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Abstract. Phenol and phenolic compounds are pollutants of high priority concern because of their toxicity
and health problems. The most suitable industrial process for phenol removal from aqueous streams is
liquid-liquid extraction, which has its own limitations. In order to avoid possible drawbacks in extraction,
microencapsulation of ionic liquid as extractant has been attempted and this prevents persistent
emulsification and leaching of an extractant. Room temperature ionic liquids (RTIL) are organic or organo-
elemental salts as liquids at room temperature which perform as “green solvents” due to their negligible
volatility, high thermal stability, high electrical conductivity, low nucleophilicity and ecofriendly. This
present study deals with the preparation of RTIL encapsulated microspheres by emulsion polymerization
technique under controlled conditions and the microspheres thus synthesized are characterized to ensure the
particle size, pore size, morphology and surface area by using Scanning Electron Microscopy(SEM), BET,
and FTIR. The effects of variables such as agitation speed, agitation time, temperature, shell material, and
dispersant were studied to determine the yield and size on the production of microcapsules. The Extractant
loading capacity in the microcapsules was also analyzed by solvent extraction. Batch Sorption studies were
conducted to optimize the process variables for phenol removal and finally desorption was also attempted.
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1. Introduction

Among various separation techniques for effluent treatments, liquid-liquid extraction is one of the major
techniques for the removal and recovery of pollutants from the aqueous solution [1]. However, this method
suffers from significant drawbacks, such as the formation of stable emulsions, phase separation, solvent
entrainment, disposal of solvent waste, etc. In order to avoid these shortcomings, alternative methods have
been developed by employing the extractant in solid phase instead of organic solvent, such as supported
liquid membrane, solvent impregnated resin, activated composite membrane, chelating fiber, polysulfone
hollow fiber membrane and extractant encapsulated microcapsule [2]. In recent years, the polymeric
microcapsules (MCs) have been extensively used for the removal and recovery of pollutants from the
aqueous solutions [3, 4, and 5]. The MCs correspond to a porous polymeric matrix that contains an
immobilized suitable extracting reagent, which is chosen to selectively extract the desired pollutants.

There are several methods such as solvent evaporation, phase inversion, spray drying, in-situ
polymerization etc. for the preparation of microcapsules [3]. Among these methods emulsion polymerization
is the effective method for preparing microcapsules, because of the microcapsule size can be controlled
suitably and the stability of the microcapsule is better [6].

Room temperature ionic liquid (RTIL) is selected as an extractant for the removal of phenolic pollutants
present in the waste water. lonic liquids (ILs) have attracted attention as potential alternatives to
conventional organic solvents in a variety of synthetic, catalytic, electrochemical, and separation applications.
Most of these RTILs are based on N,N’dialkylmethylimidazolium, N-alkylpyridinium,tetraalkylammonium,
or tetraalkylphosphonium cations with typical anions including [BF,]", [PFe]’, [CF3SO3] and [(CFsSOs3),N]".

Hence in this present investigation, it is planned to prepare polymer MCs by using emulsion
polymerization technique which is being encapsulated with RTILs for the application of phenol removal. The
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effect of operating variables for the synthesis of MC and the performance on sorption studies were
determined. Desorption studies were also attempted to evaluate the stability of MCs.

2. Materials and Methods

2.1. Materials

Gum arabic from acacia tree (Sigma Aldrich) and Gelatin from porcine skin (Fluka) were used as
dispersants for the preparation of microcapsules. Styrene (St), Divinyl benzene (DVB) and ethylene glycol
dimethacrylate (EGDMA) were purchased from Alfa Aesar. Tri-n-octylphosphineoxide 90% (cyanex-923)
was obtained from Sigma Aldrich. Benzoyl peroxide and toluene were of analytical reagent grade and
obtained from Fluka. They were used as polymerization initiator and diluent respectively. Phenol of
analytical grade was used.

