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ABSTRACT

Enhancing membrane permeation is usually an important parameter in the membrane development
for filtration. In this study, polysulfone membrane equipped with different concentration of silver
nitrate (0.5-2.0 wt%) were fabricated by phase inversion and later be known as composite
membrane (CM) followed by letter (A till F) to indicate membrane composition. This study will
investigate the effect of silver nitrate concentration to membrane permeation. Membrane
morphology was investigated via scanning electron microscopy (SEM) and Fourier transform
infrared spectroscopy (FTIR). Based on SEM examination, all composite membrane exhibits
sponge-like structure otherwise FTIR for composite membrane with silver nitrate (CM B till CM E)
shows additional peak at 1149.57 and 1294.24 indicating silver nitrate presence. In permeability
test, composite membrane (CM C) with 1.0wt% silver nitrate achieved 22.25 L/m?.h of flux, the
highest among all the composite membrane configuration. Thus, the result implied the addition of
silver nitrate can increase permeation performance though excessive content may reduce the
performance up to 50% of flux reduction. This work provides a better understanding of silver nitrate
implication toward membrane permeability therefore provide an insight to any application of silver
nitrate in membrane composition.
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INTRODUCTION

Water plays a very important role in life and usage span from domestic usage, power generation,
agricultural activities and even tourism industries. However, one of the world most contributing
environmental problem was associated with water i.e. polluted water basin or contaminated ground
water all of which required more focused water treatments to meet the demand of clean
water/potable water [1]. There are various techniques used for polluted water treatment such as
precipitation of chemical agent [2-5], adsorption on activation carbon [4-8], ion-exchange on resins
as well as membrane processes [9-15]. Albeit water is the main elements made up the earth, and
accessible by us, but due to various activities happen surround it has causes the water to pollute.
Thus, a well management of water development should be implemented in order to conserve and
maintain the water quality. It has been a nature for us to take an action only after a really critical
crisis happen.
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In water treatment technology, membrane separation received significant advancement in
this recent years and mainly subjected to its ability to remove microbes, particles and even reducing
water with high heavy metal [16]. Beside, membrane filtration has also been applied in the field of
food processing [17-21], downstream process especially for biotechnology industry [22-25],
seawater treatment or desalination process [24,26-30] and many other type of separations [17,31—
34]. The main reason of choosing membrane as part of the process were usually ease of operation,
minimum waste generation and relatively low power needs [35].

However, there are drawbacks of choosing ultrafiltration (UF) and microfiltration (MF) due
to their large pore size therefore allow passages of viruses and other nanoparticles as permeate.
Moreover, any flaws on membrane surface or structure may also contribute to virus penetration.
Therefore, in order to reduce risk of virus or other microorganism passing through the filtration
process, several aids have been applied including ozone treatment and chlorination following
filtration system. This extra process were installed in place to provide secondary antibacterial
protection before water distribution or consumption [36]. In order to reduce the number of stages in
tertiary treatment, researchers introduce membrane capable of antibacterial ability where the
traditional polymeric membrane were given the ability to disinfect bacteria. Several type of
additives with antibacterial properties has been tested over the years such as silver nitrate [37—-40],
chitosan [41-44], carbon nanotubes [41,45-47], graphene [48-52] and titanium dioxide [53-56].

Although in several occasion, the organic microfiltration and ultrafiltration able to remove
the virus effectively without aids from pre or post-treatment. [57]. Any water sources contain high
natural organic matter (NOM) may reduce significantly the membrane ability to filter and this
phenomenon are known as membrane fouling. Membrane fouling is a major problem for membrane
and usually lead to performance reduction and limit the effective area of membrane. [16].

