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The extraction-separation of zinc(II) and cadmium(II)
under pseudo three-phase equilibrium using filter-paper phase separator
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A separation method has been developed which uses a separator (filter-paper phase
separator) with filter paper that can separate the aqueous phase from a mixture of two li-
quids under high-speed stirring. The apparatus, equipped with a filter-paper phase
separator, was available for longer than 6 hours. The aqueous phase in extraction vessel
A in the presence of chloroform was transported into vessel B by a chemical pump after
separating the aqueous phase. Simultaneously, the aqueous phase was returned to the
vessel A. As a result, pseudo three-phase equilibrium was obtained among organic
phase 1, the aqueous phase and organic phase 2. Zinc(II) and cadmium(II) were added
to extraction vessel A. PAN [1-(2-Pyridylazo)-2-naphthol] and BzA [Benzoylacetone]
were dissolved in the organic phase (vessel A and B), as extraction reagents, respectively.
After 120 minutes of extraction under high-speed stirring, zinc(II) was extracted above
99% into the BzA-chloroform phase (vessel A), and was not extracted into the PAN-
chloroform phase. On the other hand, cadmium(II) was not extracted into the BzA-
chloroform phase. Zinc(II) and cadmium(II) could be separated over the range of 0~
1000ug, respectively.

Keywords : filter paper phase separator; pseudo three-phase equilibrium; solvent extrac-
tion; zinc(II); cadmium(II).
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Fig. 1 Schematic diagram of the apparatus

A, B: morton flask (300 ml); S: filter paper phase
separator; M: motor; P: mini chemical pump

Fig. 2 Filter-paper phase separator
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Fig. 3 Diagram of distribution equilibrium by the
present method

Vaq: volume of aqueous phase; Viri: volume of
organic phase 1; Vogo: volume of organic phase 2;
C.q: concentration of metal ion in aqueous phase;
Corg1: concentration of metal ion in organic phase 1;
Corg2: concentration of metal ion in organic phase 2
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0.45 Table 1 Effect of extraction solvents on durability
of paper phase separator
0 O s DUy of ppe
@ 0.3 Carbon tetrachloride >120
ﬁ Chloroform >360
1,2-Dichloroethane >120
Tributyl phosphate < 30
0.15 Ethyl acetate >120
Benzen 4
Toluene 4
Butanol < 30
0 L Cyclohexane >120
0 50 100 150 200 250 300 360  Hexane ’

Time/min

Fig. 4 Monitoring of aqueous phase

Measurement wavelength: 308 nm; Stirring speed :
2000~3000 rpm; Flow rate: 2.0 ml min~'; Extrac-
tion vessel A: organic phase, 10ml chloroform;
aqueous phase, 50ml (pH11.0); 0.08% 8-
hydroxyquinoline-5-sulfonic acid 4 ml; Extraction
vessel B: organic phase, 10 ml chloroform; aqueous
phase, 50 ml (pH 11.0); D: aqueous phase in vessel
A; @: aqueous phase in vessel B
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Fig. 5 Transport of extracting reagent to organic
phase in vessel B

Extraction vessel A: PAN, measurement wave-
length, 470 nm; organic phase, 3.2X 107> M PAN-
CHCI; 10 ml; aqueous phase, 50 ml (pH 8.3); BzA,
measurement wavelength, 310 nm; organic phase, 40
ml 2.5X1072 M BzA-CHCls; aqueous phase, 50 ml
(pH 8.3); Extraction vessel B: organic phase, 10 ml
chloroform; aqueous phase, 50 ml (pH8.3); | F
PAN, organic phase in vessel B; @: BzA, organic
phase in vessel B
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PAN: 2=470nm) ZBE L. ZD#HER% Fig. 5 I
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Fig. 6 Effect of PAN concentration on the appa-
rent distribution ratio of Zn(II) and Cd(II)

D’: apparent distribution ratio; Flow rate: 2.0 ml
min~!; Extraction time: 120 min; Zn(II), Cd(II):
1000 pg; Aqueous phase: 100 ml (pH 9.0); Organic
phase: extraction vessel A, 0.5 M BzA-CHCl; 10
ml; extraction vessel B, PAN-CHCIl; 10ml; []:
Zn(II), BzA 0.05M, method I; I: Cd(II), BzA
0.05M, method I; @: Zn(1I), BzA 0.1 M, method
I; O: Cd(II), BzA 0.1 M, method I; W¥: Zn(II),
BzA 0.05M, method II; ¥: Gd(II), BzA 0.1 M,
method II. Method I is as follows: metal 1ons were
added to vessel A; Method II is as follows: metal
ions were added to both vessel A and B
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Fig. 7 Effect of PAN concentration on the appa-
rent distribution ratio of Zn(II) and Cd(II)

D’: apparent distribution ratio; Flow rate: 2.0 ml
min~!'; Extraction time: 120 min; Aqueous phase:
100 ml (pH 8.30); Zn(II), Cd(II): 1000 pg; Organic
phase: extraction vessel A, 0.5 M BzA-CHCl; 10
ml; extraction vessel B, PAN-CHCIl; 10ml; H:
Zn(II); @: Cd(1I)
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TLIZHUT AR THD KD IZE %, BzA-CHCIL; H
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332 Cd(II), Zn(II) REABREDOEA TFig
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"HUZ. BzA &t/ uui)L A% 40ml, PAN %
Ettr7uur)VafEE 10ml &L, KIEOLEX 100
ml THY, FhFEN50ml & UK. BEEE 2L,
SBOWINE % 300~3000 ug IZLTITHo . FOKRE
% Fig. 9 WZ/R 9. IIMEA 1000 ug DL F ¢ l3HE#IE
BzA-CHCI; #8~ 99% LI E#itH X L7245, PAN-CHCI;
HARe<HHsnghro7z 1% DTF). —H, # K
37 4 BzA-CHCL; #~ 1% LR U»HiH s T,

Vol. 46 (1997)

log D’

_3 H 1 1

0 0.1 0.2 0.3 0.4 0.5

Concentration of BzA/M

Fig. 8 Effect of BzA concentration on the apparent
distribution ratio of Zn(II) and Cd(II)

D’: apparent distribution ratio; Flow rate : 2.0 ml
min~ '; Extraction time: 120 min; Aqueous phase:
100 ml (pH 8.30) ; Zn(II), Cd(II): 1000 ug; Organic
phase: extraction vessel A, BzA-CHCl; 25 ml; ex-
traction vessel B, 1.6X10> M PAN-CHCl; 10 ml;
M Zn(1I); @: Cd(II)
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Fig. 9 Extraction curves
Aqueous phase: 100 ml (pH 8.3), Flow rate: 2.0 ml

min~ !, Extraction time: 120 min; Organic phase:

extraction vessel A, 0.5 M BzA-CHCl; 40 ml; ex-
traction vessel B, 1.6X10*°M PAN-CHCl; 10 ml;

B Zn(11); O: Cd(I1)

#145% » PAN-CHCl; fA~fitH 2 h, £ Ehidkig
EEE s, PlEDZ EH 5 1000 ug LT ORI
LT, XEZBEHTA2EI2L0 Zn(11), Cd(II) D4E
HOEEMSERI NS
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