2.2. Preparation of Encapsulated Microcapsule

The synthesis of encapsulated polymer microcapsules was carried out in a batch reactor having 1.0L
capacity. A mixture of 250mL de-ionized water and 1 wt% dispersant (arabic gum) was used as the
continuous phase. This mixture was stirred at 600 rpm by a mechanical stirrer with two propeller type blades
to ensure suitable dispersion of Organic phase. The organic solution as the dispersed phase consisted of the
monomers in 1:1 weight ratio, polymerization initiator and solvent. RTIL with toluene was used as a solvent.
The organic solution was added when the temperature of the aqueous solution reached 70°C. Both phases
(continuous and dispersed) were intensely agitated for a particular time under inert atmosphere to ensure a
high conversion of monomers to polymer. The resulting microcapsules were filtered, repeatedly washed with
de-ionized water, dried at room temperature and then characterized by BET, SEM and FTIR analysis.

2.3. Sorption experiments

Adsorption experiments were carried out by agitating the MCs in 50mL of phenol solution of desired
concentration and pH in a rotary shaker at 200 rpm. The experiments were carried out by varying MCs
dosage, initial phenol concentration, contact time, temperature and pH. The samples were withdrawn at
predetermined time intervals and analyzed for their phenol content spectrophotometrically at 500nm using a
UV spectrophotometer . Desorption studies were carried out at a pH of 11 using NaOH.

3. Results and Discussion

In this study, the experiments were conducted to determine the effect of shell material and that of
dispersant on the preparation of RTIL encapsulated microcapsule for optimizing the process variables.

3.1. Preparation and Characterization of MCs:

3.1.1. Effect of Temperature

Microcapsules were prepared by using Styrene-Divinyl benzene as shell materials, arabic gum as
dispersant and cyanex-923 as solvent. The experiments were carried out at different temperatures, keeping
the speed of stirrer at a constant value of 600rpm and time as 3hrs. The results obtained are shown in Fig.1
and it confirms that the polymerization reaction is highly influenced by the temperature.

It was observed that at 60°C and 65°C, only an oily layer was observed without any precipitate and at
70°C microcapsules of size 10pum-300pm was formed and the yield was found to be 70%. This shown in Fig
1.Hence, the temperature is optimized as 70°C for obtaining microcapsules.

3.1.2. Effect of Time

The experiments were conducted for various time durations of 2hrs, 3hrs and 4hrs, at constant speed of
agitation and temperature of 600rpm and70°C respectively in order to optimize the time duration of the
reaction. The results obtained are presented in Fig.2. Fig.2 shows that the yield is found to be high for 4hrs of
reaction.



Fig. 1: Effect of temperature on %yield of MCs Fig. 2: Effect of time on %yield of MCs

Fig. 3: SEM Image of Microcapsules for Fig. 4: SEM Image of Microcapsules for
2 hours of reaction 3 hours of reaction
Fig. 5: SEM Image of Microcapsules for Fig. 6: Cross-sectional view of MCs

4 hours of encapsulated of reaction

The particles sizes were characterized by SEM analysis and the images are shown in Figs.3, 4, 5 and 6.
From these figures, the size of the microcapsules observed was 2um-100um for 2hrs of reaction and the size
of the particles in the range of 10um-300um for 3hrs and 4hrs of reaction time. Since the yield is more for
4hrs and the size of the particles is favorable with less aggregation (that is discrete particle) the time duration
for the polymerization reaction is optimized as 4hrs. The surface area of the MCs obtained at 4 hrs of
reaction time was measured by BET analyzer and it was found to be 5.949 m?g. Fig.6 shows the cross-
sectional view of the encapsulated microcapsules. It reveals the porous nature of the microcapsules.

3.1.3. Effect of Speed
The experiments were carried out at different speeds at 500rpm, 600rpm and 700rpm at a constant
temperature of 70°C and for 3hrs in order to optimize the speed of agitation. The yield of MCs obtained at



500rpm, 600rpm and 700rpm are 73%, 70% and 66% respectively. It is observed that the yield at 500rpm is
higher than at other speeds of agitation. However, the size of the particles measured through optical
microscope as given in Tablel indicates that the micron size particles formed only at 600rpm. Hence the
speed of agitation is optimized as 600rpm.

