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Abstract:- The aim of this study was to investigate the
dehydration of ethanol using the pervaporation process
based on a sweet potato starch-chitosan membrane. The
pervaporation process is an alternative to the energy-
intensive methods of ethanol dehydration, like distillation
and crystallization. To improve the properties of the
composite membrane by adding a crosslinking agent of
glutaraldehyde (1% v/v) and a support membrane of
polyethersulfone (PES) were added. The sweet potato
starch-chitosan membrane was modified with various
concentrations of 100:0, 80:40, 60:40, 50:50, 40:60, 20:80,
and 0:100. The characterization of the composite
membrane wused tests such as swelling degree,
permeability, mechanical properties, and SEM to evaluate
the hydrophilicity, structure, and performance. The
increase of hydrophilicity showed at the value of swelling
degree of 204.16 to 226.52%, and permeability of 861.34 to
964.26 L/m’hr.bar. The structure of the membrane
improved by the addition of glutaraldehyde, shown in the
mechanical properties and SEM results. The best
composition is a ratio of 50:50 with a crosslinking agent
used for dehydration of ethanol with the pervaporation
process. The process used ethanol composition (95 wt.%o)
and was observed for an hour. The value of selectivity in
the pervaporation process is 15% with an ethanol
concentration of 98%.

Keywords:- Pervaporation Process, Sweet Potato Starch-
Chitosan Membrane, Glutaraldehyde, Dehydration of
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l. INTRODUCTION

Ethanol demand in 2017 was more than 100 billion liters
and will continue to increase. Ethanol 96,5% (super fine-grade)
is usually used as an ingredient in the mixture of industrial
products such as paints, coatings, fuels, pharmaceuticals,
cosmetics, detergents, and beverage mixes [1]. Ethanol can be
produced by fermentation using evaporation and distillation,
but these methods use high energy, and the purity reaches only
95% [2]. Pervaporation is an alternative method with more
advantages using low energy with a vacuum process and
purifying more than 96% [3]. Hydrophilic membranes provide
good selectivity, high permeability, and sufficient mechanical
strength while reducing energy requirements due to only
allowing water to pass through the membrane, thus eliminating
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the need for distillation. These hydrophilic membranes can be
made from either synthetic or natural polymers [4].

Composite films comprised of modified biopolymers
have been designed to enhance film properties. Chitosan, a
natural polysaccharide, is produced through the deacetylation
of chitin found in the shells of invertebrates. It is characterized
by its hydrophilic nature and ability to retain water, forming a
gel when used as a raw material for films or membranes [5-6].
Incomplete deacetylation of chitin results in the formation of a
hydrophobic acetyl group. In the pure chitosan membrane for
the pervaporation process, less than 90% ethanol yields were
obtained in the ethanol-water dehydration process [7]. Starch,
which has amylose, is widely used to construct pervaporated
composite membranes for dehydration [8]. Sweet potato starch,
in particular, has the highest concentration of amylose among
other starches, ranging from 8.50-37.40% [9]. Although starch
has a low water vapor barrier property, its low mechanical
strength can be improved by using a crosslinked film with
glutaraldehyde as the crosslinking agent [10]. The sweet potato
starch membrane produces an increased selectivity. However,
the sweet potato starch film formed is quite brittle.

The previous results of [11] have shown that chitosan
film's selectivity is insufficient and unsuitable for separating
water from ethanol. Based on prior research, starch films with
chitosan can achieve higher selectivity values. In order to
improve the selectivity value of the pervaporation process, a
support membrane is necessary. Polyether sulfone membrane
(PES) has been used as a support membrane due to its good
qualities and ability to reduce membrane fragility [12].
Therefore, this study intends to create sweet potato starch-
chitosan composite membranes with glutaraldehyde as a
crosslinking agent and PES as a support membrane to optimize
water separation from ethanol during the pervaporation
process.

1. EXPERIMENTAL

A. Composite Membrane Preparation

The materials for the composite membrane are chitosan
with a molecular weight of 118.4 cps with a deacetylation
degree of 80.4%, which was acquired from Surindo Biotech
Cirebon, Indonesia. PT Hepilab Sukses Bersama Semarang
provided glycerol, ethanol (95%), and glutaraldehyde. The
Membran Research Center (MER-C) laboratory at
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Diponegoro University supplied sweet potato starch and
distilled water.

