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Graphical abstract Abstract 
 

The presence of heavy metals in drinking water leads to several health problems. In this study, 

polycaprolactone (PCL)/zeolite nano or microfiber electrospun composite membranes, diameter 

range of the fibers was 2 µm- 6 µm, were fabricated by using electrospinning technique. The 

membranes separation processes have played very crucial roles in water purification industry. 

Apart from that, the membranes are prepared with biocompatible, non-toxic materials which will 

be eco-friendly. In order to produce electrospun membrane, 15% (w/v) of PCL polymer solution 

was dissolved in acetone and 20% (w/w) zeolite was incorporated into the PCL polymer solution. 

Electricity charged jet of polymer solution from the syringe formed an electrostatics field when the 

high voltage of 20kV was applied. Scanning electron micrograph (SEM) and energy dispersive 

spectroscopy (EDX) implemented to indicate the characterization of membranes. The water 

contact angle of PCL/zeolite membrane was 119.53±5.24 which was almost same as pure PCL 

membrane (107.73±8.54). The inducible results obtained in this study suggested that electrospun 

pcl and polycaprolactone/zeolite layer by layer nanofibrous membranes can be a favored verdict 

for the removal of heavy metal ions. 
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1.0  INTRODUCTION 
 

Water contamination problem has occurred over the 

years. Economic development and modernization 

technologies give an impact on the content of water 

resources [1, 2]. Metals have been exploited into 

water resources in several ways and aspects. It can 

be weathering of soil and rocks, volcanic eruptions 

and from a variety of human activities involving 

mining, processing and use of metals and/or 

substances containing metal contaminants. 

Consequently, human health is affected. Drinking 

water sources around the globe have contains 

certain pathogens, organic or inorganic substances 

that may cause the persistent and chronic effect on 

consumer’s health and ecosystem [3-5]. Researchers 

have been developing a variety of method to do the 

investigation and study towards the issues. This is 

because; water is the basic source of all life on earth 

[1].  

Polycaprolactone (PCL) has known as a nontoxic, 

accessible, biocompatible and biodegradable 

synthetic polymer [6] and has been approved for 

biomedical application by the Food and Drug 

Administration (FDA) [7] can be manipulated in order 

to carry out molecular nanofiltration process. It is 

represented in the formula as ([C4H6O2] n) and widely 

used in biomedical applications. Meanwhile, 

biodegradable polymers are applicable for long-

term sustained delivery of pharmaceutical agents for 
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plenty of applications [8,9]. PCL has various 

advantages, including mechanical flexibility, low 

antigenicity, easy processability, and low degrees of 

chronic persistence. Hydrophobicity and low water 

absorptivity, toxicity, and low cell attachment and 

proliferation have been its drawbacks. 

Zeolite has been widely explored especially in drug 

delivery service, petrochemical and plastic industry. 

Zeolite is microporous, aluminosilicate minerals also 

commonly used as commercial adsorbents. There 

are a group of more than 40 crystalline hydrated 

aluminosilicate minerals. They are based on the 

structure of three-dimensional network of an 

aluminum and silicon tetrahedral linked by shared 

oxygen atoms. 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 

illitesmectite, montmorillonite, bentonite, and 

incinerated ash [10]. 

Silver (Ag) materials can be reincarnated in its 

metallic or elemental state. However, Ag in the 

elemental state can go to be oxidized and forms 

silver cations once exposed to an aqueous 

environment [15]. Ag containing composites are  

competently increase wound related problem in 

higher concentration  [16] and increase wound 

inflammatory response, allergies, skin discoloration 

[17, 18].   

A review article by Balamurugan et al. reports on 

recent trends in nanofibrous membranes and their 

suitability for air and water filtration applications, 

preparation and characterization of electrospun 

nanofibers membranes and their potential 

applications in water treatment [11]. The polymer 

and ceramic nanofibers with the different diameter 

up to nanoscale [19] can be fabricated using 

electrospinning process which is a versatile technique 

and applicable for numerous organic and inorganic 

systems [14]. Another review by Ahn and coworkers 

[20], they use electrospinning process in order to 

develop the nanofilters, Nylon 6. In addition, they 

proved that electrospun membranes are potentially 

to be explored in application of antimicrobial filters. 

They have been successfully discovered that 

electrospun cationomers with quaternary ammonium 

group against pathogenic bacterial strains of 

Staphylococcus aureus and Eschericgia coli.   

In this paper, we reported the fabrication of layer 

by layer (PCL and PCL/Zeolite) using multilayer 

electrospinning method for removal of Silver (Ag) in 

drinking water. Analytical tools such as scanning 

electron microscope (SEM), energy dispersive X-ray ( 

EDX) and Fourier Transform Infrared Spectroscopy 

(FTIR) were used to investigate surface morphology of 

electrospun membranes and water contact angle 

(WCA) to examine the membranes’ wettability.  

