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ABSTRACT: Growing concern over turbidity of river waters due to high 
presence of solid suspensions has encouraged the development of new type  
of efficient water filters. In this study, a new type of water filter was  
developed by incorporating electrospun nanofibres. The relationship  
between the amount of incorporated nanofibres in term of deposition time  
and filtration efficiency was studied. Nylon 6 solution at 20 wt.%  
concentration was electrospun onto standard glass fibre filters. A high  
voltage of 14 kV was supplied at the spinneret and electrospinning  
distance was set at 10 cm. Suspended solid retention test was conducted  
on the glass fibre filters using a vacuum filtration system based on  
BS EN 872 standard. The morphology of the filters was studied using  
scanning electron microscopy and ImageJ software. From the results,  
the suspended solid retention capability increased linearly with  
nanofibre deposition time. Due to small size of the nanofibres, the addition  
of nanofibre layer has increased the total porosity of the filter. Findings  
from this study could open up further understanding in new generation of 
water filters.

KEYWORDS: Electrospun Nanofibre; Electrospinning; Filtration; Suspended Solid; 
Deposition Time
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1.0 INTRODUCTION 

Control of water pollution in Malaysia is facing a serious challenge due 
to rapid urbanization and industrial development. Certain synthetic 
materials used by the inhabitants may accumulate in the environment as 
they are non-biodegradable [1]. Moreover, residues or wastes disposed 
into the river streams could be incompletely degraded or removed 
during wastewater treatment [2]. For example, the increase of solid 
particles which persist in suspension in water also known as suspended 
solids would be harmful to aquatic life. Therefore, dissolved oxygen in 
water will be taken up and fewer living organisms could inhabit the 
polluted water [3]. To adapt to these challenges, filter manufacturers are 
continuously looking for ways to improve their filtration technologies 
including the use of new class of materials. Submicron-sized fibres could 
be a potential candidate to replace fibrous materials used in conventional 
filters [4]. Electrospinning is a versatile and simple technique for 
producing polymeric fibres with submicron-range in diameter using 
electric charge [5-7]. Electrospun nanofibres can be formed into highly 
porous mesh with high specific surface area, good interconnectivity 
of pores and the potential to incorporate active materials [8]. These 
unique characteristics of electrospun nanofibres are desirable for many 
applications including filtration. Previous studies have reported the 
potential applications of electrospun nanofibre as high-performance 
air filters, protective clothing, sensors, wound dressing, sunscreens [9] 
advanced composites, photovoltaic cells, scaffolds in tissue engineering 
[10] and more recently as membranes in affinity separation [11].  

Shin [12] reported the potential of electrospun nanofibre water filtration 
membrane made from recycled polystyrene. Standard glass fibre 
filters were used with addition of nanofibres. The result showed that 
separation efficiency was improved with the inclusion of nanofibres 
from 61% to 91%. Zander et al. [13] used recycled PET nanofibres for 
water filtration applications. It was reported that the pore size was 
found to correlate with fibre diameter and the smallest fibres showed 
the best filtration capabilities. Another recent study from Noorpoor et 
al. [14] suggested that the total filtration efficiency is proportional to 
the thickness of the filter media. 

In this study, the objective is to investigate the effect of nylon 6 
electrospun nanofibres inclusion on suspended solid filtration efficiency. 
Nylon 6 is thought suitable for filtration applications because of its 
good resistance to numerous commercial solvents [15]. The knowledge 
gained from this study is important for developing new generation of 
efficient water filtration media. 
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2.0 METHODOLOGY

