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a b s t r a c t
This study evaluated the applicability of a metal wire-mesh as a filter to remove algae particles. 
The filtration experiments were performed with a single layer wire-mesh and a double layer wire-
mesh. The removal efficiency was calculated by the total amount of suspended solids captured in the 
wire-mesh and it reached up to 97%. The single layer wire-mesh filtration experiments were carried 
out using four types of wire-mesh and the removal efficiencies were compared according to their 
pore sizes. The double layer wire-mesh filtration experiment was classified into eight cases and the 
experimental results showed the effective wire-mesh size for the algae removal. In addition, from 
scanning electron microscope photographs of the wire-meshes following the filtration experiments, 
the shape of the Spirulina sp. algae filtered on the wire-mesh was observed.
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1. Introduction

In Korea, recently there has been excessive algal growth 
in aquatic environments. This has caused deterioration of 
the biological environment in aquatic ecosystems due to 
an increase in turbidity, a reduction of dissolved oxygen, 
an increase of pH, and the formation of sediment by algal 
apoptosis, along with taste and odor issues in drinking 
water. In addition, the secretion of characteristic substances 
such as microcystin or geosmin can cause the secondary 
damage [1,2].

Algal blooms are influenced by a variety of environmental 
factors, including water temperature, sunlight, nutrients such 
as nitrogen and phosphorus, stratification, and water flow 
rates. Therefore, a number of ways to suppress the growth 
of algae or to remove the algae directly in the field have been 
proposed by far. The methods for directly removing existing 

algae can be divided into physical, chemical, biological, and 
complex methods [3–6]. As for the chemical methods, direct 
and indirect damages to secondary pollutants and the aquatic 
ecosystem have been reported. In the biological methods, the 
algae removal efficiency is influenced by temporal and spa-
tial variations as well as seasonal and hydraulic influences. 
From the comparison of various methods, the amount of bio-
mass after treatment and cost of equipment were found to 
be important for their application in the field [7]. In 2016, 19 
projects related to algae problem have been developed and 
still in progress in three areas, which are green algae bloom 
prediction, green algae pre/post management and water 
purification plant management at national level in Korea 
[8]. The physical methods include sedimentation, filtration, 
centrifugation, and ultrasound. In addition, techniques have 
been proposed that can be applied prior to the occurrence of 
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algae, such as forced circulation, water amplification, artifi-
cial dilution, and algae barriers, to disrupt the stratification 
leading to algal overgrowth [9].

In this study, we propose the application of metal wire-
mesh to remove algae particles. Although there are few 
applications of metal wire-mesh to water treatment and algae 
removal, there are some cases in wastewater treatment and 
industrial applications, and its advantages have been recog-
nized in membrane backwash water treatment [10,11]. Park 
et al. [12] showed an application case of metal wire-mesh for 
treating the backwash water from a low-pressure membrane 
and excellent ability to remove suspended solids (SS) were 
was shown. Metal filters can be roughly classified into four 
types according to their production types: powder, fiber, 
wire-mesh, and foam. A metal fiber has a structure in which 
fibers of 5–30 µm in diameter are randomly arranged with-
out any direction, and a gas or liquid is filtered through the 
zig-zag path. A metal mesh is woven into a certain shape, 
and the mesh differs in size based on the characteristics of 
the weaving methods. A metal powder is manufactured by a 
molding and sintering process in the desired form after the 
metal powder is classified into a predetermined particle size. 
At this time, the size of the particles that can be filtered is 
determined by the size of the metal powder, and the material 
is mainly made of stainless steel and bronze powder, thus 
offering excellent corrosion resistance [11]. The primary 
objective of this study is to investigate the feasibility of metal 
wire-mesh filters for removing algae particles through jar-test 
and filtration experiments.

2. Methods

2.1. Preparation of algae and coagulation experiments

A pretreatment is necessary to apply the wire-mesh as 
the main process when filtering algae. On algal coagulation, 
Chekli et al. [13] compared TiCl4, FeCl3, and polytitanium 
chloride (PTC) coagulants and confirmed that TiCl4 was 
most effective. Therefore, TiCl4 was used for the coagulation 
pretreatment process. The algae used in our experiment was 
Spirulina sp. It is a kind of cyanophyta, characterized by a 
short, thin, spiral cord shape with a short axis of 8–10 µm and 
a long axis of 60–120 µm. It was cultured in a laboratory and 
diluted in distilled water for experiments.

