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ABSTRACT 

Liquid radioactive waste generated during nuclear operations has a variable chemical and radioactive composition. Uranium 

is among the most dangerous radionuclide present in this liquid waste due to its chemical toxicity and radioactivity, hence the 

need for its removal from aqueous solutions. Several techniques have been used for this purpose. Polymer inclusion 

membranes, also called third-generation membranes, are used for this treatment; they have the advantage of being selective 

because they incorporate specific extractants into their structure. In this study, cellulose triacetate (CTA)-based polymer 

inclusion membranes containing 2-nitrophenyl octyl ether (2-NPOE) as a plasticizer and dibenzo-18-crown-6 (DB18C6) as a 

carrier, in different amounts (0.04, 0.07, and 0.1 g), were synthesized. The physicochemical and structural properties of the 

synthesized membranes were determined. Characterization results from Fourier transform infrared (FTIR) spectroscopy and 

scanning electron microscopy (SEM) show that DB18C6 is properly incorporated into the polymer matrix of the membrane. 

Characteristic bands of the polymer, plasticizer, and carrier are present in the FTIR spectra of the CTA-2NPOE-DB18C6 

membrane. This result is confirmed by SEM analysis, which reveals that the polymer pores of the membrane are filled by 

plasticizer and carrier molecules. The performance of the prepared membranes with respect to uranium was studied by 

determining the amount of uranium fixed to the membrane. The results showed that 0.07 g of DB18C6 is sufficient for 

maximum uranium binding (92%) to the membrane, compared to membranes containing 0.04 g and 0.1 g of the DB18C6. 
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1. Introduction  

The fight against environmental pollution, a topic of current concern, has prompted many public and private 

organizations to take on financial responsibility for this fight. Research to address this alarming pollution has been 

conducted worldwide. This scourge has worsened with the rapid development of modern industry, which produces 

increasing quantities of waste, further damaging the environment. Among this waste are radioactive effluents from nuclear 

operations, whose chemical composition and radionuclide content vary due to their chemical toxicity and radioactivity [1-

3]. Uranium is among the most dangerous radionuclides present in the uranyl effluents. In order to protect the environment 

and human health, the treatment of uranium waste is imperative. Several techniques have been used for this purpose and 

among these methods are treatment by chemical precipitation, treatment by solvent extraction, treatment by ion exchange, 

treatment by adsorption on natural or synthetic materials and finally treatment by membrane processes [4-8]. 

Membrane processes have been used for the recovery of many metals of strategic and economic interest such as 

uranium, copper, molybdenum, cadmium, lead and zinc, etc [9-11]. Polymer inclusion membranes so-called membranes of 

third generation have the advantage of being selective because they incorporate specific extractants in their structure which 

gives them great stability [12]. A polymer inclusion membrane is a novel type of liquid membrane system in which the 

carrier/extractant is incorporated into the entangled chains of the base polymer [13, 14]. In the polymer inclusion 

membranes (PIM), the loosing of the carrier from the base polymer into the aqueous phases is very low and alleviates the 

stability of the membrane.  

Several authors have studied the removal of metals by using polymer inclusion membranes, where Baoying et al   have 

presented the recent advances in the selective transport and recovery of metal ions using polymer inclusion membranes 

[15]. The polymer inclusion membranes were also used in the separation of Methylene Blue and Rhodamin B by the 

incorporation of acidic extractant in polymer matrix [16], while the acid-modified cellulose acetate membranes were 

developed by Aburideh et al [17] for salt water treatment. Other studies were focused in the synthesis and characterization 

of polymer inclusion membrane containing different extractants [13, 18 and 19]. The DB18C6 was used as carrier in 

polymeric membrane to the transport of silver (I), copper (II) and gold (III) [20]. 

The objective of this work is to synthesize cellulose triacetate-based polymer inclusion membranes containing dibenzo-

18-crown-6 as a carrier, varying its quantity from 0.04 g to 0.1 g. Another objective is to determine the physicochemical 

and structural properties of the synthesized membranes using Fourier transform infrared (FTIR) spectroscopy and scanning 

electron microscopy (SEM). The effectiveness of these membranes against uranium will be studied by fixation tests on 

dilute solutions. The analysis of the results obtained will allow for the selection of the optimal amount of DB18C6. 

