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3. MISAMIURIATUNITUENTITYBIUNNLUSH (Pervaporation separation index : PSI)
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Reactor design of pervaporation process for ethanol separation
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ABSTRACT

Pervaporation (PV) is a process used for separation liquid mixtures by the difference of pressure between
miembrane upper (feed in) and the opposite of membrane {permeate) in vacuum condition. Tlhe penneate will be
separated from membrane in vapour phase and condensed to liquid phase. Therefore, this research waork aims 10 study and
design a reactor for the pervaporation process to separate renewable ethanol from fermentation broth. A small scale of
reactor with working volume 500 mi was designed and consisted of cold trap, membrane cell, feed box, vacuum gauge,
valve and vacuum pump. While the commercial membrane used was characterized in physical property using scanning
electron microscope (SEM} technigue and the membrane was assembly mto membrane cell. Then, sample, a mixture of
12% (vv'') ethanol-water, was prepared and fed into a small reactor for considering separation efficiency of the system.
The results reveal that the membrane showed in cellulosic network structure and an effective membrane arca was 10.18
cm’. Although, the mixture still showed in liquid phase, the assumption to explain this behaviour would be the unsuitable
membrane used. Therefore, step of membrane coating to get more dense membrane will be carried on and also separation
in mixture of ethanol-water and fermentation broth experiments in both small scale of the reactor and large scale in a plate
and frame filter plate.
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ABSTRACT

Pervaporation (PV) is a process used for separation liquid mixtures by the difference of pressure
between membrane upper (feed in) and the opposite of membrane (permeate) in vacuum condition.
The permeate will be separated from membrane in vapour phase and condensed to liquid phase. Therefore,
this research work aims to study and design a reactor for the pervaporation process to separate renewable
ethanol from fermentation broth. A small scale of reactor with working volume 500 ml was designed and
consisted of cold trap, membrane cell, feed box, vacuum gauge, valve and vacuum pump. While the
commercial membrane used was characterized in physical property using scanning electron microscope
(SEM) technique and the membrane was assembly into membrane cell. Then, sample, a mixture of
12% (vv™') ethanol-water, was prepared and fed into a small reactor for considering separation efficiency of
the system. The results reveal that the membrane showed in cellulosic network structure and an effective
membrane area was 10.18 cm’, Although, the mixture still showed in liquid phase, the assumption to explain
this behaviour would be the unsuitable membrane used. Therefore, step of membrane coating 1o get more
dense membrane will be carried on and also separation in mixture of ethanol-water and fermentation broth
experiments in both small scale of the reactor and large scale in a plate and frame filter plate.
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Since, the critical price of fuel from
petroleum continued increases. Therefore,
people around the world needed to pay
attention as an important problem and looking
forward to consider others renewable energy.
Gasohol, biodesel and natural gas vehicles
(NGV) are new negatives for carrier. Gaschol
is a blending of gasoline and ethanol, which is
a pure alcohol produced from domestic crops,
such as cane, cassava and other prains for
example: sorghum, rice, com, etc (last
updated on 2007 MNov 10; hitp:fwww.
dede.go.th'dede/index. php?id=586). Ethanol
yield received from distillation contained of
95% concentration and enter o water
separation by molecular sieve separation, after
that received a pure alcohol of 99.5 % by
volume (last updated on 2007 Nov 10;
http:/fwww.dede.go.th/dede/index.php?id=51
B). But ethanol separation by distillation and
molecular sieve are used high heat-energy,
complicated work system and instrument
expensive to include.

