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Introduction

Effect of Solvents in the Performance of Cellulose Acetate/
Poly(1,4-butylene succinate) Membrane Prepared by Using Phase
Inversion Method

Siti Nurkhamidah?®t,Retno Dwi Nyamiati®, Arnesya Ramadhani?, Bertiningrum Cintya Devi?, Bagus
Arief Febriansyah?, Yeni Rahmawati?, Ali Altway?

Most of the cellulose acetate (CA) membrane for desalination process was prepared by using the phase inversion method.
In this study, CA was modified by poly(1,4-butylene succinate) (PBS) with the addition of PBS was 0—40 wt% of the total
material used (CA and PBS). CA/PBS membranes have been prepared by using the phase inversion method with the
variation of solvents used. The membrane of CA/PBS was prepared by using dimethylformamide (DMF), N-methyl-2-
pyrrolidone (NMP), and tetrahydrofuran (THF), respectively of which each of the solvents was mixed with acetone in the
ratio of 50:50. The hydrophilicity of membranes was characterized by using Fourier Transform Infra-Red (FTIR) and water
content. Scanning Electron Microscope (SEM) was used to observe the morphology of the membranes. Salt rejection and
permeate flux was analyzed to observe membrane performance. The experiment results show no tendency was shown
from the results either in its hydrophilicity or permeate flux. The morphology of membranes shows finger-like and sponge-
like structures. For all variables of solvents used, salt rejection of membranes increased with the addition of PBS, of which
the highest order was obtained from acetone, acetone/NMP, acetone/DMF, and acetone/THF. The best performance of
membrane was prepared in acetone CA/PBS 90/10 with the salt rejection of 75% and permeate flux of 1956.52 L/m? h.

Sebagian besar membran selulosa asetat (CA) untuk proses desalinasi dibuat dengan menggunakan metode inversi fasa.
Dalam penelitian ini, CA dimodifikasi oleh poli(1,4-butilena suksinat) (PBS) dengan penambahan PBS 0-40% berat dari
total bahan yang digunakan (CA dan PBS). Membran CA/PBS dipreparasi menggunakan metode inversi fasa dengan variasi
pelarut yang digunakan. Membran CA/PBS dibuat dengan menggunakan dimethylformamide (DMF), N-methyl-2-
pyrrolidone (NMP), dan tetrahydrofuran (THF), dimana masing-masing pelarut dicampur dengan aseton dengan
perbandingan 50:50. Hidrofilisitas membran dikarakterisasi dengan menggunakan Fourier Transform Infra-Red (FTIR) dan
uji kadar air. Scanning Electron Microscope (SEM) digunakan untuk mengamati morfologi membran. Salt rejection dan
permeate flux dianalisis untuk mengamati kinerja membran. Hasil percobaan tidak menunjukkan kecenderungan baik
dalam hidrofilisitas maupun permeate flux. Morfologi membran menunjukkan struktur seperti jari dan seperti spons.
Untuk semua variabel pelarut yang digunakan, salt rejection terhadap membran meningkat dengan penambahan PBS,
dimana urutan tertinggi diperoleh dari aseton, aseton/NMP, aseton/DMF, dan aseton/THF. Kinerja membran terbaik
didapat dengan preparasi dalam aseton CA/PBS 90/10 dengan salt rejection 75% dan permeate flux 1956,52 L/m? h.

Keywords: Cellulose acetate, desalination, membrane, PBS, phase inversion.

this technique, a casting solution comprising of polymer and sol-
vent is immersed into a non-solvent coagulation bath, and a poly-
mer solution is a phase-separated into polymer-rich and polymer

Membrane technology is now considered a promising separation
tool in various industrial processes such as food, pharmaceutical,
biotechnology, pure water production, and wastewater treat-
ment.! Membrane separation processes are preferential compared
to the other conventional separation processes for several reasons,
such as easy scale-up, lower energy consumption, selective separa-
tion of materials, and low space need.?

