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 Background: Rare earth elements (REEs) and its compounds have been used in many 

advanced materials. The separation of individual REEs from each other is very difficult 
process, because chemical properties of rare earth ions in aqueous solution exhibit 

similarity one from other. There are several methods used to separate REEs from its 

minerals, i.e. chemical precipitation, reduction, dry process using carbochlorination-
chemical vapor, ion exchange resin, solvent extraction and supported liquid membrane 

(SLM). However, these processes have disadvantageous, they are: high energy, 

chemical and time consumptions, relatively inefficient, in most cases they generate a 
great amount of waste and their low stability. Therefore, the development of an 

alternative technology must be considered. In this research, stripping hollow fiber 

supported liquid membrane (SHFSLM) method is used to extract the rare earth 
elements (REEs) from its mixtures. Objective: The objective of the research is to 

investigate the transport and separation possibilities of some REEs through the 

stripping hollow fiber supported liquid membrane (SHFSLM) system with di(2-
ethylhexyl) phosphoric acid (D2EHPA) and tributhyl phosphate (TBP) as carriers. 

Besides, the study also aims to investigate the effect of feed phase pH, composition of 

carrier solution, type of acid stripping agents in the dispersion phase and acid 
concentration on transport and separation of REEs. Results: It was found that the 

optimum permeation condition of REEs was obtained at feed solution pH value was 3, 

composition of carrier solution was 0.8 in TBP: D2EHPA, stripping agents was HNO3 

and stripping agent concentration was 0.4 M. Moreover, it was observed that the 

possibility for the separation of one metal from other metals occured at pH of 3.5, 

carrier composition of 0.8 and HNO3 as stripping agent. Conclusion: The results 
obtained in this study showed that REEs could be effectively transported and separated 

by SHFSLM containing D2EHPA-TBP as carriers. 
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INTRODUCTION 

 

 Rare earth elements (REEs) and its compounds have been used in many advanced materials such as high-

performance magnets, glass, hydrogen storage alloys, fluorescent materials, chemical sensors, high-temperature 

superconductors, magneto-optical disks, catalyst, dyeing materials, ceramic materials, and solid oxide fuel cell 

electrodes and so on. The separation of individual REEs from each other is very difficult process, because 

chemical properties of rare earth ions in aqueous solution exhibit similarity one from other. Furthermore, the 

research for development of processes is highly needed for rare earth element separation from its minerals. 

 There are several methods used to separate REEs from its minerals, i.e. chemical precipitation (de 

Vasconcellos et al., 2004; Pancula and Akinc, 1996; Queiroz et al., 2002), reduction (Uda et al., 2000), dry 

process using carbochlorination-chemical vapor (Wang et al., 2002; Zhang et al., 2002), ion exchange resin 

(Chunhua et al., 2009), and solvent extraction (He et al., 2008; Yongqi et al., 2008; Xiaowei et al., 2008). 

However, these processes have disadvantageous, they are: high energy, chemical and time consumptions, 

relatively inefficient and in most cases they generate a great amount of waste. Therefore, the development of an 

alternative technology must be considered. 
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 Supported liquid membrane (SLM) is a promising technique to remove traces of metal ions from waste 

water or process streams. An SLM consists of an organic solution immobilized in the pore of a support. It 

separates the aqueous feed phase and the aqueous strip phase. An extractant or carrier compounds is dissolved in 

the organic membrane phase. It acts as a shuttle, extracting the metal ion from the feed phase and releasing it at 

the other side of the membrane. The advantages of SLM over traditional separation technologies are that only 

small amounts of carrier are necessary, selectivity is very high, lower capital and operating costs as well as the 

process is simple. Recently, SLM have been used for the facilitated separation and concentration of some metal 

ions from diluted aqueous solutions (Kislik and Eyal, 1996).  

