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Abstract

Biosolar contains oil, fatty acids, emulsifiers, bactericides, and other chemicals. If the oil contents are mixed with water, it will become
hazardous waste and affect drinking water sources, endanger human health, air pollution, affect agricultural production, and damage
the natural landscape, so the oil content must be processed to reduce its hazardous content. One of the methods used in treating
oily solutions is adsorption. The adsorption method for oily solution treatment is ineffective because it requires several stages, so the
required capital is relatively larger and takes longer. Electro-adsorption is one of the methods that is being developed for treating oily
solutions. Electro-adsorption is a hybrid separation technology to break down oil emulsions in wastewater and some other organic
content. The purpose of this study is to characterize the activated carbon and determine the effect of voltage and time on synthetic
oily solution treatment in terms of COD value and oil-fat content. A synthetic oily solution is made by mixing 1g of biosolar/B30 into
the water from the Musi River to a volume of 1L. The application of the electro-adsorption method uses commercially activated
carbon as an adsorbent and iron as an electrode. Variations given to the process with voltage O, 5, 10, 15 V and time O, 5, 10, 15,
20, and 25 minutes. The characteristic of activated carbon showed a size change in the pore size from 2.58 pm to 1.98 pm and a
reduction of surface area from 740 (+180) m?/g to 730 (+120) m?/g. The electro-adsorption method was effective in treating oily
solutions. The decrease of COD reaches the maximum level at a voltage 10 V for 25 minutes, which was 75.92% from 62.33 mg/L
to 15 mg/L initially, while the concentration of oil-fat obtains the maximum level at a voltage of 5 V for 5 minutes that is equal to
99.65%, initially 303.19 mg/L to 1.05 mg/L. The optimum condition of the electro-adsorption process in synthetic oily solution was
at the voltage of 5 V and a time of 5 minutes. The electro-adsorption process is an effective method to treat synthetic oily solutions.
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1. INTRODUCTION

The oil and gas industry is vital because it produces products
that people need in their daily lives. High demand for products
requires factories to continue to produce products in large
quantities. The conducted process of producing products will
also form waste. The oil and gas industry is an industry that
produces hazardous and toxic waste. One of the industrial
wastes is an oily liquid waste. Other industries that produce
oily liquid waste are metallurgical, food, leather, and metal
industries (Coca-Prados and Gutiérrez-Cervells, 2010). Oily
liquid waste cannot be directly discharged into the environment
because it can affect drinking water sources, endanger human
health, air pollution, affect agricultural production, and damage
the natural landscape (Poulopoulos et al., 2005). It means that
the waste must be treated first before being discharged into the

environment. Oily liquid waste contains oil (mineral, vegetable,
or synthetic oil), fatty acids, emulsifiers, bactericides, and other
chemicals (Gryta et al., 2001).

The present oily wastewater treatment takes a long period
and is inefficient. Therefore, a new method that is shorter,
efficient, and able to process large waste at a time consider-
ing the large amount of waste produced due to the large mass
production of oil in the oil and gas industry. Many methods
can be used as a treatment process for oily wastewater. One
of the methods is electro-adsorption which is a hybrid pro-
cess of a combination of two methods between adsorption and
electrolysis.

According to the United States Environmental Protection
Agency (USEPA) that the adsorption process by utilizing acti-
vated carbon is one of the best environmental treatment tech-
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nologies (Sivakumar et al., 2012). Activated carbon adsorbent
is widely used because it has a high adsorption rate, high specific
surface area, and even distribution of pores. In addition, it can
adsorb up to 50% of the mass of the carbon itself (Khairunisa,
2008).

The adsorption and electrolysis methods each have an ex-
cellent ability to carry out the process. The adsorption method
with the addition of voltage in the process can increase the
ability of the adsorbent to adsorb unwanted substances. Com-
bining the two methods can be seen in its ability in the research
of Xie et al. (2018), which used electrochemical adsorption and
succeeded in adsorbing solid particles with sizes below 10 m
with an efficiency rate of more than 90%. Research conducted
by Ziati et al. (2017) showed a high reduction rate using the
electro-adsorption method to reduce chromium with the result
reaching 96%.

