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Abstract: The emerging interest on room temperature ionic liquids (RTIL) as an alternative to
conventional organic solvents is mainly due to their properties of negligible volatility, low vapor
pressure and thermal stability. An experimental study on the extraction performance of ionic
liquids for removal of chlorophenol was carried out in a bulk liquid membrane system. Three
different ionic liquids with high hydrophobicity were used to study the removal efficiency for
chlorophenol. The effects of extraction parameters, namely pH, concentration of the feed and
concentration of NaOH were aso investigated. The preliminary study shows that high
chlorophenol extraction and stripping efficiencies of 98.10% and 78.5% respectively were achieved
by ionic liquid membrane with a minimum membrane loss which offers a better choiceto organic
membrane solvents.

Keywords: Chlorophenol, lonic Liquid, Liquid Membrane, Extraction efficiency, Stripping
efficiency.

1. Introduction

Chlorophenolic compounds are often found in the waste discharges of many industries including
petrochemical, il refinery, plastic, pulp and insulation material™>. Chlorophenols are used as bacteriacide,
fungicide and preservative. According to the Environmental Health Criteria 93* chlorophenols are toxic
and have a carcinogenic effect on human and aquatic lives when released to the environment. Fish
kills have resulted from chlorophenol spills due to exposure to large quantities (0.1 — 5 ppm) of
chlorophenols’. This gives adverse effect like impaired reproduction, impaired flavor of fish, reduced
production of zooplanktons and thus disrupting the agquatic ecosystem balance. Chlorophenols has
been included in the EPA National Priorities List (NPL) and maximum chlorophenol discharge
concentration was set to 1 ppm’. Thus, finding out an effective method for the treatment of
wastewater containing chlorophenol has become very essential.

In the recent years, liquid membrane has attracted the attention from the many industries. The
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liquid that servesas semi-permeable liquid which forms a barrier between the feed phase and the
stripping phase and it transports the targeted solute selectively from one phase to another is
termed as Liquid membrane®’. This method combines the extraction and stripping processes in a
single stage, thus providing lower capital and operating cost, technical simplicity, and independency
on the transport equilibrium limitation®™?. Applications of liquid membranes in separation field
have been reported by a number of researchers, mainly for the separation of organic
compounds”®**** and metal ions"'°. However, the utilization of organic membrane solvents such as
hydrocarbons and chloroalkanes”*™"** have their drawbacks as they are usually volatile,
flammable and often toxic, thus restricting their applications in the industries.

Room temperature ionic liquids are very ssimply molten salts. They are a group of low melting
point salts that consist of organic cations and organic/inorganic anions. They have negligible vapor
pressure, low flammability and are thermally stable. These unique properties serve them as an option
to replace the volatile organic solvents. In the present study, imidazolium based ionic liquids were
chosen as their physical and chemical properties are more readily available in comparison to other
ionic liquids."®* In fact, studies on liquid-liquid extraction of chlorophenol by imidazolium ionic
liquids with [BF4] and [PFg] anions have solvents in terms of extraction efficiency. The effects of
several parameters such as pH, operating temperature and volume ratio of ionic liquid/water on the
extraction efficiency have also been evaluated™®*,

Degpite the favorable chlorophenol extraction efficiency in liquid-liquid extraction, the
utilization of imidazolium based ionic liguid membrane for chlorophenol removal is less studied.
Instead, they are some published information on the separation of other organic compounds such
as toluene®, aromatic hydrocarbons®, trans-esterification products?® and selective separation of
1-butanol, 1-propanol, cyclohexanol, 1,4-dioxane, cyclohexanone, morpholine and methyl-
morpholine”” by these ionic liquids. These works show that imidazolium based ionic liquid
membranes provide selective transport with good stability. However, Fortunato et a®®®. and
Matsumoto et al®*. reported that the selectivities of ionic liquid membrane diminished when
contacted with aqueous phase. According to them, this was mainly caused by the significant water
solubility of these ionic liquids. The formation of water microenvironment path in imidazolium
based ionic liquids with [BF,] and [PFg] anions reduced the membrane selectivities during the
transport of water soluble compounds such as tritiated water, NaCl, amino acid, amino acid
esters®®? and penicillin G¥.