 Although SLM have been widely studied for separation and concentration of variety of metal ions, they 

present an important drawback: their low stability (Fontas et al., 2000; Neplenbroek et al., 1992a; 1992b; Zha et 

al., 1995a). The instability of SLM displays two phenomena (Fontas et al., 2000). The first is the solute flux 

decline with time, which attributed to the loss of carrier or solvent from the support (Fontas et al., 2000; Zha et 

al., 1995) and second is the leakage of the aqueous solutions, which means that direct channeling of aqueous 

solution between feed and strip takes place (Fontas et al., 2000; Neplenbroek et al., 1992a; Zha et al., 1995b). In 

this case, the configuration of SLM by using hollow fiber (HFSLM) has been found to improve lifetime of the 

liquid membrane system, due to their hydrodynamic characteristics (Takeuchi et al., 1987). HFSLM have 

advantages over flat liquid membranes: have a large membrane area, degraded membranes can be easily 

regenerated and the process can be easily scale up (Fontas et al., 2000; Danesi and Rickert, 1986). There are 

several works were HFSLM have been used for the facilitated transport and concentration of some metal, 

including heavy metal (Fontas et al., 2000; Valenzuela et al., 1999; Rossel et al., 1997; Breembroek et al., 

1998) and  REEs ions from dilute aqueous solutions (Bhattacharyya et al., 2008; Gaikwad and Rajput, 2010; 

Liang et al., 2011a; 2011b). 

 The objective of the present study was to investigate the transport and separation possibilities of some rare 

earth elements (REEs) through the stripping hollow fiber supported liquid membrane (SHFSLM) system with 

di(2-ethylhexyl) phosphoric acid (D2EHPA) and tributhyl phosphate (TBP) as carriers. The effects of feed 

phase pH, composition of carrier solution, type of acid stripping agents in the dispersion phase and acid 

concentration on transport and separation of REEs have been also investigated. 

 

MATERIALS AND METHODS 

 

 The hollow fiber membrane was formed by microporous polypropylene, kindly supplied by Nextech Sdn 

Bhd, Malaysia. The specifications of the hollow fiber module used in the present work are summarized in Table 

1. Rare earth oxides were purchased from Sigma-Aldrich. Di(2-etylhexyl) phosphoric acid (D2EHPA), tributyl 

phosphate (TBP), kerosene, nitric acid, hydrochloric acid and sulfuric acid were purchased from Merck. All 

chemicals were of analytical grade and used without further purification. 

Peristaltic pump (Deng Yuan, Taiwan) was used to solution circulate through the membrane, pH meter (Orion), 

coupled plasma-atomic emission spectrometry (ICP-AES, Optima 3300 SYS, Perkin Elmer). 

 

Preparation of SHFSLM: 

 First, the organic solution was prepared by dissolving di(2-etylhexyl) phosphoric acid (D2EHPA) and 

tributyl phosphate (TBP) in kerosene. This solution serves as the organic carrier of the liquid membrane. The 

stripping hollow fiber supported liquid membrane (SHFSLM) was prepared by pumping the ligand solution 

through the lumen side of module at a pressure of 3 psi in recycling mode. To ensure the complete soaking of 

the membrane pores, the ligand solution was circulated for 30 min when the solution started percolating from 

the lumen side to the shell side. After complete soaking of the membrane, the excess of ligand solution was 

washed out with plenty of distilled water, prior to the introduction of the feed and strip solutions. 
 

Table 1: Specification of hollow fiber modules. 

Parameter Specification 

Module characteristics 

Material 

Length 
Internal diameter 

Outer diameter 

 
Fiber characteristics 

Material 

 

Glass 

30.0 cm 
1.5 cm 

1.7 cm 

 
Polypropylene 

Number of fibers 500 

Fiber internal diameter (mm) 0.60 

Fiber outer diameter (mm) 0.75 

Effective pore size (m) 0.2 

Membrane porosity 0.83 
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Transport of REEs and separation factors: 

 In all the experiments, the feed solution was passed through the lumen side while the strip solution was 

passed through the shell side of the module in counter-current mode. All the experiments were performed with 

250 mL feed and strip solutions in recycling mode where both the solutions were circulated through out the 

experiment. The flow rates of the feed and the strip solutions were maintained constant at 200mL/min with the 

help of gear pumps equipped with precise flow controllers. The experiments lasted approximately 300 minutes. 