Phase inversion is a suitable method for preparation of poly-
meric membranes having all types of morphological structures. In
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lean phases in a controlled manner.3 The solidification process is
very frequently started by the change from one liquid phase into
two liquid phases (liquid-liquid de-mixing). At a certain period dur-
ing de-mixing, the polymer-rich phase solidifies so that a solid
membrane matrix is formed.>* Membrane morphology, such as
pore size can be controlled by choosing different solvents, non-sol-
vents, polymers, pore parameters, and fabrication parameters de-
pending on the specific application.>

The first generation cellulose acetate (CA) membranes yield low
flux and are susceptible to chemical and bacteriological agents.6 CA
performance can be improved by mixing it with appropriate addi-
tives to meet new requirements and related membrane properties.
Cellulose acetate membranes with different polyvinylpyrrolidone
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(PVP) concentration and coagulation-bath-temperature were pre-
pared by Saljoughi.” They have found that the addition of PVP 0 to
3 wt.% to the polymer solution increased the macro-voids, and con-
sequently, the pure water flux was raised. However, due to the fur-
ther addition of PVP to 6 wt.%, the macro-void formation was sup-
pressed, and pure water flux (PWF) was reduced. Cellulose acetate
membranes with different polyethylene glycol (PEG) concentration
and thermal study were prepared by a group of researchers by Ar-
thanareeswaran, and Kim et al.®8 have also investigated the effect
of PEG as a pore-former on polysulfone/(NMP) membrane for-
mation using phase inversion process, the have also observed that
the membrane surface pore size becomes larger, and the top layer
appears more porous, and the distance from the top surface to the
starting point of macro-void development becomes greater. On the
other hand, they have reported that with increasing of the PEG ad-
ditive Mw, water flux was increased, and PEG solute (PEG of 12,000
and 35,000 Da used as solutes) rejections were observed to de-
crease. In general. Cellulose acetate membranes with different
poly(butylene succinate) (PBS) concentration were prepared by
Ghaffarian.? They have found the best membrane for wastewater
purification in variations of CA/PBS (15/85), which has more hydro-
philic membrane properties and has the best performance that is
turbidity rejection up to 99%. Polymer additives are very important
for improving membrane properties,®1° especially pore structure,
mechanical stability, thermal stability, hydrophilicity, flux, and re-
jection ability.>7

The most important family of developed biodegradable poly-
mers includes aliphatic polyesters such as poly (e-caprolactone)
(PCL), poly(hydroxy alkanoates) (PHAs), poly(butylene succinate)
(PBS), poly(L-lactic acid) (PLA) and poly (butylene adipate) (PBA).11
Additionally, PBS, whose ester bonds can be chemically degraded
by water, has remarkable processability.12

In this study, CA has been modified with PBS with the addition
of PBS from 0—40 wt%. CA/PBS membranes have been prepared by
using the phase inversion method with the variation of solvents
used. Acetone and mixing solvents of acetone/dimethylformamide
(DMF) with ratio 50:50, acetone/N-Methyl-2-pyrrolidone (NMP)
with ratio 50:50, and acetone/tetrahydrofuran (THF) also with ratio
50:50 in order to prepare a novel asymmetric membrane with en-
hanced properties and at the same time extend its practical appli-
cation as a biodegradable product. The final membrane’s charac-
teristics were evaluated in terms of the hydrophilicity, morphology,
and performance of the membrane.

Experimental Methods

Materials

Cellulose acetate (CA, Il_/In: 30,000 Da, density = 1.3 g mL?1);
poly(1,4-butylene succinate) (PBS, density = 1.3 g mL? at 25 °C)
were purchased from Sigma Aldrich. The solvent used was acetone,
1-methyl-2-pyrrolidone (NMP), dimethylformamide (DMF), tetra-
hydrofuran (THF), which was supplied from Merck and sodium chlo-
ride from Sigma Aldrich.

Method
Membrane Preparation

CA/PBS membranes were prepared by phase inversion process as a
well-known technique for preparing a variety of membranes. The
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blend solutions based on CA and PBS were dissolved at different
compositions in acetone and a mixture of acetone-NMP, acetone-
DMF, and acetone-THF in the ratio of 50:50. The homogeneous so-
lution was cast on a glass plate by a film applicator and moved to-
ward a water bath to complete the phase separation, where the
exchange between solvent and the non-solvent (water) was in-
duced. The total solvent was 17 mL and total polymer was 2.5 g.

