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ABSTRACT

Broomcorn seed (Sorghum vulgare) was used as raw material for bioethanol production. Optimum
conditions were obtained from response surface method. Broomcorn seed flour (45 g/l) was treated by
alkaline treatment and dual enzymatic hydrolysis (0.7 g/l of o- amylase and 0.42 g/l of
amyloglucosidase). The hydrolyzed total sugar of 25.5 g/L was used in conventional bioethanol
production (8.1 g/l) using Saccharomyces cerevisiae. Enhanced bioethanol production was performed in
membrane bioreactor (MBR) in integrated batch fermentation and membrane pervaporation process.
Application of commercial polydimethylsiloxane/polyethyleneterephthalate/polyimide (PDMS/PET/PI)
membrane in MBR resulted in ethanol concentration of 10.15 g/l in broth and 70.2 g/l in cold trap of
MBR. Cell concentration in broth was increased from 7.2 in conventional fermentation to 9.05 g/l in
MBR. In addition, ethanol production in MBR using fabricated membrane having ethanol separation
factor of 8.7; ethanol concentration in broth and cold trap were 11.1 and 88.5 g/ |, respectively. Also the
cell concentration of 10.2 g/l was obtained in MBR with fabricated membrane. In MBR, surface modified
multi wall carbon nano tube (MWCNT) coated on membrane having ethanol separation factor of 10.2,
resulted ethanol concentration of 11.9 and 110 g/l in broth and cold trap, respectively. Finally, for MBR
using modified membrane the cell concentration of 11.01 g/l was obtained. Based on a comparison study,
maximum ethanol separation and yield were obtained for modified membrane having MWCNT and the
surface was modified by corona treatment.

doi: 10.5829/ije.2018.31.04a.01

1. INTRODUCTION

derived from all kinds of agro waste and biomass
materials. Biomass such as grains (corn, wheat), tubers

In 2016, daily gasoline consumption has been reported as
73 million liters by Iranian financial tribune. Since
Iranian transportation sectors have very high fuel
demands, use of fossil fuels generated tremendous
amount of air pollution and anxious gas emission due to
heavy fuel consumption. High global energy demand and
depletion of fossil oil resources caused great
environmental concerns. Generally for resolving air
pollution, alternative and renewable energy sources
should replace fossil sources. Application of bioenergy
as renewable source has the potential to reduce air
pollution [1-4].

Bioethanol as a renewable resource, among
alternative fuels, is one of the most useful fuels [5]. Also,
bioethanol known as a clean and renewable fuel are
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(cassava, potato), stalk (sugarcane and sweet sorghum)
and lignocelluloses materials are important feedstock
sources for bioethanol production [6]. Sorghum vulgare
(broomcorn) is a type of sorghum plant that is used for
various brooms [7]. Unlike other types of sorghum, such
as sweet sorghum, this kind of sorghum was not in target
of studies for production of ethanol [8-10]. Broomcorn
has bunch of seeds rich in starch, protein, moisture fiber,
lipid and ash with weight percentages of 59.62, 13.37,
10.06, 9.04, 3.64 and 4.27%, respectively [7]. Therefore,
the rich content of starch in the broomcorn seed makes it
a suitable biomass for bioethanol production. The starch
consists of amylose and amylopectin. Hydrolysis of
natural polysaccharides may take place in a two step
process; at first step, amylose and amylopectin are
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broken into trisaccharide, disaccharide and a-dextrin
units using a-amylase in starch liquefaction process. In
the next step, the produced maltose, maltotriose and a-
dextrin units are broken down to glucose units using
amyloglucosidase in starch saccharification [11]. Finally,
monomeric sugar of hexosan is produced by enzymatic
hydrolysis of broomcorn seeds; the obtained sugar is
fermentable for bioethanol fermentation process.