The few factors that define a membrane’s effectiveness are permeability, pore structure,
selectivity, hydrophilicity, and mechanical stability As for permeability which mostly affected by
fouling can be control by introducing nanoparticles to altered the membrane structure[58]. Besides
that, polymeric membranes are favored for their ease of fabrication and their low cost [59],
however, their disadvantages are that the polymers most commonly used, namely polysulfone
(PSU) which are semi-hydrophobic which can lead to reduced flux and increased fouling [60] but
the polyethyleneimine had been used in this study to increase the hydrophilicity with the adding of
silver nanoparticles. Silver is another commonly used nanoparticle for nanocomposite membranes:
silver nanoparticles are widely known to be antimicrobial, and there are commercial home water
systems currently available which use membranes or filters coated with silver nanoparticles, and
these are reported to remove 99.99% of pathogens[47]. They have also been shown recently to
improve hydrophilicity in polymeric membranes [61] and change the porous structure of
membranes [62].

Polyethyleneimine (PEI) can be used as a stabilizing agent and reducing agent [63]. In this
study PEI was used as stabilizing agent for silver nanoparticles formation. As stabilizing agent, PEI
will provide increase in hydrophilicity, lowering non-intended adsorption and increase water
solubility of the membrane. [60,61]. Despite the ability to increase membrane permeability, PEI
also consist of cationic charge that can react with heavy metal ion either in basic or acidic
environment to form a complex coordination [66]. Nevertheless, the ability of PEI modifying the
membrane morphology has not been study in-depth providing more area or function for further
exploration. [67].

For the preparation of ultrafiltration membrane, polysulfone (PSU) are usually the popular
choice of polymer among fabricator due to its abilities to withstand heat and easy to form [68].
However, there are several limitation of polysulfone as membrane polymer for instances it
hydrophobic properties will result in reduced water flux making it susceptible to fouling [69]. Thus,
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several methods have been developed for reducing polysulfone hydrophobicity and the most notable
are by blending polysulfone with hydrophilic polymer. Furthermore, several metal has shown
ability to modified membrane structure by suppressing hydrophobic properties including silver,
copper and zinc, apart from that giving the membrane added value for example antibacterial
properties [18].

Despite polysulfone hydrophobic properties, it still popularly used in the applications of
pharmacy, biology and medicine due to its high stability on a variety of methods. The advantages of
PSU are high rigidity, stability and creep resistance. Besides, it also exhibits good thermal stability.
Thus, several works has been proposed to modified polysulfone membrane with aim to reduce the
tendency of membrane foulants as well as improving other properties [70]. These studies involve on
the addition of additive, composition formulation, processing variables as well as the study of
kinetic and thermodynamic phase inversion. Among these modification techniques, addition of
additive is widely used for membrane making[62].

In this work, silver nitrate is selected as additive that will be introduced into PSU to form
mixed matrix membrane. The present effort focuses on the improving flux of PSU-based membrane
by incorporating AgNO3z and NMP. It is expected that the addition of such materials will not only
improve membrane separation performance but also will create synergetic effect towards improving
membrane permeation leading to high flux.

EXPERIMENTAL SET UP

Material

Polysulfone (PSU) pellets (PSU with MW = 35 kDa) and polyethylenimine (PEI) branched (PEI
with MW = 25 kDa) were purchased from Sigma-Aldrich Trading Co., Ltd. (USA), used as
polymer for the membrane fabrication. PEI was supplied with low mol. wt., 50 wt. % solution in
water. The solvent for PSU pellets is 99.5% of N-Methyl-2-pyrrolidone (NMP) was obtained from
Sigma-Adrich Trading Co., Ltd. (USA). Powdered activated carbon (AC) was purchased from
Norit Americas, Inc. (USA). 98% of Silver Nitrate (AgNO3) was supplied from Merck (Germany).
The distilled water was used as the non-solvent for the polymer precipitation.

Preparation of membrane

The flat sheet polysulfone (PSU) membranes are prepared by using a wet phase inversion method.
According to [71], 0.3wt% of PEI, 15% PSU and 0.5 wt% AC were solubilize in NMP (85 wt %)
and the solution was magnetically stir for 7 h to form a homogenous solution at 40 °C. The lid of
the container was kept close to prevent the solvent loss due to evaporation during the whole stirring
process (360 rpm). Figure 1 shows the schematic illustration to prepare a flat sheet membrane.

