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Abstract

This paper investigates the removal efficiency of textile wastewater using electrolysis process
by carbon electrodes. The performance of COD, turbidity, and color reductions was evaluated under
different conditions of pH, voltage usage, and distance between electrodes. The optimum conditions
were determined, and the size of the flocs using these conditions was determined. Results showed that
maximum COD, turbidity and color reduction were achieved under optimum pH6 conditions, constant
9V voltage, and 1cm distance between the electrodes with an average of 85.5%, 89.2%, and 85.2%
respectively. It was found that higher voltage value, shorter distance between electrodes and neutral
pH resulted in higher removal efficiency. The flocs size was found to be higher in the case of the short
distance between electrodes. Overall, this study demonstrates that the electrolysis process is an effective
method of treating textile wastewater and relatively rapid compared to other conventional techniques.
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Introduction

Textile factories generally use high volumes of water and various chemicals for finishing
and coloring processes. Wastewater produced from the dyeing process consists of a variety
of pollutants, which includes acids, bases, suspended and dissolved solids, toxic and non-
biodegradable compounds, which are detected even at low levels and must be treated before
the wastewater is released into the environment [1,2]. More than 100,000 commercially
available textile colors are estimated to be registered and presented in the industry, where
it generates about 700,000-1,000,000 tons of dyes, and approximately 280,000 tons were
released annually into the global environment through textile industry effluents [3]. Dyeing
and finishing processes are two subsequent stages in the textile manufacturing process.
These stages include man-made or natural fibres being tinted to the required permanent
color and processed into final commercial items [4]. Dyes can potentially have a harmful
effect on human health and can be carcinogenic [5]. The existence of dyes in wastewater, even
at low concentrations, is not acceptable as they can lead to esthetic and hazardous impacts
on the environment when they are disposed of. In general, textile wastewater encompasses
strong colors, high pH fluctuation, and high concentration of COD and suspended solids (SS)
[6]. The process of treating this textile wastewater is therefore very difficult because of these
properties.

During the last few decades, several researchers have applied different treatment
techniques for textile wastewater [7-11]. The selection of a proper treatment technique usually
depends on the textile plant’s manufacturing process and chemicals, effluent constituents,
discharge requirements, reuse/recycling options and the skills and expertise available. In
some textile mills, the effluent produced from various processes can be distinguished as
concentrated (paddler-tinting/finishing fillings, printing and dye-baths), medium polluted
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(washing and rinsing) and low/zero polluted wastewater [12]. This
effluent separation assists in the selection of efficient treatment
methods. However, in most cases, effluents produced from different
processes are discharged from the final outlet together as composite
wastewater [13].

Textile wastewater treatment processes can be divided into
three known processes: separation and concentration processes,
processes of decomposition and degradation, and process of
exchange [14]. Usually, a proper combination of these processes is
applied in full-scale treatment systems to meet the final discharge
according to water treatment standards. Anaerobic biodegradation
(as a pretreatment technique) is generally integrated into the
treatment of textile wastewater that has high- resistance effluents
[9]. However, anaerobic systems are costly. Several researchers have
previously used other methods of treatment for textile wastewater,
[15,16], adsorption [17], advanced
oxidation [18] and coagulation [19]. Coagulation-flocculation
technique is a cheap and cost-effective method, easy to operate,
and does not requires high energy. However, the efficiency of the
coagulation process is not high for soluble dyes [19]. In addition,
the coagulation process generates a high amount of sludge which
can adversely affect the treatment process and increase the cost of
treatment [20].

such as electrochemical

The electrolysis process is widely used for treating wastewater.
The method depends on the generation of coagulants in the
wastewater through the electrodes, usually made of metals like
aluminum or iron. The electrodes release ions which neutralize
particle charges and thus initiate coagulation. These ions are able to
remove contaminants by merging materials and by electro-flotation
[21]. The main processes were electrolytic reactions on the surface
of the electrode, followed by the formation of coagulants in an
aqueous phase, the adsorption of soluble or colloidal pollutants
and the removal of pollutants by sedimentation and flotation.
The destabilized particles then combine to form flocs, while tiny
cathode-formed hydrogen bubbles induce the majority of flocs to
help isolate wastewater particles effectively [21].

