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ABSTRACT

Using biodegradable polymer polycaprolactone (PCL) and zeolite, the present experiment was
conducted with the aim of using biodegradable PCL and zeolite based composite membrane to
remove silver in drinking water. After optimizing the electrospinning parameters, a double-
layered PCL and PCL/zeolite electrospun composite membranes were manufactured. The
membranes were then characterized using a scanning electron microscope (SEM) and an energy
dispersive X-ray (EDX) and the filtration phenomenon was conducted by dispersing silver
nanoparticles in water. After comparing the filtration results using an inductively coupled
plasma optical emission spectrometry (ICP-OES), it was observed that the bi-layered
membrane filtered 90% of silver present in the water. The present work shows that the new
PCL/zeolite based double-layered membrane can be promising to remove contaminants in

drinking water.
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1.0 INTRODUCTION

Heavy metals have been defined as any
metallic element that has a relatively
high density and hazardous or
poisonous even at a low concentration
[1]. The main threats to human health
from heavy metals are associated with
exposure to lead, cadmium, silver, and
arsenic. Although some of them
generate bio-importance as a trace
element, the biotoxic effects of most of
them in human biochemistry are of
greater concern. Since heavy metals
have been consumed by the human for
a long time, several detrimental health
effects of heavy metals have been
known. For instance, low-level
exposure of Aluminium (Al) inside the
human body is reported to not think to
be harmful, but long-term intake has
linked to impaired brain function,
including Alzheimer’s disease [2,3].

Several studies reported that Al was one
of the contributors to breast cancer [4,
5]. On the other hand, lead (Pb) is
particularly dangerous to children. Lead
in the body attacks the nervous system
and can cause brain and kidney damage
[6]. In the meantime, enormous usage
of colloidal silver and silver
nanoparticles (AgNPs) in coal water
filters has elevated the potential of
silver absorption by the human. Indeed,
ingestion is the predominant way
through which humans are bare to toxic
elements like metals, and this exposure
can abort in health crisis [7]. Grey-blue
discoloration of the skin (argyria), harm
to the liver and kidney in severe cases
and disruption to the circulatory, central
nervous, hepatic, and dermal systems
are some of the chronic effects happen
on the excessive amount of silver toxic
inside the human body [8, 9]. Despite
the fact that cell membranes can engage
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directly with AgNPs, AgNPs toxicity to
most organisms has been
predominantly associated with Ag+
ions release [10]. Hence, the World
Health Organization (WHO) and the
US Environmental Protection Agency
(EPA) set a guideline of maximum
contaminant level at 0.1 mg/L or 100
ppb over a lifetime of exposure in
drinking water for silver particles. In
addition, soluble silver ions have been
classified as hazardous substances in
water by WHO and EPA [7].
Commercial methods that are
currently available for the removal of
metallic contaminants are costly as well
as energy-consuming. The efficiency is
not high too. Electrospun biopolymer
based-membranes could be promising
to overcome the problem using a
microfiltration mechanism  without
leaving any toxic waste. Adsorption
processes can also be applied to remove
metallic contaminants. However, the
exposure to heavy metals continues,
and reported in increasing patterns in
some parts of the world, in particular in
less developed countries, though
emissions have declined in most
developed countries over the last 100
years.  Hence, the  appropriate
understanding of its conditions such as
the concentrations states, which cause
morbidity, is extremely needed.
Polycaprolactone (PCL) is known as
a nontoxic, biocompatible and
biodegradable synthetic polymer [11,
12] and has been approved for
biomedical application by the Food and
Drug Administration (FDA) [13]. PCL
has wvarious advantages, including
mechanical flexibility, easy
processability, and low degrees of
chronic persistence. On the other hand,
Zeolite has been widely explored
especially in drug delivery,
petrochemical, and plastic industry.
Zeolite is microporous, aluminosilicate
minerals which are also commonly used
as commercial adsorbents. Zeolites can

be used in various applications as
molecular sieves, adsorbents, and
catalyst regarding specific pore sizes
and large surface areas. Several
researchers reported the synthesis of
Zeolites from a wide variety of starting
materials containing high amounts of Si
and Al e.g., kaolin, high-silica bauxite,
halloysite, interstratified illite-smectite,
montmorillonite, bentonite, and
incinerated ash [14].