According to the IUPAC definition, membrane
reactor is a device capable of performing a chemical
reaction and separation in the same unit [12]. Using
membrane bioreactor (MBR) in ethanol production is an
integrated fermentation and membrane pervaporation
process. In MBR, bioethanol is produced via
fermentation process followed by pervaporation process
using selective membrane. Pervaporation is an energy-
saving separation method compared to conventional
separation process such as distillation. The separation
mechanism of pervaporation is based on ability of
nonporous membranes to be selective for transporting
components from the feed to the permeate side [3, 13].
One of the suitable membranes in membrane bioreactor
for ethanol separation in pervaporaton process is PDMS
that is highly ethanol selective [14].

In this study, a new source for bioethanol production
was investigated. For this purpose, scarification of
broomcorn seeds (Sorghum vulgare) solution was
pretreated by NaOH; then, hydrolyzed by dual enzymes
(o-amylase and amyloglucosidase). The hydrolizate
sugar solution was prepared for Saccharomyces
cerevisiae fermentation. Finally, ethanol was produced
by fermentation process. Ethanol production conditions
were optimized via Design Expert software. The
optimum conditions for ethanol production were
obtained. Then, at optimum conditions ethanol
production in membrane bioreactor using commercial
and two types of fabricated composite membrane were
performed.

2. MATERIALS AND METHODS

2. 1. Broomcorn Seed and Microorganism
Broomcorn seeds (Sorghum vulgare) were supplied by
the Agricultural Organization of Mazandaran, Sari, Iran.
The seeds were ground to flour. The flour was washed to
remove the seed shells. Then, the flour was kept in oven
at 105°C and stored in desiccators at room temperature
for the next stage of experiments. The live hydrated
organism of Saccharomyces cerevisiae was supplied by
Iranian Research Organization for Science and
Technology (IROST). The medium for seed culture
contained 10 g/l of glucose, 0.45 g/l of NH4Cl and 1 g/l
of yeast extract. The medium was autoclaved at 121 °C
and 15 psig for 20 min. The sterilized medium was
inoculated with 5% of pure seed culture of the

microorganism and then the culture was cultivated in an
incubator-shaker agitated at 200rpm and 30 °C for 24 h
[15].

2. 2. Pretreatment and Enzymatic Hydrolysis
Alkaline  pretreatment ~ was  performed  for
deproteinization and plant cell disruption. In alkaline
treatment of the broomcorn seed, a defined concentration
(based on RSM design) of broomcorn seed flour was
dissolved in 450 ml of 0.1 M NaOH solution and stirred
at 60°C for 1h. Then, the alkaline pretreated solution was
mixed with 550 ml of potassium hydrogen phthalate
buffer (0.1 M); the final pH was set at 6.1. The mixture
was heated and boiled at 105°C, where the gelatinization
started and the viscosity of the solution increased. After
cooling to 95°C, a defined concentration (based on RSM
design) of heat-resistant a-amylase (Serva, 30 Unit/mg)
was added to the solution for the liquefaction process; the
solution was kept at that temperature for 2 h. In the next
step, the pH of the solution was reduced to 4.5 using
phosphoric acid. In the following step, a defined amount
(based on RSM design) of amyloglucosidase (Serva, 120
Unit/mg) was added to the liquefied starch solution at
60°C and stirred at 120 rpm for 48 h.

2. 3. Optimization of Ethanol Production  In order
to optimize the ethanol production from broomcorn seed
conditions, response surface method (RSM) was applied
to design necessary experiment [16]. Therefore, Design-
Expert 7.0 (Stat-ease Inc., USA) was used to perform the
regression and statistical and graphical analysis. Three
independent variables including substrate concentration
(A) in the range of 15-75 g/l of broomcorn seed, o-
amylase concentration (B) in the range of 0-1.2 g/l and
amyloglucosidase concentration (C) in the range of 0-0.8
o/l were selected as experimental parameters. The effect
of these parameters on concentration of ethanol as the
response was studied. Central composite design (CCD)
of RSM is one of the most popular tools used in
optimization process condition. CCD method essentially
includes a full or fractional factorial design with center
points that are augmented with a group of axial points
that allow estimation of the curvature in the resulting
model [16, 17]. In this study, a 5- level 3 factors central
composite design (CCD) was employed. According to
the CCD, a 5 level 3 factors design was employed and
total numbers of 20 experiments were performed in this
case. The results were fitted to the following second order
polynomial equation to predict the optimum ethanol
production conditions:

i 7N N
i-1 j=iv

k k
Y=b,+A bX,+A 5, X +8 A4 b, XX, +e (1)
i=1 i=1

where, Y represents the response variable, Bo iS the
intercept; Bi and Bi are the first and second order
quadratic model coefficients for the variables,
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respectively. Also, B is the linear model coefficient for
the interactions between i and j; while X; and X; are
recoded independent process variables and ¢ is the
random error [18].

At optimum conditions, the medium by optimum
concentration of broomcorn seed as substrate, 3 g/l of
yeast extract and 5 g/l of NH.4CI were prepared. The pH
value was set at 5.2 provided by buffer solution of
potassium hydrogen phthalate (0.1 M) and sodium
hydroxide (0.1 M). Fermentation was carried out at 32°C
and agitation rate of 200rpm. Ethanol fermentation was
performed in conventional process and via batch
fermentation in designed membrane bioreactor (MBR)
[15, 19].

2.4. Membrane Preparation

2. 4, 1. Commercial Membrane
Polydimethylsiloxane (PDMS) as a nonporous
membrane was selected for separation and concentrating
bioethanol via pervaporation process in MBR. The
membrane with an effective thickness of 3-5 um PDMS
as hydrophobic active layer on support layers consisted
of polyethylene terephthalate (PET) with thickness of
100 pm and polyimid (PI) with thickness of 150 um was
provided by Pervatech Company (Netherland).

2. 4. 2. Fabricated PDMS/PES.PVP Membrane
Coated with MWCNT Composite PDMS as active
layer with a thickness of 20 pm was fabricated on
polyethersolfune (PES) having polyvinylpyrrolidone
(PVP) as support layer, thickness of 100 um. For
preparation and casting of active layer on PES as support
layer, PDMS with 30% (wt) was dissolved in n-heptane
solution. Then, PDMS, cross linking agent, tetraethyl
ortho-silicate and dibutyltin dilaurate as catalyst, were
dissolved in the above solution (n-heptane) having
weight ratio of 10:1:0.2. In order to improve ethanol
separation factor and also to enhance ethanol selectivity
in the fabricated composite membrane, MWCNT with
defined weight percentages were deposited on PDMS
matrix as an active layer of the PDMS/ PES composite
membrane. In addition, for the novel membrane, corona
surface treatment was applied for corona time of 6 min
and corona input power of 360W for MWCNT coating
on the surface of PDMS/PES membranes.

Therefore, application of these novel fabricated
composite membranes for ethanol production and ethanol
separation in membrane bioreactor were investigated.
Figure 1 shows FESESM of fabricated composite
membranes. Fig. 1a displays composite PDMS/PES.PVP
membranes with blended MWCNT in active layer
matrix. In this figure, MWCNT has been dispersed
uniformly in active layer matrix of PDMS that has
probably resulted in high separation factor. Fig. 1b
depicts composite PDMS/PES.PVP membranes with
coated MWCNT on the surface of membrane. The

surface was modified by corona treatment that also has
probably results in improved separation factor. Due to
using corona the surface is not uniformly modified.

2. 5. Analysis Starch content in the solution of
enzymatic hydrolysis was determined by means of
resorcinol reagent [20]. The concentration of reducing
sugars was measured via colorimetric method using
dinitrosalicylic acid (DNS) at the wavelength of 540 nm
by spectrophotometer (Unico, USA). The optical density
(OD) was determined at the wave length of 620 nm. The
cell dry weight was obtained based on OD absorbance
defined by calibration curve. The concentration of
ethanol and glucose were measured using Smartline high
performance liquid chromatography (Knauer, Germany)
by Eurokat H (Knauer, Germany) column. The oven
temperature, sample size, elluent and flow rate were
75°C, 20pl, H2S04 (0.01 N) and 0.5 ml/min, respectively.
Pervaporation performances in all experiments were
evaluated by flux (J) and separation factor (a) [13].

a= yalcohol/(l_ yalcohol)

Xalcohol/(l' Xalcchol) (2)
_ Wi
e w ®

where, Dtis the process time, A refers to the effective
area of membrane and Wi represents the weight of
ethanol in permeate.