Membrane separation technology is
powerful tools offer significant advantages for
separation of liquid and gaseous mixtures
over existing separation process. Membrane
separation can offer energy saving, low cost
modular construction, high selectivity of
separated materials, processing of temperature
sensitive products and more environmentally
friendly alternative 1o classical process
(Kujawski, 2000). Membranes separate
mixture by discriminating the components on
the basis of physical or chemical attributes,
such as molecular size, thickness, charge, or
solubility (Mulder, 1991). The need for
membrane separation technology increases as
environmental requirements tighten, water
circuits close, the recycling of wastes
increases and the purity requirements for
foodstuff and pharmaceuticals increase. Six
major membrane processes as microfiliration
(MF), ultrafiltration (UF), reverse osmosis
(RO}, electrodialysis (ED), gas separation and
pervaporation (PV) have found use in many
application areas such as water purification,
chemical and food processing, drug delivery,

bioseparations and medical treatment
(Mulder, 1991; Kujawski, 2000).
Pervaporation (PV) is recognized as

a separation process in which a binary or
multi-component liquid mixiure is separated
by partial vaporization through a dense non-
porous membrane. When a membrane is
contact with liquid mixtures, one of the

components can be preferentially removed from the
mixtures due to its higher affinity with, and/or
quicker diffusivity in the membrane. As a result,
both the more permeable species in the permeate,
and the less permeable species in the feed, can be
concentrated. In order to ensure the continuous
mass transport, very low absolute pressures (e.g.,
13334000 Pa (13 mmHg)) are usually
maintained at the downstream side of the
membrane, removing all the molecules migrating to
the face, and thus rendering a concentration
difference across the membrane (Neel, 1993;
Vallieres and Favre, 2004). As a variant. a
sweeping gas in the downstream side of the
membrane is used vacuum operation,
In pervaporation, membrane and transport
mechanism characteristics are as follows:
¢ the membrane is a non-porous thin film
« the separation mechanism is based on
different transport rates of different
components, called as rate governed
separation process

Pervaporation has many advantages like process
simplicity, recovery of a concentrated ethanol,
which requires less distillation capacity and energy
consumption. It has proved to be a straightforward
technique for in situ alcohol recovery from
fermentation[(Matsumoto and Ohya 1990; Mori
and Inaba 1990; Nakao et al, 1987:]Groot et al,
1984)

According to the definition of pervaporation
process that described like diagrams as shown in
Fig.1.
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Figure |, Schematic diagram of pervaporation (PV)
system (last updated on 2007 Nov 13;
hitp://www. epa.gov/.../std/cppb/images/
pervapsyste m.gif).
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Therefore, the objectives of this
rescarch are mainly to separate and recover
ethanol from pure water in a small scale and
from fermentation broth after fermentation in
2 large scale of plate and frame filter press,
secondly, to design the reactor and to select
the membrane for wsing in the PV process.
Lastly, the efficiency of the system will be
evaluated and compared with the raditional
of distillation,

Materials and Methods

A chemical reagent of concentrated
ethanol 99.7% - 100% v/v (analytical grade)
was purchased from VWR International Lid.,
England. Then, the mixture used as sample
will be prepared from 12% ethanol and de-
ionized water and was fed pass though
membrane in the PV system. For membrane
used in this study, a commercial cellulosic
membrane (Whatman International Co,, Ltd.,
England) , was selected and housed i the PV
Then, the membrane was characterized in
physical property using SEM technique.

Reacior design

The small scale of reactor with the
working volume of 500 ml was designed and
then was housed to be PV process. The

apparatus in the system was shown as Fig, 2.

Figure 2. The compositions of reactor design:
1. cold trap, 2.ice tank, 3.membrane
cell, 4.feed box, 5. vacuum gauge,
6. valve, 7.vacuum pump.

In Fig. 2. the membrane was housed
in a PY cell (or membrane cell). Two
components of an O-ring and a closer made of

aluminium screen in a PV cell will be used for
protecting membrane from breaking or blending or
folding membrane problems resulling from
pumping force during operation the system. The
effective membrane area was 10.18 cm’ and was
supported by an aluminium sieve with 4.7 cm in a
diameter. [ce tank was made from stainless steel
covered with sponge to keep cool and outer layer
covered with a thin sheet of zinc.

