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ABSTRACT

Water-soluble methyl cellulose was acetylated to use as a hydrophilic membrane material. The
acetylation was preceded under mild conditions to keep a high molecular weight. Acetylation
could be confirmed by Fourier transformation infrared spectroscopy (FT-IR). Acetylated methyl
cellulose (AMC) membrane could be successfully fabricated by an immersion precipitation
method. Various additives were added in a polymeric solution to control the pore size and
cross-sectional structure. Using 1,4-dioxane and acetone as additives changed the membrane
morphology from finger-like structure to sponge-like structure. A membrane fouling test was
conducted by using protein bovine serum albumin (BSA). The membrane-fouling of the AMC
membrane was compared with that of a polyvinylidene fluoride (PVDF) membrane. The AMC
membrane showed much better fouling resistance against protein than the PVDF membrane.
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1. Introduction

Ultrafiltration is a widely used process with many
applications. Significant development of membrane
separation technologies has been commercially
achieved. These developments have been motivated by
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the needs in several industries to reduce the overall
operational costs. Nevertheless, polymeric membranes
are susceptible to fouling. Fouling worsens the mem-
brane performance, shortens its life. The fouling results
in the reduction in the flux and salt rejection. Surface
hydrophobicity is considered as one of the major rea-
sons for membrane fouling. It is generally accepted that
fouling of polymeric membranes decreases with the
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increase in hydrophilicity of the polymeric materials.
Cellulose acetate (CA) is a representative polymeric
material to reduce the membrane fouling. However, the
CA polymer has a low molecular weight and mechani-
cal strength. A serious problem faced during the appli-
cation of membrane filtration in water treatment is
membrane fouling by various foulants like natural
organic matter and protein. Membrane fouling can
cause an increase in hydraulic resistance and a flux
decline, increase operation and maintenance costs, and
shorten the membrane life [1-4]. Ultrafiltration has the
major variety of applications in different industries,
because it is as a separation technology of high effi-
ciency and low-energy consumption [5]. Currently,
much effort has been devoted to improve the perfor-
mance of the membranes in terms of antifouling prop-
erties, high mechanical strength, and good chemical
resistance. CA membranes have low surface roughness
and excellent hydrophilicity that is very important in
minimizing fouling [6-10].

In this study, a cellulosic polymer was synthesized
and a membrane was fabricated with the polymer. An
acetylated methyl cellulose (AMC) membrane was fab-
ricated by a phase inversion method. The membrane
fouling of the AMC membrane was compared with
that of polyvinylidene fluoride (PVDF) membrane.

2. Experimental
2.1. Materials

Pyridine and acetic anhydride (Sigma-Aldrich) were
used for the acetylation of methyl cellulose (MC, Sam-
sung fine chemical). AMC membrane was fabricated by
a phase inversion method [11]. N,N-dimethyl acetamide
(DMACc) was purchased from Samchun Chemical Indus-
tries. Polyvinylpyrrolidone (PVP, 30 K) and polyethylene
glycol #600 (PEG600) were added in solution as an addi-
tive. These are purchased by Wako and Samchun Chem-
ical Industries respectively. Acetone and 1,4-dioxane as a
cosolvent were supplied by Burdick and Jackson and
Junsei, respectively. Filtration solutions were prepared
by dissolving polyethylene oxides (PEO) with molecular
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weights of 100,000, 200,000, and 600,000 from Sigma-
Aldrich in deionized (DI) water. Bovine serum albumin
(BSA, Sigma Aldrich) was selected as a foulant. DI water
(Millipore, USA) was used as a coagulant in membrane
preparation. All chemicals were used without further
purification.

2.2. Synthesis of AMC

A mixture of 3g of MC, 5mL of pyridine, and
15mL of acetic anhydride was stirred in a three-necked
flask at 90°C for 3h under an atmosphere of nitrogen.
Then, the mixture was poured into cold water to pre-
cipitate polymer, which was filtered and purified by
repeated reprecipitation from water. The introduction
of acetyl group by acetylation reaction was confirmed
by Fourier transformation infrared spectroscopy (FT-
IR). The chemical structure is shown in Fig. 1.

2.3. Preparation of AMC membranes

The AMC membranes were fabricated via the
phase inversion process [6-10]. Basically, AMC was
dissolved in DMAc at 100°C under constant stirring
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Fig. 2. Schematic diagram of the experimental UF unit.
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for at least 3h wuntil homogeneous solution was
obtained. The casting solution was then degassed at
50°C for another 1h without stirring to allow complete
release of bubbles. Afterward, the solution were cast
on glass plate with a casting knife and the plates were
subsequently immersed into a DI water bath with a
temperature of 20°C. The fabricated membranes were
washed thoroughly with DI water to remove residual
solvents and then kept in DI water before testing. The
thickness of the wet membranes was about 250 um.

