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Zinc occurs often in wastes, such as electric arc furnace dusts, spent 
batteries or brass scrap [1-9]. Hydrometallurgical treatment of these materials leads 
to solutions containing zinc(II) and other metal ions. Selective removal of ions from 
water leach solutions can be achieved by several methods, such as solvent 
extraction, ion exchange or transport through membranes. The liquid membranes 
offer an attractive way for separation and concentration of metal ions from 
multicomponent water solutions [10-18]. In the present work the ability of liquid 
membranes to separation of Zn(II) from divalent metal ions in sulfuric aqueous 
solutions was investigated. 

The aqueous initial feed solutions imitating the leach liquors and containing 
0.01 M of zinc(II) and 0.1 M one of the following metal ions: Co(II), Cu(II), Mn(II) 
or Ni(II) were prepared using the corresponding sulfate salts. The acidity of the feed 
phase was adjusted by adding of appropriate H2SO4 or NaOH solution. Metal ions 
were transported into receiving aqueous solution contained initially 2 M sulfuric 
acid. 

For separation of an initial binary mixture of metal ions transport through 
supported liquid membranes (SLM), polymer inclusion membranes (PIM) or hybrid 
liquid membranes (HLM) was performed. The membranes contained as an ion 
carrier one of the following commercially available extractants: di(2-
ethylhexyl)phosphoric acid (Aldrich) (1), bis(2,4,4-trimethylpentyl)phosphinic acid 
(Fluka) (2), bis(2,4,4-trimethylpentyl)thiophosphinic acid (Fluka) (3) or bis(2,4,4-
trimethylpentyl)dithiophosphinic acid (Fluka) (4). The supported liquid membranes 
were obtained by soaking of the porous polypropylene film (i.e. Celgard 2500) with 
an ion carrier solution in kerosene. The polymer inclusion membranes were prepared 
by dissolution of membrane components in dichloromethane. The PIM consists of 
cellulose triacetate (Aldrich) as a polymer support, appropriate ion carrier and o-
nitrophenyloctyl ether (Fluka) as a plasticizer. This solution was poured into a Petri 
dish and left overnight to evaporate of the solvent. The hybrid liquid membranes 
were prepared by composition of a cation-exchange membrane (CEM) with liquid 
membrane containing an ion carrier mentioned above in the system CEM - organic 
phase - CEM. As the CEM the Nafion 117 membrane was applied. 

All utilized ion carriers can bind of metal ions at specific acidity of aqueous 
phase. It was found that the properties of the ion carrier as well as the pH of aqueous 
feed phase were the main parameters determining the possibility of selective transfer 
of metal ions from an initial mixture of Zn(II) and Me(II) through membrane. 
Transport of metal ions across liquid membranes applied in this work can be 
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described by the first order equation. The flux of metal ion transported through the 
membrane J from feed to receiving phase can be calculated from the following 
equation: 

A 

where: Vs - volume of source phase, m3, Am - membrane area, m2, k - rate constant, 
s"1, determined from equation ln(c/c,) = f(Y), ct - metal ion initial 
concentration, mol m"3, t - time, s 

For the time equal 0 s the initial flux Jt was calculated. The influence of the 
acidity (pH) of the aqueous feed phase on the total initial fluxes, calculated as a sum 
of fluxes obtained for both transported metal ions, is shown in Table 1. For all 
applied membrane systems the rate of ion transport at chosen pH of aqueous 
solution is depending on ion carrier type and it is increasing in the order: 

1_< 2 < 3 s 4 

Moreover, in the case of carriers l_ and 2 the initial fluxes grow with pH increase 
whereas for carriers 3 and 4 values of those fluxes are higher and do not depend on 
pH in the range of 1.0 to 5.0. 

Table 1. The total initial fluxes (umol s"1 m"2) of metal cations obtained for transport 
trough liquid membranes performed at chosen acidity of aqueous feed phase. Initial 

concentration of metal ions: 0.010 M, volumes of feed and receiving phases: 100 
cm3, working area of membrane: 12.6 cm2, concentration of the ion carrier in liquid 

organic phase: 1.0 M 

pH 
Ion carrier 

1 2 3 4 
SLM 

1.0 
3.0 
5.0 

0.491 
4.58 
53.9 

2.67 
32.2 
62.0 

85.4 
85.8 
85.8 

74.0 
85.2 
85.2 

PIM 
1.0 
3.0 
5.0 

1.65 
9.85 
66.1 

5.22 
40.1 
72.5 

89.5 
91.2 
90.9 

84.0 
89.1 
89.0 

HLM 
1.0 
3.0 
5.0 

0.103 
1.35 
33.6 

0.954 
21.9 
48.9 

76.3 
77.3 
77.5 

68.1 
74.9 
75.8 
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As it can be seen from Table 1 the transport rate for all investigated ion 
carriers depends on the type of membrane and it was increasing in the order: 

HLM < SLM < PIM 

In the case of all applied ion carriers the fastest transported ion was zinc(II). 
Separation properties of the membranes were determined as the ratio of initial fluxes 
of Zn(II) and Me(II). It was found that the separation of both metal ions depended 
on the type of membrane as well as the ion carrier properties. The best transport 
selectivity was obtained for carrier 1 applied in hybrid liquid membrane, whereas the 
worst selectivity was observed for carriers 3 and 4 in supported liquid membranes. 

The important factor of membranes application is their stability. The 
membrane stability was studied by performing sequential 24-hours experiments with 
the same membrane and with changing feed and receiving solutions with the same 
initial concentration of their components. For investigated systems the best stability 
was reached for polymer inclusion membranes with compound 1 applied as the ion 
carrier. The lowering of ions initial fluxes were observed for this system after 10 
cycles of transport, while in the cases of SLM and HLM it was after 7 and 4 cycles, 
respectively. 
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