 

2.0  METHODOLOGY 
 
2.1  Materials 

 

Poly (caprolactone) (PCL) (MW: 70,000-90,000) was 

purchased from Sigma, Beta Zeolite Powder (0.55-

0.70 nm pore) (MR: 40) was purchased from ACS 

Material. Acetone was analytical grade which was 

used as solvents. Silver nanopowder, <100nm particle 

size, contains PVP (MW: 107.87) purchased from 

Sigma. 

 

2.2  Methods 

 

A polymer solution was set up based on the 

percentage calculation. In order to form 15% w/v of 

Poly (caprolactone) solution, 1.50g of PCL was 

dissolved in 10ml of acetone and magnetically stirred 

at 300 rpm and 500C for about an hour. On the other 

hand, 20% w/v or 0.30g of zeolite powder was added 

into the PCL solution and stirred magnetically at 50°C 

for another an hour to produce PCL/Zeolite based 

solution. After that, the mixture solution of PCL and 

Zeolite was homogenized at the speed of 16~20 

1/min x 1000 for about 3 minutes. The membrane was 

fabricated by electrospinning technique.  

Ultrafine nanofibers from micro to nano scale and 

varied morphologies can be fabricated with ease by 

a versatile technique called electrospinning [8]. All 

equipment of the electrospinning has been arranged 

as shown in Figure 1. After the equipment was ready 

and safe to conduct, the syringe completed with the 

tips containing pure 15% PCL polymer solution which 

should be maintained in liquid form, was placed on a 

syringe pump. The parameters in Table 1 were 

followed for the fabrication. A 10cmX10cm of 

aluminium foil was placed as a collector plate.  

For the fabrication of layer by layer (PCL and 

PCL/Zeolite) membrane, all the steps involved in the 

electrospinning process were repeated and the 

parameters remained constant. The duration for the 

electrospinning process was 1 hour for PCL based 

solution. After that, the same collector was being 

used which means that the PCL/Zeolite membrane 

were collected on top of the PCL membrane. The 

duration for electrospinning process (PCL/Zeolite) 

took 1 hour as well, the whole process fabricated the 

PCL and PCL/Zeolite layer by layer took about 2 

hours. 

 
Table 1 Electrospinning parameters 

 

Processing parameters PCL PCL/Zeolite 

Tip-to-collector distance 10.0cm 10.0cm 

Humidity 54.0% 54.0% 

Flow rate 3 ml/h 3 ml/h 

Voltage Used 

Duration 

Syringe size 

20.0 kV 

1 hour 

21G 

20.0 kV 

1 hour 

21G 
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Figure 1 Electrospinning setup 

 

 

2.3  Characterization 

 

The morphology of PCL, PCL/Zeolite as well as PCL 

and PCL/Zeolite layer by layer membrane 

constructed were viewed by using a Scanning 

Electron Microscope (SEM) and also other methods 

of characterization such as an Energy Dispersive X-

ray (EDX), Fourier Transform Spectroscopy (FTIR) and 

Water Contact Angle (WCA).  

 

2.3.1  Morphology of Membranes 

 

Hitachi-made model TM 3000 was used to observe 

and characterized the morphology of membrane. 

These samples were visualized at various 

magnifications for example 400x, 500x, 1000x, 1500x 

and 2000x. By regulating the voltage applied, it 

would extract the clear morphological images. On 

the other hand, Image J software was utilized to 

measure the diameter and pores size of fibers. 40 

reading of the diameter measurement were taken 

and the averages were calculated. 

 

2.3.2  Elemental Analysis of Membranes 

 

EDX was used for the elemental analysis or chemical 

characterization of a sample. EDX enlightened the 

elements that exist inside the membrane in the form 

of spectrum. Apart from that, EDX mapping was also 

carried out to find out the position of specific 

elements emitting characteristic x-rays. They were 

interpreted in different colors.  

 

2.3.3  Wettability Analysis 

 

Water contact angle measuring system, VCA 

Optima, AST Products, Inc. was used to determine 

the hydrophilicities of PCL, PCL/Zeolite as well as PCL 

and PCL/Zeolite layer by layer membranes. In this 

process, 3 different measurements for each of the 

membranes were carried out. The measurements 

were taken 3 seconds after the droplets of water get 

contacted with the membrane surface. 

 

 

 

 

2.3.4  Fourier Transform Infra-Red Spectroscopy 

 

Infrared spectrum of absorption or emission of a solid, 

liquid or gas can be obtained by using Fourier 

Transform Spectroscopy Infra-Red (FTIR) techniques. 

