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Abstract

Project Code : TRG45800014
Project Title : Separation of alcohokoluena mixtures by polystyrene-basad membranas

Investigator: Assist,Prof.Dr. Anawat Sungpel KMUTT
Miss Duangrudee Pansanga KMUTT
Prof.Dr. Ratana Jiraratananon KMUTT

E-mall Address : anawat sun@kmutt ac.th

Project Peried : July 1, 2002 to July 31, 2003

Objective : To evaluale performance of the membranes synthesized from polystyrena in
the separations of methanol-toluene and ethanol-toluene, which are the mixtures found
In pharmaceutical and petrochemical industrias,

Mathodology : Prepare or synihesize palystyrene membrane, sulfonate polystyrena and
sulfonate polystyrene incorporated with ﬁq;' lons.  Test the mambranes for alcohol-
Wiuene separations in perstraction mode of oparation.

Resulis ; Polystyrene, a hydrophobic membrane, was unable o separate loluene from
alcohol because alcohol was much smallar In size. Alcohol was then transportad
through the membrane faster although toluens was preferentially absorbed by the
membrane.  Sulfonale polystyrene and sulfonate polystyrene-poly(vinyl alcohol) blend
membranes could separate alcohol from toluene. Selectivity of the membranes was
primarlly dependent on swelling of the polymer fims. High concentration of alcohal in
the fead resulled in a great swelling, which was responsible for the Jow selectivity. The
membrans incorporated with Au‘ tons did not show selectivity towards toluene. This
was because permeation of alcohol through solution-diffusion mechanism was
dominant.

Conclusion : Polystyrene was unable 1o separata toluena from alcohol-toluens
mixtures. Sulfonate polystyrene showead good selectivity towards alcohols h’ﬂﬂ;um tha
membrane absorb alcohols to a larger degree, Salectivity was primarily dependent on
swelling of the membrane,

Suggestion : Development of sulfonate polystyrene and sullonate polystyrene-poly(viny
alcohol) blend should be done lo enhance their performance. Tesling the membranes

by pervaporation process is also necessary.
Keywords : Membrane, Polystyrene, Sulfonate polystyrana, Alcohol, Toluene
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wezamuen  InmbinsnaresmirmufiuiiewitnBuimueanaoed waitlanuas
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hexafluorophosphaste (PF; WiB PF) Uss p-oluenesulfonate (CHaCyH.S0, w8 PTS)
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anudiiuvasummealulngiu 30 %ww wudt  PPy-PF Wdnmfandnariniu
140 &1 PPy-PTS IWsmadanswyinnu 40
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iy 4.61 #9w CDA usz CTA SdmaBand ity 4.33 usz 243 mudau &
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(overall solubility) Wt equillbrium sorption selectivity e TwiuFnE YRl IWBLWE uFa:
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TIURAAIN 15.85 glg 1Tl 4.68 gig Waifufino Pva win 10 W 30 Sowlw  uan
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musaluanilowfuin . sdnduesinguddarmaiuiudginiuonuen Sadona
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Separation of alcohol-toluene mixtures by polystyrene-based

membranes
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Abstract

The potential of polystyrene-based membranes on alcohol-toluene separations
was evaluated. Hydrophobic and hydrophilic membranes were prepared and tested
with methanol/oluene and ethanololuene mixiures. Polystyrene, a hydrophobic
membrane, had low (Tux and low toluene selectivity. The maximum toluene
selectivity was only 2 for the feed containing 5% w/w of toluene in ethanol, Poly
(sodium 4-styrene-sulfonate), o hydrophilic membrane, provided high Aux and
alcohol selectivity. The maximum selectivity of methanol was 1460 for the 15% wiw
of toluene in feed. Sorplion experiments revealed that performance of the membrane
was dependent on the swelling degree. Blended with 30% wiw poly(vinyl alcohol),
the membrane possessed a better mechanical strength. Nevertheless, methanol
selectivily was lower, while that of ethanol was slightly increased. This was

attributed to the fact that the membrane was swollen 1o a lesser extent,
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1. Introduction

Pervaporation membrane processes possess a high potential in the chemical
industries as a process for breaking azeolropic concentration in the separation of
organic liquid mixtures. Considerable research on pervaporation has been done 1o
separate alcohol-toluene mixtures [1-7], which are widely encountered in the
pharmaceutical and petrochemical industries, However, there has been no large-scale
application of pervaporation for the separation of organic mixtures in the chemistry.
This is mainly because of the lack of good membrancs for specific separalions.