The main aim of this study is to investigate the effectiveness
of color, turbidity and COD removal from textile wastewater using
the electrolysis process. Specifically, two electrodes made of carbon
were used as electrodes. Different conditions of pH, voltage usage,
and distances between electrodes were applied to investigate
the optimum conditions that resulted in the maximum removal
efficiency. In addition, the size of the flocs was investigated using
the optimum conditions determined from experiments.

Materials and Methods

Textile wastewater collection and sampling

Samples of textile wastewater were collected from the Craft
Batik Teluk Bahang factory located at Pulau Pinang, Malaysia,
in February 2019. The samples were taken directly from a pipe
located after dying and washing process using 20L high-density

polyethylene bottles to prevent the contamination of samples. The
wastewater from the textile process started after dying and washing
process in the industry. Normally, in Batik industry, different types
of dyes in batik processing were used such as azo dye. Effluents
from textile mills were characterized by a high color concentration
due to residual dyes. The collected samples were transported to the
laboratory within 1hour and kept in a cold room at 4 °C to avoid
possible chemical and biological reactions before starting the
experiments. The samples were acclimatized for 2-3 hours at room
temperature before each experiment began. The major parameters
tested were pH, turbidity, COD, and color and analysed according
to the Standard Method of Water and Wastewater. The main
parameters tested were pH, turbidity, COD and color and analysed
by the American Public Health Association [22]. The temperature
and pH were determined by YSI Professional Plus Quatro, Eutech
pH700. Turbidity was determined using a turbidity meter (HACH
2100N). Measurement of COD and colour was done by HACH
DR2800 spectrophotometer.

Experimental setup

The treatment of textile effluent using electrolysis process was
carried out using different components such as reactor, a pair of
electrodes, electrode clamps, direct current (DC) power supply,
magnetic stirrer, and magnetic bar. A 500mL glass beaker was used
as an electrolytic cell where 300mL of textile sample was used for
the test. Two electrodes made of carbon were used in this study.
This type of electrode was employed for both cathode and anode
electrodes. Carbon was chosen due to cheaper cost and easier to
obtain. The electrodes were placed in a glass beaker known as
an electrolytic cell. The two electrodes were set up in a vertical
position with different distances of 1cm, 2cm, 3cm and 4cm
between the cathode and the anode. The electrodes were attached
with an electrode clamp in order to ensure that the electrode is in a
fixed position when immersed in a textile wastewater sample. The
various distances between the electrodes are one of the variables
that investigated in this study. Both electrodes were connected to
a DC power supply, which supplies electrical current through the
electrolysis process. A magnetic stirrer and magnetic bar were also
used to enhance pollutant removal [23]. The experiments were
performed with different voltages of 3V, 6V, and 9V. In addition,
different pH ranges were used in the experiments varied from pH4,
pH6, and pH8. All experiments were carried with four different
inter distance between electrodes of 1cm, 2cm, 3cm, and 4cm.
Three main factors were considered during the experiments like
the influence of voltages, the effect of pH, and the impact of distance
of inter electrodes. All textile samples were tested for COD, color,
and turbidity.

Determination of floc size

Destabilized particles in textile wastewater will aggregate into
flocs. Also, cathode will generate tiny hydrogen bubbles and induce
the flotation of the majority of flocs, where only a small percentage
of the flocs will sink to the bottom. These flocs formed will help
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to effectively separate particles from wastewater. The size of flocs
formed is one of the floc properties; thus, it is significant to measure
the size of flocs to know the influence of the size of the flocs on
the effectiveness of removal pollutant. In this study, the size of the
flocs was measured using the Malvern Mastersizer 2000 particle
size analyzer.

Results and Discussion

Characteristics of textile wastewater

The detailed features of the wastewater samples are summarized
in Table 1. The raw textile wastewater has a dark-purple color
(645Pt Co) with an average pH of 10.98. The acceptable range
of color is 200Pt Co. The high pH value indicates that the textile
wastewater was alkaline. The acceptable range of pH is between
5.5 and 9 (MQA, 2009). Having high alkalinity is intolerable as it
is an indication that the textile wastewaters have the capacity to
neutralize acids [24]. On the other hand, color is often caused by
forms of organic matter content that cause color pollution induces
synthetic chemical dyes and natural dissolved organics such as
lignin and tannins [25]. The color and pH exceeded the acceptable
conditions for the discharge of industrial wastewater effluent
[26]. The COD value was 460mg/L, which is also unacceptable
to discharge without treatment (acceptable range for COD is 80-
250mg/L). Turbidity value was 24.22 NTU which is also higher
than the acceptable range for a discharge without treatment.