In the present work, the technical feasibility of hydrophobic ionic liquids 1-butyl-3-
methylimidazolium tetrafluoroborate [BF,], 1-butyl-3-methylimidazolium hexafluorophosphate
[Bmim] [PFg], 1-butyl-3-methylimidazolium chloride [CI] when applied as bulk ionic liquid
membranes for phenol removal was discussed. Bulk liquid membrane system was chosen as its
simple configuration enabled the observation on the effect of ionic liquids on the phenol extraction
and stripping efficiencies. The effect of different types of anion and hydrophobicity of the ionic
liquids onthe phenol extraction and stripping efficiencies were investigated.

2. Experimental
2.1. Materials

The chlorophenal crystals, ionic liquids 1-butyl-3-methylimidazolium tetrafluoroborate [Bmim-BF,], 1-
butyl-3-methylimidazolium hexafluorophosphate [ Bmim-PFg], 1-butyl-3-methylimidazolium
chloride [Bmim-Cl] were supplied by Sigma Aldrich, hydrochloric acid and sodium hydroxide were supplied
by SRL. Chlorophenol absorbance measurement was accomplished using UV-Vis Spectrophotometer (SL
159& 150 Elico), laboratory stirrer was used for stirring speed determination and pH meter (L1 127& 120 Elico)
were aso used in the experiments, mainly for pH measurement.

2.2. Preparation of solutions

Chlorophenol solutions were prepared by dissolving the theoretical amount of chlorophenol crystals into
digtilled water with different concentrations in a calibrated volumetric flask. Each solution was stirred for
approximately 10 min to ensure the complete dissolution of chlorophenol. The same procedure was applied for
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the preparation of NaOH solution from the pellets. HCI solution was prepared by diluting the concentrated HCI
with distilled water in avolumetric flask. The solution was stirred to ensure awell mixed solution.

2.3. Bulk ionic liquid membrane experiment

The experiment was carried out in a U-tube glass vessel with an inner diameter of 10 cm. The left limb of the U
tube is feed compartment and the right limb is considered as stripping compartment. A volume of 10mL of
ionic liquid was weighed and transferred into the cell above the bottom clearance. After that, 10mL each of 100
ppm chlorophenaol solution and 0.5 M NaOH solution was transferred into the feed compartment and stripping
compartment, respectively, where both phases were bridged by the ionic liquid. The agueous phases were
stirred by lab stirrers at 250 rpm at both the limbs, while the membrane phase was stirred by a magnetic stirrer
a a fixed speed of 200 rpm. The duration of each experiment was 2 h. At different time interval, 1 mL of
sample was taken from the feed phase and stripping phase using a pipette. The samples were then analyzed by
UV-Vis Spectrophotometer, both extraction and stripping efficiencies were calculated, as discussed in Section
2.4.2. The experiments were repeated and the results obtained were within an experimental error of 5%.

2.4. Analytical method
2.4.1. Dilution of samples

The samples were diluted before andysis to make sure that the absorbance of the samples can be measured
within detectable range of the UV-Vis Spectrophotometer. The feed samples were provided with an acidic
environment by diluting it with 0.5 M HCIl solution, thereby making the chlorophenol exist only in molecular
form. The stripping samples were diluted with 0.5 M NaOH solution, thereby chlorophenol exists only in the
form of cholorophenolate ion (sodium chlorophenolate). The chlorophenol absorbances were measured in
wavelength of 270 nm in the feed samples and 288 nm for chlorophenolate ion detection in the stripping
samples. The concentrations of chlorophenol and chlorophenolate in the samples were obtained by their
absorbance-concentration calibration curves.

2.4.2. Determination of extraction and stripping efficienciesin bulk ionic liquid membrane

Chlorophenol extraction and stripping efficiencies were determined by the concentration of chlorophenol in
each phase. The extraction efficiency was calculated using Eq. (1):

ininal ©

Extraction Efficiency, % = —

Stripping Efficiency, % =— __ x 100 2

»1 feed sampies
The amount of sodium chlorophenolate in the stripping phase was converted to the theoretical amount of
chlorophenol that should be present in the stripping phase for the determination of chlorophenol in stripping
phase, based on the mole balance from Eq.(3).

