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Abstract 
In this paper the feasibility of applying liquid membrane pertraction to the copper 

recovery from aqueous effluents has been examined. A continuos laboratory-scale 

hollow fiber-in-fiber type membrane pertractor was constructed to solve a variety 

of problems encountered in the conventional solvent extraction equipment. 

Copper-ions present in the feed solution were transferred through an organic 

liquid containing 2-hydroxy-5-nonylacetophenone oxim in kerosene and 

concentrated in an acid solution on the strip side. The operational factors such as 

flow rates of the three liquid streams were considered. The overall mass transfer 

rate is greatly influenced by the resistances in the aqueous film boundary layer on 

the feed side, and by the rate of interfacial reaction taking place at organic-strip 

interface. 
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1. Introduction 
 In the past two decades, membrane science and technology has 

undergone a dramatic development. Especially, the possibility of chemical 

species separation and concentration in one device has attracted much attention. 

For this purpose, extensive research has led to the development of liquid 

membrane pertraction technique. Liquid pertraction combines the loading and 

stripping step of solvent extraction into a single unit operation, allowing the 

continuos removal and concentration of a given species. Various pertraction 

technique were considered for copper separation: emulsion liquid membrane 

(ELM) [1-4], supported liquid membrane (SLM) [5-12], and some bulk liquid 

membrane (BLM) [13-18]. The objective of this work is to explore a new 

hollow fiber-in-fiber membrane configuration of a module for its capability of 

simultaneous removal and concentration of copper from simulated high strength 

waste water. 

 



2. Transport mechanism 
 Transport of the copper ion through a three-phase system is accomplished 

by the formation of carrier-metal complex: 

 Cu2+
(aq.) + 2(HR)2(org.)       CuR2(HR)2(org.) + 2H+

(aq.)           (1) 

where HR denotes 2-hydroxy-5-nonylacetophenone oxim. By complexing with 

the extractant, the copper cation is able to enter the organic phase in which it is 

otherwise insoluble. Concentration gradients within the organic phase cause the 

Cu-HR complex to diffuse to the opposite side where it is decomposed and 

copper ion is released. The mechanism and concentration profiles for copper 

transport were shown in Fig. 1. 

According to this scheme copper ions 

are transported from aqueous feed 

through an organic into the aqueous 

strip phase by coupled-counter 

transport. Permeation rate is expected 

to be determined by extraction 

equilibrium constants, individual mass 

transfer resistances, and by chemical 

species concentrations. There are 

menu papers dealing with the effects 

of the compositions of the three-phase 

system on permeation kinetics of 

copper [1-18]. In this paper, the attention will be paid on the effects of 

hydrodynamic conditions on permeation rate in a new configuration of hollow 

fiber module. 

 

3. Experimental 
 Aqueous solutions of copper ions were prepared by dissolving copper 

sulfate pentahydrate salts in de-ionized water. The pH was adjusted by sulfuric 

acid or sodium hydroxide and the total sulfate concentration was adjusted by 

adding sodium sulfate: [SO4
2-]T = [SO4

2-] + [HSO4
-] + [CuSO4]. The organic 

solutions were prepared by dissolving LIX 84 (Henkel Co.) containing 2-

hydroxy-5-nonylacetophenone oxim  as a chelating agent in kerosene. Strip 

solution was prepared by dissolving sulfuric acid in de-ionized water. Prior to 

chemical analysis copper in the organic phase was stripped with 3 mol/dm3 

nitric acid. The copper concentration was determined by atomic absorption 

spectrophotometry (PYE Unicam SP 9) and pH was controlled by pH-meter 

(Iscra MA 5725). The permeation experiments were performed in a module with 

microporous hollow fibers in which each fiber is placed into one larger fiber. 

The aqueous feed and strip are fed separately (phase I and III) and co-currently. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Concentration profiles in 

 a membrane pertractor 
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An organic extracting solution (phase II) is fed counter-currently into the 

annular space. 

 

4.  Results and discussion 
 In order to establish the effects of hydrodynamics on the copper ion 

transfer, the experiments were carried out at various volumetric flow rates of all 

three streams. Fig. 2. illustrate the copper fluxes vs. feed flow rate variation. It 

is obvious from Fig. 2. That in 

the extraction step mass transfer 

rate increase with increasing 

feed flow rates. Jex do not 

increase indefinitely as the feed 

velocity is raised, but level up to 

limiting value. Since, this level 

corresponds to the maximum 

fluxes that can be achieved, a 

further increase in feed velocity 

will accomplish nothing other 

then to diminish the efficiency 

of the process. The flux of the 

stripping step, Js, was affected 

only slightly. At the same time, 

an increase in the feed velocity causes a rise in the copper concentration in the 

outlet of the stream, presumably due to less time for loading.  It is desirable to 

use a larger membrane surface 

area at the organic-strip interface 

to reduce the effect of slow 

decomposition of copper-complex 

in stripping step on overall 

permeation rate. The effect of the 

strip velocity on the Jex,s can be 

seen in Fig. 3. Over the 

experimental condition, the results 

show that both fluxes are almost 

independent on the strip velocity 

(Fig. 3.). It should be mentioned 

that the level of copper strip outlet 

concentration dramatically shrinks 

as the strip flow rate is raised, 

because the residence time of this stream is decreasing. The residence time 

decreasing has a great influence at organic flow rate is growing. Furthermore, it 

diminishes the stripping efficiency. There is no strongly effect of organic 
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Fig. 2. The effect of feed flow rate on the 

 copper fluxes through pertractor.  
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Fig. 3. The effect of strip flow rate on 

 the copper fluxes through pertractor 



velocity on Jex, but Js is abated by 

reducing the residence and loading 

time (Fig. 4.). It can be establish 

that under the experimental 

conditions, the extraction flux is 

dependent on feed flow rate that 

means that film resistance is  

significant. However, at stripping 

interfacial reaction seems to be 

restricting step. 

 

5. Conclusion 
      A liquid membrane pertraction 

process of copper recovery from aqueous solutions using a hollow fiber-in-fiber 

type membrane contactor and LIX 84 as carrier was studied. It was concluded 

that under the experimental conditions by changing the flow rates, mass transfer 

resistances in the extraction step could be diminished. However, the copper 

stripping rate depends primarily on copper complex decomposition rate. The 

overall mass transfer rate is greatly influenced by the resistances in the aqueous 

film boundary layer on the feed side, and by the rate of interfacial reaction 

taking place at organic-strip interface. 
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Fig. 4. The effect of organic flow rate on 

the copper fluxes through pertractor 