Electrolysis is alternative energy used to produce hydrogen
by breaking down water components into clean and pollutant-
free hydrogen and oxygen (Saputra, 2018). The water elec-
trolysis process is also considered to have high effectiveness in
producing hydrogen, reaching more than 70% (Barbir, 2005).
The adsorption and electrolysis methods each have an excellent
ability to carry out the process. The adsorption method with
the addition of voltage in the process can increase the ability of
the adsorbent to adsorb unwanted substances.

The electrolysis method for doing its reaction process re-
quires electrodes. Electrodes are a carrier consisting of elec-
trolyte carriers and ionic carriers (Rivai, 1995). The materials
which can and are often used ad electrodes are graphite, plat-
inum, and gold. Other materials or electrodes that have been
used for many research are carbon, iron, aluminum, copper,
and stainless steel.

In this study, the electrode that will be used are iron elec-
trodes. Iron is widely used as an electrode because iron is one
of the materials with high durability and has a lower cost com-
pared to aluminum (Casillas et al., 2007). The availability of
iron electrode material is also abundant and its use has proven
effective (Larue et al., 2008). Iron is also an excellent material
to use at the anode because it is a trivalent ion. Trivalent ions
have a higher ability to adsorb particles in water than bivalent
ions due to their higher density (Koren and Syversen, 1995).

The research of Mohammed et al. (2011), treats oily liquid
waste by adsorption method. The adsorbents used in his re-
search were activated carbon and zeolite with expanded beds
as a tool for adsorption. The sample used was corn oil which
was prepared by mixing corn oil in distilled water. The best
adsorption results from the two adsorbents were shown by acti-
vated carbon. The result can be seen from the oil concentration
of the research results. By using an adsorbent weighing 2-8
grams for 20 minutes at a temperature of 80°C, activated car-
bon reduced the residual oil concentration from 20,000 ppm
to zero ppm while in the zeolite adsorbent, the final oil residue
concentration was 10,000 ppm.

Activated carbon is a combination of carbon atoms with a
vast surface area obtained from the activation of the carbon.
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Activation is the treatment of charcoal or carbon to enlarge the
pores. This activation is carried out by breaking the hydro-
carbon bonds or by oxidizing the molecules from the surface
until carbon change’s physical and chemical properties. These
changes are shown by increasing the size of the carbon surface
and will affect the adsorption power (Sembiring and Sinaga,
2008). One gram of activated carbon that has been activated
will be equivalent to a material having a surface area of 500m?.
The purpose of activation is usually to enlarge the carbon pores,
but some of the activations are associated with increasing the
adsorption power of activated carbon (Idrus et al., 2013).

Xie et al. (2018) used the electrochemical adsorption met-
hod on drilling fluids waste from domestic oilfields. The adsor-
bent used in his research is in the form of bentonite. The study
was conducted by the electro-adsorption plate with a distance
between plates of 5 cm, and the voltage used was 1.3 Vand 1.6
V for 5 minutes. Electrosorption carried out aims to adsorb
and remove solid particles with a size below 10 microns. This
research obtained the efficiency of removing solid particles
measuring 1-10 m up to more than 90% by using the single
factor experiment.

The research that has been mentioned above focused on
adsorption or electrolysis only. The combination of adsorption
and electrolysis named electro-adsorption was done by Xie
et al. (2018) and Ziati et al. (2017) also didn’t focus on oily
treatment by using activated carbon and iron electrodes. The
adsorption method with activated carbon as an adsorbent is
known to have a high level of oil adsorption in the waste. The
combined method with the electrolysis process can also increase
the oil absorption rate compared to without electrolysis. The
advantages of both methods encourage the search for research
on electro-adsorption. The research that will be carried out
this time uses the electro-adsorption method using activated
carbon adsorbents and iron electrodes to process synthetic oily
solutions as a substitute for oily wastewater.

This study aims to determine changes in the characteris-
tics of activated carbon and the effect of voltage and time on
the electro-adsorption method on the synthetic oily solution
as a replacement for the oily wastewater treatment process,
which is resistant to COD levels and oil-fat content. The ad-
sorbent used is commercial activated carbon. The activated
carbon wrapping container used a type of spunbond fabric
made from polypropylene. The electrode used in this study
is iron electrodes. Synthetic oily solution treatment using the
electro-adsorption method is expected to provide a better per-
centage of absorption than using only the electrolysis method
or only adsorption method.

2. EXPERIMENTAL SECTION
2.1 Materials

The materials used for this research are the synthetic oily so-
lution (using biodiesel/B30), commercial activated carbon in
granular shape, Musi River water, and aquadest. The tools
used are a 2 liters glass beaker, iron electrode plates with size

Page 345 of 352



Cundariet. al.