Table 1. Compositions of CA/PBS for prepared membranes

Membrane’s code CA/PBS Blend Ratio
1 100:0

90:10

80:20

70:30

60:40

50:50

40:60

30:70

00 N O LB~ W N

CPBA is a variation with acetone solvent, CPBAN variation with
acetone-NMP solvent, and CPBAD is a variation with acetone-DMF
solvent, and polymer variations are shown in Table 1.

Membrane Characterization

Morphology of Membranes

Cross-sectional and surface morphologies of the membranes
were observed by using scanning electron microscopy (SEM).
The membranes were frozen in liquid nitrogen, broken, and
sputtered with gold before SEM analysis.

Hydrophilicity of Membranes

Fourier Transform Infrared (FTIR) spectra were performed at
the wavenumber of 500-4000 cm-. Water content is consid-
ered to be important characterization parameters as it indi-
rectly indicates the degree of hydrophilicity or hydrophobicity
of a membrane. The membrane was kept until constant in the
oven with temperature 1000 °C and prepared for wet sample
weight is kept in distilled water and set at room temperature
until constant. Water content was calculated using the follow-
ing equations, where WC stands for water content, W, for wet
sample weight, and D; for dried sample weight.13

WC(%) = 7222 X 100% (1)

Membrane Performance

Water flux and salt rejection were characterized using a cross-
flow system. This experimental set-up consists of a reservoir,
a pump, valves, pressure gauges, and a flat sheet membrane
module. Membrane flux was calculated using the following
equations:

Flux = %At (2)

Where Q is the quantity of permeate (L), A is the effective
membrane area (m2), and At is the sampling time (h).14 Salt
rejection was calculated using the following equations.®

R(%) = % x 100% 3)
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Where R is the salt rejection, and Crand C, are the concentration of
the feed and permeate.

Result and Discussion

Characterization and Performance Membrane CA/PBS with Ace-
tone Solvent

The results of the FTIR analysis show the spectrum of the groups
contained in the CA/PBS/Acetone membrane. The hydrophilicity
character of a membrane can be analyzed from wavenumber at
1600-1800 cm™ as the —OH group in FTIR in Figure 1.

Transmittance (a.u)

CPBAT Yo "N/~

-OH -CH SN
=0 c.oCcp

1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 1. The results of the FTIR analysis.

Peak area of —OH and pore size of CA/PBS membranes have
been calculated from FTIR spectra and SEM images, respectively,
and summarized in Table 2. The —OH area of CA/PBS membrane in-
creases with the addition of PBS up to 10.0 wt% and decreases with
further increasing of PBS contents. This indicates that hydrophilicity
of the CA membrane increases with the addition of 10.0 wt% of PBS.
However, hydrophilicity decreases when PBS is more than 10.0
wt%.

Table 2. Peak —OH and Pore Size CA/PBS membrane in acetone as a
solvent

Membrane Area of -OH peak Pore Size
(unit area) (um)
CPBA1 4.40 0.52
CPBA2 4.80 0.26
CPBA3 4.50 1.33
CPBA4 4.24 1.52
CPBAS 3.37 2.03

The pore size of the membrane can be calculated from the SEM
images, as summarized in Table 2. It can be seen that CPBA2 has the
smallest pore size. SEM images show that the CA/PBS membrane
exhibits an asymmetric structure. Pure CA in variable CPBA1 has
fully porous in the top layer. However, the addition of PBS has grad-
ually changed the final structure of the blend samples to spongy
form, whereas their asymmetry has been retained. This result is in
agreement with the previous study by Ghaffarian et al. Pore size can
also affect the performance result of salt rejection. The smallest of
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pore size membrane resulting in the smallest amount of salt parti-
cles that escapes and causes the rejection increases.

Figure 2 shows the performance of the membrane with the ad-
dition of PBS up to 40 %. The addition of a 10.0 wt% PBS increase of
salt rejection to 75% and also exhibits the highest permeate flux.
This result is in agreement with FTIR and pore size of membranes.
The highest hydrophilicity is CPBA2, which is correlated with perme-
ate flux since the pore size of CPBA2 is small.

