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ABSTRACT 

The effects of operating parameters such as feed temperature and permeate-side pressure on the 

performance of a commercial PVA membrane in the dehydration of toluene by a pervaporation 

(PV) membrane system is studied in the present work. The results obtained indicate that increasing 

temperature in the range of 40 to 70 °C and reducing permeate pressure in the range of 1 to 10 

mmHg increase membrane flux and selectivity, which consequently leads to the considerable 

modification of membrane performance in the reduction of water content of the feed. 
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Parameters 

INTRODUCTION 

In chemical processing industries, it is often 

necessary to remove water from solvents in 

order to avoid the deactivation of catalysts 

and/or the corrosion of equipment. Toluene is a 

widely used industrial aromatic solvent due to 

its capability of dissolving paints, rubbers, 

adhesives, and many chemical reagents. Some 

industrial uses of toluene include dealkylation to 

benzene and disproportionation to a mixture of 

benzene and xylene. When oxidized, toluene 

yields benzaldehyde and benzoic acid, two 

important chemical intermediates.  

Adsorption and distillation techniques are 

usually used to remove water from toluene 

down to ppm ranges [1]. However, there are 

disadvantages associated with these processes 

including high energy consumption due to the 

regeneration of adsorbent and operation 

difficulties. In the past few decades, pervapora-

tion has been developed as an alternative, 

promising separation technology for the de-

hydration of organic solvents including alcohols 

[2-4], especially ethanol [5-7], and other 

common organic solvents [8-9]. This process has 

characteristics such as high separation effi-

ciency, simplicity of setting up and operation, 

and little energy consumption, making it 

favorable compared with other conventional 

methods.  

In PV processes, the feed liquid contacts one 

side of a membrane through which a mixture 

enriched with one of the feed components 
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permeates. The separation in PV occurs because 

of the different rates of sorption and diffusion of 

the feed components through the membrane 

[10]. The permeate enriched in this component 

is removed as a vapor from the other side of the 

membrane. The vapor pressure difference bet-

ween the feed liquid and permeate vapor is the 

driving force for the process. In the dehydration 

of various solvents by PV, hydrophilic polymers 

are selected as the membrane materials be-

cause water molecules are easily sorbed by such 

membranes [11]. In fact, the dehydration of 

aromatic solvents such as benzene using 

hydrophilic polymeric membranes in a 

pervaporation system has already been 

reported [12]. The study was performed at a 

constant temperature and pressure. However, 

the effects of feed temperature and permeate 

pressure, as two of the most important 

operating parameters which significantly 

influence the membrane performance, were not 

studied. Thus, it seems necessary to study the 

effect of these parameters on the optimization 

of PV processes [13].  

In the present work, the influence of tempera-

ture and pressure on the performance of a 

hydrophilic polyvinyl alcohol membrane in the 

dehydration of toluene using pervaporation has 

been investigated. 

EXPERIMENTAL 

The schematic diagram of the experimental set 

up is shown in Figure 1. In the pervaporation 

experiments carried out, the feed (toluene) was 

pumped from a feed tank to the shell side of a 

177 cm
2
 Pervap 2201 membrane (Sulzer 

Chemtech). The membrane was a composite 

with a top layer of PVA (thickness=2 μm) on a 

polyacrylonitrile (PAN) porous support 

(thickness=80 μm) housed in a plate and frame 

module. Reduced pressure gradient was then 

applied using a vacuum pump maintained by a 

regulator and monitored using a vacuum gauge.  

 

Figure 1: Schematic diagram of experimental set up 

Before starting each PV experiment, the test 

membrane was equilibrated for about 3 hrs with 

feed solutions. Upon reaching the steady state, 

the permeate samples were condensed and 

collected in cold traps immersed in a liquid 

nitrogen bath. Toluene used in these experi-

ments was provided by Isfahan Petrochemical 

Complex and contained 150 ppm of water. A 

heater and a temperature controller were used 

to keep the feed at a constant temperature. A 

temperature probe was attached to the feed 

tank and used to monitor the temperature 

during each run. The feed was circulated 

through the membrane at a feed flow rate of 1.1 

l/min using a peristaltic pump. The water 

content in the retentate (product) was deter-

mined by the Karl Fisher method. Permeate 

fluxes were determined at different tempera-

tures and permeate pressures by weighing the 

permeate obtained during a certain period of 

time by using Equation 1: 

.