Table 1. The COD and Oil-Fat Content of Synthetic Oily
Solution After Electro-Adsorption Process

Time Voltage COD Oil-fat
(minutes) \%) (mg/L) (mg/L)
5 0 23.5 7.99
5 18 1.056
10 19 1.15
15 19 1.64
10 0 26.5 7.57
5 20 1.82
10 21 2.03
15 20 1.89
15 0 23 7.71
5 18 2.04
10 21 1.78
15 18 2.03
20 0 23 7.85
5 18 1.73
10 18 1.89
15 18 1.77
25 0 24.5 7.98
5 17 1.31
10 15 2.04
15 18 1.97

17x5x%0.1 cm, a power supply, a spunbond cloth made of
polypropylene with size 12x8 c¢m, and a stopwatch.

The synthetic liquid solution used in this study was made
by mixing the Musi River water and biodiesel (B30) into one
vessel. A synthetic oily solution is made by mixing 1 g of
biosolar/B30 with water from the Musi River to a volume of 1
L. The Musi River was used because this is the main source of
water for Palembang society and this synthetic oily solution is
analogous to biosolar/B30 spills to the river. The COD and
oil-fat content of synthetic oily solution before the process is
analyzed to obtain the initial characteristic to be compared later
with the processed or final synthetic oily solution.

The activated carbon used in this research is commercial
activated carbon. Activated carbon received from the seller still
contains a lot of impurities, so the activated carbon needs to
be washed before its utilization (Sahara et al., 2017). The acti-
vated carbon was first washed with water from the Palembang
Regional Drinking Water Company then followed by doubled
aquadest washing to remove dust and other impurities. The
washed adsorbent was then dried in an oven at 110°C for 1
hour. The dried activated carbon as much as 50 g was placed
into a spunbond bag made of polypropylene.

The research was conducted by applying an electric po-
tential to the electrodes of 5, 10, and 15 V with specific time
intervals (5, 10, 15, 20, and 25 minutes). As a comparison, a
test was also carried out without using an electrode (voltage 0 V).
The research procedure started when 1 mg/L of the synthetic
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Figure 1. Schematic of Electro-Adsorption Equipment

oily solution is filled into the beaker glass with the electrode
plates placed on the right and left sides in it. The electrodes
are connected to the power supply. Then, the wrapped acti-
vated carbon is set in the middle of the electrodes. After all,
the components are set in each of their places, turned on the
power supply with the appropriate voltage, and countdown the
time of the process, as seen in Figure 1. At the end of the
process, turned off the power supply, took the adsorbent out,
and analyzed the lean solution.

The activated carbon characterized by using Scanning Elec-
tron Microscope (SEM) and Fourier Transform Infra-Red
(FTIR). The electro-adsorption process results are analyzed
for COD levels based on SNI 6989.2:2019 and oil-fat con-
centrations based on SNI 06-6989.10-2004. The percentage
reduction in COD and oil-fat concentrations are calculated
using Equation (1), where Cy is the initial COD/oil-fat con-
centration and C, is the COD/oil-fat concentration at time
t.

Co -G,
Co

(1)

% Removal =

3. RESULTS AND DISCUSSION

The synthetic oily solution used in this study was made by mix-
ing Musi River water and biodiesel (B30). The initial sample
of the synthetic liquid solution was tested to be used as an ini-
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tial sample characteristic before conducting research using the
electro-adsorption method on the sample. The initial COD
was 62.33 mg/L and the oil-fat content was 303.19 mg/L.
The maximum permissible level based on the Regulation of
the Minister of the Environment No. 19 the year of 2010
concerning the quality standard for the disposal of process
wastewater from petroleum processing activities for COD was
160 mg/L and oil-fat was 20 mg/L. Based on that regulation
the oil-fat content of the sample was 15 times more than the
maximum permissible level.

The synthetic oily solution is then electroadsorbed with the
variation of voltages of 0, 5, 10, and 15 V for 5, 10, 15, 20, and
25 minutes. The electroadsorbed oily solution was analyzed
with COD and oil-fat parameters. The results of COD and oil-
fat content of oily solution samples after the electro-adsorption
process can be seen in Table 1.