Solvent evaporation
AgNPs Solvent-non solvent
3 /
Homogeneous dope Polymer Coagulation bath

solution

Figure 1. Schematic illustration of membrane preparation.
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Then, the different amounts of silver nitrates (AgNOz) were separately dissolved in 3.0 ml
of NMP. These solutions were added to the PSU solution in order to obtain different silver
nanoparticles (AgNP) content membrane casting solutions. NMP was acts as a reducing agent for
the formation of the AgNP. Table 1 shows the composition of all the membranes preparation in this
research. The amount of polymer, NMP and AC were kept constant and only the amount of AgNO3
was varied.

Table 1. Composition of all the membranes.

Membrane Composition (wt %)

type AgNO3 PSU PEI NMP AC
CMA - 15.0 - 85.0 -

CMB 0.5 15.0 0.3 83.7 0.5
CMC 1.0 15.0 0.3 83.2 0.5
CMD 1.5 15.0 0.3 82.7 0.5
CME 2.0 15.0 0.3 82.2 0.5
CMF - 15.0 0.3 84.2 0.5

FTIR analysis

Fourier Transform Infrared Spectroscopy (FTIR) (Bunker Equinox 50) analysis is used to study the
functional changes that occur in composite membrane. The analysis only requires small pieces of
the composite membrane. The FTIR spectra obtained is in the range 4000 to 400 cm™ with 40 scans
per sample and 4cm resolutions. The presence of the functional groups available in the membranes
are represented by the transmittance value at specific wavelength.

SEM analysis

Scanning Electron Microscopy (SEM) is an imaging technique utilizing energy beam in which
producing a pattern in the form of raster scan where electron from the beam interact with atom on
the surface of sample. Later, the interaction of electron-atom will eventually turn to signal that
correspond to information of the sample surface or its cross section. The surface morphology and
the cross-section of the membrane samples were characterized and examined using JEOL JSM-
6390LAoperated at 15kV. Prior to imaging, membrane was cut into small squares approximately
1cm? before fractured in liquid nitrogen for a clean break. Before fractured process, membrane was
left inside the liquid nitrogen chamber for 1 minute and transfer to sample stub after a successful
fractured process. Then, the prepared samples were sputtered with a layer of gold coating using
JOEL Fine Auto to increase electron-atom interaction that may as well affect imaging process of
SEM. Later, membrane surface morphology as well as cross section were observed to study the
effect of silver nitrate addition to its structure.

Permeation test

The performance of the membrane was characterized by measuring the membrane flux dead-end
filtration system; AMICON Ultrafiltration Cell (Model 8050, Millipore Corp., Bedford, MA) with a
total internal volume of 50 ml and active surface area of 13.4 cm?. First, the membrane with radius
of 44.5 mm was soaked in the deionized water to facilitate the filtration process for 30 minutes.
Then, the soaked membrane was placed at membrane holder and sealed with O-ring to avoid
leaking during operation. The deionized water was used as feed solution. A magnetic stirrer was
placed under the membrane cell to stir the feed. The flux of membranes was measured during 10
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minutes’ filtration and compact at 1 bar (g). The permeate was continuously monitored by
collecting the discharged within the regular interval followed by volume measurement. The
experiments are carry out at room temperature and the pressure of 2 bar provided by compress gas.
The membranes fluxes were calculated as follows based on Eq.(1) by [61]:

Jo= Q/AAL 1)
where Jo is pure water flux (L.m2 h 1), Q is the permeate volume (L), A is the membrane area (m?)
and At is the time (h).

RESULTS AND DISCUSSION

FTIR Analysis

FTIR analysis was important to monitor any changes in functional group with addition of silver
nitrate. Table 2 shows the FTIR spectra for sample CM A, CM E and CM F. The obvious changes
of peak clearly shown in the membrane sample CM A, CM E and CM F, since there are different
materials present as mentioned in Table 1. From the spectra of CM A, CM E and CM F, it were
clearly showed the peak of 873.75 cm™ which resemble the C-H aromatic correspond to out-plane
deformation [72].