Samples of 1 mL were taken every 60 minutes from the feed phase. Samples containing REEs were analyzed 

with a inductively coupled plasma-atomic emission spectrometry (ICP-AES, Optima 3300 SYS, Perkin Elmer). 

 The performance of SHFSLM module in a recycling mode can be expressed in terms of the permeability 

coefficient, P, described by the following equation: 

 

ln 










oC

C
 = - 

V

A.
P. t          (1) 

 

where A is the total effective area of the membrane, V the total volume of the feed solution, Co and C are 

concentration of the metal species in the feed solution at initial and at t, respectively,  is the porosity of 

membrane, P is membrane permeability coefficient. The permeability coefficient P was obtained from slope of 

the linear plots of ln (C/Co) against t, with A, V and  is constant. 

 The separation factor, 1,2, is a measure of the ability of the system to separate one ion from the other ions 

and expressed as: 

 

1,2 = PM1/PM2           (2) 

 

where PM1 and PM2 are permeability of ion 1 and 2, respectively.  

 The effect of feed pH solution on transport of  REEs was studied by conducting extraction tests at different 

solution in the range pH range of 1.0 to 5.00 using 0.1 M of HNO3 as stripping agent for 300 minutes. The pH 

value was adjusted by using NaOH and HNO3 solutions.  

 To determine the effect of composition of carrier on transport of REEs, the experiments were carried out at 

ten different compositions of TBP : D2EHPA (0-1) for 300 minutes and at pH optimum.  

 The effect of acid concentration in dispersion phase on extraction of REEs was carried out by pumping of 

250 mL stripping solution of desired concentrations (0.1-1.0 mol/L) for 300 minutes at pH optimum of feed 

solution. 

 The effect of different stripping agents in the dispersion phase on transport of REEs was studied by 

conducting extraction tests using 0.5 M of HCl, H2SO4 and HNO3 as stripping agents for 300 minutes. 

 All transport and separation experiments of REEs were done using mixture of six REEs (20 mg/L of each 

rare earth ion) in phosphoric acid. 

RESULTS AND DISCUSSION 

 

SHFSLM process and mechanism: 

 The mechanism of SHFSLM process in which concentration change and separation processes are depicted 

in Figure 1. The co-transport involves various equilibrium reactions, which are described as follows (Liang et 

al., 2011a; 2011b): 

(a) rare earth element ions diffuses from the feed phase to the interface feed phase-membrane phase 

(b) on the feed side interface of the SHFSLM, the extraction of rare earth element ions (can be as REE
3+

) from 

feed solution with carrier D2EHPA – TBP in kerosene can be expressed as: 

 

REE
3+

 + 3 (D2EHPA)2, org + 2 TBPorg  REE((D2EHPA)3.2 TBP + 3 Hf
+
    (1) 

 

where f and org stand for feed phase and organic phase, respectively and REE((D2EHPA)3.2 TBP was REE 

complex compounds.  

(c) the REE complex (REE((D2EHPA)3.2 TBP) diffuses through the membrane phase. 

(d) at the stripping side interface of SHFSLM, the REER3-3HR dissolved in membrane phase and the REE ions 

are stripped by stripping agent. The stripping reaction on the other side of the SHFSLM is written as follows: 

 

REE((D2EHPA)3.2 TBP + 3 Hs
+
  REE

3+
 + 3 (D2EHPA)2, org + 2 TBPorg    (2) 

 

(e) carrier D2EHPA – TBP returns from interface of stripping phase-membrane phase to interface of membrane 

phase-feed phase. 
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To formulate the model, the following assumptions were made (Liang et al., 2011a): 

(1) the REE ions diffuses in the organic medium only as the REE((D2EHPA)3.2 TBP complex.  

(2) there is no net flow due to convection within the liquid membrane.  

(3) the REE ions react only with carrier at the membrane interfaces. 

(4) the carrier monomer and dimer are in equilibrium at all times throughout the organic phase.  

(5) the solubility of carrier in the aqueous acid solution has been found to be negligible.  