Table 1 showed the results of the analysis with a big differ-
ence from the initial value. The oil-fat concentration in Table 1
ranged from 1.05 mg/L to 2.04 mg/L. That means the electro-
adsorption process was effective to reduce the oil-fat content
to a value that is lower than the permissible point of oil-fat
content on the regulation of The Minister of Environment No.
19 the year of 2010. Similar results also occurred for COD
values, that ranged from 15-21 mg/L. The results indicate that
the electro-adsorption process has an influence on the analyzed
parameter namely COD and oil-fat content which the effect
explained later. At the voltage 0 volts which can be called as
adsorption process only, the COD and oil-fat content resulted
in 23-26.5 mg/L and 7.57-7.99 mg/L respectively.

3.1 Activated Carbon Characteristic

The activated carbon used in this research is commercial ac-
tivated carbon. The activated carbon was prepared with the
procedure explained in section 2. Characterization methods
to determine the morphology and functional group in the acti-
vated carbon were Scanning Electron Microscope (SEM) and
Fourier Transform Infra-Red (FTIR) respectively. Analysis of
the activated carbon characteristics was carried out on activated
carbon before and after the electro-adsorption process. The
adsorbent samples to be tested were the highest oil-fat electro-
adsorption results (at an operating voltage of 5 V for 5 minutes)
to see the changes that occurred in it. SEM analysis results
of activated carbon before and after the electro-adsorption
process can be seen in Figure 2 and Figure 3.

The initial and final activated carbon presented in Figures
2 and 3 were characterized using SEM at a magnification of
5000x. Figure 2 showed rough topography (surface texture)
and morphology, irregular porosity, and uneven pore size di-
ameter. The pore size diameter ranged from 1.64 to 4.77 um,
with an average pore diameter of 2.58 um.

In contrast, the pore diameter after the electro-adsorption
process reduced, as seen in Figure 3. The shortest and the
longest pore diameter were 1.16 um and 2.92 um respectively,
with an average pore size diameter was 1.98 um. The topogra-
phy, morphology, and porosity were similar to Figure 2. This
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Figure 2. SEM Analysis of Initial Activated Carbon (Before
Electro-Adsorption Process)
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indicated the adsorption of o0il molecules onto the activated
carbon that stuck and covered the pore. The result of this ac-
tivation was the degradation of the pore size diameter of the
activated carbon. At the beginning of the process, the active site
of the carbon was still empty so the adsorption process occurred
in the fast stage. As time goes by, the oil molecules began to
fill the active site of the carbon which causes the adsorption
process to enter a slow stage. This matter is also supported by
FTIR results that can be seen in Figure 4.

Based on analysis results using BET analyzer, the surface
area of activated carbon before and after the electro-adsorption
are 740 (+180) m?/g and 730 (+120) m?/g respectively. The
reduction in surface area after electro-adsorption process in-
dicates the presence of substances that are absorbed by the
activated carbon.

Figure 4 showed the analysis results using FTIR before and
after the electro-adsorption process. The green line in Figure
4, which was the FTIR result for activated carbon before the
electro-adsorption process, did not show any peaks formed,
that indicated no oily molecules adsorbed. The red line in
Figure 4, the FTIR result of activated carbon after the electro-
adsorption process, showed the peak of the wave, although not
very sharp. The first peak formed at wavenumber 8700 - 3000
em™!, the wide wavenumber pointed the absorbance activity of
the double bond with the H-OH hydroxyl group (3570-3200
cm™!); the second peak formed at wavenumber 2150-2000
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Figure 3. SEM Analysis of Final Activated Carbon (After
Electro-Adsorption Process)
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em~! showed the wavelength region of the triple bond; and
the third peak formed that the smallest peak at wavenumber
1700-1500 em™! indicated the absorbance of the group with
varying double bonds (Nandiyanto et al., 2019). This indicated
the presence of a group of biosolar (B30) that adsorbed into
the activated carbon.

3.2 Effect of Voltage and Time Variations on COD Levels
Chemical Oxygen Demand (COD) is the amount of oxygen
needed to chemically oxidize organic and inorganic materials
in water (Riyant et al., 2019). The higher the COD number
indicates the reduced dissolved oxygen content in the water
so that water pollution is high. The effect of voltage and time
variations on decreasing COD levels in synthetic oily solution
samples was shown in Figure 5.