The composite membrane preparation was sweet potato
starch blended with distilled water until 3% w/v and 30% v/v
of glycerol were included. The combination was stirred for an
hour at 90°C using a mechanical stirrer (400 rpm) to form a
homogeneous gel solution and was allowed to stand for 5
minutes until it had cooled to an average temperature. The
chitosan solution was added by variation ratio (100:0, 80:20,
60:40, 50:50, 40:60, 20:80, 0:100), and the mixture was stirred
for 30 min at 60°C with a mechanical stirrer set at 400 rpm to
achieve a homogenous gel solution. The solution was poured
into a polyethersulfone (PES) membrane with a thickness of
0.3 mm, using a casting knife. Subsequently, the film was
allowed to dry at room temperature for 24 hours, followed by
immersion in a glutaraldehyde solution for 2 hours with
concentrations of 0.0% and 1.0% v/v.

B. Water Permeability Analysis

The permeability of a membrane can be determined by
how quickly a species can penetrate it and is expressed as the
volumetric rate of fluid (permeate) passing through it [13]. A
dead-end filtration cell (Amicon 8200, Millipore, USA) with a
membrane area of 4.2 cm? was used to measure the value of
permeability. Distilled water was pumped at a pressure of 0.1
bar into the membrane module, and the volume of the
produced permeate was calculated by taking readings over 5
minutes and applying water flux. The permeability value can
be determined by following equations (1) and (2).

_ (W1-w2)/Paquadest

Jw = Axt (1)
= v

p= O]

Where inclusive of the container (W), the mass of the
container (W), the density of distilled water (p), the
membrane surface area (A), and the filtration time (t), AP is
operating pressure. Once the water flux had been ascertained,
permeability was computed utilizing equation (2).

C. Swelling Degree Analysis
The membrane sample was cut into 2 cm x 2 cm strips.
The sample was immersed in distilled water for two hours and
weighed accurately to determine the membrane's swelling
degree. The swelling degree was then calculated using
equation (3) [14].
Wo—wy

SD =22""1,100% 3)

w1

Where W; is the initial weight in dry conditions and W,
are the weight of composite membranes in wet conditions.

D. Mechanical Properties Analysis

The tensile strength, Young's modulus, and elongation at
the break of the mechanical strength were assessed using the
TA.XI Plus Texture Analyzer (Super Technology Instruments
Co., Ltd., China) in compliance with the ASTM D882-18
protocol. The membrane 10 cm x 2 cm was tested, and the
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initial distance was set to 40 mm with a test speed of
60mm/min.

E. SEM Analysis

The morphology of the membrane's cross-section was
studied using Scanning Electron Microscope (SEM) with a
spot size of 30, a voltage of 10 kV, and a work distance of 10
mm. Its sample size was 0.5 cmx 0.5 cm, which was examined
at a magnification of 250x with an SEM-EDX JEOL JSM-
6510LA.

F. Pervaporation Method

<
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Fig 1. The pervaporation process schematic

The pervaporation process schematic was: 1) feed in
(ethanol), 2) temperature indicator, 3) feed storage tank, 4)
heating source, 5) temperature indicator controller, 6)
retentate, 7) permeate, 8) re-calculated pump, 9) membrane
cell, 10) pressure indicator, 11) cold trap, 12) vacuum pump.
A pervaporation unit was used to conduct an experiment
designed to separate ethanol from water. The pervaporation
process involved pumping the ethanol-water mixture from the
tank to the cell membrane, and the permeate was collected in
acold trap. The downstream pressure was kept below 6 cmHg,
and the procedure was conducted at 30°C for one hour with an
ethanol feed composition of 95 wt.%. The results showed an
increase in the ethanol concentration of the retentate, and the
selectivity was calculated using equation (4).

__ YA/YB
XA/XB

4)

Where x is the weight fraction of the feed and y is the
weight fraction of the permeate. Karl Fischer Titrator Mettler
Toledo DL 39 analyzed the water content in ethanol solution.

1. RESULT AND DISCUSSION

A. Water Permeability Analysis

The purpose of membrane water permeability analysis is
to analyze the rate of passage of a solution through a membrane
as a function of time and pressure [4]. The water permeability
of a sweet potato starch-chitosan composite membrane with
different concentrations with and without a crosslinking agent,
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and with the variation of the composite membrane composition
as depicted in Table 1, was evaluated by utilizing (1) and (2).

Table 1 shows that adding chitosan affects the
permeability value's decrease. A similar observed result by [15]
found that adding chitosan to pure sweet potato starch
decreased the permeability value from 1900 to 800. The
permeability reduction is linked to chitosan's lower
hydrophilicity, which is attributed to the presence of an acetyl
group (degree of deacetylation 80.5%)[16].