Table 1: Textile wastewater characteristics.

Parameters Value Standard*
pH 10.98 5.5-9.0
COD (mg/L) 460 250
Turbidity (NTU) 24.22 -
Colour (Pt Co) 645 200

* Adapted from Environmental Quality (Industrial Efflu-
ents) Regulation 2009

Color removal

As stated, different pH was used to determine the optimum
pH of the treatment. Figure 1 portrays the removal efficiency of
color using different pH, different voltages, and different distances
between electrodes. Using raw pH of textile wastewater (10.25) and
9V, the removal efficiency of color at distance of inter-electrode of
1lcm, 2cm, 3cm and 4cm was 43.9% (562 to 315PtCo), 26.3 % (562
to 414PtCo), 25% (415 to 313PtCo) and 23% (418 to 319PtCo),
respectively (Figure 1). It can be noted that the maximum removal
of color was obtained at 1cm of a distance of inter-electrode
(43.9%), whereas the lowest removal of color was obtained at 4cm
distance of inter-electrode (23%). When the voltage was changed

to 6V, the reduction of color was 25.3%, 23%, 21%, and 18% at a
distance of inter-electrode of 1cm, 2cm, 3cm and 4cm, respectively.
When the voltage value was decreased to 3V, the removal efficiency
of color was 29%, 28%, 25% and 23% at the different distance of
inter-electrodes. In conclusion, the highest color reduction was
achieved using 9V at an inter-electrode distance of 1 cm with 43.9%
(562 to 398PtCo).

At pH4 of electrolysis (Figure 1) and using a voltage value of
9V, the percentage removal of color was 63% (463 to 169PtCo),
52% (463 to 220PtCo), 39% (305 to 186PtCo), and 35% (315 to
203PtCo) at the different distance of inter-electrodes. When the
constant voltage decreased to 6V, the color reduction was 30.1%,
29%, 28% and 26%. When the constant voltage was decreased
again to 3V, the percentage removal of color was 27.8%, 21%,
19% and 13% at a distance of inter-electrode of 1cm, 2cm, 3cm
and 4cm respectively. According to Manikandan et al. [27], the
color removal at pH4 was 69.31% which is slightly higher than the
maximum color removal obtained from the current study (63%) at
1cm distance of inter-electrode and 9V. In general, by using low pH,
a higher volume of hydrogen is produced by electro-reduction in
the cathode; therefore, less proportion of hydroxide ions can result.
By comparing the results of pH6, the acidic condition resulted in
the least efficiency than neutral condition. This is because, during
the electrolysis process, the dominant carbon species will act
as a coagulating agent. At pH4, the removal efficiency was lower
because of the formation of soluble carbon complexes [28].

At pH 6 (Figure 1) and using constant voltage of 9V, the
percentage removal of color was 85.2% (687 to 102PtCo), 81%
(468 to 82PtCo), 69% (353 to 109PtCo), and 65% (350 to 122PtCo)
at the different distance of inter-electrodes. When the constant
voltage was decreased to 6V, the removal efficiency of color was
decreased to 63.4%, 61%, 54%, and 50% using the previous
distances between electrodes, respectively. With more decreasing
of constant voltage to 3V, the removal efficiency was decreased
to 52.3%, 51%, 46%, and 41% at the same distances between
electrodes. According to Naje et al. [29], the color removal using
pH6 and distance of inter-electrode 1cm was 94% which is slightly
higher than the result obtained from the current study (85.2%).
Chen [30] stated that higher voltages lead to higher removal.