Since the coagulation of algae differs depending on the 
amount of coagulant, a jar test was conducted to determine 
the optimum dose. In the jar test, the cultivated algae was 

diluted in distilled water, and six jars were filled with 2 L 
each. In each of the jars filled with algae diluent, 0.5, 1, 1.5, 2, 
2.5, and 3 mL of TiCl4 (0.25, 0.5, 0.75, 1, 1.25, and 1.5 mL L–1) 
coagulant were injected by reference to the study of Chekli 
et al. [14], respectively. After injection, the jar tester was rap-
idly stirred at 100 rpm for 20 s. Then, 70 rpm for 7 min and 
30 s, 7 min 30 s at 40 rpm, and finally 25 rpm for 7 min and 
30 s. After agitation, the jars were allowed to settle down for 
30 min. When sedimentation was complete, the turbidity 
was measured by taking the supernatant from each jar. It 
was measured in NTU using a LUTRON TU-2016 turbid-
ity meter. Table 1 shows the turbidity measured according 
to the amount of coagulant. The turbidity of the raw water 
was 33.3 NTU, and flocculation and precipitation were best 
observed in No. 3 case. The turbidity of the No. 3 (refer to 
Table 1) after jar test was measured as the lowest, 2.6 NTU. 
Chekli’s study used the dose from 1.0 to 10.0 mL L–1, but 
we observed that 0.75 mL L–1 was the best condition for our 
experiment. Thus, No. 3 test conditions were used for the 
following experiments.

In filtration experiments, the removal efficiency of the 
wire-mesh was analyzed based on the suspended solid (SS). 
SS of a solution of algae sample was determined by filtering 
solution of water through a pre-weighed filter of a specified 
pore size, then weighing the filter again after the drying 
process that removes water in the filter [15].

2.2. Single layer wire-mesh filtration experiments

The wire-mesh used for the filtration is made of Cr 
and Ni, and has a pore size of 5, 10, 15, and 30 µm. The 
wire-mesh is in a form in which the horizontal lines are 
arranged so as to be in contact with one another, and two 
or more lines are crossed or intersected. The single layer 
wire-mesh experiments were carried out using four meshes 
with different pore sizes. First, the wire-mesh was cleaned 
to remove contaminants. While washing, it was placed 
in ethanol, ultrasonically washed for 1 h, dried at room 
temperature for 24 h, and then dried in a dryer at 100°C for 
2 h. The dried wire-mesh was cooled in a sulfuric acid des-
iccator. The cooled wire-mesh was weighed using an elec-
tronic scale. A 30 mL solution of algae was filtered through 
a washed and dried wire-mesh using a filtration device, and 
the filtrate was suction filtered again with a paper filter. 
We used Whatman glass microfiber filter which has 47 mm 
diameter and 1.2 µm pore size with GF/C grade. The filtrated 
wire-mesh and paper filter were dried in a dryer at 105°C 

Table 1
Turbidity change by coagulant dose

Jar test number Turbidity of raw water 
(standard deviation) (NTU)

TiCl4 dose (mL) Turbidity after coagulation 
(standard deviation) (NTU)

No. 1

33.3 (1.98)

0.5 42.3 (1.9)
No. 2 1.0 19.8 (2.3)
No. 3 1.5 2.6 (0.4)
No. 4 2.0 21.1 (1.5)
No. 5 2.5 14.0 (0.6)
No. 6 3.0 12.6 (0.5)
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for 2 h and allowed to cool in a sulfuric acid desiccator. The 
cool wire-mesh and filter paper were carefully weighed, and 
the algae particle removal ability was evaluated [12]. All 
experiments were conducted in duplicate.

2.3. Double layer wire-mesh filtration experiments

Two wire-meshes with different pore sizes were layered 
to check whether it increases the algae removal efficiency. 
The double layer wire-mesh used in the experiment was 
arranged such that the upper layer wire-mesh had a pore 
size of either 15 or 30 µm. The relatively large pore size filters 
were placed on the top to prevent the filtration from stopping 
quickly by surface fouling. A wire-mesh with pore size of 5, 
10, 15, or 30 µm was used as the lower layer. The arrange-
ment condition of double layers is summarized in Table 3. 
For each of the eight cases, the solution containing algae 
was filtered through the double layer wire-mesh and the fil-
trate was suction filtered through the paper filter, then the 
wire-mesh and filter paper were dried and allowed to cool. 
The wire-mesh particle removal efficiency was evaluated by 
measuring the weight of the dried and cooled wire-mesh and 
the paper filter.