Table 1. The effect of glutaraldehyde as crosslinking agent
and values of water permeability in various ratios
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Starch:Chitosan
Ratio

Swelling Degree (%0)

Glutaraldehyde
0%

Glutaraldehyde
1%

0:100

150.35

126.78

Sar i |- et benesiy (U er)
0% 1%
100:0 1919.23 1905.44
80:20 1548.67 1027.91
60:40 1073.75 920.42
50:50 964.26 861.34
40:60 760.51 483.65
20:80 752.90 304.43
0:100 375.13 246.96

Incorporating a glutaraldehyde crosslinking agent
reduced the membrane permeability value of a 50:50 sweet
potato-chitosan starch membrane from 964.26 to 861.34.
Glutaraldehyde reduced the membrane permeability value in
line with [17], who reported that increasing the concentration
of the crosslinking agent led to a decrease in permeability. This
decrease can be attributed to substituting the hydroxyl group
with a more hydrophilic group. The crosslinking process
renders the membrane structure more dense and resistant,
enhancing its water barrier capability.

B. Swelling Degree Analysis

The degree of swelling was determined by weighing the
composite membrane in distilled water. The absorption of the
membrane affects the swelling degree value when placed in
liquid. Table 2 shows the swelling degree of the modification
of sweet potato starch-chitosan composite membrane without a
crosslinking agent (glutaraldehyde 0%) and with a crosslinking
agent (glutaraldehyde 1.0%) as calculated by (3).

Table 2. The effect of glutaraldehyde as crosslinking agent
and values of swelling degree in various ratios

Among all concentrations, the 0:100 ratio on the pure
chitosan membrane demonstrated the lowest swelling degree
value at 126.78-150.35%. The reduction in the swelling degree
value on the pure chitosan membrane was caused by the acetyl
group present in the chitosan, which led to a decrease in its
hydrophilicity [18]. The 50:50 ratio on the sweet potato starch-
chitosan composite membrane had an average result of 200%
for all various glutaraldehyde concentrations, which is
consistent with the results noticed by [19]. The average
outcome indicates that the combination of sweet potato starch
with chitosan can augment the hydrophilicity of the membrane.
The high swelling degree value found in distilled water is
because the membrane is hydrophilic, causing it to swell and
absorb a large amount of water [15].

The effect of glutaraldehyde in the composite membrane
decreases the swelling degree value. In the ratio of 50:50, the
swelling degree value decreased from 226.52%% to 204.16%.
Based on research by [20] that the addition of the
glutaraldehyde crosslink agent decreases the swelling degree
value and improves the mechanical properties of the sweet
potato starch-chitosan composite membrane. Thus, adding the
crosslinking agent to the composite membrane may reduce the
absorption of ethanol while still allowing it to absorb water

optimally.

C. Mechanical Properties Analysis

i [0)
Starcf;{:a(litihc:tosan Glutar;\(,jvsrlwggg Degé?ﬁtgf)a)ldehyde
0% 1%
100:0 279.53 257.25
80:20 267.22 245.28
60:40 259.93 231.65
50:50 226.52 204.16
40:60 202.72 186.41
20:80 185.95 165.81
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Table 3. The values of mechanical properties
strccritosn | JErse | Bk | Elngaten
(MPa) (MPa) (%)
100:0 (Glut 0%) 0.09 17.59 0.93
100:0 (Glut 1%) 0.10 18.33 0.84
50:50 (Glut 0%) 0.14 21.12 0.71
50:50 (Glut 1%) 0.17 23.27 0.68
0:100 (Glut 0%) 0.18 54.37 0.58
0:100 (Glut 1%) 0.19 57.23 0.52

The mechanical properties of sweet potato starch-chitosan
composite film, uncrosslinked and crosslinked, as seen in Table
3, are characterized by tensile strength, Young's modulus, and
elongation at the break values [21]. Research by [22]
highlighted that the highest tensile strength value was achieved
in the ratio of 0:100 (pure chitosan) crosslinked with a value of
0.19 MPa. The pure chitosan membrane was thicker than the
starch-chitosan composite and pure starch membrane, leading
to an increase in the tensile strength value of the film. Pure
chitosan crosslinked has the highest young's modulus, 47.23
MPa. This high value indicates that the resulting film is solid
and resistant to external damage [23]. Nevertheless, the
addition of sweet potato starch generally causes a decrease in
the value of Young's modulus, demonstrating the brittleness of
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this film-forming agent [24]. The elongation at break value is
inversely proportional to the tensile strength value; pure
chitosan film crosslinked has the lowest value of 0.52%. The
higher the chitosan concentration, the lower the break value's
elongation. Sweet potato starch-chitosan film is more flexible
than pure chitosan due to the addition of sweet potato starch
[19].