FTIR spectrometer simultaneously collects high 

spectral resolution data over a wide spectral range. 

A FTIR devices ID5 was used for performing the 

analysis. The pure zeolite powders were placed on 

the collector platform. The spectrum of the zeolite 

powder was analyzed using the OMNIC software. The 

experiment continued with the next sample, PCL 

nanofiber membrane and followed by PCL and 

PCL/Zeolite layer by layer nanofiber membrane. 

Then, PCL/Zeolite bonding was carried out to 

complete the analysis on combining these two 

materials which was the main component of the 

microfiltration membrane constructed.  

 

 

3.0  RESULTS AND DISCUSSION 
 

Table 2 is an observation summary of fiber 

morphology for PCL, PCL/Zeolite as well as 

PCL/Zeolite layer by layer. While, Table 4 shows the 

summary of fiber diameter. Meanwhile, Figure 2 

indicates the morphology of fabricated nanofiber 

membranes. 

 

Table 2 Conditions of fiber diameter observation 

 

Sample Observation 

PCL No beads 

PCL/Zeolite 

PCL/Zeolite layer by layer 

No beads 

No beads 

 

 

Although the electrospinning process was 

technically not complex with ease of adaptability, 

numbers of processing variables need to be 

controlled in order to generate membrane instead of 

droplets or beaded morphologies. One of the 

challenges of the electrospinning process was to 

optimize the parameters in order to achieve the 

desirable nanofiber morphology and properties. 
 

   

A B 
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Figure 2 SEM image of (A) 15.0% w/v PCL, (B) 15.0% w/v of 

PCL and 20.0% w/v of Zeolite membrane, (C) layer by layer 

PCL and PCL/Zeolite membranes and (D) Cross Section of 

PCL/Zeolite layer by layer membrane 

 

 

Electrospun Nanofibers are used for biomedical 

applications [19], these processing variables can be 

widely termed as follows: the applied voltage, 

solution flow-rate, polymer concentration, solution 

viscosity, nature of solvent, solution conductivity, and 

the distance between the capillary and collector. 

In Table 3 below, the graph frequency of electrospun 

fiber diameter of the membranes has been analyzed 

by using Image J software and summarized in chart 

form order. 

From the SEM result, the average diameter range 

for the pure PCL, PCL/Zeolite as well as PCL/Zeolite 

layer by layer was in range of 2 µm - 6 µm. The values 

obtained generally indicated that the membranes 

were applicable to use as microfiltration unit [20]. 

 
Table 3 The distribution of fiber diameters of different 

membranes 

 

Membranes Fiber diameter distribution 

 

 

15.0% w/v 

PCL 

 

 

 

 

 

15.0 % w/v 

PCL & 20 % 

w/v Zeolite 

 

 

 

 

PCL & 

PCL/Zeolite 

layer by 

layer 

 

 

 

Table 4 Average fiber diameters of different membranes 

 

 

 

For the membranes fabricated from pure PCL, 

existence of carbon and oxygen elements were 

expected [13]. For that, the resulting spectrum and 

tabulated results revealed that carbon and oxygen 

were the predominant components were present in 

it; with carbon being the most abundant in the 

selected field. The pure PCL spectrum and element 

obtained was authenticated and summarized in 

Table 5 and Figure 3. 

 

 

 

 

 
 

 

 

 

 

 

Figure 3 EDX spectrums of PCL electrospun nanofiber 

 

Table 5 Summary results of EDX spectrums of PCL 

electrospun nanofiber 

 

 

 

On the other side, zeolite was defined as an 

aluminosilicate mineral was expected to have an 

aluminium or silicon atom inside [10] because 

“aluminosilicate” term itself referred to the minerals 

composed of aluminium, silicon, and oxygen, plus 

countercations. Therefore, Figure 4 and Table 6 

showed the summary of elemental analysis 

conducted for PCL/Zeolite membrane. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 EDX spectrums of PCL/Zeolite electrospun nanofiber 

Samples Average Diameter of 

Fibers (µm) 

Diameter 

Range of 

Fibers (µm) 

PCL 

PCL/Zeolite 

PCL/Zeolite (layer 

by layer) 

2.19 

2.62 

2.45 

0.1 – 5.0 

0.1 – 6.0 

1.1 – 6.0 

Element Weight % Weight % Atomic % 

Carbon 

Oxygen 

67.739 

32.361 

0.210 

0.210 

73.662 

26.338 

C D 



93                                    Naznin Sultana et al. / Jurnal Teknologi (Sciences & Engineering) 79:1–2 (2017) 89–95 