Figure 5 showed the results of COD level analysis ranging
from 15 to 21 mg/L. The maximum reduction in COD level
was 75.92% at a voltage of 10 V for 25 minutes, that reduced
from 62.33 mg/L to 15 mg/L. A very drastic decrease in COD
levels in the treatment of oily solution was shown in the first 5
minutes of the processing that pointed fast electro-adsorption,
this result similar to Okiel et al. (2011) and (Ramli and Ghazi,
2020). In the next minutes, the changes that occurred were not
as significant anymore, that showed slow electro-adsorption.
The optimum condition for all of the voltage variations hap-
pened at contact time at 5 minutes. This showed the equilib-
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Figure 4. FTIR Analysis of Activated Carbon (Before and After
Electro-Adsorption Process)

rium condition of the electro-adsorption process. This was
because the pores in the activated carbon had been filled with
oil molecules that affected the adsorbent ability to degrade the
COD level (Ramli and Ghazi, 2020).

According to Siregar et al. (2015), the longer the operation
time, the ability of activated carbon to remove COD levels
decreased which caused degradation of efficiency. The ability
of activated carbon to adsorb is reduced due to the saturated
pores of the activated carbon. As a comparison to see the effect
of time on the COD levels reduction, a sample was time-tested
at a voltage of 15 V for 75 minutes and obtained a final COD
level of 20 mg/L. This value was still within the range of COD
produced for 0-25 minutes.

Based on research conducted by Hamid et al. (2017), the
addition of voltage to the process decreased the COD levels.
Based on Figure 6, the average value of COD levels at var-
ious voltages of 5, 10, and 15 V were 18.2, 18.8, and 18.6
mg/L respectively. This showed that the addition of voltage
had no significant effect on decreasing COD levels in electro-
absorption of synthetic oily solution. This happened because
if the voltage used was too high, a decomposition reaction will
occur, which will affect the results of reducing the COD of oily
solution (Xie et al., 2018).

Figure 6 described the percentage of COD removal ranged
from 57.46% to 75.92%. This value was greater than the study
conducted by Hamid et al. (2017) but lower than Yan et al.
(2011). Hamid et al. (2017) reduced COD levels in domes-
tic wastewater treatment using the electrolysis method from
192.96 mg/L to 85.92 mg/L or 55% COD removal. Yan et al.
(2011) also researched the electrolysis method of petrochemi-
cal waste treatment using graphite type electrodes, get the best

results at 60 minutes and 12 V, namely a reduction in COD
levels from 1027 to 80.89 mg/L or 93.1%.
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Figure 5. The Effect of Voltage and Time Variability of
Electro-Adsorption Process on COD Levels
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Figure 6. Percentage of COD Removal of Synthetic Oily
Solution by Using an Electro-Adsorption Process

Figure 7 showed a comparison result of the percentage
of COD removal using electrolysis, adsorption, and electro-
adsorption methods. The average value for each process se-
quence was 50.24%, 61.32%, and 70.14%. COD removal by
electro-adsorption method has the highest percentage. These
results indicated that applying voltages to the adsorption pro-
cess can increase the adsorption rate of COD from synthetic
oily solutions.

3.3 Effect of Voltage and Time Variations on Oil-Fat Con-
tent
Oil and fat content are included in one of the water quality
measurement parameters. High levels of oil and fat in wastewa-
ter indicate the amount of oil contained. The more oil content
in the water showed a high level of water pollution by oil. The
wastewater could not be directly discharged into the environ-
ment. The effect of voltage and time variations on the oil-fat
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content of the synthetic oily solution was shown in Figure 8.
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Figure 8. The Effect of Voltage and Time Variability of
Electro-Adsorption Process on Oil-Fat Content

Figure 8 showed a drastic reduction in oil-fat content in
the first 5 minutes of application. In the next minutes, there
were no significant differences in the oil-fat data. The anal-
ysis results of the oil-fat content after the electro-adsorption
method ranged from 1.05 mg/L to 2.04 mg/L. These values
are appropriated with the Regulation of the Minister of the
Environment No. 19 of 2010. The oil-fat and COD data
showed a similar trend, where fast electro-adsorption occurred
at the beginning of 5 minutes and slow electro-adsorption at
the rest of the time applied (Ramli and Ghazi, 2020).