CIC¢H,OH + NaOH - CICeH,ONa + H,0O (3)

2.5. Reuse of ionic liquids

lonic liquid used as liquid membrane was regenerated in line with the method that was published by Fan et al%.
The ionic liquid was mixed vigorously for 30 min with equal volume of 0.5 M NaOH solution, the stripping
agent was used to remove chlorophenol. The aqueous sample after phase separation was analyzed for sodium
chlorophenolate concentration using the UV-Vis spectrophotometer. This procedure was repeated until there
was no significant sodium chlorophenolate was detected in the NaOH solution. The ionic liquid was then
washed with distilled water until a pH of 6.5-7.5 was obtained. The excess moisture in the recovered ionic
liquid was removed by heating at 75 °C for 2 days®. lonic liquid was then stored in a desiccator before it was
being reused.
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3. Results and discussion
3.1. Effect of different types of ionic liquids as membrane solvents

The performance of bulk ionic liquid membrane by different types of ionic liquids was evaluated in terms of
chlorophenol extraction efficiency and stripping efficiency.

3.1.1. Extraction efficiency

In the current study, ionic liquids [Bmim][BF,], [Bmim][ PFs] and [Bmim][CI] were utilized as membrane
solvents Fig. 1 shows that the extraction efficiency of bulk ionic liquid membrane is in the order of
[Bmim][BF,] > [Bmim][PF¢] > [Bmim][Cl]. The present work chlorophenol extraction efficiency increases due
to the ionic liquids hydrophobicity and hydrogen bond basicity??. Among the ionic liquids studied,
[Bmim][BF,] was the most hydrophobic ionic liquid showing the maximum extraction efficiency. The
extraction efficiency was found to be more dependent on the strength of the hydrogen bond basicity of the ionic
liquids, in the sequence of [Bmim][BF,], [Bmim][PF¢] , [Bmim][CI] >**%,

Extraction Effieciency of
Chlorophenol

100
80
60
40
20

Extraction Efficiency, %

6] 100 200 300

Time,min

Fig.1. Extraction efficiency of phenol by bulk ionic liquid membrane
(Feed phase pH: = 6.5; Feed concentration: 300 ppm; NaOH concentration: 0.5 M).

3.1.2. Stripping efficiency

Fig. 2 shows that the chlorophenol present in the ionic liquid membrane is effectively stripped down by NaOH. It
was found that the efficiency of [Bmim|[BF,] was greater than [Bmim][PFs] which was the same as [Bmim][Cl].
In bulk liguid membrane process, due to the high membrane thickness, the viscosity of the membrane solvent was
significant on governing the stripping rate. [Bmim][BF,] had the highest stripping efficiency among the ionic
liquids studied as its viscosity was the lowest. It was also found that ionic liquid membranes of [Bmim][PFs] and
[Bmim][CI] had similar chlorophenal stripping efficiencies even though the viscosity of [Bmim][Cl] was much
lower than [Bmim][PF¢].
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Stripping Effieciency of Chlorophenol
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Fig.2. Stripping efficiency of phenol by bulk ionic liquid membrane
(Feed phase pH: = 6.5; Feed concentration: 300 ppm; NaOH concentration: 0.5 M).

3.2. Behavior of ionic liquid as bulk liquid membranesfor phenol removal

The results in Section 3.1 show that ionic liquid membrane based on [Bmim][BF,4] gives higher extraction and
stripping efficiencies than [Bmim|[PFs] and [Bmim][Cl]. Hence, the effect of feed phases pH, feed
concentration and NaOH concentration on extraction efficiency and stripping efficiency on the performance of
ionic liguid membrane was further studied.

3.2.1. Effect of feed phase pH

The pH of the feed phase was adjusted using NaOH and HCI solutions before the experiment. The form of
chlorophenol present in the feed phase strongly depends upon the pH of the feed phase. Fig. 3 shows that when
the feed phase pH is held below 6.5, the extraction efficiency of chlorophenol by [Bmim] [BF,], [Bmim] [PFg] ,
[Bmim] [CI] based liquid membrane remains constant. However, there was a drastic decrease in the extraction
efficiency when the pH was increased from 6.5 to 8 and 12.