3. RESULTS AND DISCUSSIONS

3. 1. Standard Calibration Curve Prior to
discussing ethanol production from broomcorn seed

@

®)

Figure 1. Fabricated composite MWCNT.PDMS/PES.PVP
membrane; (@) MWCNT blended in PDMS active layer of
composite membrane by two magnification, (b) MWCNT
coated on the surface of composite membrane by two
magnification
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having high starch content through conventional and
membrane bioreactor processes, it is necessary to
determine the reducing sugar, starch and cell density
based on related calibration curves. The calibration curve
for reducing sugar is based on colorimetric method using
DNS reagent and absorbance at wave length 540 nm. The
calibration curve for cell concentration based on optical
density is defined according to absorbance at wave length
620 nm. Finally, for calibration curve of starch
concentration using resorcinol reagent is determined by
absorbance at wave length 420 nm.

3. 2. Optimization for Ethanol Production from
Broomcorn Seeds In this study, for optimization
conditions, according to the CCD design for 5 levels and
3 factors, total number of 20 experiments were designed
and performed. The obtained results based on the
experimental design ethanol production of broomcorn
seed flour are summarized in Table 1. The ethanol
fermentation was carried out at 32 °C and the pH value
was set at 5.2.

The results of regression and analysis of variance
(ANOVA) for bioethanol production from broomcorn
seed were studied. The experimental design and results
were analyzed by selecting the appropriate model either
linear, quadratic and so polynomials.

TABLE 1. Experimental design and results for ethanol
production from broomcorn seed

A: B: o- C: Response:
Run Sorghum amylase Amyliglucosida Ethanol
conc. (g/l) conc. (g/1) se conc. (g/l) conc. (g/1)

1 45 0.6 0.4 8

2 60 0.3 0.6 49

3 45 0.6 0.4 8.01
4 30 0.9 0.6 3.85
5 45 0.6 04 8.1

6 60 0.9 0.2 5

7 15 0.6 0.4 0.25
8 45 0 04 4.35
9 30 0.9 0.2 3.75
10 45 0.6 0.8 6.35
11 45 12 04 6.9
12 45 0.6 04 8

13 45 0.6 0 5.05
14 30 0.3 0.2 331
15 45 0.6 04 8.1
16 60 0.9 0.6 5.25
17 45 0.6 04 8.1
18 30 0.3 0.6 34
19 75 0.6 04 12
20 60 0.3 0.2 4.45

The statistical software suggested a second order
quadratic regression surface model for predicting the
optimum conditions for bioethanol production. The best
fit models in terms of coded factors for the bioethanol
obtained are given below:

Ethanol Concentration (g/l) =-16.92 + 0.78 A +

10.62 B + 13.56 C + 2.77778E-004 AB + 0.021

AC — 0.3958 BC - 8.45859E-003A - 7.53B° - “)

16.48580C"
A, B and C are the coded types of broomcorn seed flour
(Sorghum vulgare), a-amylase concentration and
amyloglucosidase concentration, respectively. AB, AC
and BC are the interaction terms. A2, B? and C? are the
squared terms of the independent variables. The ANOVA
for the ethanol concentration model as a function of
substrate, a-amylase and amyloglucosidase
concentration are illustrated in Table 2. The regression
value was found to be 0.97 indicating the suitability of
the given model. Low error probability value [(Prob > F)
< 0.0001] expressed that model can statistically be
significant representing the observed experiment data.
The validity of the models was demonstrated by the
"Lack of Fit" of 4.27 imply the "Lack of Fit" is not
significant and the models fit well to predicted values of
bioethanol production. Based on P values results in Table
2, the model terms AB, BC, and AC model terms are not
significant with P values more than 0.05. Therefore, these
terms must be removed from fit model.