The oil-fat content in the sample was influenced by the du-
ration of processing time. The longer the contact time between
the adsorbent and the waste, the lower the oil-fat content (Okiel
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Table 2. Comparison with Another Researcher that Focused on Oily Wastewater Treatment

Researcher

Process

Result

This research

Mohammed et al.,

2011

Okiel et al., 2011

Xije et al., 2018

Electro-adsorption

Adsorption

Adsorption

Electrochemical adsorption

By using activated carbon and iron electrodes, the
COD removal resulted from 57.46% to 75.92% and the
oil-fat removal resulted from 99.33% to 99.65%.
Final oil concentration with adsorbent weight 2-8 g for
20 minutes from 20,000 ppm is 0 ppm (100%
removal) for activated carbon and 10,000 ppm (50%)
for zeolite
The oil removal percentage using powdered activated
carbon obtained 82.6% for oil concentration 836 mg/L
and 72.5% for oil concentration that increased to 1613
mg/L

Waste water-based treatment using electrochemical

Ziati et al., 2017 Electrosorption

Ramli and Ghazi,

2020

Adsorption

Ulucan and Kurt, Electrocoagulation /

2015 electroflotation and
Electrofenton
Bhagawan et al., Electrocoagulation

2018

adsorption is a treatment without the potential
environmental hazard
The application of potential had a significant result.
The adsorption without potential obtained 33.7%,
whereas with the application of -0.7 and -1.4 V

potential, the adsorption of chromium up to 90% and

96%

The results of maximum oil removal resulted from

99.89% at 1 mL/min flowrate with an oil concentration

Suw/v

The results using an iron electrode in

electrocoagulation process and electrofenton, for COD
removal, resulted from 36.2% and 71%, for oil-grease

removal resulted from 12.5% and 68.8%
The maximum COD removal using iron electrode
obtained 60% in 40 minutes

etal., 2011). The highest reduction in oil-fat levels in synthetic
oily solution reached 99.65%, and occurred at a voltage of 5
V for 5 minutes from the initial condition of 303.19 mg/L to
1.05 mg/L. The optimum condition for all of the voltage vari-
ations on oil-fat content is similar to COD, which happened
at a contact time of 5 minutes. This showed the equilibrium
condition of the electro-adsorption process. The pores of the
adsorbent had been covered with oil molecules, thus inhibiting
the next electro-adsorption process.

Experiments using a voltage of 0 V (with no electrodes
applied), the process that took place only adsorption, showed
that the oil-fat content ranged from 7.57-7.99 mg/L. These
values were higher than the 5, 10, and 15 V electro-adsorption
processes which have values ranging from 1.05-2.04 mg/L.
These results explained that the application of voltages in the
electro-adsorption process affected the absorption of synthetic
oily solution in terms of oil-fat content.

Figure 9 showed the percentage of oil removal in synthetic
oily solution ranged from 99.33% to 99.65%. These results are
better than the research of Okiel et al. (2011) on activated car-
bon adsorbents, which succeeded in removing 82.6% and 72.5%

© 2022 The Authors.

oil-fat with initial oil concentrations of 836 mg/L and 1613
mg/L, respectively. Based on the research that had been done,
the phenomenon of the electro-adsorption process occurred in
the early minutes of the study; in the following minutes, there
was no significant change. The same trend also occurred in the
research of Ramli and Ghazi (2020), namely the oil-fat content
with a concentration of 10% oil, which can be removed 99.87%
in 2 hours. However, after 24 hours of application, it decreased
to 78.04% due to the saturation level of activated carbon.

Figure 10 showed the comparison of the percentage of oil-
fat removal using electrolysis, adsorption, and electro-adsorption
methods. The average percentages for each process sequen-
tially were 92.13%, 97.42%, and 99.39%. The graph pointed to
the highest oil-fat removal reached by the electro-adsorption
method. These results were not much different from the ad-
sorption method, which successfully adsorbed oil-fat of 97.42%.
These results indicated that the addition of voltage in the ad-
sorption process could increase the efficiency of oil-fat adsorp-
tion from synthetic oily solutions. Another researcher that
focused on oily wastewater treatment and the result compari-
son showed in Table 2.

Page 350 of 352



Cundariet. al.