2.4. Scanning electron microscope photography

Scanning electron microscope (SEM) photographs were 
taken in order to observe the shape of the algae present on 
the cross section of the wire-mesh. Each specimen is scanned 
with an electron beam with a diameter of 10 µm or less, and 
the part that emits electrons consists of the detector part of 
the electrons coming from the specimen, the part shown 
on the screen such as the amplifier and the scanning coil 
[16]. The shapes of the wire-mesh and algae were exam-
ined by SEM before and after the filtration experiments 
(JSM-6700F, JEOL, Tokyo, Japan)

3. Results and discussion

3.1. Single layer wire-mesh filtration experiments

Fig. 1 shows the result of filtration performance by the 
removal efficiencies based on the SS analysis. In this figure, 
the columns define average removal efficiency and error bars 
do each standard deviation. Removal efficiencies ranged 
from 44.2% to 93.9%. The efficiency of the single wire-mesh 
with pore size 5 µm was 93.2% ± 1.0%, the highest found here. 
The efficiency of the wire-mesh with pore size of 10, 15, and 
30 µm were 66.1% ± 2.1%, 49.1% ± 7.0%, and 58.0% ± 6.8%, 
respectively. The slope of the regression model equation is 
negative value (−20.73) and determination coefficient is close 
to 0.7 (Table 2), we found that the smaller the pore size, the 
higher the removal efficiency. Since the standard deviation 
range of 15 and 30 µm cases overlaps, the difference was 
considered to be insignificant.

The average removal efficiency of wire-mesh of pore 
size 5 µm was the highest at 93.2% ± 1.0%, but the filtration 
rate was observed lower than other pore size wire-meshes. 
That is, a mesh with a small pore size can have high removal 
efficiency, but the clogging on the surface of wire-mesh 
proceeds quickly.

3.2. Double layer wire-mesh filtration experiments

Table 3 shows eight configuration cases of double layer 
of wire-meshes. Because of clogging on the surface of wire-
mesh with smaller pore sizes which was shown in the single 
layer experiments, 15 and 30 µm meshes were placed on the 
upper side, and the other four types of meshes were placed 
on lower side. Fig. 2 shows results of SS removal efficien-
cies. Investigating from the average removal efficiency, case 
5 and case 1 had high removal efficiencies, 97.4% ± 3.2% 
and 95.8% ± 3.2%, respectively. The difference between two 
cases seems insignificant due to the overlapping of standard 
deviations. The wire-mesh with pore size of 5 µm, which 
had the highest removal efficiency of 95.2% ± 3.2% in the 
single layer wire-mesh filtration experiment, was included 
in case 1 and case 5 of the double layer wire-mesh filtration 
experiment. As expected, the double layer resulted in higher 
efficiency of 87.2% ± 3.9% and 87.6% ± 4.4% than the single 
layer of 66.6% ± 4.2% in average. It means that the removal of 
algae particles could be increased more than 20% by adding 
one layer of wire-mesh. This seems to be due to the enhanced 

Fig. 1. Single layer wire-mesh removal efficiencies.

Table 2
Filtration experiment results using a single layer wire-mesh

Wire-mesh 
(pore size)

Average removal 
efficiency (%)

Standard 
deviation 

Regression model; 
y = β + α ln(x)

β α R2

Wire-mesh 
(5 µm) 93.2 1.0

118.54 −20.73 0.67

Wire-mesh 
(10 µm) 66.1 2.1
Wire-mesh 
(15 µm) 49.1 7.0
Wire-mesh 
(30 µm) 58.0 6.8
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effect of internal filtration by clogged SS between two layers. 
Unlike the single layer test results, it was not possible to 
clearly see the tendency of the efficiency to decrease even if 
the pore size increased in the double layer experiment. It is 
considered that this is due to the characteristic of the double 
layer which performs the filtering function both on the 
surface of wire-mesh and inside of two meshes, unlike the 
single layer which is mostly filtered by the surface.