The electrospinning technique is a
promising technique to fabricate
electrospun nanofibrous membranes.
Recent trends in the preparation and
characterization of electrospun
nanofibers membranes and their
potential  applications in  water
treatment  were  reported  [15].
Electrospinning technique is considered
as the potential technique [16] of
fabricating the polymer and ceramic
nanofibers with different diameter up to
nanoscale [17, 18], by applying the
electro-field theory. It is conducted by
applying high voltage electricity
charges [19]. Solution viscosity,
applied voltage range, humidity, tip to
the collector distance are some of the
dominant parameters that govern the
formation of nanofibers. Controlling
the above-mentioned parameter will
result in the formation of thin to thick
membranes and smooth to corrugated
surfaces.

The hypothesis of the experiment
was that layer by layer electrospun
membrane based on biodegradable
polycaprolactione (PCL) and
PCL/Zeolite  membrane  through
electrospinning technique will be able
to filter metal contaminant Silver (Ag)
in drinking water. Meanwhile, the
effectiveness of the fabricated
membranes will be investigated to
achieve the maximum set level of silver
contamination allowed which is has
been set up by WHO and EPA at 0.1
mg/L [7]. As aresult, it can improve the
quality of consumer health. Although
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many studies have been conducted in
improving the adsorption application,
the utilization of PCL based in this
project will be introduced its benefits
and advantages to be used in the
molecular sieve application. Adding the
zeolite can boost the membrane
properties [20].

2.0 METHODS
2.1 Materials

Poly (caprolactone) (PCL) (MW:
70,000-90,000) were purchased from
Sigma, Beta Zeolite Powder (0.55-0.70
nm pore) (MR: 40) was purchased from
ACS Material, LLC. Acetone was of
analytical grade which was used as
solvents. Silver nanopowder, <100 nm
particle size, contains PVP (MW:
107.87) purchased from Sigma.

2.2 Preparation  of  Electrospun
Composite Membrane

1.5 g of PCL polymer and 10 ml of
acetone were used in order to prepare a
15% w/v PCL solution. The mixtures
were then magnetically stirred at 50°C
for an hour. PCL polymer gradually
dissolved in acetone. In order to prepare
the PCL/Zeolite solution, 20 % w/w
zeolite powder was incorporated into
the 15 % w/v PCL solution and
magnetically  stirred at  room
temperature for an hour. After that, the
solution of PCL and Zeolite was
homogenized wusing a hand-held
homogenizer at a speed of 16~20 x
1000 rpm/min for 5 minutes to make
sure the perfectly dispersed zeolite in
PCL solution.

Firstly, 15 % w/v of PCL polymer
solution was transferred into a 6 ml
syringe. The syringe was placed on a
syringe pump that was placed inside the
electrospinning chamber. A collector of
an aluminum foil 10x10cm was placed

to collect the membrane. A high voltage
power supply (20 kV) was connected to
the needles of the syringe to produce
high electrostatic force towards the
polymer solution with a flow rate of 3
ml/h to produce the membrane. The
positive terminal was attached to the
needle of the syringe, while the
negative terminal was placed behind the
collector plate. The operation of
electrospinning continued for about an
hour to produce the membrane using
PCL polymer.

The duration of the electrospinning
process was 2 hours to produce PCL
and PCL/Zeolite layer by layer
membrane. Firstly, by following the
parameters used in the fabrication of the
PCL membrane, the PCL/Zeolite
solution was injected on the same
collector, which means that the
PCL/Zeolite nanofiber was collected on
top of the PCL nanofibers. The
fabricated membrane was stored in
sealed plastic bags.

2.3 Characterization of Composite
Membrane

Scanning electron microscopy (SEM)
(Hitachi-made model TM 3000) was
used to observe the morphology of the
as-fabricated membrane. An “Image J”
software was utilized to measure the
fiber diameters and pores. At least, 40
diameters and pores were measured and
the average was calculated. SEM
analysis was also conducted for the
membranes after the filtration. EDX
analyses and EDX mapping were
carried out to confirm the presence of
silver on the membrane.

2.4 Filtration

Filtration process using the membrane
filter was aided by using a vacuum
pump. In order to investigate the
effectiveness of the fabricated
membrane, 0.005 g of silver (Ag)
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nanoparticles were dispersed in 100 ml
of distilled water to prepare a silver-
containing water for the testing
purpose. By using the homogenizer, the
solution was homogenized. After that,
15 ml of water containing Ag
nanoparticles was taken in a centrifuge
tube, the initial concentration was 110
ng/L measured by using an inductively
coupled plasma optical emission
spectrometry (ICP-OES). Fabricated
membranes were cut in a circular shape
of diameter (80 mm). The membrane
was placed inside the glass filter funnel.
With the aid of a vacuum pump, the
process was conducted with 25 ml of
Ag containing water.

