
INTRODUCTION

Ethanol is a very vital and widely applied
as solvent in chemical industries. However, due to
the forms of azeotrope with water at one time it
reaches 89.4 mol% at 351.15K and atmospheric
pressure, this mixture is difficult to be separated by
using conventional distillation process and but can
be conducted through azeotropic distillation.
Nevertheless, azeotropic distillation is more energy
consuming in comparison with conventional
distillation1-3.
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ABSTRACT

The pervaporation (PV) separation performance of carbon nano tube and nano silica filled
polyamide membranes were compared with pure polyamide for the dehydration of ethanol. The
separation of synthesized membranes was compared with each other in separation of ethanol
from ethanol/water mixture via pervaporation process. Feed concentration and temperature factors
effect on ethanol separation was investigated. The results demonstrated that separation factor of
polyamide-carbon nano tube is approximately higher than polyamide-nano-silica. However, the
permeate concentration of ethanol for polyamide-nano-silica is much better by comparison with
nano tube-polyamide and pure polyamide mixed membrane membranes.
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A great deal of researchers has been
investigated membrane processes experimentally
and theoretically as alternative method for
separation chemicals4-15. Mixed matrix polymer
materials as one of membrane material have
attracted much attention in connection with the rapid
development of nanotechnology in the last years.
The combination of individual properties of
polymers and nano size fillers creates synergic
characteristics for mixed matrix materials, which
makes them promising materials for various
applications. Among the important ones is the
membrane technology16-27.
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This present study extended our previous
research to separation of ethanol from water. The
current research purpose is comparison separation
performance of ethanol with two different nano-
composite membranes.

EXPERIMENTAL

Chemicals
Ultramid® Polyamide: PA 6 (Nylon 6,

BASF) was purchased from BASF. Carbon
nanotubes (multiwall CNT, puriy>95%), nano silica
and dimethylacetamidewere was purchased from
Merck Corporation. Ethanol (Razi Refinery) and
distillated water were used in the experiments. All
chemicals used were of analytical reagentgrade
and were used without any other treatment.

Membrane preparation
Solution-casting approach was applied to

prepare the mixed matrix membranes. Exact amount
of polyamide was dissolved in dimethylacetamide
to make a 10 wt. % solution of polymer. The solution
was mixed for 1 hour to make certain the total
dissolution of polymer in solvent. Subsequently,
carbon nanotubes or nano silica were added to the
solution at desired values for fine dispersion of
carbon nanotubes or nano silica in polymer matrix,
the solution was put in the ultrasonic. The resulting
solution was then casted on a glass plate by using
casting knife. The membrane was then dried for 24
h at ambient pressure and temperature. To

assessment the performance of synthesized
membranes in purification of ethanol, an
experimental pervaporation setup was conducted.
Effect of feed concentration and temperature on
mass flux and separation factor of ethanol was
investigated. Feed solutions at different
concentrations ranging from 20-90 wt. % ethanol
were prepared and fed to the membrane module at
a constant flow rate. The temperature of feed solution
was adjusted at 22-65 °C using a constant-
temperature heat bath28-39.

RESULTS AND DISCUSSION

Effect of feed concentration
Effect of ethanol concentration in the feed

on mass flux and separation factor are shown in
Fig. 1. The concentration of ethanol in the feed
solution changes from 20 to 90 wt. % at feed
temperature of 22°C. As it can be seen, ethanol
concentration has significant effect on permeation
flux and separation factor especially at higher feed
concentrations. At low concentration of ethanol
(below 50 wt. %), the effect of feed concentration on
separation factor is not appreciable, but the
separation factor suddenly increases sharply when
the concentration of ethanol in the feed solution
increases to 50 wt. %. The separation flux then
decreases with increasing ethanol concentration
from 55 wt. % to 90 wt. %. The reason for this behavior
could be due to swelling of polyamide chains with
increasing ethanol concentration which results in

Fig. 1: Effect of ethanol concentration
on separation factor. T= 22°C

Fig. 2: Effect of ethanol concentration on
permeation flux. T= 22 Ë%C.
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reduction of separation factor. Therefore, the
maximum separation factor can be achieved at feed
concentration of 50 wt. %. In addition, the
separation factor of carbon nanotube is higher than
nano-silica. Fig. 2 shows the PV flux as a function of
the ethanol feed concentration. The permeation flux
shows different trend with increasing feed
concentration. A linear increasing in permeation
flux is observed when the feed concentration
increases from 20 wt. % to 90 wt. %. The latter could
be due to increasing driving force between
membrane and feed by increasing ethanol
concentration in the feed which results in
enhancement of permeation flux40-52.

Effect of feed temperature
The separation factor and permeation flux

as function of feed temperature are plotted in Fig. 3.
The temperature ranging from 22 to 65°C was
considered in the experiments to obtain the effect
of feed temperature. As observed, the permeation
flux increases by increasing feed temperature. The
mechanism of separation in pervaporation using
dense membranes is the solution-diffusion
mechanism. Increasing temperature would result
in enhancement of solubility and diffusivity of
ethanol in the polyamide membrane. On the other
hand, increasing feed temperature results in
reduction of separation factor (see Fig. 4). Increasing
temperature causes the transport of both ethanol

Fig. 3: Effect of temperature on permeation flux.
Ethanol concentration in the feed =20 wt.

Fig. 4: Effect of temperature on separation
factor. Ethanol concentration in the feed =20 wt. %

and water through the membrane increases and
therefore separation factor decreases with
increasing temperature. The maximum separation
factor is obtained at feed temperature of 22°C53-77.

CONCLUSION

In the present study, Nano particles and
polyamide mixed matrix membranes were
successfully prepared and their performance was

investigated using PV dehydration of ethanol/water
mixtures. Effect of feed concentration and
temperature on permeation flux and separation
factor was studied. The results showed that the
membranes has the best performance at feed
concentration of higher than 50 wt. %. Temperature
also showed significant effect on membrane
performance. Increasing feed temperature results
in enhancement of permeation flux, but decreases
separation factor.
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