In this study, the separations of ethanol-toluene and methanol-toluene
mixtures by polystyrene-based membranes were investigated. The experiments were
carried out in perstraction mode. The main objective was to evaluate the preliminary

performance of the membranes.

1. Experimental

2.1, Materials

Polystyrene, MW 280,000, was used to prepare hydrophobic membrane. Poly
(sodium 4-styrene-sulfonate) with the MW of 1,000,000 and poly(vinyl alcohol), MW
145,000, were purchased from Aldrich. Acetone 99.54% was used lo precipitate poly
(sodium 4-styrene-sulfonate). Absolute methanol, absolute ethanol and toluene with
the purity of 99.96% were used. Silver nitrate 99+% and sodium hydroxide 97+%

were certified A.C.5. grade. All chemicals were used without further purification,

Deionized water was used in all experiments.




2.2, Membrane preparation and characterization

A polystyrene film was cast from the solution of 25% w/w of polystyrens in
toluene. The solution, 2.5 em’, was poured on a 77 cm? glass plate. Toluene was
allowed to evaporate and the clear film was heated in a vacuum oven at the
temperature of 65 "C for 10 hours. The membrane, 80-100 um thick, was taken out
from the glass by immersing in water,

Commercially available poly(sodium 4-styrene-sulfonate) was used to prepare
the hydrophilic membrane. The polymer was dissolved in water 1o make a 10% wiw
polymer solution. 2.2 cm’ of the solution was spread on a 6x6 cm? glass plate. After
the film formed, it was taken out from the glass by immersing in acetone. The
membrane, 80-100 pm thick, was heated in a vacuum oven at 65 °C for 4 hours,

Preparation of the poly(sodium 4-styrene-sulfonate) blended with poly{vinyl
alcohol) began by mixing the polymers at the weight ratio of 70:30. Excess water was
then added to the polymers and the mixture was stirred at 60 °C for 12 hours. While
dissolving the polymers, water was constantly added to the solution. The final
concentration of the polymer solution was approximately 10% w/w. The film was
cast by spreading 2.5 cm’ of the polymer solution on a 6x6 em? glass plate. The
membrane, 80-100 pum thick, was heated in a vacuum oven at 65 °C for 4 hours.

Sorption capacity of the membrane was determined by immersing the dry
polymer {ilm into the mixture of aleohol-toluene for 24 hours. After excess solvent
was removed from the surface, the membrane was put into n-propanol 20 em’. It was
stirred for 4 days to allow the desorption of solvent from the membrane into n-

prapanol. The solulion was analyzed by gas chromatography. The % sorption

capacity was calculated as the weight ratio of alcohol or toluene to the dry membrane.




2.3. Transport measurements

A detailed description of the permeation measurement was previously
explained [x-x]. The flux measurement cell consisted of two compariments separated
by the membrane which was held in place with O-rings and a pinch clamp.
Membranes with the thickness of 80-100 um were used in the permeation
measurements. One compariment of the cell was filled with an alcohol-toluene
mixture, the feed solution, while the receiving side consisted of n-propanol. Both cell
compartments were mechanically agitated by magnetic stimers. The surface area of
the membranes exposed to the solutions, measured from the O-ring joint diameter,
was approximately 4.524 cm2. After the cell was assembled, aliguots (ca. 1 uL) of
the receiving solution were removed periodically with a syringe and analyzed. for
permeates by gas chromatography. The concentration of alcohol and toluene
appearing in the receiving reservoir linearly increased with time, where the slope of
the plot was used to calculate flux. However, a direct comparison of the flux was not
possible because cach membrane had different thickness. Permeation rate of the
solvent was then reported by multiplying flux with the membrane thickness.