100 - Esv

[o2] @
o o
1 1

Oil-fat Removal (%)
5
1

20

0 5 10 15 20 25 30
Time (Minute)

Figure 9. Percentage of Oil-Fat Removal of Synthetic Oily
Solution by Using Electro-Adsorption Process

T
P Electrolysis

----- Adsorption

100 4 B2 Electroad:

[22] =3
=] (=}
1 1

Oil-fat Removal (%)
5
1

20

15 2
Time (Minute)

30
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Various Methods

4. CONCLUSIONS

Characteristics of activated carbon showed rough topography
(surface texture) and morphology, irregular porosity, uneven
pore size diameter. The average pore size changed from 2.58
pm to 1.98 um. The surface area reduced from 740 (x180)
m?/g to 730 (£120) m?/g. The changes occured due to the
presence of COD components and the oil-fat content of syn-
thetic oily solution that adsorbed onto the activated carbon.
The highest reduction in COD levels was produced at a
voltage of 10 V for 25 minutes, which was 75.94% from 62.33
mg/L to 15 mg/L. The highest reduction in oil-fat content
was produced at a voltage of 5 V for 5 minutes of 99.65%
from 803.19 mg/L to 1.05 mg/L. The oil-fat and COD data
showed a similar trend, where fast electro-adsorption occurred
at the beginning of 5 minutes and slow electro-adsorption at
the rest of time applied. That indicated the optimum condition

© 2022 The Authors.
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of electro-adsorption process in synthetic oily solution was
at voltage of 5 V and time of 5 minutes. After the first 5
minutes, the process reached equilibrium condition. It could
be concluded that electro-adsorption process is an effective
method to treat synthetic oily solution.

5. ACKNOWLEDGMENT

The author would like to thank the Environmental Research
Center of Universitas Sriwijaya for providing the laboratory
supports and facilities during the research and activities.

REFERENCES

Barbir, F. (2005). PEM Electrolysis for Production of Hydro-
gen from Renewable Energy Sources. Solar Energy, 78(5);
661-669

Bhagawan, D., V. Chandan, K. Srilatha, G. Shankaraiah,
M. Rani, and V. Himabindu (2018). Industrial Wastewater
Treatment using Electrochemical Process. In IOP Conference
Series: Earth and Environmental Science, 191; 012022

Casillas, H. A. M., D. L. Cocke, J. A. Gomes, P. Morkovsky,
J. R. Parga, E. Peterson, and C. Garcia (2007). Electrochem-
istry Behind Electrocoagulation using Iron Electrodes. ECS
Transactions, 6(9); 1

Coca-Prados, J. and G. Gutiérrez-Cervell6 (2010). Water Pu-
rification and Management. Springer

Gryta, M., K. Karakulski, and A. Morawski (2001). Purification
of Oily Wastewater by Hybrid UF/MD. Water Research,
35(15); 3665-3669

Hamid, R. A., P. Purwono, and W. Oktiawan (2017). Peng-
gunaan Metode Elektrolisis Menggunakan Elektroda Kar-
bon dengan Variasi Tegangan Listrik dan Waktu Elektrolisis
dalam Penurunan Konsentrasi T'SS dan COD pada Pengo-
lahan Air Limbah Domestik. Jurnal Teknik Lingkungan, 6(1);
1-18 (in Indonesia)

Idrus, R., B. P. Lapanporo, and Y. S. Putra (2013). Pengaruh
Suhu Aktivasi Terhadap Kualitas Karbon Aktif Berbahan
Dasar Tempurung Kelapa. Prisma Fistka, 1(1); 50-55 (in
Indonesia)

Khairunisa, R. (2008). Kombinasi Teknik Elektrolisis dan Teknik
Adsorpsi Menggunakan Karbon Aktif untuk Menurunkan Kon-
sentrast Senyawa Fenol dalam Air. Skripsi. Jakarta: Universitas
Indonesia (in Indonesia)

Koren, J. and U. Syversen (1995). State of The Art Electrofloc-
culation. Filtration & Separation, 32(2); 153-146

Larue, O., E. Vorobiev, C. Vu, and B. Durand (2008). Elec-
trocoagulation and Coagulation by Iron of Latex Particles in
Aqueous Suspensions. Separation and Purification Technology,
31(2); 177-192

Mohammed, S. A., I. Faisal, and M. M. Alwan (2011). Oily
Wastewater Treatment using Expanded Beds of Activated
Carbon and Zeolite. Iraqi Journal of Chemical and Petroleum
Engineering, 12(1); 1-12

Nandiyanto, A. B. D., R. Oktiani, and R. Ragadhita (2019).
How to Read and Interpret FTIR Spectroscope of Organic

Page 351 of 352



Cundariet. al.