3.3. Scanning electron microscope photography results

The algae solution after coagulation using TiCl4 was 
filtered through the wire-mesh as mentioned above, and the 
surface of each wire-mesh was photographed by SEM. The 
filtered shape Spirulina sp. algae was observed in the pho-
tographs. Figs. 3(a), 4(a), 5(a), and 6(a) show SEM images of 
a clean wire-mesh before filtration experiments. Also, the 
horizontal lines of the wires of mesh are arranged so as to be 
in contact with one another, and the weaving method is such 
that two or more lines are crossed or intersected. This method 
of weaving a wire-mesh is called a twilled Dutch weave, and 
it is primarily used for filtration purposes, and (b) and (c) 
were images of the algae on the wire-meshes subjected to 
the filtration experiment at 50× and 300× magnifications. In 
the images taken at 50× magnifications, the amount of algae 
filtered by 5 µm wire-mesh seems to be larger than that of 
10 µm wire-mesh, 15 µm wire-mesh, and 30 µm wire-mesh. 
This was the same results as the single layer wire-mesh 
experiment. The comparison of the amount of algae in 10 µm 
wire-mesh, 15 µm wire-mesh and 30 µm wire-mesh was 
not visually comparable because the SEM images were a 
portion of the enlarged wire-mesh. The SEM images of 300× 
magnifications showed the shape of the broken algae on 
the wire-mesh. The reason for this was to be that the algae 
was broken due to the heat during the drying process of the 
filtration experiment to measure the suspended solid.

Table 3
Filtration experimental configurations using a double layer 
wire-mesh

Configuration Pore size of upper 
wire-mesh

Pore size of lower 
wire-mesh

Case 1 5 µm
Case 2

15 µm
10 µm

Case 3 15 µm
Case 4 30 µm

Case 5 5 µm
Case 6 30 µm 10 µm
Case 7 15 µm
Case 8 30 µm

Double Layer Cases
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R
em

ov
al

 E
ffi

ci
en

cy
(%

)

0

20

40

60

80

100

120

Fig. 2. Double layer wire-mesh removal efficiencies.

   
(a)                                          (b)                                          (c)  

Fig. 3. Structure of wire-mesh with pore size 5 µm: (a) SEM image of clean wire-mesh (100×), (b) SEM image of filtration wire-mesh 
(50×), and (c) SEM image of filtration wire-mesh (300×).

   
(a)                                          (b)                                          (c) 

Fig. 4. Structure of wire-mesh with pore size 10 µm: (a) SEM image of clean wire-mesh (100×), (b) SEM image of filtration wire-mesh 
(50×), and (c) SEM image of filtration wire-mesh (300×).
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4. Conclusions

In this study, the single and double layer wire-mesh 
filtration experiments were carried out after pretreatment 
using TiCl4 as a coagulant for cultured algae to investigate 
the algae removal performance. From the experimental 
results, the following conclusions were drawn.

First, as a result of the single layer wire-mesh filtration 
experiments using four types of wire-mesh with pore sizes 5, 
10, 15, and 30 µm after pretreatment to coagulate the algae, 
removal efficiency ranged from 44.2% to 93.9%. It is investi-
gated that the relatively small wire-mesh has higher removal 
efficiency, and the removal efficiency of pore size 5 µm was 
the highest at 93.2% in average, but the filtration rate was 
slower than that of the wire-mesh with larger pore size. That 
is, a small pore size mesh can have high filtration removal 
efficiency in a short period of time, but because of the fast 
clogging and low filtration rate, applicability to the field 
needs to be re-evaluated.

Second, the double layer resulted in 20% higher effi-
ciency than the single layer in average. It seems to be due 
to the enhanced effect of internal filtration by clogged SS 
between two layers. There was no significant tendency of 
the efficiency decrease according to pore size increase in the 
double layer experiment. This seems to be due to the nature 
of the bilayer, which filters the suspended solids from the 
surface of the wire mesh and the interior of the mesh above 
and below, unlike a single layer which mostly filters the 
suspended material by the surface.

Third, SEM photographs were taken in order to con-
firm the details of the algae filtered out by the wire-mesh. 
The shape of the wire-mesh before and after filtration was 
investigated through the enlarged SEM images. In addi-
tion, the shape of the algae was observed in the specimen 
of the wire-mesh subjected to the filtration experiment. The 
algae were evenly filtered through the wire-mesh in a wide 

range. The high magnification SEM photograph showed the 
appearance of broken algae on the wire-mesh. It is consid-
ered that the algae are damaged due to the drying process of 
the filtration experiment.

As a result of above experiments, it was found that 
metal wire-mesh could be used as an effective filter for algae 
removal. Although wire meshes are not yet widely used in 
water treatment process, we investigated the possibility 
through this study. Considering the toughness of the metal 
wire-mesh, the filtration rate can be improved by increasing 
the backwashing flow rate or speed, although the slowing 
down of the filtration rate may be an obstacle.
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