Ethanol Concentration (g/l) =-16.92 + 0.78 A +
10.62 B + 13.56 C - 8.45859E-003A - 7.53B" - )
16.48580C"

Figure 2 displays the interaction relationship between
independent variables on the response. Figure 2a shows
the interaction and correlation of sorghum concentration

TABLE 2. Results of ANOVA for the developed model
Degree

Source of  SOT COCNORN  ane  Prvalue
freedom q
Mcl’de 9 101 791 269  <0.0001
A 1 323 0.45 75 00209
B 1 297 0.43 689 00254
c 1 0.76 0.22 177 002132
A2 1 91.07 1.9 21151 <0.0001
B? 1 1156 -0.68 26.86  0.0004
c 1 1093  -0.66 2539 0.0005
0.000 0.00002
AB 1 000125 202 0.9958
AC 1 0033 0064 0076  0.7891
BC 1 00 o024 001 0920

R-Squared=0.9692, C.V= 6.34, Standard deviation= 0.66, Lack of
Fit=4.29
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and a- amylase concentration as independent variables on
ethanol production. Increase in sorghum flour
concentration as the source of ethanol production,
increased the concentration of produced ethanol.
However, increasing beyond 50 g/l in the solution
decreased the concentration of produced ethanol. Also
increase in a- amylase concentration to above 0.7 g/l in
enzymatic hydrolysis caused adversely affect on
response. The simultaneous effect of sorghum flour and
amyloglucosidase concentrations on ethanol production
has illustrated in Figure 2b. The concentration of
produced ethanol increased with increase of
amyloglucosidase concentration to 0.4 g/l. Figure 2c also
confirms the results of the two previous plots. As
observed in this plot, the optimum concentrations of a-
amylase and amyloglucosidase for production of ethanol
from broomcorn seed were defined about 0.7 and 0.4 g/l,
respectively.

The optimum condition of the experiment for
production of ethanol, are summarized in Table 3. The
experimental value of ethanol concentration (8.1g/l) was
in a very good agreement with the predicted value (7.65
g/l). This implies the accuracy of model to predict the
ethanol production from broomcorn seed.

Ethanol Conc.

Ethandl Conc.

Ethanol Conc.

C: Amyloglicosidase Cone. 9 B: Aha-Amylase Cone.

(c)

Figure 2. Response surface 3D plots for ethanol production
process shows Interaction between: (a) sorghum
concentration and o- amylase concentration, (b) sorghum
concentration and amyloglucosidase concentration, (c) a-
amylase concentration and amyloglucosidase concentration

TABLE 3. Optimum condition for the ethanol production

Sorghum @-amylase  Amyloglucosidase  Produced ethanol

conc. (g/l)  conc. (g/l) conc. (g/l) conc.(g/l)

45 0.7 0.42 8.1

3. 3. Conventional Ethanol Production from
Broomcorn Seeds The solution contained
broomcorn seed flour by concentration of 45 g/l, after
alkaline treatment was hydrolyzed using a-amylase at
concentration of 0.7 g/l and amyloglucosidase at
concentration of 0.42 g/l. Then 3 g/l of yeast extract and
5 g/l of NH4ClI were added to the medium. The pH value
was set at 5.2 using buffer solution of potassium
hydrogen phthalate (0.1 M) and sodium hydroxide (0.1
M) solution. In order to start fermentation, the sterilized
medium was inoculated by the seed -culture of
Saccharomyces cerevisiae. The result including
produced ethanol concentration versus time in
conventional fermentation and also cell concentration
during fermentation is depicted in Figure 3. Maximum
ethanol was produced after 16 hours of fermentation
having ethanol concentration of 8.9 g/l. At the stationary
phase of cell growth, ethanol and cell concentrations
were approximately constant at 8.1 and 7.2 gll,
respectively.