Material. Indonesian Journal of Science and Technology, 4(1);
97-118

Okiel, K., M. El-Sayed, and M. Y. El-Kady (2011). Treatment
of Oil-Water Emulsions by Adsorption Onto Activated Car-
bon, Bentonite and Deposited Carbon. Egyptian Journal of
Petroleum, 20(2); 9-15

Poulopoulos, S., E. Voutsas, H. Grigoropoulou, and C. Philip-
popoulos (2005). Stripping as a Pretreatment Process of
Industrial Oily Wastewater. Journal of Hazardous Materials,
117(2-3); 185-139

Ramli, A. N. and R. M. Ghazi (2020). Removal of Oil and
Grease in Wastewater using Palm Kernel Shell Activated
Carbon. In IOP Conference Series: Earth and Environmental
Science, 549; 012064

Rivai, H. (1995). Asas Pemeriksaan Kimia. UI-Press, Jakarta,
26 (in Indonesia)

Riyanti, A., M. Kasman, and M. Riwan (2019). Efektivitas
Penurunan Chemichal Oxygen Demand (COD) dan pH
Limbah Cair Industri Tahu dengan Tumbuhan Melati Air
melalui Sistem Sub-Surface Flow Wetland. Jurnal Daur
Lingkungan, 2(1); 16-20 (in Indonesia)

Sahara, E., N. P. W. Kartini, and J. Sibarani (2017). Peman-
faatan Arang Aktif dari Limbah Tanaman Gumitir (Tagetes
erecta) Teraktivasi Asam Fosfat Sebagai Adsorben Ion Pb%*
dan Cu?* Dalam Larutan. Cakra Kimia (Indonesian E-Jowrnal
of Applied Chemistry), 5(2); 67-74 (in Indonesia)

Saputra, F. A. (2018). Pengolahan Limbah Cair Berminyak dengan
Teknologi Membran. Master’s thesis, Teknik Kimia Institut
Teknologi Bandung (in Indonesia)

© 2022 The Authors.

Science and Technology Indonesia, 7 (2022) 344-352

Sembiring, M. and T. Sinaga (2008). Active Charcoal (Intro-
duction and Manufacturing Process). Faculty of Industrial
Engineering, University of North Sumatra. Medan

Siregar, R. D., T. A. Zaharah, and N. Wahyuni (2015). Penu-
runan Kadar COD (Chemical Oxygen Demand) Limbah
Cair Industri Kelapa Sawit Menggunakan Arang Aktif Biji
Kapuk (Ceiba Petandra). Jurnal Kimia Khatulistiwa, 4(2); 62—
66 (in Indonesia)

Sivakumar, B., C. Kannan, and S. Karthikeyan (2012). Prepa-
ration and Characterization of Activated Carbon Prepared
from Balsamodendron caudatum Wood Waste Through Vari-
ous Activation Processes. Rasayan Journal, 5(3); 321-327

Ulucan, K. and U. Kurt (2015). Comparative Study of Electro-
chemical Wastewater Treatment Processes for Bilge Water
as Oily Wastewater: a Kinetic Approach. Journal of Electro-
analytical Chemistry, 747; 104-111

Xie, S., W. Ren, C. Qiao, K. Tong, J. Sun, M. Zhang, X. Liu,
and Z. Zhang (2018). An Electrochemical Adsorption
Method for The Reuse of Waste Water-Based Drilling Flu-
ids. Natural Gas Industry B, 5(5); 508-512

Yan, L., H. Ma, B. Wang, Y. Wang, and Y. Chen (2011). Elec-
trochemical Treatment of Petroleum Refinery Wastewater
with Three-Dimensional Multi-Phase Electrode. Desalina-
tion, 276(1-3); 397-402

Ziati, M., F. Khemmari, M. Kecir, and S. Hazourli (2017).

Removal of Chromium from Tannery Wastewater by Elec-
trosorption on Carbon Prepared from Peach Stones: Effect

of Applied Potential. Carbon Letters, 21; 81-85

Page 352 of 352



	INTRODUCTION
	EXPERIMENTAL SECTION
	Materials

	RESULTS AND DISCUSSION
	Activated Carbon Characteristic
	Effect of Voltage and Time Variations on COD Levels
	Effect of Voltage and Time Variations on Oil-Fat Content

	CONCLUSIONS
	ACKNOWLEDGMENT