Separation [actor () of the membrane was defined as

o o (ClCy)
G IG)

where i = component i
J = component |
Cir = concentration of component i in feed (mol/m”)
Cyp = concentration of component i in receiving solution (mol/m®)

Cjr = concentration of component § in feed (mol/m®)

Cip = concentration of component j in receiving solution (mol/m®)




3, Results and discussion

3.1. Hydrophobic membrane
Polystyrene membrane was tested with methanol-toluene and ethanol-toluene
mixtures al the toluene concentrations of 5-15% wiw. Flux and selectivity of the

membrane are shown by figures | and 2. _
From figure 1, 1l can be seen that the membrane was selective to methanol

despite the fact that the membrane was hydrophobic. However, the sorption
experiments revealed thal polystyrene preferentially absorbed hydrophobic
components, Toluene sorption capacity was approximately 3-6 times higher than that
of methanol as shown in Table 1. Selectivity of the membrane for methanol can
therefore be atiributed o the diffusion. As methanol molecule was smaller, it could
diffuse through the membrane faster than toliene.

In conirast ip methanol, ethanol molecule was larger and sorplion became
dominant for the separation of ethanol/toluene, Sorption capacities of ethanol and
toluene were approximately the same although the concentration of ethanol in the
mixture was much higher than that of toluene. The membrane showed its selectivity
towards toluene as shown by Figure 2.

increase of toluene concentration in the feeds resulted in the decrease of
selectivity for both Teeds. This was because the membrane was swollen to a larger
degree at the higher concentration of toluene. The swelling increased the free volume
of the polymer {ilm, allowing the solutes to diffuse more freely within the membrane
matrix. The increase of alcohol fluxes with the increase of loluene concentration was

eviden! for the increase in the free volume of the membrane.




3.2. Hydrophilic membranes

Separations of alcohol-toluene mixtures by poly(sodium 4-styrene-sulfonate)
were carried out with the feed containing 10 to 50% w/w toluene. However, upon
contacted with the feed and receiving solutions, the membrane became fragile and
cracked. Il was necessary thal waler be added lo the solutions, Small amount of
water helped softeming the film.

The experimental resulis from methanol/toluene mixiures revealed thai the
feed compositions greally affected performance of the membrane. Figure 3 showed
that toluene flux did not always increase with the feed concentration. Increase of
toluene in the feed from 10 to 15% w/w resulted in the decrease of toluene flux
because the membrane was swollen to a lesser degree. Methanol selectivity was
significantly enhanced as shown by Figure 5. Further increase of toluene
concentration in the feed led o the increase in the Mux, which was consistent with the
sorption capacity reported in Table 2. Poly(sodium 4-styrene-sulfonate) consisted of
styrene units, which was accessible o toluene, a non-polar molecule. Penetration of
toluene into (he hydrophobic region of the polymer matrix was likely the cause of a
very high toluene sorption capacity at the concentration of 50% w/w. Although
methanaol Mux and somplion capacity also increased, probably because of swelling of
the membrane by toluene, methanol selectivity was relatively low.

In comparison with methanol, lower diffusion coefficient of ethanol was
responsible lo the low ethanol selectivity of the membrane. Despite the comparable
sorption capacity, ethanol fluxes were much lower than methanol fluxes, as indicated
by the resulis shown in Table 2 and Figure 4.

The reguirement that water was added to the feed to stabilize the membrane

could lead to another separation step to remove the third component from the p-'[DdIlﬂL
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A blend of poly(sodium 4-styrene-sulfonate) and poly{vinyl alcohol) was synthesized
and it was found that the polymer blend was able to withstand the alcohol solutions.
The membranes were then tested for the methanol/toluene and ethanol/toluene
separations. Flux and selectivity are shown in Figures 6 and 7.

For the feeds containing 90% w/w alcohol, fluxes were relatively high. This
was because the membrane was highly swollen. Increase of toluene concentration in
the feed to 30% w/w resulled in the decrease of both alcohol and toluene fluxes. The
decrease of toluene flux clearly indicated that the free volume of the film was
reduced. Sorption capacity, presented in Table 3, was consistent with the flux
characieristics. Both aleohol and toluene sorption capacities were very high at high
alcohol concentrations. Substantial reduction in the sorplion capacities was also
observed when the alcohol concentration was decreased from 90% wiw to 70% wiw,
A further increase in the toluene concentration to 50% wiw led to a slightly increase
in its flux and sorption capacity because of the higher driving force.