Table 1. Percentage yield and size range of particles at various speeds

Speed(rpm) %yield Size

500 73 0.5mm-1mm
600 70 10pum-300pum
700 66 2mm-4mm

3.1.4. FT-IR Analysis of encapsulated microcapsules

FTIR is the most powerful tool for identifying type of chemical bonds (functional groups) in the sample.
The FTIR spectrum of encapsulated microcapsules is shown in Fig.7. Band at 1629.13 cm™ was observed
due to the presence of C=C in ring. Band at 3187.90 cm™ was observed due to the presence of alkene =C-H
and =CH,. Band at 704.63 cm™ indicated the presence of aromatic C-H bond. Peak at 1265.31 cm? was
attributed to the vibration of P=0 phosphonate group. The presence of P=0 bond indicates the presence of
cyanex-923, ionic liquid.
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Fig. 7: FT-IR spectrum of encapsulated microcapsules

3.1.5. Effect of Shell Material on Microcapsule Preparation

The effect of shell material on microcapsules formation was carried out by comparing the microcapsules
of St-DVB with microcapsules of St-EGDMA. St-EGDMA microcapsules were prepared by emulsion
polymerization technique using the monomer of styrene and ethylene glycol dimethacrylate with cyanex-923
as extractant at a temperature of 70°C, speed of agitation at 600rpm and a time for 4hrs. The percentage yield
of St-EGDMA microcapsules obtained was found to be 91%. The SEM image of microcapsules formed is
shown in Fig.8

The SEM image revealed the irregular shape and structure of the microcapsules. Also the particle was
found to be bigger in size and the aggregation was also more. The size range of SttEGDMA microcapsules
were estimated to be in the range of 300 m - 1000um. If the particle size is bigger, then the interfacial area
will be less and in turn the diffusional rate becomes lower.

Fig. 8: SEM image of encapsulated St-EGDMA MCs Fig. 9: SEM image of MCs with gelatin



3.1.6. Effect of Dispersant on Microcapsule Preparation

The effect of dispersant on microcapsules formation was analyzed by using gelatin instead of arabic gum
as dispersant. Styrene and divinylbenzene were used as monomers and cyanex-923 was used as solvent for
the microcapsules preparation. The characteristics of microcapsules formed were analysed by SEM analysis
and the image is shown in Fig.9. From this figure, it is observed that microcapsules of spherical structure of
were formed. However gelatin changed the surface nature of the microcapsules indicating the porous
morphology than the particles formed while using arabic gum as dispersant. The sizes of the particles are
found to be in the range of 100um-300um. The yield of MCs obtained was found to be 46 %.

Extractant loading ratio was found by solvent extraction method using heptane as solvent. The
encapsulation capacity for St-DVB with arabic gum was found to be 43.6% and for St-DVB with gelatin it
was 43.4% and for St-EGDMA with arabic gum it was 36.4%.

3.2. Sorption Studies

3.2.1. Effect of contact time and concentration

Effect of initial concentration and contact time on adsorption capacity is presented in Fig.10. The results
indicate that the equilibrium time required for the adsorption of phenol on MCs was found as 90 minutes.
These results also indicated that up to 70-80% of the total amount of phenol uptake occurred in the first rapid
phase (40min) and thereafter there was no significant change in adsorption. The higher sorption rate at the
initial period (first 40min) may be due to an increased number of vacant sites on the adsorbent available at
the initial stage and as a result there exists an increased concentration gradient between adsorbate in solution
and adsorbate on adsorbent surface.

Fig. 10: Effect of contact time and initial Fig. 11: Effect of pH and initial concentration on
concentrations on adsorption capacity of MCs adsorption capacity of MCs

3.2.2. Effect of pH

The effect of pH at different initial concentration is shown in Fig.11. From the above results, it was
observed that adsorption capacity increases with increase in concentration at a particular pH. The adsorption
capacity for phenol does not vary significantly with pH.

Desorption studies were attempted to regenerate the MCs and it is found to be effective for 3 cycles of
operation and thereafter, the adsorption capacity reduced to approximately 75%.

4. Conclusions

Based on the preparation of microcapsules and its characterization, the optimum conditions for yielding
microcapsules are a temperature of 70°C, agitation speed of 600rpm and reaction time of 4hrs. The yield of
microcapsules obtained from St-EGDMA is found to be higher than the microcapsules obtained from St-
DVB. However the particle size is bigger with lower capacity of extractant loading. The vyield of
microcapsules obtained from St-DVB with arabic gum and also gelatin are spherical in structure, micron in
size and porous in nature. Batch adsorption studies revealed a removal of 98-99% of phenol from a 50 ml
solution of initial concentration of 50 ppm at a pH of 6.0 using 0.2 g MC. The stability and activity of MC
were observed to be effective for 3 cycles.
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