Effect of feed phase pH
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.Fig.3. Effect of feed phase pH on the performance of bulk ionic liquid membrane
(Feed concentration: 300 ppm; NaOH concentration: 0.5 M).
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3.2.2. Effect of feed concentration

Fig.4 illustrates the feed concentration has less effect on the extraction efficiency. The feed concentration was
increased from 250 to 5000 ppm, the final extraction efficiency remained 95%. This may be due to the high
chlorophenol dissolving capacity of the ionic liquids, in addition to the simultaneous stripping process which
prolonged the time required for saturation of the membrane. This leads to the undisturbed extraction efficiency.

Fig.5 illustrates the feed concentration’s effect on stripping efficiency. High extraction rate was
observed in high feed concentration due to the high capacity for the chlorophenol extraction in the ionic liquid
membrane phase. The uneven high extraction and low stripping rates caused the increase of chlorophenol
concentration in the membrane phase. This chlorophenol can be effectively made to get distributed to the
stripping phase by effective stirring using magnetic stirrer. Thus, the stripping efficiency was increased as the

feed concentration was increased from 1000 to 5000 ppm.

0 50 100 150 200 250

Extraction Efficiency, %

Time, min

Fig.4. Extraction efficiency of phenol by bulk ionic liquid membrane at different feed concentrations

Effect of Feed phase concentration
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(Feed phase pH: = 5.8-6.5; NaOH concentration: 0.5 M).

Effect of Feed phase concentration
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Fig.5. Stripping efficiency of phenol by bulk ionic liquid membrane at different feed concentrations (Feed

phase pH: = 5.8-6.5; NaOH concentration: 0.5 M).
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3.2.3. Effect of NaOH concentration

Fig. 6 illustrates that the concentration of NaOH has less effect on the extraction efficiency of bulk ionic liquid
membrane. A final extraction efficiency of 95% was achieved for the NaOH concentration range of 0.05-0.5 M
while they had significant influence on the stripping efficiency of the system. Fig. 7 shows that the stripping
efficiency increases in the following order: 0.05 M, 0.1 M, 0.15 M, 0.25 M, 0.5 M. In this study, NaOH
concentration of 0.15 M (pH =11.7) was observed to be adequate to maintain the high stripping efficiency and
beyond this concentration, the stripping efficiency remained the same. The activity of molecular phenol in the
stripping phase is suppressed, as Chlorophenol reacts with NaOH in the stripping phase to form sodium
chlorophenolate. The activity of unreacted molecular chlorophenol slowed down the stripping process by
reducing the concentration gradient between membrane and stripping phases under low NaOH concentration,
thus reducing the stripping rate and efficiency.

Effect of NaoH concentration
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0 50 100 150 200 250 300
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Fig.6. Extraction efficiency of phenol by bulk ionic liquid membrane at different NaOH concentrations

Effect of NaoH concentration
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Fig.7. Stripping efficiency of phenol by bulk ionic liquid membrane at different NaOH concentrations

NaOH+CICgH,OH,y *—>» CIC¢H,OH,, —» CICsH,ONa+H,O (4)

Pertraction of molecular chlorophenol in bulk ionic liquid membranes consists of two major processes
extraction and stripping

I.  Molecular chlorophenal dissolves in ionic liquid membrane due to its high distribution coefficient between
ILs and water. The extraction process is reversible which is governed by equilibrium extraction of
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chlorophenols between the ionic liquid membrane and the feed phase which is similar to liquid-liquid
extraction.

Chlorophenol travels via the ionic liqguid membrane to reach membrane/stripping interface. Due to the
concentration gradient difference between the phases, the molecular chlorophenol diffuses into the stripping

phase. Under high OH" concentration stripping phase (high pH), the weak acid chlorophenol ionizes into

chlorophenolate ion and hydrogen ion. These ions react with sodium ion and hydroxide ion in the stripping

phase, respectively to yield sodium chlorophenolate and water. Back stripping of chlorophenol is prevented,

as chlorophenolate ion is insoluble in ionic liquid membrane. Moreover, chlorophenol's activity in the
stripping phase is suppressed by NaOH present in it and by maintaining concentration gradient between

membrane phase and stripping phase. Thus, one way stripping processis achieved.

4.Conclusions

+ The best extractant of chlorophenol was found to be [Bmim][BF,]. This due to its effective negative
charge than other two ILs. The strength of hydrogen bonding between [BF,] anion and the chlorophenol
was much stronger, resulting higher extraction efficiency.