In comparison with ethanol, the membrane showed lower selectivity for
methanol/toluene separation. This was attributed to the fact that the membrane was
swollen by methanol to & larger extent. Although the membrane {avorably absorbed
methanol, its high free volume allowed more toluene to dissolve into the film. In

contrast, the presence of ethanol in the feed did not increase toluene sorption. The

membrane consequently showed higher selectivity.




4. Conclusions

Separations of methanol/toluene and ethanol/toluene were performed by using
hydrophilic and hydrophobic membranes synthesized from polystyrene. The
experiments were carried oul in perstraction mode using n-propanol as a receiving
solution.

Diffusion of solute through the membrane controlled the permeation through
polystyrene, a hydrophobic membrane. Although the polymer film favorably
absorbed toluene while sorption capacity of methanol was very low, the membrane
was selective to alcohols. This was because, in comparison with toluene, methanol
and ethanol were much smaller in size.

Methanol selectivily of poly(sodium 4-styrene-sulfonale), a hydrophilic
membrane, correlated with swelling degree of the polymer. High concentration of
methanol in the feed caused the membrane to swell, which led to a low selectivity,
Although the membrane was swollen by ethanol to s lesser degree, ethanol selectivity
was less than that of methanol. 1t was likely that low diffusion coefficient was
responsible for the lower selectivity,

Blended with 30%w/w poly(vinyl alcohol), physical strength of poly(sodium
4-styrene-sulfonate) was enhanced. The polymer blend was able to withstand
alcohols without the presence of water. However, the membrane showed lower flux
and selectivity for methanol when compared with those obtained from the unmodified
film. In contrast, ethanol selectivity was slightly improved. Results from sarption

experiments suggested that lower swelling of the membrane was a primary reason for

the slight increase in ethanol selectivity.
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Table 1. Sorption capacity (g/g dry membrane) of polystyrene
Table 2. Sorption capacity (g/g dry membrane of poly(sodium 4-styrene-sulfonate)

Table 3. Sorption capacity (g/g dry membrane of poly(sodium 4-styrene-sul fonate)

blended with poly(vinyl alcohol)




Toluene concentration

(% wiw)

Sorption capacity (g/g dry membrane)

Methanol Toluene  Ethanol Toluene

10
15

0.012 0.033 0.047 0.039
0.015 0.056 0.047 0.059

0.014 0.088 0.128 0.109

1




Toluene concentration Sorption capacity (g/g dry membrane)
(%o wiw) Methanol Toluene  Ethanol Toluene
10 0,136 0.001 0.141 0.0013
15 0.120 0.001 0.134 0.0015
o 30 0.102 00023 0076  0.0011
50 0.117 0.0036 0.077 0.0014

12




Table 3.
Toluene concentration Sorption capacily (g/g dry membrane)
(% wiw) Methanol Toluene  Ethanol Toluene
10 0.190 0.0042 0.042 0.0084
30 0.060 0.027 0.0044 0.010
50 0.075 0.038 (L0064 0.017

13
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Figure 1. Flux and selectivity of polystyrene membrane in methanol-toluene
separation; (4) Methanol flux, (%) Toluene flux, (X) Toluene selectivity

Figure 2. Flux and selectivity of polystyrene membrane in ethanol-toluene separation;
(CD) Ethanol flux, (%) Toluene flux, () Toluene selectivity

Figure 3. Flux of poly(sodium 4-styrene-sulfonate) membrane in methanol-toluene
separation; (&) Methanol flux, (%) Toluene fux

Figure 4. Flux of poly(sodium 4-styrene-sulfonate) membrane in ethanol-toluene
separation; (L]} Ethanol flux, (%) Toluene flux

Figure 5. Selectivity of poly(sodium 4-styrene-sulfonate); {A) Methanol selectivity,
{LJ) Ethanol selectivity

Figure 6. Flux and selectivity of poly(sodium 4-styrene-sulfonate) blended with poly
(vinyl alcohol) membrane in methanol-toluene separation; (4) Methanol flux, (®)
Toluene flux, () Methanol selectivity

Figure 7. Flux and selectivily of poly{sodium 4-styrene-sulfonate) blended with poly

(vinyl alcohol) membrane in ethanol-toluene separation; (OJ) Ethanol flux, (#)

Toluene flux, (X} Ethanol selectivity
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