When the pH of the electrolysis was increased to 8 (Figure 1),
and a constant voltage of 9V, the removal efficiency of color was
69.8% (891 to 269PtCo), 43% (497 to 280PtCo), 36% (390 to
249PtCo),and 32% (388 to 265PtCo) at the same distances between
electrodes. However, when the value of voltage was decreased
to 6V, the removal efficiency of color decreased to 30.2%, 29%,
27% and 23% at the same distances between electrodes. Further
reduction in voltage to 3V resulted in a reduction of color removal
efficiency to 26.3%, 24%, 21% and 18% at the same distances
between electrodes. Overall, it can be summarized that maximum
color reduction was achieved at pH 6, 9V constant voltage and 1cm
distance between the electrodes.
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Figure 1: Effect Removal efficiency of color versus distance between inner electrodes at (a) raw pH, (b) pH 4, (c)

pH 6, and (d) pH 8

Turbidity removal

Similarly, the turbidity removal of textile wastewater was
evaluated using different pH values, constant voltage values, and
distances between electrodes as shown in Figure 2. Using raw
pH of electrolysis (Figure 2) and voltage value of 9V, the removal
efficiency of turbidity was 52.3% (24.44 to 11.65NTU), 37% (21.07
to 13.28NTU), 34% (22.8 to 15.4NTU), and 26% (22.1 to 16.3NTU)
at distances between electrodes of 1lcm, 2cm, 3cm and 4cm,
respectively. In contrast to color removal, when the voltage value
decreased to 6V, the removal efficiency of turbidity was increased
to 58%, 40%, 37%, and 35% at the same distances as mentioned
earlier. Further decrease of voltage value to 3V leads to higher
removal efficiency of turbidity using the same distances between
electrodes except for the case of 1cm distance between electrodes.
The percentage removal of turbidity was 49.6%, 46%, 43%, and
40%.

When the pH was increased to 4 (Figure 2), and a voltage
value of 9V, the percentage removal of turbidity was 62.6% (7.84
to 2.93NTU), 48% (23.83 to 12.26NTU), 47% (33.46 to 17.5NTU),
and 44% (32.8 to 18.3NTU) using the different distances between
the electrodes. When the voltage value was decreased to 6V, further
decrease in turbidity was noted and reached to 49.1%, 39%, 37%
and 32%. Further decrease in the voltage value to 3V resulted in
lower removal efficiency of turbidity of 40.5%, 39%, 23% and 17%

at the different distances between electrodes.

When the pH was increased to 6 (Figure 2), and a voltage value
of 9V, the percentage removal of turbidity was 89.2% (10.08 to
1.08NTU), 75% (35.88 to 8.96 NTU), 64% (20.92 to 7.55 NTU),
and 57% (22.6 to 9.63 NTU) at the different distances between
electrodes. The removal efficiency of the turbidity at pH6 is
obviously higher than that of the raw pH and pH of 4. According
to Zarei et al. [31], the acidic condition will result in slightly lower
removal of turbidity than neutral condition. This finding is due
to the formation of small flocs that impact the coagulation and
sedimentation process and reduce its effectiveness. When the
voltage values decreased to 6V and 3V, the removal efficiency of
turbidity was decreased to 74.3%, 70%, 65%, 47% and 54.7%,
52%, 48% and 36% respectively.

At pH 8 (Figure 2) and using voltage values of 9V, the percentage
removal efficiency of turbidity was 82.8% (12.15 to 2.08 NTU),
65% (32.51 to 11.5 NTU), 49% (32.48 to 16.64 NTU), and 47%
(30.5 to 16.1 NTU). Further decrease of voltage value to 6V and
3V resulted in lower removal efficiency of turbidity to 20%, 18%,
12%, 11% and 41.8%, 40%, 36%, and 27%, respectively. It can be
summarized that at optimum conditions pH 6, 9V voltage value and
1lcm distance between electrodes, the highest removal efficiency of
turbidity was achieved.
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Figure 2: Removal efficiency of turbidity versus distance between inner electrodes at (a) raw pH, (b) pH4, (c) pH6

and (d) pH8

COD removal

COD removal was also observed under different conditions of
pH, voltage value, and distances between electrodes, as shown in
Figure 3. At raw pH (Figure 3) and using 9V as a constant voltage,
the removal efficiency of COD was 37.2% (456 to 286mg/L), 30%
(415 to 290mg/L), 29% (412 to 293mg/L), and 28% (422 to
303mg/L) at inner distances between electrodes of 1cm, 2cm, 3cm
and 4cm, respectively. On the other hand, at constant voltage value
of 6V, the removal efficiency of COD was 48.7%, 27%, 23% and 22%
at the different distances between electrodes. However, when the
voltage decreased to 3V, the COD reduction increased to 56.5%,
42%, 36% and 30% at the different distances between electrodes.
Itis obvious that variation in voltage value plays a central role in the
process of treatment. The discussion of the influencing parameters
will be discussed in the next section.