4000 80
T 3500 70
T 3000 60
= 2500 50 §
= S
2 2000 40_5
2 1500 30 &
£ 1000 08
5 500 = Fluks Permeate 10

e —e— Salt Rejection

0 0
0 2 4 6

Variable CPBA

Figure 2. Salt rejection and permeate flux of CA/PBS in acetone
Membranes.

The hydrophilicity of membranes is enhanced by the addition of
PBS up to 10%. Therefore, improvement of permeate flux by the ad-
dition of PBS up to this limit is expectable. However, PBS is more
hydrophobic if compared with CA. Consequently, has lower affinity
to water as non-solvent in the preparation process. Thus, in PBS-
rich solution, the salt rejection is low, increases in PBS concentra-
tion result in lower of salt rejection.

Characterization and Performance Membrane CA/PBS in Various
Solvent

The results of peak —OH analysis in the CA/PBS/mixing solvent. Are
of peak —OH read in Table 3 with the variation of solvent Acetone-
NMP; Acetone-DMF; and Acetone-THF. Table 3 shows the result of
the measurements of the —OH area; it is known that there are an
increase and decrease in the area of a peak —OH group in the FTIR
result. On CA/PBS membranes with a variety of solvent acetone-
NMP, with the increasing of PBS polymer content, the area of —-OH
groups decrease. The use of solvent NMP can make finger-like
membrane pores.

According to Hasen, the permanent dipole-dipole interactions
(6p), dispersive (84), and hydrogen bonding forces (65) should be
taken into consideration. Consequently, the solubility parameters 6
can calculate as follows in Equation (4):

8% =65+ 62 + 87 (4)

The Hansen solubility parameter differences among the solvent
and the membrane forming polymers were computed using Equa-
tion (5).

A= \/[(‘SP,d - 5s,d)2 +(8pp — ss,p)z +(8pn— 5s,h)2] (5)

Where S and P denote the solvent and polymer respectively and p,
d, and h represent for polar, dispersive, and hydrogen bonding ele-
ments of the Hansen solubility parameter. The polymer-solvent in-
teraction parameter is inversely proportional with the Hansen solu-
bility parameter (4), the smaller difference between the solubility
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parameters of polymer and solvent, the stronger the polymer-sol-
vent interaction. The result of the solubility parameter difference is
in Table 4. The composition of acetone-NMP solvents with 50:50
variation has smaller RHSP(s-p) values compared to just acetone can
be seen at Table 4, which means that the interaction between the
solvent and water will be fast or is called rapid de-mixing which re-
sults in the formation of finger-like pores.1?

Table 3. Hydrophilicity and pore size of membranes in various sol-
vent

Variable Water Content Area of Pore Size
Membrane (%) —OH Peak (um)
(unit area)
CPBAN1 73.45 6.15 0.15
CPBAN2 76.98 7.05 0.18
CPBAN3 14.20 5 1.19
CPBAN4 74.51 5 0.041
CPBANS 77.05 45 0.204
CPBAN6 74.76 2.88 0.2
CPBAN7 79.75 2.85 0.1
CPBANS8 76.32 3.17 0.2
CPBAD1 8.05 3.12 -
CPBAD2 72.54 4.99 0.24
CPBAD3 61.88 4.97 0.10
CPBAD4 73.22 4.23 0.91
CPBADS 70.22 4.46 0.25
CPBAD6 79.14 3.37 0.29
CPBAT1 22.68 5.2 0.4
CPBAT2 11.61 5.59 0.2
CPBAT3 14.20 2.64 -
CPBAT4 65.35 4.9 0.2
CPBAT5 68.80 2.65 0.306
CPBAT6 75.52 3.20 0.2

Cross-sectional images of the membrane with various composi-
tions were depicted in Figure 3. Asymmetric structure all mem-
branes comprise a dense top layer and a porous sublayer. As shown,
pure CA with solvent acetone-NMP membrane has fully developed
finger-like pores formed in the sublayer. However, mixing CA with
PBS has gradually changed the final structure of the blend samples
to spongy form. This variation is clearly obvious, which refers to de-
lay de-mixing during the process of the membrane solidification in
a coagulation bath, as mentioned by some researchers.16-18

Table 4. RHSP (S-P) and RHSP (S-W) of solvents with Hansen Solubil-
ity Equation

Ratio RHSP (s.p) RHSP (s.w)
Acetone (100) 16.128 33.146
Acetone:NMP (50:50) 18.755 32.286
Acetone:DMF (50:50) 18.90 31.06
Acetone:THF (50:50) 6.81 36.56
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It can be seen in Figure 3 this group has finger-like pore in
CPBAN1 until CPBAN4, but the addition of PBS can eliminate finger
pores and make the membrane have sponge pores, and the best of
CA/PBS with the acetone-NMP membrane is CPBAN5 with salt re-
jection as shown in Figure 4 is 71.43% and directly proportional to
the permeate flux is 2500 L/m? h.