As shown in Figure 2, CM A exhibit C-N stretching at 1319.31 cm™ from the strong
absorption of imide group. After the additional of PEI, the sample of CM E and CM F show sharper
peak at 1623 cm™ (C=0 stretching). This observation comply with the study of Goa et al., (2014)
who found the amide group after PEI cross linking with PSU membrane [73]. Both CM E and CM
F show strong absorption peaks at 1585.49 cm™ that associated with N-H bond, 2310.72 cm™
corresponding to NH* asymmetric stretching vibration compared to CM A due to the addition of
PEI into the composite membranes as PEI is a composed of the amine group on the repeating unit.
The results obtained showed the same observation with the addition of PEI [74].

Table 2. Peak position of CM A till CM F.

Name of bond Peak position (cm™)
CMA CMB CMC CMD CME CMF

C-N stretching 1319.31 - - - - -

C-H aromatic 873.75 - - - 873.75 873.75

C=0 stretching - - - - 1623 1623
N-H bond - - - - 1585.49  1585.49

NH* asymmetric - - - - 2310.72  2310.72
stretching vibration

C-H stretching 2900-3100
C-O-C vibration bond 1240.23

C-H symmetric - - - - 2912.52 -
vibration

N-H wagging vibration - 692.44 - - - .

C-O stretching 1000 to 1100
Silver - 1149.57 and 1294.24 -
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All composite membrane has similar spectrum characteristics since they comprise of same materials
which are PSU/PEI/NMP/AgNOs/AC. The peaks between 2900 cm™ and 3100 cm™ are represent as
aromatic and aliphatic C-H stretching vibration [4,20]. All membranes exhibit C-O-C vibration
bond at peak 1240.23 cm™. The peak of 2912.52 cm™ indicates the present of C-H symmetric
vibration that responsible for alkyl groups [75]. Characteristic band at 692.44 cm™ indicate —~NH
wagging vibration [74]. The peaks at 1149.57 and 1294.24 cm™ represent symmetric stretching
vibration of 0=S=0 group of PSU membrane. As shown in Table 2, both peaks at 1149.57 cm™ and
1294.24 cm* become sharper with increasing of silver concentration [69].

Membrane Morphology

Figure 2 shows the surface morphology of membrane taken by SEM imaging with CM (A - F) refer
to different composition of the membrane specifically silver nitrate content. CM A, displayed a
rough surface and the membrane pores cannot be clearly seen due to high roughness as shown in
Figure 4 (a). The previous study found pure PSU also exhibited rough surface morphology based on
the observations [4,8]. Same result of rough surface exhibited by CM F as shown in Figure 4 (f),
where it does not contain silver. The addition of silver to the composite membranes become
smoother compared to CM A and CM F. All membranes show similar flat surfaces without obvious
aggregation on membrane surface.

The cross-section morphologies changes in composite membrane shown in Figure 3. All the
composite membrane exhibits the typical symmetric structure with sponge like structure. In the
finding of [70], extensive diffusion caused by hydrogen bonding of the non-solvent with membrane
functional group as well as hydrophilic properties of PEI has changed the membrane structure to
sponge-like formation [74].

.1 (b) 1500x (c) 1500x

(e) 1500x (f) 1500x

Figure 2. SEM image for surface morphology (1500 magnification, 50 um) (a) pure PSU
membrane, (b) 0.5 wt % silver content, (c) 1.0 wt % silver content, (d) 1.5 wt % silver content, (e)
2.0 wt % silver content and (f) 0 wt% silver content.
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(c) 1500x

Figure 3. SEM image for cross section morphology (1500 magnification, 50 um) (a) pure PSU
membrane, (b) 0.5 wt % silver content, (c) 1.0 wt % silver content, (d) 1.5 wt % silver content, (e)
2.0 wt % silver content and (f) 0 wt% silver content.