« The maximum chlorophenol extraction and stripping efficiencies were contributed due to the low
viscosity and high hydrogen bond basicity strength of [Bmim][BF,] when compared with [Bmim][PFg]
and [Bmim][Cl].

A good membrane stability and reusability of the ionic liquids were achieved for all the ionic liquids
tested.

+«+ The hydrophobicity of the ionic liquids did not have much effect on the results but contributed
significantly in the membrane recovery whereby the increment in the hydrophabicity reduces the ionic
liquid membrane | oss.

+ The effect of feed phase pH, feed concentration and NaOH concentration showed that [Bmim][BF,]
based liquid membrane showed better behavior when compared with organic liquid membranes. The
transport of chlorophenol was stable for [Bmim][BF,4] liquid membrane.

« A high extraction and stripping efficiencies of 98.10% and 78.5% respectively were achieved using
[Bmim][BF,]. Hence, [Bmim|[BF,] offers a best choice as it gives the maximum chlorophenol
extraction and stripping efficiencies with a stable transport process and lower solvent loss.

5. References

1

Raung, K.D., Theory and practice for the removal of phenolsin wastewater, Industrial Pollution Prevention
and Control 1984, 3 (3), 88-103.

Liu, D., Maguire, R.J., Pacepavicius, G., Dutka, B.J., Biodegradation of recalcitrant chlorophenols by
cometabolism, Environmental Toxicology and Water Quality: An International Journal, 1991, 6, 85-95.
Liu, G.Y., Wang, Y.P, Pen, A.R., Hsu, W., Chou, T., Environmental Technology, Taiwan, ROC, 1991b.
Environmental Health Criteria 93 for chlorophenols from http://www.inchem.org/documents/ehc
/ehc/ehc093.htm 1989.

Chlorophenols, Chapter 5, pg 143 — 171, http://www.atsdr.cdc.gov/toxprofiles/tpl07-c5.pdf

V.S. Kidik, Liquid Membranes: Principles & Applications in Chemical Separations & Wastewater
Treatment, Elsevier, Oxford, 2010.

K. Chakrabarty, K.V. Krishna, P. Saha, A.K. Ghoshal, Extraction and recovery of lignosulfonate from its
agueous solution using bulk liquid membrane, J. Membr. Sci., 2000, 330, 135-144.

JW. Frankenfeld, N.N. Li, Recent advances in liquid membrane technology, in: R.W. Rousseau (Ed.),
Handbook of Separation Process Technology, JohnWiley & Sons Inc., New Y ork, 1987, 840-861.

Q.T.H. Le, D.S. Ehler, T.M. McCleskey, R.C. Dye, D.R. Pesiri, G.D. Jarvinen, N.N. Sauer, Ultra-thin
gates for the transport of phenol from supported liqguid membranes to permanent surface modified
membranes, J. Membr. Sci., 2002, 205, 213-222.



S.Venkatesan et al/Int.J.ChemTech Res.2013,5(3) 1137

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

G. Muthuraman, T.T. Teng, C.P. Leh, I. Norli, Use of bulk liquid membrane for the removal of chromium
(V1) from agueous acidic solution with tri-n-butyl phosphate as a carrier, Desdlination, 2009, 249, 884—
890.

B. Nabieyan, A. Kargari, T. Kaghazchi, A. Mahmoudian, M. Soleimani, Bench-scale pertraction of iodine
using bulk liquid membrane systems, Desalination, 2007, 214, 167-176.

F.J. Hernandez-Fernandez, A.P. de los Rios, M. Rubio, F. Tomas-Alonso, D. Gomez, G. Villora, A novel
application of supported liquid membrane based on ionic liquids to the selective simultaneous separation of
the substrates and products of atransesterification reaction, J. Membr. Sci., 2007, 293, 73-80.

W. Cichy, S. Schlosser, J. Szymanowski, Extraction and pertraction of phenol through bulk liquid
membranes, J. Chem. Technol. Biot., 2004, 80, 189-197.

M.J. Gonzalez-Munoz, S. Luque, J.R. Alvarez, J. Coca, Recovery of phenol from agueous solutions using
hollow fibre contactors, J. Membr. Sci., 2003, 213, 181-193.