Q
J

At
=  (1) 

where, J is the permeate flux (g/hm
2
); Q, A, and 

t stand for permeate weight (gr), membrane 

area (m
2
), and operation time (hr) respectively. 

Separation factor (α) was evaluated using 

Equation 2: 
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where, α is the separation factor and X and Y are 

the mass fractions of the feed and permeate 

respectively. Subscripts W and T stand for water 

and toluene respectively. 

The pervaporation separation index (PSI) 

(g/hm
2
) was used to evaluate the overall PV 

efficiency [14]. This was calculated using 

Equation 3: 

( 1)PSI J α= −  (3)

All experiments were carried out under a 

blanket of nitrogen gas in order to prevent 

moisture from entering the system. 

RESULTS AND DISCUSSION 

Effect of Feed Temperature 

PV experiments were performed at various ope-

rating temperatures in the range of 40 to 70 °C 

using feed mixtures containing 150 ppm water 

in order to investigate the effect of feed 

temperature on the membrane performance in 

the dehydration of toluene. The feed flow rates 

and pressures were kept constant at 1.1 l/min 

and 3 mmHg respectively for all the runs. Figure 

2 shows water flux and the relative selectivity of 

the membrane to water as a function of 

temperature. As this figure clearly shows, water 

flux increases as the temperature rises.  

Mass fluxes through the membrane are highly 

dependent on temperature. They increase 

exponentially according to the empirical 

Arrhenius law [15]. 

0
exp

p
E

J J
RT

 
=  

 
 (4)

where, J0 is permeability constant; EP represents 

activation energy, and T and R are the feed 

temperature and gas constant respectively. This 

may result from the increase in the diffusion 

coefficient of the solute as the temperature 

rises. In fact, the thermal motion of the polymer 

chains of the membrane increases by raising 

temperature, which may facilitate the perme-

ation of the adsorbed molecules through the 

membrane. Furthermore, as the operating tem-

perature rises, the vapor pressure at the feed 

side increases while the vapor pressure at the 

permeate side does not significantly change. 

Therefore, the vapor pressure at the feed and 

permeate sides of the membrane increases and 

consequently the permeation of the permeating 

components through the membrane becomes 

easier. Additionally, as shown in Figure 2, the 

selectivity increases at higher temperatures, 

indicating that an increased operating tempera-

ture favors the permeation of water rather than 

toluene.  

 

Figure 2: Water flux (����) and selectivity ■( ) as a 

function of feed temperature (permeate pressure is 

set at 3 mmHg) 

This is shown more clearly in Figure 3, showing 

the influence of temperature on the ratio of 

water to toluene flux. It can be observed that 

the ratio of water to toluene flux rises by 

increasing temperature. In other words, water 

concentration in the permeate is higher at high 

temperatures. Hence, increasing temperature 

leads to increased flux and selectivity, and 

thereby enhancing membrane performance in 

toluene dehydration by a PV system according 

to Equation 3. 

Effect of Permeate Pressure 

Water flux and selectivity are plotted versus 
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permeate pressure in Figure 4. According to the 

results, by varying permeate pressure from 1 to 

10 mmHg, the membrane exhibits a consider-

able decrease in flux from 6.9 to 1.1 (g/hm
2
) as 

well as a reduction in selectivity from 1122 to 

153. Flux reduction depends on the thermo-

dynamic properties of organic constituents such 

as saturated vapor pressure and activity 

coefficient.  

 

Figure 3: Variation in the ratio of water to toluene 

flux as a function of feed temperature (permeate 

pressure is set at 3 mmHg) 

Drawing on this fact and according to Fick's law, 

increasing permeate pressure (lower vacuum) 

raises the activities of both permeants dissolved 

in the downstream layer of the membrane. 