 

Effect of feed phase pH: 

 In a liquid membrane system, pH is being one of the important driving forces for the permeation of metal 

ion. In order to assess the significant role of pH of feed phase solution during the permeation of these metal 

ions, pH variation studies of feed phase has been carried out. The effect of pH in the feed phase on permeation 

of REEs is shown in the Figure 2. The permeation of REEs increased when the pH in the feed phase increased 

from 1.00 to 3.00, and a maximum permeation observed at pH 3.50.  When pH value was higher than 4.0, the 

permeation of REEs tends to decrease. It shows that the complexation and extraction at the interface of feed 

phase and membrane solution favours at lower pH. 

 

 
Fig. 1: Schematic description of REEs transport by HFSLM (Liang et al., 2011a). 

 

 Based on mechanism of mass transfer process, the concentration difference between feed phase and 

dispersion phase is the driving power of mass transfer process (Liang et al., 2011a; 2011b). In the feed phase the 

lower the H
+
 concentration is, the stronger the driving power of mass transfer process will be. Stronger power 

will promote the transport flux of REEs. When pH value was higher than 4, hydroxyl complexes of REEs was 

formed in the feed phase and the transport of REEs decreased. 

 

 
 

Fig. 2: Effect of feed phase pH on REEs permeation. 

 

 The separation factors (1,2) for among REEs were calculated at maximum pH and shown in Table 2. The 

observed increase in 1,2 values clearly follows the increase in ionic radii of REEs, except Ce and Pr. Based on 

the 1,2 values there is a possibility for the separation of one metal from other metals in the pH of 3.5. 
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Table 2: Effect of feed phase pH on separation factor (1,2) among REEs by SHFSLM. 

1 

1,2  Ce Pr Nd Sm Gd 

2 La 67.6 135.7 20.5 64.3 121.5 

Ce  103.3 15.2 48.9 91.3 

Pr   7.4 23.7 44.2 

Nd    160.7 300.0 

Sm     93.4 

 

Effect of carrier composition: 

 In order to obtain optimum separation with high efficiency, we need an optimum composition of carrier 

solutions. Figure 3 showed the effect of carrier composition on REEs permeation. From the graph shown in 

Figure 3, the permeation of REEs increased when the composition of TBP/D2EHPA increased from 0.0 to 0.5. 

This phenomenon occurs because of the synergistic effects of the carrier. The decreasing permeation at 0.7 

TBP/D2EHPA compositions may be due to antagonistic effects of carrier.  

 

 
Fig. 3: Effect of carrier composition on REEs permeation. 

 

 The permeation of REEs reaches a maximum at the composition of TBP/D2EHPA was 0.8. Generally, the 

separation factors 1,2 with this composition decreases with increasing ionic radii (Table 3) except Ce. There is a 

possibility for separation of some REEs from others. 

 
Table 3: Effect of carrier compositions on separation factor (1,2) among REEs by SHFSLM. 

1 

1,2  Ce Pr Nd Sm Gd 

 La 81.1 124.5 101.1 94.5 40.5 

Ce  76.8 62.4 58.3 27.5 

Pr   40.6 38.0 17.9 

Nd    46.7 22.0 

Sm     23.6 

 

Effect of stripping agent: 

 The stripping agent at the membrane-dispersion side plays a vital role in transport of metal ions from feed 

phase to stripping phase (Liang et al., 2011a; 2011b). So the effects of different stripping agents in the 

dispersion phase on permeation of REEs were studied.  

 

 
 

Fig. 4: Effect of stripping agent on REEs permeation: (1) HNO3, (2) HCl, (3) H2SO4. 
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 The effect of different stripping agents on REEs permeation was shown in Figure 4. It was found that HNO3 

is the most efficient stripping agent on permeation of REEs. 

 

Effect of stripping concentration: 

 The permeation of REEs by HFSLM as a function of stripping concentration is shown in Figure 5. 