M.S. Gasser, N.E. El-Hefny, J.A. Daoud, Extraction of Co(Il) from aqueous solution using emulsion liquid
membrane, J. Hazard. Mater., 2008, 151, 610-615.

J.G. Huddleston, A.E. Visser, W.M. Reichert, H.D. Willauer, G.A. Broker, R.D. Roger, Characterization &
comparison at hydrophilic and hydrophobic room temperature ionic liquids incorporating the imidazolium
cation, Green Chem., 2001, 3, 156-164.

C.F. Poole, SK. Poole, Extraction of organic compounds with room temperature ionic liquids, J.
Chromatogr. A., 2010, 1217, 2268-2286.

A. Berthod, M.J. Ruiz-Angel, S. Carda-Broch, Review: ionic liquids in separation techniques, J.
Chromatogr. A., 2008, 1184, 6-18.

P. Wasserschield, T. Welton (Eds.), lonic Liquids in Synthesis, Wiley-V CH, Darmstadt, 2003.

X. Li, S.J. Zhan, JM. Zhang, Y .H. Chen, Y.Q. Zhan, N. Sun, Extraction of phenols with hydrophobic ionic
liquids, Chin. J. Proc. Eng., 2005, 5, 148-151.

S.T.M. Vidal, M.JN. Correia, M.M. Marques, M.R. Ismael, M.T.A. Reis, Studies on the use of ionic
liquids as potentia extractant of phenolic compounds and metal ions, Sep. Sci. Technal., 2005, 39, 2155—
21609.

J. Fan, Y. Fan, Y. Pei, K.Wu, JWang, M. Fan, Solvent extraction of selected endocrine disrupting phenols
using ionic liquids, Sep. Purif. Technol., 2008, 61, 324-331.

K.S. Khachatryan, S.VV. Smirnova, I.1. Torocheshnikova, N.V. Shvedene, A.A. Formanovsky, |.V. Pletnev,
Solvent extraction and extraction-voltammetric determination of phenol using room temperature ionic
liquid, Anal. Bioanal. Chem., 2005, 381, 464-470.

M. Chakraborty, H.J. Bart, Highly selective and efficient transport of toluene in bulk ionic liquid
membranes containing Ag+ as carrier, Fuel Process Technol., 2007, 88, 43-49.

M. Matsumoto, Y. Inomoto, K. Kondo, Selective separation of aromatic hydrocarbon through supported
liquid membranes based on ionic liquids, J. Membr. Sci., 2005, 246, 77-81.

A.P. de los Rios, F.J. Hernandez-Fernandez, M. Rubio, F. Tomés-Alonso, D. Gémez, G. Villora,
Prediction of the selectivity in the recovery of transesterification reaction products using supported liquid
membranes based on ionic liquids, J. Membr. Sci., 2008, 307, 225-232.

L.C. Branco, J.G. Crespo, C.A.M. Afonso, lonic liquids as an efficient bulkmembrane for the selective
transport of organic compounds, J.Phys.Org.Chem., 2008, 21, 718-723.

R. Fortunato, C.A.M. Afonso, M.A. Reis, J.G. Crespo, Supported liquid membrane using ionic liquids:
study of transport mechanisms and stability, J. Membr. Sci., 2004, 24, 2197-2009.

R. Fortunato, M. Jesus, G. Munoz, M. Kubasiewicz, S. Luque, JR. Alvarez, C.A.M. Afonso, |.M.
Coelhoso, J.G. Crespo, Liquid membranes using ionic liquids: the influence of water on solute transport, J.
Membr. Sci., 2005, 249, 153-162.

M. Matsumoto, T. Ohtani, K. Kondo, Comparison of solvent extraction and supported liquid membrane
permeation using an ionic liquid for concentration penicillin G, J. Membr. Sci., 2007, 289, 92—-96.

M. Xiao, J. Zhou, Y. Tan, A. Zhang, Y. Xia, L. Ji, Treatment of highly concentrated phenol wastewater
with an extractive membrane reactor using silicone rubber, Desdlination, 2006, 195, 281-293.

M.T.A. Reis, M.M.F. de Freitas, M.R.C. Ismael, JM.R. Carvalho, Recovery of phenol from agueous
solutions using liquid membranes with Cyanex923, J. Membr. Sci., 2007, 305, 313-324.

*kkk*