Based on Table 3, the effect of glutaraldehyde increases
tensile strength and young's modulus value and decreases
elongation at break value. Glutaraldehyde acted as an
intermolecular crosslinker between the starch, chitosan, and
itself, thus making the film more solid and thick and increasing
the values of young's modulus and tensile strength [25]. The
presence of glutaraldehyde also caused a decrease in the value
of elongation at break, as the crosslinked film was stiffer and
less flexible than the uncrosslinked film. Despite being less
flexible, the crosslinked film was more robust and more
resistant to brittleness.

D. SEM Analysis

@)

Fig 2. The effect of glutaraldehyde in SEM analysis

The morphology depicted in Figure 2(a) indicates no
interaction between sweet potato starch-chitosan film and the
PES membrane, leading to an impermeable barrier. The
addition of a glutaraldehyde crosslinking agent, as reported by
[26], can be seen in Figure 2(b), where it is observed that the
bond between the sweet potato starch-chitosan film and the
PES membrane has become tighter. The bond between sweet
potato starch-chitosan is a result of the stabilization of the
chitosan membrane by the reaction of the aldehyde group on
glutaraldehyde with the amine group in chitosan, which
covalently binds them together. The crosslinking agent also
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causes a reaction between the hydroxyl group of sweet potato
starch and the aldehyde group of glutaraldehyde. This results in
a network of chemical crosslinks for forming the acetal bridge
structure. Moreover, the PES-supporting membrane has a
sulfonate group (SOsH") that produces a positive charge when
it binds to the amine group in chitosan (NH.) [27].

E. Pervaporation Method

The selectivity value of pervaporation can be improved
by increasing the crosslinking of the membrane. Immersing the
membrane in a crosslinking agent solution can do this. Sweet
potato-chitosan membranes were tested to determine their
effectiveness in ethanol-water dehydration, as shown in Figure
1. The selectivity value of the pervaporation process was
calculated using (4). The amount of water absorbed by the
membrane also influences its success in the pervaporation
process. Good membrane characteristics are characterized by
the amount of water that is taken up by the membrane [28].

Tabel 4. The selectivity values of the pervaporation process

i [0)
Starcl;;?oitosan Glutarzfl\(ljv:#;/gg Deg(;IeStgr/oa)ldehyde
0% 1%
100:0 2.62 5.89
50:50 8.45 14.57
0:100 2.90 7.29

Table 4 shows that the sweet potato starch-chitosan ratio
of 50:50 has the highest value when compared to ratios of 100:0
pure sweet potato starch and 0:100 pure chitosan due to the
interaction between the starch and chitosan molecules. The
hydrogen bonding between the two molecules creates physical
bonding. Pure starch membranes have low selectivity values
because of starch's hydrophilic properties and brittleness,
adversely affecting its performance in the pervaporation
process [29]. The composite membrane ratio of 50:50 with a
crosslinking agent demonstrated a higher selectivity value of
15% and an ethanol concentration of 98% than the
uncrosslinked membrane. According to [30] observed a
selectivity value of 14%, compared to 7% without a
crosslinking agent. Crosslinking agents such as aldehyde
groups react with free amino groups in chitosan, forming
covalent bonds and linking polymer chains. Crosslinking agent
makes the membrane more stable, reducing the free volume for
diffusion and absorption. In addition, the selectivity value is
related to the tensile strength of the membrane, swelling degree,
and contact angle.

V. CONCLUSION

Using a composite membrane and glutaraldehyde as a
crosslinking agent significantly affected the selectivity value in
the pervaporation of ethanol purification. Crosslinks in the
membrane increase its hydrophilicity, as indicated by the
swelling degree and permeability result. This increase in
hydrophilicity caused the membrane to absorb more water, as
indicated by the reduction in the permeability value of 861.34
t0 964.26 L/m?.hr.bar and a swelling degree from 204.16% to
226.52%. The addition of a crosslinking agent affected the
mechanical properties, resulting in asolid and thick membrane.
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The

combination of a 50:50 sweet potato starch-chitosan

membrane and the inclusion of glutaraldehyde as a crosslinking
agent produces a high selectivity value of 15% and the ethanol
purification of 98% in the 95% dehydration ethanol-water with
pervaporation process.
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