 

2. Materials and Methods 

2.1. Reagents 

Cellulose triacetate (CTA), chloroform, 2nitrophenyl octyl ether (2NPOE) and dibenzo18 crown ether (DB18C6), used 

in polymeric inclusion membrane preparation, were of analytical reagent grade purchased from Fluka and Sigma-Aldrich. 

The uranium (VI) aqueous solutions were prepared in double- distilled water by using Uranyl nitrate UO2(NO3)2.  

2.2. Preparation and characterization of polymer inclusion membranes (PIM) 

Three polymer inclusion membranes areprepared as described by Suguirain literature [21-23]and our previous work 

[13]. The PIM based polymer used in this study is cellulose triacetate (CTA), the plasticizer is nitrophenyl octyl ether 

(NPOE) and the Dibenzo 18crown 6 (DB18C6) is used as a carrier. In a beaker covered with film, 0.2 g of polymer named 

cellulose triacetate (CTA) is dissolved in 20 mL of chloroform. After 4 hours of stirring, a quantity of 0.2 mL of plasticizer 

(2NPOE) is added under stirring. Afterwards, the desired quantity of the carrier is incorporated into the entangled chains of 

the base polymer. The different quantitiesof DB18C6 used in this study are 0.04,0.07 and 0.1 g. Finally, the obtained 

mixture of polymer, plasticizer and carrier is placed in a 9.2 cm diameter flat bottom glass petri dish. The chloroform was 

allowed to evaporate slowly overnight to obtain a polymer film with a smooth looking surface. The obtained film was then 

carefully peeled out from the dish. The obtained membranes are named: CTA-NPOE-DB18C6 (0.04g), CTA-NPOE-

DB18C6 (0.07g) and CTA-NPOE-DB18C6 (0.1g). Thus prepared membranes are characterized by FTIR, recorded ona 
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Perkin-Elmer (Spectrum One) spectrophotometer. The morphologies of the different membranes elaborated are determined 

by SEM analysis using a scanning electron microscope (QUATA 650).The three membranes are then used in uranium 

performance experiments. 

2.3. Determination of the fixed uranium in the elaborated membranes  

To determine the fixed uranium on the different elaborated membranes: CTA-NPOE-DB18C6 (0.04 g), CTA-NPOE-

DB18C6 (0.07 g) and CTA-NPOE-DB18C6 (0.1 g), two experiments are carried out for each membrane elaborated. First 

an 8 cm2 of elaborated membrane is placed in 50 mL of uranyl solution of 50 mg/L and stirred for 24h, after that the 

remaining solution is analyzed with Optizen Pop, UV visible spectrophotometer at 652 nm, by using the Arsenazo III 

method [13]. Secondly, the charged membrane is placed in 200 mL of distilled water and stirred for 24 h to desorb the 

uranium accumulated on the membrane surface.  Fixed uranium is obtained by the difference between the retained uranium 

and the sorbed uranium values. 

3. Results and discussion 

3.1. Physical and chemical characterization of the synthesized membranes 

In the present study, inclusion polymer membranes based on cellulose triacetate (CTA) containing Dibenzo-18-crown-6 

(DB18C6) as carrier were developed. Physicochemical characterization of the elaborated membranes is represented in 

Table 1 and the appearance of the membranes is shown in figure1. The listed membranes made with varying the amount of 

the carrier are compared with those of the CTA and CTA-2NPOE reference membrane. Referring to previous works on the 

synthesis polymeric membrane; it has been shown that the quantities of CTA and the plasticizer influence the mechanical 

characteristics of the membrane where the low amount of CTA leads to a membrane that sticks to the petri dish walls. 

However, the high volume of the plasticizer provides membranes that tears easily [13, 23 and 24]. After preliminary 

membrane preparation tests, a mass of 0.2 g of CTA and a volume of 0.2 mL of plasticizer allows homogeneous 

membranes to be obtained. The membranes produced are homogeneous and transparent for 0.04 g and 0.07 g of DB18C6. 

