ion exchange resin. Dowex 50-X; (50~100mesh) ®
glass wool @ pinch cock @ beaker @ stand.
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o] ionBE £ E 0.1 2 FEFSAT Ion TR
Big= Dowex 50-X4(50~100 mesh) & HCl &
A el stel HY & B ion 2o stEAch
ion THuUSE AL Fig.19] YA ulel 7o)
k2] & 2cm, Zeo] 8em 9 | ul=ol glass
wool & A3 cock & Fol WA =433
s th, B pH &= Hitachi 508 & FEF%
W¥rEErS} Horiba-5A # pH meter §- 5+
BEsA .

KBHZ
b5 ion ZSHkilE 5g-& Lol A il 2
7 & A g F SHEH9 KEE HEEL
Byoll Al oF lem ol 2 #EREAFIHA HES 10
~15ml/min o2 ZAHFAT. HE 100ml &
WA A Fs Bl pH o AT %58
9 pHZ7F 0.1 ZEH7 vr] =5 33t
7)ol 1x104M9 £BE¥E 20ml, 0.01 M
EDTA 20ml$} 0.02 M Trien %% 15ml & &
£3ts, ¢Egder pHE 243 Fo 28

ol 100ml 7t H A st K S 7~8 ml/min
oz EHAA, WA FHA g4 4%
o EFBREXEELZ Cu)E KR 32484,
Cd(ID & 2288 Aol A EE3IS

Table 1. Reversibility of the electrode reactions.

Trien Ei 4E/ dlog

Metal M/D) pH (V vs. SCE)|  (i/is~5)
cdan |1x102| 11 —0.90873 | 28.9
5 —0.64352 | 30.8

5x1073| 11 —0. 89419 29.1

Ph(py | 1%107% 10 —0.62724 | 30.7
1x102] 5 —0.42452 | 32.7

11.8 | —0.66963 3.1

Cu(mn | 1X1072) 10 —0. 56094 33.4
7 —0.43492 28.9
5X107%| 11 —0. 55970 33.8

£=0.1, temp=25%0.1°C, H=72.4cm, t=4sec,
m=0. 792 mg/sec
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Cu—=0.53 0.55 0.57 0.59 0. 61 0.63
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Fig. 2. Plot of antilogarithm of the total concentration vs. half-wave potential at pH 11.
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= 1.42X10* M/l 2 dA A stz pHE 11 2,
ionBELE 012 238 % Triend 2§
B (Tl & LA DA REEM E29) #E
£ Qg Eyo~—log(Tlr BRERE Fig. 20l
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3 pH 12 -2 A $EEA-F S48 Edte
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Fig.3. Plot of half-wave potential vs. pH.
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Table 2. Stability constants (log §,;) of metal complexes in pH 10~13 at 25°C.
Metals MT ’ MT, M©OH) T M(OH) T, M(OH),T
Cd(ID) 12. 22(10. 75) ! 14.63(13.9) 13.58 15.45 15.57
Pb(ID) 9.98(10.4) | 12.51 14. 49
Cu(I) 20. 16(20. 4) ' 21.78 22.56

( ) Reference value.

84 CdD)el Hi £ & BES HES
R Table. 33 o}, £HESEYMY BRESHE
2E H,T, CdT 7} A9 9%2 HFEES 4 F
Ak, Ze Hko R % pHel =2 &Y
BEE kil ol 5 &BF el BasEY
nho] BEE mE Y GEEZERE HL WSS
Rt = HAREE Fig 4~6°] vt
Fig.6°)A 24 pH 573l & CdIDr}t #EES
Boz fiestehrt pHoF A& #@ndtel et
S ES WAtz Frgel CdT 7} A=,
pH 8 2ol A= CdT 2 AY ##&g=t. pH 9
Bl = C4T 7} ®Aste RFro] CdT, 7F Ak
= pH 12.5 23] 4 & CdT, CdT, Cd(OH)T,
Cd(OH)T,, CAd(OH),T 59 o} ELs
ol & L 4 F ded olAL Fig. 39
A w2 pHEENA = REEN Ei 7 F7
3 Emsle AL ol F SWESE AT A&

Table 3, Concentration of species in Cd-Trien system

at pH 8.