Exception for Nd, the permeation of REEs increases as the concentration of HNO3 increases from 0.1-0.4 M, but 

then decreases as the acid concentration is increased further. The reason for the initial increase in extraction may 

be caused by the salting-out effect of nitric acid. With further increase in HNO3 concentration, the permeation of 

REEs decreases, probably as a result of degradation of carrier due to oxidized by HNO3 at high concentration. 

However, the best concentration of HNO3 to use for extraction of REEs is 0.4 M. 

 

 
 

Fig. 5: Effect of stripping concentration on REEs permeation. 

 

Conclusions: 

 The transport of rare earth elements (REEs) through a stripping hollow fiber supported liquid membrane 

(SHFSLM) was studied. The influence of feed phase pH, composition of carrier solution, type of acid stripping 

agents in the dispersion phase and acid concentration on transport of REEs have been investigated. Optimal 

conditions for these transports were determined using lab scale experiments. The results from this work showed 

that the optimum permeation condition of REEs was obtained at feed solution pH value was 3.5, composition of 

carrier solution was 0.8 in TBP: D2EHPA, stripping agents was HNO3 and stripping agent concentration was 

0.4 M. From the values of separation factor (1,2), it could be conclude that the stripping hollow fiber supported 

liquid membrane (SHFSLM) a potential system for extraction and separation of REEs from its mineral.  

 

ACKNOWLEDGEMENT 

 

 The authors wish to extend their gratitude Institut Teknologi Bandung for their financial support throughout 

Program Riset dan Inovasi ITB 2011. 

REFERENCES 

 

Bhattacharyya, A., P.K. Mohapatra, S.A. Ansari, D.R. Raut and V.K. Manchanda, 2008. Separation of 

trivalent actinides from lanthanides using hollow fiber supported liquid membrane containing Cyanex-301 as the 

carrier. Journal of Membrane Science, 312: 1-5. 

Breembroek, G.R.M., A. van Straalen, G.J. Witkamp and G.M. van Rosmalen, 1998. Extraction of 

cadmium and copper using hollow fiber supported liquid membranes. Journal of Membrane Science, 146: 185-

195. 

Chunhua, X., M. Yuan, Y. Caiping, and S. Chen, 2009. Adsorption of Erbium(III) on D113-III Resin from 

Aqueous Solutions: Batch and Column Studies. Journal of Rare Earths, 27(6): 923-931.  

Danesi, P.R. and P.G. Rickert, 1986. Some Observations on The Performance of Hollow Fiber Supported 

Liquid Membranes for Co-Ni Separations. Solvent Extraction and Ion Exchange, 4(1): 149-164. 

de Vasconcellos, M.E., C.A. da S. Queiroz and A. Abrao, 2004. Sequential Separation of The Yttrium-

Heavy Rare Earths by Fractional Hydroxide Precipitation. Journal of Alloys and Compound, 374: 405-407. 

Fontas, C., C. Palet, V. Salvado and M. Hidalgo, 2000. A Hollow Fiber Supported Liquid Membrane Based 

on Aliquat 336 as A Carrier for Rhodium(III) Transport and Preconcentration. Journal of Membrane Science, 

178: 131-139. 

Gaikwad, A.G. and A.M. Rajput, 2010. Transport of Yttrium Metal Ions Through Fibers Supported Liquid 

Membrane Solvent Extraction. Journal of Rare Earths, 28(1): 1-6. 



531                                                                   Muhammad Ali Zulfikar et al, 2014 

Australian Journal of Basic and Applied Sciences, 8(10) July 2014, Pages: 525-531 

He, W., W. Liao, C. Niu and D. Li, 2008. Synergistic Extraction of Rare Earths using acid-Base Coupling 

Extractants of Calix[4]arene Carboxyl Derivative and Primary Amine N192. Separation and Purification 

Technology, 62: 674-680. 

Kislik, V.S. and A.M, 1996. Hybrid Liquid Membrane (HLM) System in Separation Technologies. Journal 

of Membrane Science, 111: 259-272. 

Liang P., W. Liming and G. Wei, 2011a. Separation of Trivalent Samarium through Facilitated Stripping 

Dispersion Hollow Fiber Liquid Membrane Using p204 as Mobile Carrier. China Journal of Chemistry, 29: 

2421-2427. 