The operation of PV was firstly started in
stepwise by feeding sample into feed box, and then
the vacuum pressure level was slightly adjusted via
valve. When the vacuum pump was switched on,
separation will occur and require vapour move into
the cold trap (working volume of 500 ml) and then
was condensed in the 2.5 | ice tank. Finally, the
condensed sample will be taken to analyzed in
concentration of ethanol using gas chromatography
(GC) (Shimudzu GC-14B, Japan) with operating
conditions; carrier gas of N;; 20% PEG column;
column temperature of 150 "C; detector is FID at
temperature 250 "C; injector temperature 180°C).

Membrane characterization

The membrane used was considered in
phiysical property using SEM technique (Hitachi $-
J200N, Japan). In Fig. 3 the membrane showed
clearly that a network cellolusic structure with the
nominal pore size of low molecular weight cut-off
(MWCO) and then was defined as an ultrafiltration
(UF) membrane (Boussu et al, 2006).

Figure 3. SEM image of membrane used in the PV
system.
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Conclusions

A small scale of reactor has been
successfully assembled into the PV system
and completed with the membrane used.
However, although the membrane used
needed to get more treatment steps for getting
the most suitable membrane for using in the
PV process and to achieve ethanol separation.

In the further work, pervaporation
system experiments will be investigated in
both small scale of designed reactor and large
scale of plate and frame filter plate by using
samples of a mixture of ethanol-water and
fermentation broth, respectively coupling with
parameters invlove with of separation process
of ethanol from fermentation broth will be
considered and evaluated.
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Pervaporation (PV) is a membrane process used for separating azeotrope
mixtures. In this study, a bench-scale the PV has been built with commercial celluiose acetate
membranes to investigate of the system to separate ethanol-water mixtures and fermented
sweet sorghum juice, respectively, The parameters of temperatures (50°C, 60°C, and 70°C)
and permeate pressures (2 inHg and 3 inHg) were varied and their effects on permeate flux
and separation factor (o) were investigated. Experimental results clearly showed that in case
of the ethanol-water mixtures, the flux and the « were obtained in the highest efficiency at
temperature of 60°C, Meanwhile, for the fermentation broth, the flux and the ¢ were higher as
temperatures increased. In addition, physical characteristic of membranes used was examined
using Scanning Electron Microscope (SEM) technique. The SEM image showed polymeric
cross linked network structure, nominal pore size of 0.45 pm and with 2 supporting
layers.

Keywords: pervaporation {PV), fermentation broth, azeotrope mixtures, Membranes.
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ABSTRACT

Pervaporation (PV) is a membranes technology process used for separating azeotrope mixtures. In
this study, a bench scale of PV has been built with commercial cetlulose acetate membranes to investigate
how effective of the system to separate ethanol-water mixtures and fermented sweet sorghum juice,
respectively. The parameters of temperatures (50°C, 60°C, and 70°C) and permeate pressures (2 inHg and 3
inHg) were varied and investigated how affect to permeate flux and separation factor (o). In addition,
physical characteristic of membranes used was examined using Scanning Electron Microscope (SEM)
technique. Experimental results clearly showed that in case of the ethanol-water mixtures, the flux was
lowest but the PSI and the o were obtained in the highest efficiency at temperature of 60°C. Meanwhile, for
the fermentation broth, the flux was increase but the o and the PSI were decrease as temperatures increased.

In addition, the SEM image showed in polymeric cross linked network structure, nominal pore size of 0.45
um and with 2 supporting layers.

Keywords: Pervaporation (PV), Fermentation broth, Azeotrope mixtures, Membranes

1, Introduction
Since, the critical price of fuel from petroleum continued increases. Therefore, people around
the world needed to pay attention as an important problem and looking forward to consider others
renewable energy. Gasohol, biodesel and natural gas vehicles (NGV) are new negatives for carrier.
Gasohol is a blending of gasoline and ethanol, which is a pure alcohol produced from domestic
crops, such as cane, cassava and other grains for example: sorghum, rice, corn, etc. Ethanol yield
received from distillation contained of 95% concentration and enter to water separation by
molecular sieve separation, after that received a pure alcohol of 99.5 % by volume. But ethanol
separation by distillation and molecular sieve are used high heat-energy, complicated work system
and instrument expensive to include. "
Membrane technology is powerful tools offer significant advantages for separation of liquid
and gaseous mixtures over existing separation process. Membrane separation ¢an offer energy
saving, low cost modular construction, high selectivity of separated materials, processing of
temperature sensitive products and more environmentally friendly alternative to classical process