Species Concentration (M//)
HT 3.89x1075
H.T 7.41x107*
HsT 4.16x107%
H, T 1.05x107°
MT 1.78%x107
MT, 1.67x1078
M(OH) 5.09x 10712
M(OH), 5.09x107%°
M(OH)T 3.77X107°
M(OH) T, 1.09x107%8
M(OH),T 3.69%1071®
T 3.89x1077

Free metal concentration=2.55x10710 AM/L.

con.: CAd(I) =1.79™* M/l, Trien=1.0073 M/I.
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Fig. 4. Distribution of complexes for Cu(II)-Trien system as a function of pH.
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Fig.5. Distribution of complexes for Pb(II)-Trien system as a function of pH.
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Fig. 6. Distribution of complexes for Cd(II)-Trien system as a function of pH.
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2 BRion #th> [ ion AcHEIEAHA A ion %
ol dojudr}, olw Trien gt BEHT £EE2
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Fig.7. log M(T) as a function of pH for Cu(Il)
and Cd(II) (total concentration of 7”=0. 01M/]).
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st & vt o RE2 anm<<lamm ©
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3 amay & ouey B ¥9 ¢ & FHESIY % pH
o @& SFEEERSY HAEE RT + o &
BS B ion TiElgMd A SHETERS <
+ 93, = SETES pHE 4 ¢ U
Fig.8 & Trien 3 EDTA 9 REARMTE FH
g CudDs} Cd(ID HELREBIE A E (—logg)
Z pH 8o o2t FHEI gt o7
A 2 Cu(lD)& pH 8.5 ol Ao A= HEFER
o W7t A9 glol BB ion IR F32
F 93z, Cd(IDE pH 8.5 4 4HEHE DS

£ 10,0008 F=2 FWAAA B ion e
o] F2e] doj A b Aol ol = £Eel
Trien & EDTA o} &% MRt oA 2 A KE
of dojut LB Pl REEERT & Fo=

-lag ¢
r~

C: Ca(in
®: Cul(ll]

§ 8 w12 1%
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Fig.8. -log ¢ as a function of pH for Cu(Il) and
Cd(ID). (total concentration of Trien=0.01 M/!, total
concentration of EDTA=0. 01 M/I).

Table 4. Concentration of species in the Cd(II)-Cu(II)-Trien-EDTA system at pH 10. 0.

Species Concentration (M/I) Species Concentration (M/1)
T 4.502x1073 cdy 1.785% 107
HT 4.052x107% CuY 3.751x 1076
H,T 8.578X 107 Cd(OH)T 3.137x1074
H,T 4.824%x1077 Cd(OH),T 3.065X10713
H,T 1. 212X 10713 Cd(OH) T, 1.047x 1071

Y 3.080% 1073 Cd(OH)Y 1.880X 1073
HY 6.737X1073 Cd(OH) 3.657x10718
H:Y 1.171x 1078 Cd(OH), 3.657x 1072
HsY 6.584X 10714 CuT 1.377X107
HY 7.736 X 1072 Cu(OH)T 5. 236X 1077
CdHY 4.483%x1072 Cu(OH),T 3.155x 10710
CuHY 5.945x 10732 Cu(OH) 1.533x 1071
c4T 1.484x 1078 Cu(OH); 3.852x 1072
CdT; 1.606x 1078

Free metal conc. Cd(II) =1.833x10718, Cu(Il)=1.930x107%.

(Initial conc.: Cd(ID)=1.79x107* M/I, Cu(Il)

=1.42%x10"4 M/I, Trien=1.00x1072M/!, EDTA=1.00x1072 M/0).
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Fig.9. Theoretical percentage of cations in the Cd(I[)-Cu(ID)~Trien-EDTA system at various pH.