Filtered water was then further
analyzed using (ICP-OES) to record the
amount of silver element passes
through the membranes. The amount of
Ag in the filtrate water was compared
with the initial value. The analysis was
carried out for at least 3 times to check
the reproducibility.

3.0 RESULTS AND DISCUSSION

Figure 1a shows the SEM micrograph
of the electrospun PCL/Zeolite
bilayered membrane. The average fiber
diameter of the membrane was 1.1 pm
with a diameter range of 0.1-5.1 pm.
The pores were interconnected, the
densely compacted fibers produced
micro size pores. Although the
electrospinning technique is well
known for the ease of adaptability, still
various processing variables need to be
controlled in order to fabricate a
membrane with micro or nanofibers.
One of the challenges of the
electrospinning process was to optimize
the parameters in order to achieve
desired morphology and properties.
These processing parameters are the
applied voltage, flow-rate, polymer
concentration, solution viscosity, nature
of the solvent, solution conductivity,

and the distance between the capillary
and collector [21].

Dispersing nanoparticles in polymer
membranes is another challenge. The
maximum amount of incorporated
zeolite was 10 % w/v. More than this
concentration, agglomeration of zeolite
nanoparticles was observed on the
membrane. Zeolites are commonly used
in water treatment applications [22].
EDX analysis confirmed the presence
of Si and Al (the main constituents of
zeolites) on the resulting spectrum in
PCL/Zeolite (Figure 1b). Figure lc
represents the cross-section of the bi-
layered membrane. The distribution of
Al, C, and Si on the membrane was
validated by wusing EDX mapping
(Figure 1 d,e,f).

ICP-OES analyses results showed
that the presence of Ag in filtered water
after the filtration process using
PCL/Zeolite bilayered membrane was
only 0.01+0.001 pg/L in comparison to
an initial amount 110+0.01 pg/L. The
efficiency of the membrane filter was
above 99%. It should be noted that
World Health Organization (WHO) and
the US Environmental Protection
Agency (EPA) have set a guideline of
maximum contaminant level at 0.1
mg/L or 100 ppb over a lifetime of
exposure in drinking water for silver
particles [7].

The membranes were further
examined using EDX after the sieving
process with Ag containing water. EDX
spectrum and mapping proved the
presence of Ag nanoparticles on the
PCL/Zeolite membrane (Figure 2).
EDX analyses compared the as-
fabricated ~ membrane and  the
membrane after the filtration process,
the presence of Ag further proved the
suitability of the membrane.
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Figure 1 (a) SEM micrograph of bi-layered PCL/Zeolite membrane; (b) EDX spectrum of
PCL/Zeolite membrane; (¢) SEM micrograph of the cross-section of bi-layered membrane; (d,
e, f) EDX elemental mapping for aluminium, carbon, and silicon
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Figure 2 (a) SEM micrograph of PCL/Zeolite membrane after the filtration of Ag in water; (b)
EDX spectrum confirming the presence of Ag in the membrane after the filtration; (c) EDX

elemental mapping for Ag in the membrane

The mechanism of the bi-layered
electrospun  membrane to remove
metallic contaminants from drinking
water is both adsorption and filtration.
It was reported that electrospun
membranes showed enhanced
micro/nanofiltration ability [23-25]. It
was also reported that the bi-layered
membranes had higher transport
properties for filtration applications
[23]. Furthermore, the incorporation of
well-known adsorbant zeolite
nanoparticles can significantly enhance
the adsorption capacity of the
electrospun membranes.

4.0 CONCLUSION

In this paper, we report the application
of an electrospun fibrous membrane
based on biodegradable polymer PCL
and Zeolites to remove metallic
contaminants in drinking water. The

characterization analyses of the
membrane and the performance testing
were performed. SEM results suggested
that the membranes had microfiber
morphology and nanosized pores. EDX
results confirmed the presence of
Zeolites in the PCL fibers for as-
fabricated membranes. Performance
testing confirmed that the membranes
can efficiently remove 90% silver
contaminants in drinking water. EDX
analyses further confirmed the presence
of silver in the membrane suggesting

the application of PCL/Zeolite

membrane  in  water filtration

application.
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