(Kujawski, 2000). Membtanes separate mixture by discriminating the components on the basis of
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physical or chemical attributes, such as molecular size, thickness, charge, or solubility (Mulder,
1991). The need for membrane separation technology increases as environmental requirements
tighten, water circuits close, the recycling of wastes increases and the purity requirements for
foodstuft and pharmaceuticals inctease. Six major membrane processes as micro-filtration (MF),
ultra-filtration (UF), reverse osmosis {RO), electrodialysis (ED), gas separation and pervaporation
(PV) have found use in many application areas such as water purification, chemical and food
processing, drug delivery, bioseparations and medical treatment (Mulder, 1991; Kujawski, 2000).

PV is known as a separation process in which a binary or multi-component liquid mixture is
separated by partial vaporization through a dense non-porous membrane. When a membrane is
contact with liquid mixtures, one of the components can be preferentially removed from the
mixtures due to its higher affinity with, and/or quicker diffusivity in the membrane. As a result,
both the more permeable species in the permeate, and the less permeable species in the feed, can
be concentrated. In order to ensure the continuous mass transport, very low absolute pressures
(¢.g., 133.3-400.0 Pa (1-3 mmHg)) are usually maintained at the downstream side of the
membrane, removing all the molecules migrating to the face, and thus rendering a concentration
difference across the membrane (Neel, 1993; Vallieres and Favre, 2004). As a variant, a sweeping
gas in the downstream side of the membrane is used vacuum operation. In PV system, membranes
and transport mechanism characteristics are as follows:

» the membrane is a non-porous thin film

¢ the separation mechanism is based on different transport rates of different components,

called as rate governed separation process

PV has many advantages like process simplicity, recovery of a concentrated ethanol, which
requires less distillation capacity and energy consumption. It has proved to be a straightforward
technique for in situ alcohol recovery from fermentation (Matsumoto and Ohya 1990; Mori and
Inaba 1990; Nakao et al, 1987; Groot et al, 1984)

Therefore, the objective of this study is to investigate how efficiency of a PV laboratory scale
can separate two kinds of mixture; ethanol-water and ethanol obtained from fermentation broth
using commercial cellulose acetate membrane. In addition, the effects of temperature and permeate
pressure also were investigated and evaluated in terms of permeate flux and separation factor.

2. Materials and methods

2.1 Membranes used
The membrane used in this study, a commercial cellulose acetate membrane obtained from
Whatman International Co., Ltd., England, was selected and housed in the PV. Then, the

membrane was characterized in physical property such as surface area, structure and membrane
layer using Scanning Electron Microscope (SEM) technique.

2.2 Preparation of sampling mixtures

In this study, two types of mixtures were prepared; the first mixture represents for di-mixtures,
was 15% ethanol concentration (conc. 99.7-100%) mixed with demonized water and another is
fermented sweet sorghum mixture obtained after 3 days batch fermentation the juice by using
Saccharomyces cerevisiae TISTR 5048.

2.3 Assembly of a laboratory pervaporation system

A bench scale of PV system has been built and showed in Fig. 1. In brief, the main components
system and the position of each; 600 mL Pyrex glass bottle, wrapped with moisture protecting
material, was added with the sample mixtures and was put on the hot plate with the controller

buttons for both temperature and mixing speed. The membrane was housed on top of the bottle
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together with the plate and frame membrane module. The vapor phase evaporated from the bottle
flowed through the membranes to the gas carrier tube to a condensing part which a pressure gauge
and a valve were installed to adjust the permeate pressure. The vapor phase was condensed
to a 3L cooling vessel that was covered with silica gel.