Figure 3. SEM Cross-sectional Image of the CA/PBS/variation sol-
vent Membranes.

Table 3 also presents the area of —OH in CA/PBS membranes
with a variety of solvent acetone-DMF. It can be seen that the addi-
tion of PBS can increase the OH group’s area with the addition of
10% wt PBS. DMF solvent ratio up to 50% can increase the interval
of finger-like pore width and sponge-like pore diameter.1® But the
addition of PBS up to 50% can eliminate finger pores and make the
membrane have sponge pores, which can be seen in Figure 3. This
can be used in the Equation (4) the composition of acetone-DMF
50:50 has smaller RHSP(s-p) values compared to just acetone can
be seen at Table 4, which means that the interaction between the
solvent and air will be fast or is called rapid de-mixing which results
in the formation of finger-like pores. The best of CA/PBS with the
acetone-DMF membrane is CPBAD2 with salt rejection in Figure 4 is
66.67% with permeate flux is 2043.23 L/m2 h. The —OH area of
CA/PBS membranes with a variety of solvent acetone-THF also sum-
marized in Table 3. It can be seen that the addition of PBS can in-
crease OH groups up to 5.59 cm? at the addition of PBS 10% wt.

THF ratio up to 50% v can eliminate the interval of finger-like
pore width and increase sponge-like pore diameter because in the
Equation (4) the composition of the acetone-THF 50:50 has greater
than RHSP(s-p) values compared to just acetone can be seen on Ta-
ble 4, which means that the interaction between the solvent and air
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will be slow or is called delayed de-mixing which results in the for-
mation of eliminate finger-like pores and increase sponge-like. The
best of CA/PBS with acetone-THF membrane is CPBAT2 with salt re-
jection in Figure 3 is 23.337% with permeate flux is 928 L/m?2 h.
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Figure 4. (a) Salt rejection and (b) permeate flux of CA/PBS/Mixing
solvent membranes.
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Figure 5. Salt rejection of the four best membranes.

Comparison Best Result from Various Solvent Variations

The four best membranes (CPBA2, CPBANS, CPBAD2, and CPBAT2)
among various studied using different solvents can be seenin Figure
5. This result is in agreement with pore size analysis from SEM im-
ages.The highest salt rejection is found in CPBA2 with has the small-
est pore size due to the use of acetone as a solvent; this result is in
accordance with research conducted by Derdoy.2° Variable CPBAT2
has the lowest performance results because THF has the smallest
boiling point, which results in the results of membrane characteri-

Indonesian Polymer Journal, 2019, 22(2), 10-15 | 14

zation with an acetone-THF mixture having larger pores. From Fig-
ure 5, it is concluded that the performance of CA/PBS membranes
is affected by the solvent, and the order is acetone > acetone/NMP
> acetone/DMF > acetone/THF.

Conclusions

CA/PBS membranes were synthesized using the phase inver-
sion method with the variation of mixing solvent. Destabiliza-
tion of the casting solution by the addition of the PBS some-
what limits the growth of the polymer-lean phase and thus the
growth of the macro voids, which consequently facilitates the
formation of a sponge-like structure.

For all variables of solvents used, salt rejection of mem-
branes increases with the addition of PBS. In terms of salt re-
jection, the order of solvents resulting in membrane with high
salt rejection is acetone, acetone/NMP, acetone/DMF, and ac-
etone/THF. Membrane with the highest performance is
CA/PBS membrane prepared by using acetone as a solvent with
a variation of CA/PBS is 90/10 with the salt rejection of 75%,
permeate flux of 1956.52 L/m?2 h, pore size 0.26 um and area
of —OH peak is 4.8 unit are.
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