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Abstract 
The hybrid version of a rotating film pertractor with discs made of a cation 

exchange polymer (CEM, Nafion) was constructed and tested in the process of 
Zn2+/Cu2+separation. The bulk liquid membrane composed of D2EHPA in 
kerosene was used. The separation coefficients and maximum output fluxes were 
calculated and compared to the blank system (without CEMs). 
 

1. INTRODUCTION 

Pertraction is a continuous extraction and re-extraction process, which 
occurs in a liquid membrane system composed of three phases, i.e.: an 
aqueous feed phase, organic phase (a liquid membrane phase with or 
without a carrier), and a stripping phase (an aqueous solution with a 
stripping agent) [1-3]. A liquid membrane used in this process can be 
arranged as a bulk liquid membrane (BLM), supported liquid membrane 
(SLM) or emulsion liquid membrane (ELM). Depending on a specific 
liquid membrane composition, the process offers the possibility to separate 
various metals, organic compounds, preconcentration of analytes or 
extraction of natural compounds from aqueous media of different origins 
[4-7]. To improve the stability of the liquid membrane operation, some 
multimembrane hybrid systems (MHS) were also proposed as a method for 
a practical application of bulk liquid membranes [8-10]. The idea of such 
systems is based on coupling the properties of physically and chemically 
different types of membranes, i.e. liquid membranes and polymer cation-
exchange membranes [11]. It was demonstrated that such systems are very 
stable in time of operation and can be considered as a very useful method 
of BLM application in various configurations [8-10]. 

Another problem to solve is the construction of practical equipment to 
implement the pertraction idea. The related devices, called thereafter 
“pertractors” can be divided into the following types: creeping pertractor 
[12], rotating pertractor [13], flat pertractor [14], complex pertractor [15], 
hollow-fiber pertractor [16-17], spiral pertractor [18]. Similar solutions can 
be applied in the case of MHS [19]. While looking for improved laboratory 
devices (e.g. for analytical applications) we paid attention to the rotating 
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pertractor. Its first version was constructed and described by Schlosser et al. 
[13], and then widely applied by Boyadzhiev et al.[3-5]. The scheme of this 
device is presented in Fig.1. 

 
Fig. 1. Scheme of rotating film pertractor: 1-rotating discs, 2-common shaft, LM- 

liquid membrane, F-feed solution, S-stripping solution. 
 

According to the scheme, in the classic rotating film pertractor the 
hydrophilic discs (e.g. made of cellulose) rotate between aqueous and 
organic phases. Adhering feed or striping solutions are transferred to the 
organic phase where respective extraction / re-extraction phenomena occur, 
the mechanism of which depends on the liquid membrane composition. 
Exploiting the idea of hybrid systems we constructed the hybrid rotating 
pertractor in which the discs are made of a cation-exchange polymer (Fig. 
2). 

 
Fig. 2. Scheme of hybrid rotating pertractor: 1-rotating discs made of cation-

exchange polymer (CEM), 2- mover, 3-common shaft, LM-liquid membrane, F/S-
feed/stripping solution. 

 
Cation-exchange discs fulfill different functions, i.e. (i) they can carry 

adhering liquids from the feed or stripping phase to the membrane, (ii ) to 
concentrate cations in the their internal solution, and to separate cations 
from the feed according to their selectivity properties. In practice, due to 
high ion exchange capacity, the rotation of discs may be much slower than 
in the case of a classic device. The introductory testing of HRFP (hybrid 
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rotating film pertractor) was carried out, and some results are presented 
below.  

2. EXPERIMENTAL 

The pertraction cells were made of Plexi glass. The device was 
composed of two compartments, each of which comprising an upper and a 
lower part. An upper part of the pertractor was filled with the organic phase 
(a bulk liquid membrane with the carrier). A lower part was divided into 
two sections containing the feed or stripping solution (see Fig. 2). The 
rotating discs of 3.5 cm diameter and 7.2 cm2 area were made of the Nafion 
117 cation-exchange membrane. The contact area of the organic and 
aqueous phases was 7,8 cm3. The compartments were filled with 50 cm3 of 
the feed or stripping solution which additionally were circulated from 
external reservoirs of 1000 and 100 cm3 volume by two peristaltic pumps. 
The initial compositions of the aqueous and organic phases was as follows: 

• feed (donor) solution: Zn(NO3)2 and Cu(NO3)2 (P.O.Ch., analytical 
purity) each of 0.01 mol/dm3 concentration,  

• stripping (acceptor) solution: H2SO4 of 1 mol/dm3 concentration, 
• membrane: 50 cm3 of 0,1 mol/dm3 solution of  D2EHPA (Chemical 

Co. SIGMA, purity 95%) in kerosene. 
The concentration of zinc and copper in the feed and stripping solution in 
time of experiment (75 h) was determined using the AAS method 
(SPECTRA-20ABQ, Varian Co.), The pH of the feed solution was 
controlled by the ELMETRON CPC-501 pH-meter. The disc rotation 
velocity was set at 6 rpm. 

 
3. RESULTS 

Two series of measurements were carried out: one  with ionic discs as 
described above, and another, without ionic discs (blank experiment with a 
plastic handle only). The results are presented in Fig. 3 a-b as the plots of 
metals concentration in the stripping solution vs. time of experiment. As 
expected, according to the properties of D2EHPA, Zn2+ cations are 
preferentially transported into the stripping solution in the both systems. To 
compare the separation abilities of the both systems, the separation 
coefficients 

 

[Zn] / [Cu]

[Zn] / [Cu]
Zn s s
Cu

f f

α =      (1) 

 

were calculated and presented in Fig.4 a-b. Because the output fluxes in the 
system with the feed and stripping solutions of limited volumes are 
dependent on time with maximum at the inflexion point of curves presented 
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in Fig.3, the corresponding maximum fluxes Jmax,Zn and Jmax,Cu were 
calculated as characteristics of the systems studied. For this purpose, the 
experimental data Vs×[M] s/A (M=Zn or Cu) = f(t) were fitted (TableCurve 
2Dv5.01) with a sigmoidal function, and then differentiated numerically to 
calculate instantaneous fluxes. 
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The values of maximum output flux are presented in Tab.1. 
 

       
 

Fig. 3. Concentration of Zn2+ and Cu2+ in the stripping solution vs. time of 
transport: (a) HRFP with cation-exchange polymer discs, (b) blank experiment. 

 
 

       
 

Fig. 4. Separation of Zn2+ and Cu2+ vs. time of transport: (a) HRFP with cation-
exchange polymer discs, (b) blank experiment. 
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Table 1. Maximum output fluxes of Zn2+ and Cu2+.  

Jmax (mol/cm2s) 
System 

Zn2+ Cu2+ 

Hybrid rotating film pertractor 
Blank experiment 

8,64 × 10-9 
4,94 × 10-9 

 9,51× 10-11 
7,40 × 10-11 

 
 

4. CONCLUSIONS 

The results of this introductory study show that the hybrid rotating 
film pertractor is an alternative device for pertraction and concentration of 
zinc from Zn(II)/Cu(II) mixtures in aqueous solutions with bulk liquid 
membranes. It was found that the process with HRFP allows a very 
selective zinc recovery over copper, i.e. the separation factors Zn

Cuα  reach the 

value 175, for HRFP and 130 for the blank system. Also, the maximum 
output flux of Zn(II) observed for the hybrid version of the rotating film 
pertractor was two times higher than the value for the blank system. 
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