Fig. 1. Laberatory of PV system

2.4 Operation of PV system

The PV experiments were performed in batch unit at variations of temperature at 50, 60 and
70 °C, respectively and permeate pressure at 2 and 3 inHg, respectively. Two types of mixtures
were separately fed into the PV system. The initial and the retentate of each mixture were collected
before and after operating the PV system.

1.5 Analytical methods

The initial and the retentate of each mixture was weighed and measured the ethanol
concentration using gas chromatography (GC) (Shimudzu GC-14B, Japan) with operating
conditions; carrier gas of N; 20% PEG column; column temperature of 150 *C: detector is FID at
temperature 250 “C; injector temperature 180°C) and also to calculate the flux and separation
factor. The initial and the retentate concentrations obtained were taken to calculate in flux and
separation factor,

2.5 Calculations
2.51 Flux ()
The flux was calculated following this equation:
J = W I W i
AT

Where;

l:iﬁ and W = weights of the glass bottle before and after PV system (g)
A = membrane surface (m’)
T = operating time {min)
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2.5.1 Separation factor («)
The separation factor can be calculated from this equation;

a=—2F
(X./X;)
Where;
¥, X' = mass fractions of pervaporation products and feed, respectively.
W = water
E = ethanol

3. Results and discussions

3.1 Characteristic of membranes used

In Fig. 1 the commercial cellulose acetate membranes was observed using SEM technique. It
was clearly shown in the cross section of membranes containing with two supporting layers. The
nominal pore size of 0.45 um and membrane thickness was approximately 120 pm.

Fig. 2. 5EM image of polymeric cellulose acetate membrane (Magnification x500)

3.2 Effect of temperatures on PV system

In Table 1. shows effect of temperatures on the PV system when the ethanol-water and the
sweet sorghum mixtures were fed into the system. It was observed that the flux, and the a were
varied in a range of 0.095-0.131 g/m2min and 25.378 116.018 in case of ethanol-water mixture
while for fermented broth, it was found that the flux was from 0.072-0.085 gm™min”', the o were
38.259-166.702. The results obtained here was lower than the previous study; Dubey and et al.
(2002) used the bacterial cellulose membrane (BCM) to separate ethanol-water (70:30%), the
result shown that BCM have the flux was 0.112 kgm™h and the o value 287.

3.3 Effect of permeate pressure on PV system

During the variations of temperatures, permeate pressure was also varied in a permeate
pressure at 2 inHg and 3 inHg, respectively the result shown in Table 2. As permeate pressure was
increased, the flux for ethanol-water mixtures increased from 0,062 to 0.075 gm~min’!
but the PSI and the o were decreased from 7.131 to 1,299 gm™min’'and from 116.018 to 18.320,

respectively. In case of fermented broth the flux and the PSI were decreased from 0.216 to 0.144
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gmmin”'and from 38,017 to 30.077 gm~min”', respectively. Although, the o was increased from
177.004 to 209.870. Similarly, the results obtained by Kanti et al. (2004) who studied to use blend
membranes of chitosan and sodium alginate, to found that the flux was lowing from 0.55 to 0.02
kem™h and the o value was decrease from 436.3 to 74.3.

Table 1 Temperature effects on flux (J) and separation factor («) in the PV of ethanol-water mixtures and
fermented broth through cellulose acetate membranes at permeate pressure 2 inHg, 15 min
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Table 2 Permeate pressure effects on flux (J) and separation factor (o) in the PVof ethanol-water mixtures
and fermented broth through cellulose acetate membranes
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4, Conclusions
Feasibility study to introduce a commercial cellulose acetate membrane into the PV system,

significant temperature and the permeate pressure play important influences on performance of
PV process to separate various kinds of mixture as di-, tri- and poly-mixtures. The results obtained

in this study suggest that the PV separation for the modified membrane can be adjusted by
changing temperature and minimize pressure thus the process flexibility is increased.
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