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Abstract: The separation of commercial PVA membrane was studied over a board range of concentration for binary
alcohol-water systems. Poly-vinyl alcohol membrane has yielded promising results for the dehydration of lower
alcohols (ethanol), having high fluxes and fermentation rate. Pervaporation experiments with various concentrations of
aqueous ethanol within the operating temperature conditions of 25°C, 50°C and 75°C were successfully completed and
finalized with respect to the operating temperatures, a minimum mass fluxes were observed at concentrations of 10-
20%(v/v) aqueous ethanol solvents despite the fact that maximum viscosity of the solvent occurs at 50% (v/v) thus
challenging the viscosity additively rule. Results drawn using polymeric for poly-vinyl alcohol (PVA) membranes were
promising, suggesting high permeation with high mass flux. All pervaporation tests were conducted at every 1 hour
intervals. The mass fluxes data collected was originally the units of kilograms per hour which was then used to
kilograms per hour per square of meter (kg/m2.hr), however, the mass flux often falls within the range of 0.1-1.8
kg/m?.hr at 50°C. The permeation rate was in the units of (mol/m?.sPa). However, the permeate rate often falls within

the range of 2.09E-04-3.27E-03 mol/m.sPa.
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1. INTRODUCTION

Membrane processes in recent decades have been made
more  economically  competitive = compared  with
conventional separation technologies such as distillation,
solvent extraction, crystallization, absorption, and
adsorption.

This paper is based on the dehydration by pervaporation of
water/ ethanol mixtures using polymeric (PVA) poly-
vinyl-alcohol membrane. The study focuses on the
influence of the operating conditions have on the
water/ethanol permeation and the mass flux fluctuations,
when the alcohol concentration in feed and temperature
were increased. New materials from stable operation will
also be studied.

The pervaporation process has been found effective for
separating liquid mixtures, such as dehydration of solvent,
water-alcohol mixtures and other volatile organics,
especially azeotropic systems and wastewater purification
( Tsuyumoto et al, 1995), Selective evaporation is a
process where one component of a liquid stream is
extracted by a membrane. In its simplest from, is energy
efficient combination of permention and evaporation.

Il. METHODOLOGY

A. Materials:
Ethanol (99.9 Purity, SD fine), distilled water will be used
for all experiments.

B. Sample preparation:

Aqueous Ethanol solutions (v/v) of; 0%,10%, 20%, 50%,
and 100% were prepared and experiments with these
aqueous solutions were conducted at a range of
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temperature; 25°C, 50°C and 75°C. The experimental data
gave mass fluxes and were converted to permeance; these
were then applied to the principles and theories of
membrane production focusing on key properties like
permention and selectivity.

C. Sample preparation of Ethanol-Water (%)

Sr. Ethanol | Water | Sr. Ethanol | Water
No. | (%) (%) No. | (%) (%)

1 0 100 6 50 50

2 10 90 7 60 40

3 20 80 8 70 30

4 30 70 9 80 20

5 40 60 10 90 10

I11. ANALYSIS

The composition of the permeate is to be obtained by
doing analysis by UV spectrometer, Ethanol concentration
determines by the optical density measurement, using a
UV Spectrophotometer at a wavelength of 290nm. The
calibration curve is to be prepared by measuring
absorbance of samples of varying ethanol concentrations.
The ethanol concentration of the unknown samples is to be
then obtained by measuring the optical density and reading
the ethanol concentration directly from the calibration
curve.)

IV. EXPERIMENTAL SETUP

The pervaporation apparatus used in the present study
consist of a membrane module. The results addressed in
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this section have been determined according to the
experimental methods as described in below.