2.4. Characterization of the AMC membranes

The surface and cross-sectional morphology of the
AMC membranes were studied using scanning elec-
tron microscope (SEM) (JSM-5610LVS, Japan) with an
accelerating voltage of 15kV. The membranes frozen
in liquid nitrogen were broken and sputtered with
gold before SEM analysis. A dead-end stirred cell fil-
tration system connected with a nitrogen gas cylinder
and solution reservoir was designed to characterize
the performance of membranes. The system consists
of a filtration cell (Model 8200, Millipore Co., USA)
with a volume capacity of 200mL and an inner diam-
eter of 62mm. The effective area of membrane was
28.26 cm? The feed side of system was pressed by
nitrogen gas. All the filtration experiments were car-
ried out at room temperature of 20°C in a dead-end
UF module of vertical flow as shown in Fig. 2. The
cell was placed on a magnetic plate and the feed solu-
tion stirred by a magnetic bar in order to reduce con-
centration polarization. The membrane filter sheet was
placed on the membrane base and the lowest part of
the cell had been screwed together with the mem-
brane and the base. The membranes were pressurized
at 1Kgf/cm® using DI water. The exposure time was
10s. A rejection rate of the PEO was confirmed by
HPLC. Membrane fouling test was conducted with
the same apparatus. The aqueous BSA 100 ppm solu-
tion was used for the fouling test. Flux data were
accumulated for 600s. The operating pressure was
1Kgf/cm®. Atomic force microscope was used for the
analysis of the membrane surface roughness.

3. Results and discussion
3.1. FT-IR analysis of AMC

Characteristic FT-IR absorbance spectra have been
used to determine the acetylation of MC as shown in
Fig. 3. The MC exhibited the broad stretching vibration
of hydroxyl group (<OH) about 3,500 cm™. Also upon
the acetylation reaction between MC and acetic anhy-
dride, a new strong characteristic peak appeared at
1,750cm™, which is assigned to carbonyl group in
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Fig. 3. FT-IR spectra of (a) methyl cellulose and (b) AMC.

AMC. The band at about 2,929 cm™! assigned to an
asymmetric stretch vibration of CH, from the CH,-OH
group in MC. In addition, the shift of the stretching
vibration of hydroxyl group (-OH) to a higher wave
number attributed to the interaction between MC and
acetic anhydride. As compare to MC, AMC shows the
peak position of stretching vibration of CH, shift to
higher wave number and this result came from coordi-
native interaction in acetylation. The results show that
FT-IR spectroscopy can be used to assess the chemical
structural changes in MC during acetylation reaction.

3.2. Effect of AMC concentration on the properties of
membrane

AMC membranes were formed by non-solvent
induced phase separation process. It is known that the
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Fig. 4. Effect of AMC concentration on morphology of the synthesized flat sheet membrane; (a) AMC 7wt% (b) AMC

10wt% (c) AMC 12wt% (d) AMC 14 wt%.

polymer concentration in the solution strongly influ-
ences the structure of the membrane. With 7, 10, 12,
and 14wt% AMC, respectively, were dissolved in
DMAc at 100°C added PVP 5wt% as an additive
under constant stirring for at least 5h until homoge-
neous solution was obtained. The casting solutions
were then degassed at 50°C for another 1h without
stirring to allow complete release of bubbles. After-
ward, the solutions were cast on glass plate with the
help of baker film applicator. The cast membranes
were evaporated for 10s, followed by immersion in a
bath containing water. The fabricated membranes
were washed thoroughly with DI water to remove
residual solvent and then kept in DI water before test-
ing. The thickness of the wet membranes was about
250 pm. Four membranes were prepared by the same
preparation method. Fig. 4 shows SEM images of
membrane cross-sections. There is a noticeable varia-
tion in the membrane structure forming a finger-like
morphology to a more densified structure for increas-
ing AMC concentration. The pure water flux (PWF)
and rejection of these membranes were plotted in
Fig. 5. The rapid decrease in flux is observes. As can
be observed, rejections of the synthesized membranes
were reduced by increasing AMC concentration.
Increasing AMC concentration from 7 to 14 wt% inten-
sifies thermodynamic instability of the polymer solu-
tion, and thus, demixing of this concentrated solution
can be performed with less amount of non-solvent.
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Fig. 6. Effect of 1,4-dioxane on morphology of AMC membranes; (a) D60 (b) D50 (c) D40 (d) D30 (e) D20 (f) D10.

3.3. Effect of cosolvent composition

CA is the acetate ester of cellulose, which is a
famous hydrophilic membrane material. The concen-
trations of membrane material in the casting solutions
were fixed at 10wt% and added PEG600 5wt% as an
additive. 1,4-dioxane was used as a cosolvent in order
to reduce the pore size of the membrane surface. The
casting solutions of AMC and 1,4-dioxane in DMAc
were homogenous without observable phase separa-
tion. The volume content of 1,4-dioxane in solvent is
75, 65, 55, 45, 35, and 25, respectively, named as D10,
D20, D30, D40, D50, and D60.