The increasing amount of DB18C6 for 0.1 g makes the membrane opaque and whitish (figure 1) which is may be due to the 

texture of DB18C6 powder. 

 

 
 

Fig 1. Appearance of the elaborated membranes (a: CTA-NPOE-DB18C6 (0.04 g), 

b: CTA-NPOE-DB18C6(0.07g) and c: CTA-NPOE-DB18C6(0.1g) 
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The elaborated membranes have a plasticized character, good mechanical strength, non-rigid and are also resistible. As 

shown in table 1, the density of the membranes containing the different amount of carrier increases with the addition of the 

plasticizer and the carrier. In the other hand, the density increases with the increasing quantity of carrier [13, 23]. 

Table 1. Chemical and physical characteristics of the elaborated membranes 

It is also noted that the increasing amount of the carrier increase the water content, these results are in accordance with 

those of Oughlis and Paduraru et al [25, 26]. The water content of the elaborated membranes can be classified as follows:  

TAC-2NPOE-DB18C6 (0.1 g) > TAC-2NPOE-DB18C6 (0.07 g) >TAC-2NPOE-DB18C6 (0.04 g) 

3.2. Structural characterization of the synthesized membranes 

3.2.1. FTIR analysis 

The values of peaks and corresponding radicals obtained by FTIR analysis of the different membranes synthesized are 

summarized in Table 2. 

 
Table 2. Peaks values and corresponding functions for the elaborated membranes 

 

 

 

 

 

 

 

 

 

 

 

 

 

Membrane  

 

DB18C6 

(g) 

Dencity 

 (mg/cm
2
) 

Water 

content 

(%) 

 

Appearance 

CTA 0 3.31 8.33 Transparent, flexible 

CTA-2NPOE 
0 6.31 4.55 Transparent,flexible 

CTA-2NPOE-DB18C6 
0.04 8.1 8.18 Transparent, flexible 

CTA-2NPOE-DB18C6 0.07 10.69 10.42 Transparent, flexible 

CTA-2NPOE-DB18C6 0.1 18.86 13.42 Opaque and whitish, flexible 

Membrane Peak value (cm-1) Corresponding radicals 

CTA 

1738.37 C=O 

1367.92 -CH3 

1214.94-1033.18 C-O-C 

CTA-2NPOE 

2927.48 C-H 

2856.94 -CH2-(NPOE) 

1748.22 C=O 

1608.42 -NO2 (NPOE) 

1524.76 -NO2 

1489.21 -CH3 

1467.37 C-C 

1164 C-O-C 

1042.50 C-O-C 

856.07 C-N 

TAC-2NPOE-DB18C6 

2960.21 C-H 

2860 -CH2(NPOE) 

1759 C=O (CTA) 

1596 C=C 

1150 C-O-Casym (DB18C6) 

996 C-O-Csym (DB18C6) 
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The figure 2 represents the FTIR spectra of the different prepared membranes: CTA, CTA-NPOE, CTA-NPOE-DB18C6. 

We notice that the characteristic peaks of the cellulose triacetate CTA and the plasticizer 2NPOE such as C=O, C-O-C, -

NO2 and C-N groups are found in the polymeric membranes containing theDB18C6 carrier. The FTIR spectra of the CTA-

NPOE-DB18C6 show additional bands present in DB18C6 such as symmetric and asymmetric C-O-C bonds at 1150 cm-1 

and 996 cm-1. The results confirm that the carrier DB18C6 is incorporated in polymer matrix without chemical bonding 

between the CTA and DB18C6 [20]. 

 

 

 
Fig 2. FTIR spectra of polymer inclusion membranes CTA, CTA-NPOE and CTA-NPOE-DB18C6 
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Fig 3. Surface view of CTA (a), CTA-2NPOE (b), CTA-2NPOE-DB18C6(c) 

 

3.3. Application of the elaborated membranes in uranium ions transport 

3.3.1. Determination of sorbed and fixed uranium on the elaborated membranes 

To study the performance of the elaborated membranes against uranium ions, experiments were conducted as described 

in section 2.3. The concentrations of sorbed and fixed uranium onto the different membranes are summarized in table 3, 

where C0 represents initial uranium concentration and Crem represents remaining uranium concentration. 