A Pervaporation Analysis
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Figure 1: Graph of mass fluxes based 100% (V/V) H,O

TABLE 2: EXPERIMENTAL DATA AT 100% (V/V)

H,O
Temp (°C) | Mass Flux | Permeation rate
(kg/m%hr) | (mol/m?.s.Pa)
25 0.4670 2.16E-04
50 0.6606 1.27E-03
75 0.4667 8.45E-04

Figure 1 shows that the same mass flux patterns, the
initially decrease in all the fluxes between the 1% hr and
2" hr, which eventually reaches a steady state at the 3 hr.
The highest mass flux continued to be at 50°C, and the
lowest flux occurs at 25°C followed by the curve obtained
at 75°C. One important observation was that the mass
fluxes decreases and permeation rate increase as compared
to the data values displayed in Table 2.

Graph of 50% Ethanol-H,0
1
£0.8 R
§0'4 \ LB vv_ +250C
20.2 aaa ~#—500C
é 0 750C
0 > Time(hr) 10

Figure 2 Graph of mass fluxes based on 50% (v/v)
aqueous ethanol

TABLE 3: EXPERIMENTAL DATA ON 50% (V/V)
AQUEOUS ETHANOL

Temp | Mass Flux Permeation rate | % H,O
°C) | (kg/mZhr) | (mol/m?s.Pa)
25 0.3386 8.82E-04 100.00
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50 0.5497 1.44E-03 99.06
75 0.5186 1.36E-03 99.77

Figure 2 shows that the same mass flux patterns as all
other figures, showing an initial decrease in mass fluxes
between 1% hr to 2" hr of the experiments before attaining
a steady state after the 3™ hr. Once again the highest mass
flux occurs at the temperature of 500C, but now the least
mass flux occurs at 75°C instead of 25°C. The overall
mass fluxes together increases slightly as concentration
increases from 50% to 100% (v/v). One important
observation from figure 1 and 2, is that all these figures
relate temperature as a function of transported mass fluxes.
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Figure3: Graph of mass fluxes based on 100% ethanol
solution
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Figure 3 is the shows that the all the steady state mass
fluxes obtained from the pervaporation tests against
various concentrations of aqueous ethanol. From the
graph, a drop in mass fluxes between 0-10% (v/v) is due to
the decrease in water concentration (ethanol concentration
increases). However, an opposite phenomenon for the
mass fluxes concentration of water (ethanol concentration
increases). Thus suggesting that flux behavior is neither a
function of water nor ethanol concentration alone but as a
solvent concentration besides temperature.
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Figure4: Graph of mass fluxes Vs concentration (v/v)

Permeation rate of pure water is constant at operating
temperatures of 25°C and 75 °C and is higher at 50 °C,
such behavior is observed throughout all test even with
different concentration of aqueous ethanol. At 50% (v/v)
aqueous ethanol, permeation rate is almost identical at
operating temperatures of 50 °C and 75 °C and is lower at
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25 °C, further suggested that both temperature and solvent 4.

concentrations were not the only factors that determined
the pervaporation rate. Possible factors affecting the
permeation rate includes solvent properties (viscosity) and
surface properties (tension and structure) of the
membrane.

V. DISCUSSION OF RESULTS

All figures (5-10) indicate that flux behavior as a function
of solvent concentration and temperature of the operating
conditions. All experimental data shows that an initial
decreases in mass fluxes of both ethanol and water which
eventually stabilized. This phenomenon is known as
membrane fouling, as the changes of these fluxes were due
to a Poly-vinyl alcohol (PVA) membrane.

This results shows that the dehydration of ethanol under
the influence of temperature on the membrane
performances i.e. permeation rate and mass fluxes.

VI. CONCLUSION

Pervaporation experiments with various concentrations of
aqueous ethanol within the operating temperature
conditions of 25°C, 50°C and 75°C were successfully
completed and finalized. Results drawn using polymeric
for poly-vinyl alcohol (PVA) membranes were promising,
suggesting high permeation with high mass flux. It is also
predicted from this study that pervaporation rate of
aqueous ethanol is a function of temperature and solvent
concentrations. All experimental data shows that an initial
decrease in mass fluxes of both ethanol and water which
eventually stabilized. This phenomenon is known as
membrane fouling, as the changes of these fluxes were due
to a poly-vinyl alcohol (PVA) membrane.
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