Fig. 6 shows the SEM images of the membrane
morphology. These membranes had similar finger-like
structures except for D10. D10 membrane shows
completely sponge-like structure. In other words, no
macrovoids were shown. The specific results are
shown in Table 1. It is confirmed that cross-section
structure was dense as 1,4-dioxane content increased
over 75wt% like D10. AMC membranes with DMAc

Table 1

Effect of 1,4-dioxane on membrane performance

Membrane 1,4- PWF R(%) of R(%) of

dioxane (LMH) PEO PEO

100,000 200,000

D10 75 152 - -

D20 65 373 - -

D30 55 449 54 79

D40 45 665 65 84

D50 35 804 63 80

D60 25 1,328 52 75

have remarkably higher PWFs. Fig. 7 shows the PWFs
of the prepared AMC membranes increased from 152
to 1,328L/ m?h with an increase in DMAc content
from 10 to 60wt%. Moreover, by increasing the
amount of 1,4-dioxane in the casting solution, macrov-
oids were disappeared due to the delayed demixing.
In general, cosolvent can increase the solvent power,
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Fig. 7. Effect of 1,4-dioxane on water flux.

which means that the cosolvent can easily break inter-
action force between polymeric chains. In other
words, the intrusion rate of non-solvent through the
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polymeric solution can be slow. For delayed demix-
ing, more compact skin layer can be formed due to
the inhibition of the inflow of non-solvent into the
polymeric solution. In the case of delayed demixing,
the introduction of the nuclei of polymer-poor phase
would be delayed. Therefore, macrovoids are signifi-
cantly disappeared. Without the addition of 1,4-diox-
ane, large macrovoids were shown due to the
instantaneous demixing, which means that the inflow
rate of non-solvent becomes much faster than the out-
flow rate of solvent mixture. The instantaneous
demixing results in more porous structure of the
upper part of the membrane.

As shown in Table 1, the rejection of D40 mem-
brane was 84%, which means that majority of PEO
200,000 could not go through the D40 membrane. The
concentration polarization layer was easily formed in
this case [12-15].

Introduction good solvent in the AMC casting
solution lets the macrovoids appear at the membrane

Fig. 8. Effect of 1,4-dioxane and acetone concentration on morphology of AMC membranes (1,4-dioxane/acetone); (a) 1:4

(b) 1:3 (c) 1:2 (d) 1:1 (e) 2:1 (f) 3:1.
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Table 2

Membrane performance used for protein-fouling test
Membrane PWF (LMH) MWCO
AMC 2,100 PEO 200,000
PVDF 1,900 PEO 200,000

cross-section. Instead of good solvent of DMAc, sol-
vent mixture of acetone and 1,4-dioxane was used.
Homogeneous casting solution could be obtained.
From the cross-section images of Fig. 8, it can be
observed that the membranes showed sponge-like
structures at the membrane cross-section. It can be
explained that acetone which has a low boiling point
can evaporate at the membrane surface during solu-
tion casting, which means that the polymer concentra-
tion of the membrane surface until the nascent
membrane is immersed into the coagulant becomes
higher. The synergy effect of 1,4-dioxane and acetone
on the demixing process can supply more compact
surface and sponge-like structure at the membrane
cross-section.

3.4. Improvement in antifouling property

The surface roughness is an important factor
affecting the antifouling property of membrane. The
flux change could be explained by the balance
between the pore-covering effect and the increase in
surface roughness. It is generally accepted that
improvement in the hydrophilicity and surface rough-
ness of microporous membrane may bring some
increase in the water permeation flux. The main factor
inducing the protein fouling was thought to be the
interaction between the protein and the membrane
[16]. In general, protein cannot attach on more smooth
and hydrophilic membrane surface.

Before fouling test, the AMC and PVDF mem-
branes with similar membrane performance were fab-
ricated. Table 2 shows the results. Two membranes
have similar water flux and the same pore sizes.
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Fig. 9. Protein fouling of the AMC membrane.
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Fig. 10. AFM images of (a) AMC and (b) PVDF membrane.

Fig. 9 shows that the AMC membrane has much
better fouling resistance against protein than the
PVDF membrane. The flux decline of the AMC mem-
brane is not shown. In contrast, the flux decline of the
PVDF membrane is very fast. Fig. 10 shows the sur-
face roughness of the AMC and PVDF membrane.
The surface of the AMC membrane is very smooth.
However, the surface of the PVDF membrane is very
rough. These results can explain the reason of the low
fouling of the AMC membrane.

4. Conclusions

AMC could be successfully prepared by acetyla-
tion of MC. The effect of additives on the AMC mem-
brane performance was investigated. Membrane
morphologies were observed by SEM. Increasing 1,4-
dioxane concentration in the casting solution resulted
in a decrease in flux and an increase in PEO rejection.
Macrovoids in the membrane cross-section were com-
pletely disappeared by using 1,4-dioxane as an addi-
tive. The correlation between membrane surface
morphology and fouling property was investigated by
the filtration of BSA solution. The slow decline in the
relative flux was shown in case of AMC membrane.
In contrast, more significant flux decline was observed
in the PVDF membrane. AMC membrane still showed
higher antifouling effect compared with PVDF
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membranes due to smooth surface. Thus, membrane
roughness is quite important for achieving useful anti-
fouling property as well as a lower decrease in water
permeability during filtration.
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