 
Table 3. Fixed uranium on the elaborated membranes 

 

 

 

 

 

 

 

 

The results show that the three membranes used in this study fix uranium on the membrane contrary to the reference 

membranes containing only the polymer and plasticizer. This result confirms that the carrier (DB18C6) can be used for 

uranium transport. The increasing inserted quantities of the carrier in the polymeric matrix increase the concentration of 

fixed uranium onto the membrane until 0.07g and then decrease. These results can be explained by the saturation of the 

membranes by the carrier. It is also due to the solubility limit of DB18C6 in the 2-nitrophenyloctylether (2NPOE) 

plasticizer. The same resultswere obtained by P.K.Mohapatra, during the study of the effect of the carrier concentration by 

Membranes Remaining uranium 

Crem(ppm) 

C0– Crem 

(ppm) 

Sorbed 

uranium  

(ppm) 

Fixed uranium  

(ppm) 

CTA 50 0 0 0 

CTA-2NPOE 50 0 0 0 

CTA-2NPOE-DB18C6 (0,04 g) 17 33 18 15 

CTA-2NPOE-DB18C6 (0,07g) 15 35 15 20 

CTA-2NPOE-DB18C6 (0,1 g) 20 30 20 10 

a b 

c 
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using polymer inclusion membrane containing crown ethers for selective cesium separation from nuclear waste solution 

[27]. 

Complexing sites determination 

The determination of the electrolytes number remaining in solution after equilibrium leads to determine the number of 

molecular sites sorbed and fixed on the membrane [20].The quantities of fixed electrolyte given in table 4 provide access to 

the number of complexing sites present in the membrane. 

Table 4. Fixed uranium electrolytes on the elaborated membranes 

 

knowing that the transporter used form 1:2 complexes with U (VI) ions as describe in the equation 1[28]. 

 

   
   +     

  +          (   )      (    )          (   )   (1) 

 
The table 5 summarized the complexing sites number for the three membranes used in this study. We noticed that the 

number of complexing sites in the membranes change with the amount of the carrier and the most selective membrane for 

uranium is that containing 0.07g of DB18C6. 

 

Table 5. Complexing sites number of the different carriers used 

 

 

 
 
 
 
 
 

4. Conclusion 

The results obtained by the physicochemical characterization of the different membranes developed show that the 

quantities of polymer, plasticizer and carrier are responsible for the quality of the membranes developed and their 

mechanical characteristics. The results obtained showed that the density increases with the quantity of transporter and that 

the insertion of transporter reduces the water content comparatively with reference membrane (CTA and CTA-2NPOE). 

The analysis of the different membranes by scanning electron microscopy revealed that the membrane consisting solely of 

the CTA polymer is porous throughout the volume (practically 50% porosity) and that the distribution of pores is uniform 

over the entire surface. Furthermore, the CTA-NPOE-transporter membranes have a dense structure where all pores are 

filled by NPOE and the transporter. The results of analysis of the membranes by Fourier transform infrared FTIR show that 

DB18C6 is inserted in polymer matrix without chemical bonding between the base polymer and the carrier. The results 

obtained from the uranium (VI) transport by using the elaborated membranes show that the three membranes developed are 

effective for the transport of uranium and the most selective membrane is that containing 0.07g of DB18C6. 
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Membranes 

 

Sorbed electrolytes10-6 

(Mole) 

 

Fixed electrolytes10-6 

(Mole) 

CTA-2NPOE-DB18C6 (0,04g) 4.2 2.1  

CTA-2NPOE-DB18C6 (0,07g) 2.5 5.8 

CTA-2NPOE-DB18C6 (0,1g) 1.6 7.7 

Carrier  
Molecular 

SitesNumber1018 

Molecular Sites /gram of 

membrane1019 

CTA-2NPOE-DB18C6 (0,04 g) 1,2 1,1 

CTA-2NPOE-DB18C6 (0,07 g) 34 3,2 

  CTA-2NPOE-DB18C6 (0,1 g) 4,6 2,7 
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