Using pH of 4 (Figure 3) and voltage value of 9V, the removal
efficiency of COD was 45.4% (460 to 251mg/L), 30% (410 to
284mg/L), 24% (331 to 250mg/L), and 21% (323 to 254mg/L) at
the different distances between electrodes. When the voltage value
was decreased to 6V and 3V, no significant removal of COD was
observed where the maximum removal efficiency was 31.5%, 30%,
29%, 21% and 37.6%, 34%, 28% and 25%, respectively. When pH
was increased to 6 (Figure 3), and using a voltage value of 9V, the

percentage removal of COD was 85.5% (460 to 66mg/L), 66% (643
to 216mg/L), 62% (447 to 166mg/L), and 59% (440 to 178mg/L).
However, when the voltage value was decreased to 6V and 3V, the
removal efficiency of COD was decreased to 67.9%, 65%, 57%, 49%
and 60.5%, 58%, 53%, 51%, respectively.

Further increase in pH to 8 (Figure 3) resulted in lower
removal efficiency of COD of 22.7% (590 to 456mg/L), 21% (442
to 350mg/L), 18% (500 to 412mg/L) and 15% (480 to 410mg/L)
at the different distances between electrodes. However, when the
voltage decreased to 6V and 3V, a small increase in the performance
of COD was noted where the higher removal efficiency was 33.2%,
31%, 27%, 23% and 34.08%, 31%, 28%, 27%, respectively. Naje et
al. [29] showed that the COD reduction at pH 4 was 77%, whereas
in the present study the higher percentage of COD removal at pH 4
was 45.4%, which is slightly different from COD reduction from the
previous study. The higher COD removal is most likely due to the
larger surface area of flocs that will contribute to quick absorption
trap by colloidal particles. In the current study, however, COD
removal was lower with the acidic condition. This observation
could be due to the types of organic compounds included in
textile wastewater samples. From the previous results, it can be
summarized that the optimum conditions which gave the maximum
removal efficiency of COD were at a pH of 6, 9V of constant voltage,
and 1cm between electrodes.
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Figure 3: Removal efficiency of COD versus distance between inner electrodes at (a) raw pH, (b) pH4, (c) pH6,

and (d) pHS8.

Influence of removal efficiency by operating parameters

The removal efficiency of COD, turbidity, and color was
investigated under different conditions of pH, voltage values,
and distances between electrodes. The three parameters were
considered as the influential factors that affect the removal
performance. According to Amour et al. [32], the current density
appliedwasthe main operatingvariable for the coagulant production
rate, oxygen evolution, heat generation and bubble production
rate; thus, it controls the electrolysis process performance as well
as operating costs. Voltage is also a significant variable which
controls the pollutant removal reaction rate by determining the
producing of bubble rate, bubble size and the formation of the
floc, which can influence pollutant removal performance by the
electro-coagulation process. The distance between electrodes is
also an influential factor in the process of electrolysis. According to
Azarian et al. [33] the electrodes distancing influences electrolysis
energy consumption, particularly when the electrical conductivity
of the samples tested is low. In the current study, four different
distances have been tested, as mentioned earlier. The distance of
1cm resulted in optimum removal, which was in agreement with
Naje et al. [29]. By increasing the distance, the attraction of the
dissolved solution between the electrodes and current ions would
be reduced. As a result, the flocculation process will be slow and
results in decreasing the efficiency of the treatment process. The
interaction of colloidal particles or flocs can have a major impact
on their settling and floating characteristics if the inter-electrode

distance is small (1cm), resulting in high particle collisions and
high pollutant removal. Therefore, increasing the inter-electrode
distance reduces pollutant removal and reduces the efficiency of
the electrolysis process [34].