Therefore, activity gradients across the 

thickness of the membrane decline and 

permeation flux drops [15]. Furthermore, 

increasing permeate pressure lowers the driving 

force, which slows down the desorption rates of 

the sorbed molecules. In such cases, the 

membrane relative selectivity to water is 

governed by the vapor pressures of the two 

components of the feed mixture. Toluene, which 

has a higher vapor pressure, permeates 

competitively with water, and thereby lowering 

the concentration of water in the permeate. On 

this basis, at pressures below 10 mmHg, 

reducing permeate pressure causes increased 

flux and selectivity and hence improves 

membrane performance. 

The separation performance of the membrane is 

evaluated by calculating PSI, which shows the 

combined effect of selectivity and flux. As shown 

in Figures 5 and 6, dropping permeate side 

pressure and increasing feed temperature 

considerably raises PSI; in other words, the 

performance of a PV membrane system in the 

dehydration of toluene improves. 

 

Figure 4: Effect of permeate pressure on membrane 

selectivity ■( ) and water flux (����) (temperature is set 

at 70 °C). 

Comparison of the Effects of Temperature and 

Pressure on PSI 

It should be noted that PSI variations as a 

function of permeate side pressure 167-7735 

(g/hm
2
) are more considerable compared with 

the PSI variations resulting from temperature 

changes 335-3616 (g/hm
2
). In other words, 

pressure variations have a greater influence on 

the membrane performance in toluene dehy-

dration than temperature changes do. This is the 

result of the drastic influence of permeate side 

pressure on the membrane selectivity towards 

water molecules in the organic solvent. 

 

Figure 5: Effect of permeate pressure on PSI 

(temperature is set at 70 °C) 
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Figure 6: Effect of feed temperature on PSI 

(permeate pressure is set at 3 mmHg) 

Investigation of PVA Membrane Performance 

in the Dehydration of Toluene  

Figure 7 shows the variation of the water 

content as a function of time in the retentate 

(dried toluene) at various operating tempera-

tures and a fixed permeate pressure of 3 mmHg. 

It can be observed that the final water content 

in toluene may experimentally drop to below 50 

ppm. Therefore, the water content of toluene 

can be reduced to very low values by the 

application of polymeric membranes in a 

pervaporation system. It is well known that the 

separation characteristics of a membrane 

depend upon the interaction between the 

solvent to be separated and the membrane 

matrix [16]. Hydrophilic membranes such as PVA 

can develop hydrogen bonding interactions with 

water, leading to the preferential sorption and 

diffusion of water through the barrier mem-

brane. The observation that the water content 

of the product cannot be further reduced to 

concentrations lower than 50 ppm indicates that 

water permeation into the membrane is remark-

ably decreased in such concentrations. 

Furthermore, extending the process time lowers 

the amount of water remaining in the retentate 

only down to 40-50 ppm; nevertheless, longer 

process times do not appreciably affect water 

content reduction. This also depends on the 

degree of the interaction of water molecules 

with the membrane and its very negligible 

penetration at low concentrations. However, 

the reduction of water content to about 50 ppm 

shows the great potential of this process for the 

preparation of anhydrous toluene.  

 

Figure 7: Variation of water content in the retentate 

against time at various operating temperatures 

(permeate pressure is set at 3 mmHg) 

CONCLUSIONS 

The water content of toluene can be reduced 

from 150 to below 50 ppm using a pervapora-

tion system. Feed temperature and permeate 

pressure are two of the most important operat-

ing parameters, significantly influencing the 

membrane performance. Permeate flux and 

selectivity are enhanced by increasing feed 

temperature and dropping permeate pressure. 

This modifies the membrane performance and 

as a result favors the dehydration of toluene. 

Also, the effect of permeate pressure on PSI is 

more considerable than that of temperature. 

However, high temperatures can typically be 

reached more easily and/or economically than 

low permeate pressures do. Therefore, the 

optimization of permeate pressure based on 

balancing membrane performance and opera-

tional costs is necessary. 
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