3. 4. Ethanol Production in Membrane Bio Reactor
by Commercial Membrane Integration of ethanol
productions from hydrolyzed broomcorn seed via
fermentation process and ethanol separation unit using an
ethanol selective membrane in a single membrane
bioreactor by commercial and novel fabricated
membranes were performed. Fermentation process in
broth was carried out at 32 °C. The working volume of
the fermentation broth was 1260 ml. In fact the MBR had
a working volume of 1260 ml fermentation broth on the
top and a pervaporation cell having 50.24 cm? effective
permeation areas for the membrane at the bottom of
fermentation vessel.

Vacuum on the permeate side was maintained by
vacuum pump (Edwards, England). Two cold traps using
liquid nitrogen were set in parallel allowing collecting
ethanol permeated vapor [15].

—a— Ethanol concentration
g | —#— Cell concentration 9

Ethanol concentration (g/l)
Cell concentration (g/l)

24

Time (h)

Figure 3. Results of fermentation in conventional process
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The glucose consumption, ethanol production in broth of
MBR and the cold trap of MBR along with cell
concentration versus time are illustrated in Figure 4. The
solution and conditions were similar to the conventional
fermentation (at the best conditions presented by RSM).
Glucose was consumed after 22 hours of fermentation.
After 16 hours of fermentation, maximum ethanol
concentration was 10.15 g/l in the broth of MBR, while
ethanol concentration in the cold trap of MBR was 70.2
g/l. Therefore, the concentration of ethanol has
significantly increased compared to conventional
fermentation process. Such increase in ethanol
concentration may be due to ethanol permanent exit in
the fermenter and prevention of ethanol inhibition and
also can increase the cell density.

Comparisons between cell concentrations in
conventional ethanol production and in MBR ethanol
production are shown in Figure 5. In the stationary phase
of growth, the cell concentration in the broth of MBR was
9.05 g/l while the cell concentration in the conventional
fermentation at the stationary phase or growth phase was
7.2 g/l. Therefore, the cell concentration in the broth of
MBR was higher than conventional fermentation.

[~

60

SE

Cell concentration (g/l)

@
S
©

=
)
Ethanol concentration (g/l)

w
S

Glucose concentration (g/l)
5
s

s

CAN®REODN®

—~—
[} 2 4 L] a8 10 12 14 16 18 20 22
Time (h)

& 0

Figure 4. Results of membrane bioreactor using commercial
membrane

—a— Cell concentration in membrane bioreactor
10 | —e— Cell concentraticn in conventional pervaporation

/’\1—.rc
/

Cell concentration (g/l)

0 4 8 12 16 20 24
Time (h)

Figure 5. Cell concentrations in conventional and in MBR
fermentation processes

In fact, due to ethanol removal from reactor using ethanol
selective membrane, in the stationary phase of growth
curve, the cell concentration in the broth of MBR has
reached 9.05 g/I.

3. 5. Ethanol Production in Membrane Bioreactor
Using MWCNT.PDMS/PES.PVP Membrane  Figure
6 shows results of fermentation process having ethanol
production in broth and cold trap of MBR, cell dry weight
and glucose consumption versus time in MBR using
fabricated MWCNT.PDMS/PES.PVP  membrane.
Glucose was totally consumed after 20 hours of
fermentation. The produced ethanol in the broth and cold
trap has reached to concentration of 11.1 and 88.5 g/I,
respectively. Increasing ethanol production in this case
was due to the use of membrane for additional ethanol
selectivity in membrane bioreactor. The ethanol
separation factor for MWCNT.PDMS/PES .PVP was
determined to be 8.7 while ethanol separation factor for
commercial PDMS/PET/PI was 7.4. In addition, due to
continuous ethanol removal from the bioreactor using
ethanol selective membrane, at the stationary phase of
growth, the cell concentration in the broth of MBR
reached 10.2 g/l.