In addition to the parameters, pH plays a central role in the
electrolysis process. According to Atashzaban et al. [35], pH
influences the reductions of COD and TSS. The maximum reduction
was achieved at both electrodes at a neutral pH of 6-7. Hydrogen
bubbles were usually created at neutral pH at the cathode and can
be applied to generate an area to link liquid, gas, and solid, and to
collect the neutral and colloidal particles. In the current study, the
highest removal of pollutant occurred at pH 6 (neutral) condition.
During electro-coagulation, the metallic cations created to interact
with OH-to form hydroxides which adsorb pollutants (bridge
coagulation). In some situations, the hydroxides form larger
lattice-like structures that sweep through the water (sweeping
coagulation). By neutralizing the colloidal particle charge, cations
or hydroxyl ions can also form a pollutant precipitate. In addition,
the adhesion of bubbles to flocs results in electro-flotation, which
can also help in the removal of pollutants [36]. The interaction
between the particles would also cause dense flocs to form. The
dense flocs have a large surface area in which soluble organic
compounds and colloidal particle trapping are quickly adsorbed,
resulting in maximum COD, turbidity and color reduction through
flotation and sedimentation.
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Size of flocs at optimum conditions

As illustrated earlier, the maximum reduction of the pollutant
was obtained at pH of 6, 9V of constant voltage, and 1cm between
electrodes. The flocs size was investigated using these optimum
conditions, as shown in Figure 4 below. It can be seen that the size
of flocs formed at optimum condition was achieved at diameter
0.9 (582.230pm). At this diameter, the largest size of flocs was
obtained, which cause high removal of pollutants. This observation
is most likely due to the neutralization state, where the flocs start to
form as particles collisions occurred. The higher collision efficiency
will give a higher removal efficiency of pollutants [37]. When the
distance between electrodes increased to 2cm, the flocs were
found to be smaller in diameter 0.9 with a value of 495,662um,
as shown in Figure 5. Further increase in the distance between

electrodes resulted in smaller flocs size at diameter 0.9 with a value
of 252.560pum and 148.392um for a distance between electrodes of
3cm and 4cm, respectively. From the previous results, it was obvious
that the distance between electrodes was an influential factor that
affects the size of the flocs. It is believed that the distance between
electrodes impacts electrolysis energy consumption, particularly
when samples have low electrical conductivity. Increasing the
distance between electrodes will reduce the attraction in a dissolved
solution between the electrodes and the ions present. Therefore,
the size of the flocs will be reduced and hence, the flocculation
process will be slow and results. At a closer inter-electrode distance
(1cm), colloidal particles or flocs may interact significantly with
their settling and flotation characteristics, resulting in high particle
collisions, resulting in higher flocs size [34].
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Figure 4: Particle size distribution for flocs at 9V, 1cm between electrodes, and pH6.
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Figure 5: Particle size distribution for flocs at 9V, 2cm between electrodes, and pH6.
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Conclusion

In this study, the removal of COD, turbidity, and color from
textile wastewater (from the last process of dyeing and finishing)
was investigated using the electrolysis process by employing carbon
bars as electrodes. Carbon electrodes is found to be an effective
coagulant as it generate coagulants in the textile wastewater
through the electrodes. Usage of carbon electrode is found to be safe
as its not giving detrimental impact towards human health by metal
precipitation along the pollutant removal. Electrolysis process was
examined under different conditions. It was found that the voltage
value affects the rate of reaction of pollutant removal and can affect
the removal where the higher voltage value resulted in higher
removal efficiency. Also, the distance between electrodes and pH
significantly affects the removal efficiency, where the less distance
between electrodes resulted in higher removal efficiency and pH
plays a central role in the treatment process, where the higher
removal efficiency was achieved at neutral pH respectively. Under
optimum conditions (pH: 6, constant voltage: 9V, inter-electrode
distance: 1cm), 85.5% of COD removal, 89.2% of turbidity removal
and 85.2% of color removal were obtained. The flocs size was found
to be bigger in the case of less distance between electrodes with
1 cm inter-electrode distance give 582.230pum flocs diameter size.
The study demonstrated that the electrolysis process was efficient
and relatively rapid and could be used as an alternative treatment
for textile effluent in removing COD, turbidity and color from textile
wastewater. At present, there is little pollutant removal efficiency
in textile wastewater by using carbon electrodes electrolysis was
determined. This leaves room for more experimental work to be
conducted in order to establish more data in term of other pollutant
removal such as suspended solids, heavy metal and phosphate
removal to enhance better water quality after electrolysis process.
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