The second region as illustrated in Figure 3 shows the porous layer of the membrane. The
addition of different amount of silver ions in the composite membrane shows small changes in the
cross-section morphology. As silver concentration in composite membranes increased, the viscosity
of the casting solution also increased due to increased nanoparticle or polymer ratio. The viscosity
of casting solution plays major part in phase inversion because it affects the solvent-nonsolvent
exchange rate as well as morphology of the membranes [76]. The addition of silver nitrate could
promote the formation of macrovoids in the membrane. There were no macro voids on the cross
section of membrane as observed from Figure 3 (a) due to the pure PSU membrane morphology.
However, as an antibacterial agent contents increased to 2.0 wt % (CM E), the macro voids clearly
shown in Figure 3 (d and e). Meanwhile, there appeared more effective pores on the top surface of
CM D and CM E membranes, which became small and uniform. Similar observations were
obtained from previous study observed cross—section morphology of composite membranes
displayed macro voids at the bottom as the addictive percentage increased and [48] found
macrovoids were expanded in number and size with increasing the amount of silver [23, 27].

Membrane Flux

For any membrane filtration process, water permeability is the most important parameter in
determining the performance of the membrane. The pure water fluxes of the membranes with
respect to different stages of modification are shown in Figure 4. Stirred Ultrafiltration Cell was
used to study the flux of composite membrane with different silver loading. The flux is used to
express the rate at which water permeates a membrane barrier (L/m2.h). The change in permeability
is presented to demonstrate the effect of modification.
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Figure 4. Flux Changes of the Composite Membranes.

From Figure 4, CM A to CM C shows increments of pure water flux of 5.5371 L/m?.h,
16.8806 L/m?.h to 22.2537 L/m?.h with increasing AgNOs concentration (0 wt %, 0.5 wt% and 1.0
wit% respectively). These shows that the addition of silver into composite membrane provide better
water flux performance when compared to CM A by 67.20 % for CM B and 75.11 % for CM C
(highest water flux). This can be explained by the increase in hydrophilicity of the membranes
which could attract water molecule to pass through them [18]. Further addition of AgNOs
concentration (1.5 wt % and 2.0 wt %), the flux then reduced to 14.0149 L/m?2.h and 8.4627 L/m?.h
respectively.

Previous research showed that by increasing the concentration of silver nanoparticles on the
membrane resulting low water flux due to barrier created by the presence of silver nanoparticles or
agglomeration of nanoparticles on the membrane surface [2,25]. The agglomeration of the silver
occurs due to the formation of crystalline silver particle in this research which leads to low water
permeate. This observation was in agreement with the study of where the addition of silver nitrate
in the dope solution attributed to the high crystallinity of silver nanoparticle [78]. The pure water
flux for CM F was higher than CM A due to additional of PEI which increase the membrane
hydrophilicity compared to CM A.

Surface pore size, cross-section morphology, skin layer thickness, and hydrophilicity
contribute to a membrane’s permeability [79] and rejection properties, and in nanocomposite mixed
matrix membranes (MMMs) [80], surface modification with nano-sized particles is used to alter
these membrane properties. In this study, the Ag-PSU/PEI membranes were successfully fabricated.
Ag-PSU/PEI mixed ultrafiltration membrane with good hydrophilicity performance was prepared
via phase inversion method. Morphologies and filtration performance of the mixed membrane were
investigated. The morphologies of mixed membrane were improved significantly, where the
porosity and pore size played a great role in the filtration of membranes. The pure water flux of
blended membrane with 0.5% of Ag-PSU/PEI hybrid membrane was four times higher than that of
the pure PSU membrane.
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CONCLUSIONS

The following conclusion was derived based on the effect of silver nitrate to membrane structure
and performance:
1. Addition of silver nitrate into membrane has effect on membrane structure specifically
reducing the pore size and forming a dense and sponge membrane formation.
2. All membrane with silver nitrate has shown increased in water flux with the highest flux
recorded for 1.0 wt% of silver nitrate.
Based on the findings, it is now known that addition of silver nitrate has affected the membrane
morphology and directly responsible to the increased of membrane water flux. The significant of
this findings towards industrial process and application would be the major effect of silver nitrate
onto membrane other than to introduce antibacterial effect was increasing the membrane flux
through formation of macro-void.
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