3. 6. Ethanol Production in Membrane Bioreactor
by Surface Modified MWCNT Coated on
PDMS/PES.PVP Membrane Based on results in
previous sections, the use of a specific membrane in
MBR having high ethanol selectivity had a great impact
on fermentation process. Therefore, in order to increase
the ethanol selectivity, the composite PDMS/PES.PVP
surface was modified by corona treatment and the surface
was coated by multi-walled carbon nano tube
(MWCNT). The ethanol production in broth and cold
trap of MBR, cell dry weight and glucose consumption
versus time in MBR with fabricated MWCNT coated on
PDMS/PES.PVP membrane are shown in Figure 7.
Glucose consumption was accelerated in the
fermentation process. Therefore, glucose was totally
consumed after 16 hours of fermentation.

—¥—Gcoss g0 | M

5 b —A— Ethan 1

S e _m-celc .

8- Ethan tration In cold tra 80 42

= |1
5, 2 [} =
52 HELE]
8 608|g &
I g, 2
A s0g(® E
gl, €
8 e 7 I3
wglo §
5| 8
g 10 wE|5 :
g 5.3

5] 2043

2

10
1
0 * . . Jp 0

0 2 4 6 8 10 12 14 16 18 20 22
Time (h)

Figure 6. Results of membrane bioreactor with fabricated
CNT.PDMS/ PES.PVP membrane
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High glucose consumption was due to increase cell
growth. In the stationary phase, the cell concentration in
the broth of MBR has reached 11.01 g/l. As expected, the
produced ethanol in the broth and cold trap has reached
to concentration of 11.9 and 110 g/l, respectively. The
ethanol separation factor for surface modified MWCNT
coated on PDMS/PES membrane was determined as
10.2; that is high ethanol selectivity of the membrane has
resulted in high ethanol production and increasing trend
of cell growth in the membrane bioreactor.

The results of all experiments with different
membranes and at different fermentation processes are
summarized in Table 4. As data in the table shows, the
use of a membrane bioreactor improves ethanol
production and the use of fabricated membranes with
high ethanol selectivity has increased cell growth and
ethanol production.

#— Glucoss canceniration 10 |14
25 b —A~ Ethanal concentration in broth 13
T~#__ —m—Call concantration 100

-@— Ethanal concentration in cold trap, 12

= W |44
S 20 g _
- & 80 2| 105
-} -1
£ Ele 2
%1 (. B
8 87 ¢

a 50 €

8 g|¢ g
g1 w055 8
21’ =
E 0|ty

Q w3

20

2

10 |4

0 A - - 0 0

0 2 4 [:] 8 10 12 14 16 18 20 22
Time (h)

Figure 7. Results of membrane bioreactor with fabricated
corona surface modified CNT coated on PDMS/ PES.PVP
membrane

TABLE 4. The summarized results of fermentation

MBRby MBRby MBR by

Conventional )
commercial blended coated

Process  membrane MWCNT MWCNT
sorghum
concentration 45 45 45 45
(/)
Glucose
utilization 25.5 25.5 255 25.5
CID}
Temperature
C) 32 32 32 32
pH 5.2 5.2 5.2 5.2
Ethanol
concentration
Broth (g/l) 8.1 10.15 1.1 11.9
Cold trap - 70.2 88.5 110
CID}
Cell density 7.2 9.05 102 11.01
(o/)
Separation ) 74 87 10.2
factor

Based on this data, enhanced ethanol productivity in cold
trap was 40% higher than that in similar work reported
using commercial membrane [15].

4. CONCLUSION

In the present study, bioethanol production from
broomcorn seeds (Sorghum vulgare) as a hnew source was
investigated. By response surface method (RSM), the
conditions of enzymatic hydrolysis and ethanol
production was optimized. In optimum condition, the
conventional fermentation was performed. Then,
bioethanol production carried out by integration of batch
fermentation and membrane pervaporation process in a
membrane  bioreactor (MBR). A  commercial
PDMS/PET/PI membrane was used in MBR. Membrane
bioreactor in comparison with conventional process has
significantly improved ethanol production. Afterwards,
two fabricated high ethanol selective composite
membranes were tested in MBR and it was observed that
the use of membranes with high ethanol selectivity has
increased cell growth and ethanol production.
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