ETEE 2 QA gt Table4 8t Fig. 9+ &
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24437 §8 Cu(lD) 9} Cd(II) = Trien 5} ED-
TA S E&EMMT AARES AR 45
Se £EERSS £4RT BT RErE
TBEE FiAsdd AFE 2 HES B85 e
A Aolwk, Table4 oA 5= pH 1064 Cd-
FE CdY, Cu-%¥= CuT7F A9 100%24 =
HEROIH E S AY ERI o B
Rl A MY} MTwHe z88 Aol egd
ALE & Ak Fig. 9 pHE #ho] w
2 ERE T BAsme BESHAS SHEG B
AV E B ion THUREMY X015 4B
RES vebiAsh. o B8 Fig.9s) Zo] pH
7b 2 gE A HE=E &R ion Eo| Fyedt
7] gl B ion ISHRBIRAENA 25 45 2
pH 1.8(2.5)~60°14 4ol =5 [&ion el
5 EDTA ##0] 4:ps o] Bhion Zriushg A9
<+ F34¥c. pH 9.0~12.0440) o4 Cut BB
ion &< CuT} Cu(OH)T 7} A=z Cd
(D)= Faion 849 CdY & st Bion%
#BEiEHEd A 587 Jbsskth. ey pH A
125 &= WHion THBIEMAN NS S8t
TEETE 4 T dor q7 A -logg 9 #
Fot MR}, ol & pHEEAA Triens
9 &£B#Mol CuT 9o] Cu(OH),T 7 A£RKE
Vol. 24, No.2, 1980

Table 5. Results of the separation for Cu (II) and
Cd(II) on the cation exchange resin coulumn in pres-
ence of EDTA and Trien at various pH.

Cu(IL) Through Cd(II) Through
column column

PH 1"Added | Found | Added | Found
(mg/?) (mg/l) (mg/) (mg/D)

4.5 9.00 8.83 20. 04 19.99
(98.11) (99.75)

8.0 9.00 2.42 20. 04 20. 06
(26. 89) (100.1D

9.5 9.00 0.11 20.04 19.93
(1. 20) (99. 45)

11.0 9.00 0.85 20. 04 19.97
(0.93) (99. 65)

13.0 9. 00 2.70 20.04 19.99
(30.00) (99.75)

() denotes the percent against added.

7l WEelH SEEE BAES =% BHS
A MTHbg 27| o Folch ol 49 g
24 Cu(Il)-Cd(II)-Trien-EDTA %ol A Cu(I)
¥ CAAD2¥H Bion wHRERHEAN S8
T AT BE pHERET 9.0~1209 8 ¢ 4
A BBz W2y 98 pHE 248 Cu
(I)~Cd(II)-EDTA-Trien B&%EKS BB ion
BEE A8 & B4 £LBS ST BB
T Table5°] Yetdich, pH4. 594 CdUN)
Cu(D7} 25 B ion ZcHidils 24 & E3 9
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on] pH 9.0~12. 0014 Cu(h)E AY F%
o] 5z Cd(ID = &3¢ AL & F ek ©f
Ao R £BY BAEMLTE ARG B
ion TSR Sl ¥ W SREAR B
PEE ¢ Z By B 1 AHkiEe 4
a4 4 9les, S &E pHE *T F &
£}, m3l Trien & EDTA B4EMTE FIFSH
o] pH 9.0~12. 0614 % ion 7oz e 2 Cu(l)
£ CdUh23E #Ed & As ez B
o2 k3 &E pHEES EHET 2A
ot

4. B B

(1) 2B CddD, Cudl), 2 PbdD)st Trien
plol HREE &5 Zetzodiz BERRE
L 2BTBLTREANA 25 FMRED S #53
it

(2) % pHel w2 £B&7 2BEEHY
o @ 2 pH 10~13 014 T8 LEEEKS
BFA 7 TR ZTARAT o] TEEER
ZFIEse] pHol w2 ffEgpel BE 2 5
FREES HES #EE Trienst OH ol &
T2 pEe s Baskide CudDE pHI0.
9, Cd(ID: pH10.5 PbIDE pH 9.5 o144l
RN A T S AT

(3) Cu(Il)-C4(ID)-Trien-EDTAF ] A Cull)
ol Cd(ID9) B ionZoifike] o AMEAIRET
BEEkre HEY #E pHEEE 2.0~12.0
Aol et

(4) Cu(I)-CA(ID)-Trien-EDTA %] A TE
Merke pH 11.02 33 Bion Zifkko® Cu
D& Cdnz3E SED R 5T =
Fd o, o] HBEET ERMoE FHT &
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