Liang P., W. Liming, G. Wei and N. Zhao, 2011b. Stripping Dispersion Hollow Fiber Liquid Membrane 

Containing PC-88A as Carrier and HCl for Transport Behavior of Trivalent Dysprosium. Journal of Membran 

Science, 378: 520-530. 

Neplenbroek, A.M., D. Bargeman and C.A. Smolders, 1992a. Mechanism of Supported Liquid Membrane 

Degradation: Emulsion Formation. Journal of Membrane Science, 67(2-3): 133-148. 

Neplenbroek, A.M., D. Bargeman and C.A. Smolders, 1992b, Supported Liquid Membranes: Instability E 

ffects. Journal of Membrane Science, 67(2-3): 121-132. 

Panchula, M.L. and M. Akinc, 1996. Morphology of Lanthanum Carbonate Particles Prepared by 

Homogeneous Precipitation. Journal of European Ceramic Society, 16: 833-841.  

Queiroz, C.A.S., J.R. Matos, M.E. Vasconcellos and A. Abrao, 2002. Thermoanalytical Characterization of 

Neodymium Peroxicarbonate. Journal of Alloys and Compound, 344: 32-35. 

Rossel, A., C. Palet and M. Valiente, 1997. Selective Separation and Concentration of Vanadium(V) by A 

Chemical Pumping Hollow-fiber Supported Liquid Membrane. Analytical Chimica Acta, 349: 171-178. 

Takeuchi, H., K. Takahshi and W. Goto, 1987. Some Observations on The Stability of Supported Liquid 

Membranes. Journal of Membrane Science, 34: 19-31. 

Uda, T., K.T. Jacob and M. Hirasawa, 2000. Technique for Enhanced Rare Earth Separation. Science, 289: 

2326-2329. 

Valenzuela, F., C. Basualto, C. Tapia and J. Sapag, 1999. Application of Hollow-fiber Supported Liquid 

Membranes Technique to The Selective Recovery of A Low Content of Copper from A Chilean Mine Water. 

Journal of Membrane Science, 155: 163-168. 

Wang, Z.C., L.Q. Zhang, P.X. Lei and M.Y. Chi, 2002. Rare Earth Extraction and Separation from Mixed 

Bastnaesite-Monazite Concentrate by Stepwise Carbochlorination-Chemical Vapor Transport. Metallurgy and 

Materials Transactions B, 33: 661-668. 

Xiaowei, H., L., Jianning, L. Zhiqi, Z. Yongqi, X. Xiangxin and Z. Zhaowu, 2008. Synergistic Extraction of 

Rare Earth by Mixtures of 2-ethylhexyl phosphoric acid mono-2-ethylhexyl ester and di-(2-ethylhexyl) 

phosphoric acid from Sulfuric Acid Medium. Journal of Rare Earths, 26(3): 410-413. 

Yongqi, Z., L. Jianning, H. Xiaowei, W. Chunmei, Z. Zhaowu and Z. Guocheng, 2008. Synergistic 

Extraction of Rare Earths by Mixture of HDEHP and HEH/EHP in Sulfuric Acid Medium. Journal of Rare 

Earths, 26(5): 688-692. 

Zha, F.F., A.G. Fane and C.J.D. Fell, 1995a. Instability Mechanisms of Supported Liquid Membranes in 

Phenol Transport Process.  Journal of Membrane Science, 107(1-2): 59-74. 

Zha, F.F., A.G. Fane and C.J.D. Fell, 1995b. Effect of Surface Tension Gradients on Stability of Supported 

Liquid Membranes. Journal of Membrane Science, 107(1-2): 75-86. 

Zhang, L.Q., Z.C. Wang, S.X. Tong, P.X. Lei and W. Zou, 2002. Rare Earth Extraction from Bastnaesite 

Concentrate by Stepwise Carbochlorination-Chemical Vapor Transport-Oxidation. Metallurgy and Materials 

Transactions B, 35: 217-221.  

 


