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ABSTRACT

This study investigates the effect of nonylphenol ethoxylate (NPE) as a plasticizer on the flux and stability of
a polymeric membrane containing di(2-ethylhexyl) phosphoric acid (D2EHPA) for uranium extraction from
phosphoric acid. A combined design experimental approach was employed to evaluate the impacts of
extractant content, plasticizer amount, acid concentration in the feed solution, initial uranium concentration,
and stirring speed. The results demonstrate that approximately 86% of uranium can be extracted using a
polymeric membrane composed of 39% D2EHPA, 5% NPE, and 56% PVC. Adding NPE significantly
enhances both flux and ion removal percentage compared to a membrane with 45% D2EHPA and 55% PVC
due to improved hydrophilicity. Stability tests revealed that although there is a decrease in stability after five
cycles, the permeability of the membrane with NPE is considerably better than that of the 45% D2EHPA /
55% PVC membrane.
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1- INTRODUCTION

Heavy metal contamination in groundwater and industrial effluents poses significant
environmental challenges. Among heavy metals, radioactive elements such as uranium are
particularly concerning due to their potential for biological contamination and utility in nuclear
industries. Conventional methods for separating heavy metals from aqueous phases include solvent
extraction; however, these methods can have environmental drawbacks. Membrane technology has
emerged as an eco-friendly alternative for metal separation processes. Polymeric membranes have
gained attention as a replacement for traditional solvent extraction methods over the past 15 years.
The components of a polymeric membrane typically include a base polymer, extractant, and
sometimes plasticizers to enhance the flexibility and solubility of extracted components. The
effectiveness of plasticizers is linked to their compatibility with the polymer matrix and their ability
to form new interactions that improve membrane properties.

2- METHODS

The extractant D2EHPA was sourced from Sigma-Aldrich, while PVC was obtained from a local
manufacturer. Membrane preparation involved measuring components according to weight
percentages recommended by Design Expert software and casting methods using tetrahydrofuran
for dissolution. The experimental design utilized a combined approach to evaluate various factors
influencing extraction efficiency.

3- FINDINGS AND ARGUMENT

3-1- Enhanced Flux and lon Removal

Adding NPE significantly improves the flux and ion removal percentage (R1% in Figure 1). This
enhancement is attributed to the increased hydrophilicity of the membrane, which facilitates better
interaction with the aqueous phase containing uranium ions. The hydrophilic nature of the NPE
allows for a more favorable environment for ion transport, thereby increasing the overall extraction
efficiency. As demonstrated in previous studies, a balance between hydrophobicity and
hydrophilicity is crucial for optimizing metal ion recovery from agqueous solutions.

3-2- Stability Assessment

Stability tests conducted over five cycles indicate that while there is a noticeable decrease in
membrane stability after repeated use, the permeability of the NPE-modified membrane remains
superior to that of the conventional 45% D2EHPA / 55% PVC membrane (table 1 and 2).

60



An Integer Programming Mathematical Model for ... Iranian Journal of Mining Engineering (IJME)

A: D2EHPA (%)

20 30 70
B: Plasticizer (%) C: PVC (%)
R1 (%)

Figure (1): The membrane components limit and the corresponding responses.

Table (1): Permeability coefficient variations and percentage of metal ion transfer in seven consecutive cycles of 30 hours for
the membrane with 5% by weight of NPE as a plasticizer

I Average

on Re_moval Flux p

Cycle Efficiency [mol K(h? [m.s?]

(%) ]

1 86.2 3.16 0.0699 6.057 x10®
2 77.6 2.78 0.0528 4,57 x106
3 70.6 2.48 0.0409 3.56 x10®
4 70 2.45 0.0459 3.97 x10®
5 77 2.76 0.0517 4.48 x10®
6 70.3 2.47 0.0442 3.83 x10®
7 64.3 2.21 0.0378 3.27 x10®

Table (2): Permeability coefficient variations in seven consecutive cycles of 30 hours for membrane with 45 wt.% D2EHPA
without plasticizer

Average
lon Re_moval Flux p
Cycle Efficiency [mol. K(h?) [m.s]
(%) e
1 77.6 2.78 0.045 3.89 x10°
2 72 2.54 0.0416 3.61 x10°¢
3 69 241 0.0361 3.13 x10®
4 55 1.80 0.0267 2.31 x10°6
5 61.3 2.08 0.0298 2.58 x10°
6 53.3 1.73 0.0254 2.20 x10°
7 48.5 1.52 0.0221 1.91 x106

This finding underscores the effectiveness of NPE in maintaining membrane integrity during
prolonged operational conditions. NPE's ability to enhance flexibility and reduce brittleness
contributes to improved durability, allowing for sustained performance in extraction processes
despite some degradation over time.
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3-3- Mechanistic Insights

D2EHPA extracts uranium ions primarily through cation exchange, where uranium typically
exists as uranyl ions (UO:**) in acidic environments. The presence of phosphoric acid facilitates the
formation of various uranium-phosphate complexes, which D2EHPA can effectively target within
the polymeric matrix. The proposed mechanism suggests that uranyl ions interact with D2EHPA at
the membrane interface, leading to the complex formation that drives ion transfer across the
membrane.

3-4- Experimental Design and Results Interpretation

Utilizing Design Expert software for experimental design allowed for systematically evaluating
various factors influencing extraction efficiency. A total of 24 experiments were conducted under
controlled conditions to assess the impact of extractant concentration, plasticizer content, stirring
speed, and acid concentration on uranium recovery rates. The results indicated that optimal
conditions yield higher metal ion transfer rates, corroborating findings from literature that
emphasize the importance of carefully balancing these parameters for effective extraction.

4- CONCLUSION

This research conducted on the effect of nonylphenol ethoxylate (NPE) as a plasticizer in polymeric
membranes containing di(2-ethylhexyl) phosphoric acid (D2EHPA) for uranium extraction from
phosphoric acid has yielded significant findings that contribute to the field of hydrometallurgy and
membrane technology. The study successfully demonstrated that incorporating NPE enhances both

the flux and stability of the membranes, leading to improved uranium extraction efficiencies

Key Findings and Generalizations

The results indicate that a polymeric membrane of 39% D2EHPA, 5% NPE10, and 56% PVC can
extract approximately 86% uranium. This is a notable improvement compared to membranes with
higher D2EHPA concentrations, which exhibited diminished performance. The enhancement in
extraction efficiency can be attributed to the increased hydrophilicity provided by NPE10, which
facilitates better ion transport across the membrane.
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