2.1 Electrospinning Process

Electrospinning process was carried out using a laboratory scale 
electrospinning machine (Model ES1a, Electrospinz, NZ) as shown in 
Figure 1. Polymer solution was prepared by dissolving nylon 6 pellets 
(Sigma-Aldrich 181110) in formic acid (Merck 1002642500) to a final 
concentration of 20 wt.%. An applied voltage of 14 kV was kept constant 
throughout the electrospinning process and the electrospinning 
distance was set at 10 cm. 
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Standard glass fibre filters with pore size of 1.2 µm and diameter of 47 
mm (Merck & Co., USA) were used as the substrate materials. Addition 
of nanofibres was done by directly electrospinning nylon 6 fibres 
onto the standard filters. Electrospinning was performed at different 
deposition times of 0 (standard filter), 20, 40, 60, 80, 100 and 120 
seconds to study the effect of deposition time on filtration efficiency. 
Triplicate samples were prepared for each case and labelled as sample 
F1 (standard filter), F2, F3, F4, F5, F6 and F7, respectively. 

2.2 Retention Test

The efficiency of the filter samples was tested based on the amount of 
captured suspended solid (BS EN 872 standard) using suspended solid 
vacuum filtration system (Hach Co., USA) (Figure 2). In each test, a 
filter sample was put onto the filtering flask and 100 ml of water sample 
was poured through the filter with the assistance of a pump. Filter 
samples were then dried in an oven at 102-105 °C (217–221 °F) for about 
2 hours. Filter samples were weighed before and after filtration using 
four figures balance Model AG204 (Mettler Toleddo, Switzerland). 
Water sample was taken from a water treatment plant at UTeM Main 
Campus.
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where Ww and Wd are the weight of the wet and dry filter respectively, 
ρe is the density of ethanol at room temperature (0.789 g/cm3), A is the 
effective area of the filter, and L is the filter thickness. Ww was obtained 
by immersing the samples in ethanol for 1 hour. Then, excess ethanol 
was removed from the surface using tissue paper. The samples were 
weighed using four-figure balance to measure Ww. After weighing, the 
samples were dried in an oven at 70 ± 0.3 °C overnight. After that the 
samples were weighed again to determine the value of Wd. The average 
weight of wet and dry samples were calculated, and the porosity was 
determined according to Equation (1) [17]. The thickness of the samples 
was obtained using a micrometre (Mitutoyo Co., Japan).
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3.0 RESULTS AND DISCUSSION

The values of total suspended solid (TSS) retention were calculated 
for each sample (Table 1). TSS value when using the standard filter 
(F1–control sample) was 4 mg/L. A steady increase of TSS value was 
observed (TSS 7 to 23) when using Sample F2, F3, F4, F5, F6 and F7 
filters (Figure 3). The results suggest that the increase of electrospinning 
deposition time improved the capability of the filters in capturing 
suspended solids. This result is in agreement with a study by Alharbi 
et al. [18]. 

Table 1: Total suspended solid (TSS) retentions using BS EN 872

Sample F1 F2 F3 F4 F5 F6 F7

Deposition 
time (s) 0 20 40 60 80 100 120

Weight 
(before) (mg) 99.0 99.3 100.3 101.1 101.4 101.8 102.0

Weight (after) 
(mg) 99.4 100.0 101.3 102.5 103.2 103.8 104.3

TSS (mg/L) 4.0 7.0 10.0 14.0 18.0 20.0 23.0
Journal of Advanced Manufacturing Technology (JAMT) 

 
 

 
Figure 3: TSS retentions of the samples at different deposition times:  

0, 20, 40, 60, 80, 100 and 120 seconds 
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and increased product efficiency [13].     

 

 

 

 

 

 

 

 

Figure 4: SEM micrograph (×2200 magnification) of the filter samples showing fine nylon 6 
electrospun nanofibres overlaying glass microfibres of the substrate material 

 
Physical differences of the filter samples are shown in Figure 5. As can be seen in Figure 
5 (a), there were no nylon 6 nanofibres in the control sample. However, for deposition 
time t = 20 s, a small amount of nanofibres can be seen bridging between the substrate’s 
microfibres. In general, more nanofibres can be seen as deposition time increased. This 
explains the results obtained in Figure 3, where the increase of deposition time will 
increase the amount of porous nanofibre network, thus increasing the capability of the 
filter to capture suspended solids.  
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0, 20, 40, 60, 80, 100 and 120 seconds