 

 

Table 6 Summary results of EDX spectrums of PCL/Zeolite 

electrospun nanofibers 

 

 

From the EDX employed, the existence of Si and 

Al atom on the resulting spectra indicated that the 

membrane of PCL/Zeolite was successfully 

fabricated. In addition, Si and Al were the 

aluminosilicate members of the family of microporous 

solids known as "molecular sieves”, suited for 

microfiltration application. According to IUPAC 

notation, microporous materials have pore diameters 

of less than 2 nm or 20 Å (ångströms). Presence of 

oxygen in zeolite also increased. In term of molecular 

sieve, zeolites formed purified oxygen from air using 

its ability to seize impurities, in a process involving the 

adsorption of nitrogen, leaving highly purified oxygen 

and up to 5% argon. 
 

Table 7 EDX mapping for PCL, PCL/Zeolite and PCL/Zeolite 

layer by layer membrane 

 

Membr

ane  

EDX Mapping 
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Another way and useful capability of the EDX 

technique was x-ray mapping of elements. This 

technique introduced the position of specific 

elements emitting characteristic x-rays within an 

inspection field can be interpreted by unique color. 

Table 7 is the summary of the EDX element mapping. 

The color-coded elements aligned with the individual 

element. 

The water contact angle of PCL/zeolite membrane 

was almost same as pure PCL membrane. The 

characteristics of pure PCL remains the same as 

zeolite restored. The lifespan of membrane can be 

described as same as PCL. The membrane was 

expected to maintain its mechanical integrity as PCL 

for several years before completely degraded.  

The results in Table 8 of water contact angle for the 

samples showed that they were having hydrophobic 

material surfaces. All the tested samples of the 

electrospun membranes recorded to have more 

than 90 of contact angle as summarized in Table 9. 

The higher value of the contact angle indicates the 

lower wetting tendency.  

 

Table 8 Contact angle of PCL and PCL/Zeolite nanofiber 

 

Samples 
Average Contact 

Angle (°) 
Properties 

A 

15% w/v PCL 

 

107.73±8.54 

 

Hydrophobic 

 

B 

15% w/v PCL 

 

119.53±5.24 Hydrophobic 

 

 

 

 

 

 

 

 

 

 

Element Weight % Weight % Atomic % 

Carbon 

Oxygen 

Aluminum 

Silicon 

63.404 

29.686 

0.511 

6.399 

0.577 

0.588 

0.052 

0.130 

71.518 

25.139 

0.256 

3.087 
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Table 9 Images of contact angle of PCL and PCL/Zeolite 

  

Sample WCA 

 

 

A 

15% w/v PCL 

 
 

 

B 

15% w/v PCL 

20% w/v Zeolite 

 

 

 

Meanwhile, Figures 5 describes the FTIR patterns of 

the PCL, Zeolite and as well as PCL/Zeolite layer by 

layer membranes. By processing the raw data into 

the actual spectrum, the bonding occurred at the 

fabricated membranes can be obtained. The 

bonding was analyzed by comparing with the data 

sheet provided of the FTIR patterns. Peak 1070.14 cm-

1 on zeolite spectrum indicated the T-O-T (T=Al or Si) 

asymmetric stretching vibration. Meanwhile, at peak 

569.8 cm-1 show the presence of the double 4 ring 

(DR4) and peaks were found in 1070.14 cm-1 injected 

an impact on PCL when combining with zeolite [12]. 

The peak at that value on PCL/Zeolite shortened due 

to the presences of zeolite, proved the increasing the 

T-O-T asymmetric stretching vibration of PCL 

membrane. It is also observed that the presence of 

the ester group in PCL spectra at peak 1721.09 cm-1 

which was due to stretching carbonyl [20]. The peaks 

that exist at peak 2943.82 cm-1 and peak 2865.24 cm-

1 defined the existence of C–H hydroxyl group 

asymmetric stretching and C-H hydroxyl groups 

symmetric stretching respectively. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 FTIR spectrums of Zeolite, PCL and PCL/Zeolite 

membrane 
 

 

4.0  CONCLUSIONS 
 

In this study, the PCL, PCL/Zeolite as well as PCL and 

PCL/Zeolite layer by layer electrospun fibers were 

successfully fabricated using multilayer 

electrospinning technique. The purpose of 

fabricating layer by layer electrospun membrane 

was to introduce new model of microfiltration unit, 

biodegerable filter for filtration process. The SEM result 

showed that homogeneous and beadless 

membranes were formed for the PCL, PCL/Zeolite as 

well as PCL and PCL/Zeolite layer layer by layer 

electrospun fibers.  
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