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Chromium and its compounds are widely used in many industries 
(electroplating, leather), which wastewaters contain chromium both in the anions 
(hexavalent) and cations (trivalent) forms. During wastewater treatment less toxic 
Cr(III) often changes its oxidation state into Cr(VI) and become more toxic. 
Therefore, removal of both existing forms of chromium is very important matter for 
protection of the natural environment and human health [1]. 

Various methods based on the ion exchange, precipitation, adsorption, 
solvent extraction and transport across membrane, particularly transport across 
liquid membranes, have been used for the removal of chromium ions. Recently, 
many studies of Cr(III) and Cr(VI) removal and separation by means of bulk (BLM) 
[2], supported (SLM) [3], activated composite (ACM) [4] and polymer inclusion 
(PIM) [5,6] membranes as an alternative processes to liquid-liquid extraction [7] 
were described in the literature. 

In this work, the effect of temperature on the chromium(III) transport across 
the cellulose triacetate inclusion membranes with D2EHPA as a carrier and Aliquat 
336 as a plasticizer were investigated and the influence of pH in the aqueous source 
phase on the competitive Cr(VI)/Cr(III) transport were studied. 

For membrane preparation D2EHPA (2-ethylhexylphosphonic acid - Fluka), 
CTA (cellulose triacetate - Fluka), Aliquat 336 (a mixture of octyl and capryl chains 
with C§ predominating in quaternary ammonium salt, Ashland Co.), and 
dichloromethane (POCH, Gliwice) without further purification were used. PIMs 
were formed by solvent evaporating from the organic solution containing the 
polymer, ion carrier and plasticizer dissolved in chloromethane. Transport 
experiments were carried out using a permeation module cell as described elsewhere 
[6]. 

First, the PIM transport of Cr(III) from source phase containing the aqueous 
solution of 1.0-10"3 M Cr(III) at pH = 4.0 was examined. The maximal flux was 
equal to 74.9 umol/m2s. Recently, the chromium(III) transport through plasticizer 
membranes with D2EHPA was also presented [5]. The maximal Cr(III) flux 
obtained at pH = 4.0 in source phase was equal to 2.80 umol/m2s and was lower than 
that obtained in our study. 
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Next, the effect of temperature on chromium(III) transport in the range of 
298 - 333 K through PIM with 1.0 M D2EHPA and 1.0 cm3 Aliquat 336 per 1.0 g 
CTA was investigated. As can be seen from Fig. 1 relationship of the initial flux 
values for Cr(III) transport vs. the inverse temperature process (1/7) is linear. This 
relation, i.e. log J; vs. 1/T, was determined with very good regression coefficient (r2 

= 0.9981), and indicates that the process is controlled by formation of metal 
complex in membrane phase. The activation energy value calculated from the slope 
of Arrhenius equation was 110 kJ/mol. This value is consistent with Ea obtained by 
Schulze [8] for lipid membranes using electrochemical spectroscopy method. It is 
known that the Ea value is used as a criterion in the classification of the type of step 
of process the mechanism of controlling transport. For diffusion-controlled 
processes the values Ea are lower than 20 kJ/mol, while those for processes 
controlled by chemical reaction are higher than 42 kJ/mol. In the case when the 
activation energy values evaluated in the range from 20 to 42 kJ/mol the transport 
processes are controllable by both diffusion and chemical reaction [9]. In our 
investigation, the value of the activation energy indicates that chromium(III) 
transport through PIM with D2EHPA as the carrier and Aliquat 336 as the 
plasticizer is controlled by chemical reaction occurred in interface of boundary 
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Fig. 1. Arrhenius plot of Cr(III) 
transport across PIM containing 1.0 M 
D2EHPA and 1.0 cm3 Aliquat 336 per 

1.0 g CTA 

Fig. 2. Recovery factor values of Cr(VI) 
and Cr(III) vs. time transport across PIM at 

pH =1.0 and 4.0; source phase: aqueous 
solution of Cr(VI), Cr(III) at 1.0-10"3M 
concentration, feed phase: 2.0 M HC1 

Finally, we carried out the competitive transport of equimolar Cr(VI) and 
Cr(III) ions from acidic aqueous solution into 2.0 M HC1 solution through PIMs 
containing 1.0 M D2EHPA and 1.0 cm3 Aliquat 336 per l.Og CTA. For 
oxochromate(VI) ions transport Aliquat 336 play double role, i.e. as the carrier as 
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well as the plasticizer. The experimental results of Cr(VI) and Cr(III) separation by 
PIMs containing 29 % CTA, 19 % D2EHPA and 52 % Aliquat 336 are shown in 
Fig. 2. As it comes from this figure at pH equal to 1.0 chromium(VI) oxoanions are 
removal much better than chromium(III). The recovery factor after 7 hours of 
process for Cr(VI) is 90%, while for Cr(III) only 10%. Since in pH = 1.0 Cr(VI) 
exists as OO42", so these anions are removed from the source phase with cationic ion 
carrier, i.e. the quaternary ammonium salt (Aliquat 336). The reverse selectivity is 
observed at pH equal to 4.0, where Cr(III) is recovered in 98% after 4 hours of 
process. In the same conditions the Cr(VI) recovery factor is only 18%. It means that 
at pH = 4.0 chromium(III) is removed as cations with D2EHPA as the ion carrier. 
Djane et al. [10] have demonstrated the SLM with 10% D2EHPA and 6% Aliquat 
336 can be used for chromium speciation in natural waters; however the efficiency 
of chromium removal was very low. Taking into account that PIMs are comparable 
to SLMs, it is possible to assume a similar transport mechanism, but the selectivity 
in our plasticized membranes is higher than in supported liquid membranes. 

The PIMs containing two ion carriers, i.e. D2EHPA and Aliquat 336 could 
be useful for chromium speciation in the analytical chemistry and water waste 
treatment. 

REFERENCES 

1. J. Kotas, Z. Stasicka, Environmental Pollution, 107(2000)263 
2. R. Gawronski, P. Religa, J. Membr. Sci. 289, 2007, 187. 
3. M. G. Buonomenna, T. Oranges, R. Molinari, E. Drioli, Water Envir. Res., 

78(2006)1 
4. G. Arslan, A. Tor, Y. Cengeloglu, M. Ersoz, J. Hazard. Mat., 165(2009)729 
5. A. Tor, G. Arslan, H. Muslu, A. Celikatas, Y. Cengeloglu, M. Ersoz, J. Membr. 

Sci., 329(2009)169 
6. C. A. Kozlowski, Industr. Eng. Chem. Res., 46(2007)5420 
7. B. Wionczyk, W. Apostoluk, W. A. Charewicz, Hydrometallurgy, 82(2006)83 
8. K.-D. Schulze, Chem. Phys., 238(1998)495 
9. Z. Lazarova, L. Boyadzhiev, J. Membr. Sci., 78(1993)239 
10. N.-K. Djane, K. Ndung'u, C. Johnsson, H. Sartz, T. Tornstrom, L. Mathiasson, 

Talanta, 48(1999)1121 

178 