The average fibre diameter of the nylon 6 nanofibres was 173.63 nm 
whilst the diameter of the substrate fibres was up to several micrometres 
(Figure 4). In filtration applications, smaller fibre is more desirable in 
order to provide greater surface area, higher porosity, and increased 
product efficiency [13].    
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Physical differences of the filter samples are shown in Figure 5. As 
can be seen in Figure 5 (a), there were no nylon 6 nanofibres in the 
control sample. However, for deposition time t = 20 s, a small amount 
of nanofibres can be seen bridging between the substrate’s microfibres. 
In general, more nanofibres can be seen as deposition time increased. 
This explains the results obtained in Figure 3, where the increase of 
deposition time will increase the amount of porous nanofibre network, 
thus increasing the capability of the filter to capture suspended solids. 

The thickness, average of Ww and Wd and total porosities of the 
filters are shown in Table 2. The thickness of the control filter with no 
nanofibres was 0.150 mm. However, filter thickness increased from 
0.170 to 0.240 mm as the deposition time increased. The overall results 
show that total porosity of the samples increased as electrospinning 
deposition time increased. The results suggest that as more porous 
network created between the fibres, the capability of the filter to 
absorb liquid increases thus increasing the total porosities. However, 
there was a slight decrease from F1 to F2. This is thought due to some 
abnormalities during the measurements of Ww and Wd.
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Figure 5: SEM micrographs showing the physical differences of the filter samples (×23000) at 
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(e) 80 sec, (f) 100 sec and (g) 120 sec 
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Table 2: Thickness, Ww and Wd and total porosity of the filter samples
Sample Thickness (mm) Ww(g) Wd(g) Total porosity (%)

F1 0.150 0.2166 0.0880 62.63
F2 0.170 0.2257 0.0983 54.74
F3 0.185 0.2842 0.1007 78.87
F4 0.188 0.3101 0.0997 83.07
F5 0.207 0.3358 0.1009 82.93
F6 0.223 0.3667 0.1024 86.57
F7 0.240 0.4042 0.1284 83.94
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The relationship between electrospinning deposition time, total 
porosity, and surface porosity is presented in Figure 6. Surface porosity 
is defined as the ratio of void to the total surface area of the sample 
while total porosity is defined as volume of void to the total volume of 
sample [19]. As expected, when deposition time increased, the surface 
porosity decreased. This was because as more nanofibres were deposited 
onto the filter, there were more interconnectivities between the fibres 
causing the voids to decrease. However as mentioned earlier, the total 
porosity of the filters was increased with deposition time (Figure 6). 
Even though more deposited fibres reduced the surface porosity, it 
is thought that the overall 3D network formed by the nanofibres has 
created a very porous medium. The results obtained is in agreement 
with the study conducted by Correia et al. [16]. 
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Figure 6: Relationship between deposition time, surface porosity and 
volume porosity of the filter samples

The results gained from this study could provide useful information for 
the development of new type of water filtration system. Further works 
on characterizing and evaluating the performance of the proposed 
filters based on liquid permeability and pore size are ongoing and the 
results will be reported later. 

4.0 CONCLUSION

In this study, electrospinning technique was used to incorporate 
nylon 6 electrospun nanofibres onto standard filters. The effect of 
electrospinning deposition time on filtration efficiency of the filters was 
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studied. From the results, the amount of trapped suspended solid was 
increased with increasing deposition time. The results suggest that the 
greater amount of nanofibres incorporated onto the filters will improve 
the capability of the filters. From SEM micrograph, more nanofibres 
can be seen as deposition time increased. Surface porosity decreased 
as deposition time increased. However, total porosity of the filters 
increased with deposition time. The results from this study would 
contribute to the existing literature in nanofiltration technology.
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