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Abstract Wastewaters generated from vegetable oil industries contain a high concentration of
organic pollutants that are detrimental to the aquatic ecosystem. Electrochemical processes are
gaining importance in the treatment of inorganic and resistant organic pollutants in wastewaters. In
this study, electrocoagulation (EC) was applied to remove organic pollutants and oil and grease
from canola oil wastewater using aluminum (Al) and iron (Fe) electrodes. The application of EC in
the wastewater achieved more than 80% removal of organic carbon and nearly 100% removal of
suspended solids (SS). The effectiveness of EC is influenced mainly by current density, pH,
electrolyte (NaCl), electrode contact time and electrode type. It was observed that Al electrode
combination yielded better removal at a lesser time compared to that of Fe electrodes. However,
varying current densities had its significance in terms of coagulation time only. Increase in current
density achieved decrease in coagulation time. Both Al and Fe could remove between 52-59% of
oil and grease from canola oil wastewater

1. Introduction

The amount of wastewaters discharged from edible oil industries is high because of a large
volume of water required during the processing steps. The compositions and characteristics of
wastewaters from vegetable oil refinery facilities vary depending on the type of crop used to
produce oil [1]. The biological oxygen demand (BOD)/chemical oxygen demand (COD) ratio of
0.2 — typical of vegetable oil effluent — is appropriate to destroy microbes required for
biodegradation. Most of the times, the vegetable oil wastewater discharge, although supposedly
treated, does not meet the environmentally acceptable level. A number of methods such as
absorption, coagulation, anaerobic treatment, reverse osmosis, and ultrafiltration have been found
useful for treatment of vegetable oil wastewaters [1].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

ICSAE IOP Publishing
IOP Conf. Series: Earth and Environmental Science 142 (2018) 012079  doi:10.1088/1755-1315/142/1/012079

Electrocoagulation (EC) has some advantages on the treatment of edible oil industry
wastewaters compare to the currently adopted wastewater treatment methods. Biological
treatment methods require a vast land and facility combined with long treatment duration [2,3].
An appropriate treatment system should provide efficient pollutant reduction, uses less treatment
time, requires simple installation, maintenance, and operation with the addition of little or no
chemical compounds [3].

EC method has proved to be promising and thus attracted the attention of researchers around
the world. EC techniques involve metallic dissolution through anodic reaction for creation of
metallic hydroxide [4]. The positive metallic ion react with negative charged particles in the
wastewater forming complex molecules — flocs — that coagulate without the addition of chemical
[1,5]. Many reports have shown that EC can reduce heavy metals [4], nutrients [2], natural
organic matters [6], dissolved organic carbons [6], COD [3,7,8], dyes [9-11] and microorganisms
[12,13] from various types of wastewaters. EC has been successfully applied to treat vegetable oil
refinery [1], olive mill [9], slaughterhouse [14-16], baker’s yeast [7,17,18], dairy and tannery [19-
21], and restaurant wastewaters [22]. Aluminum (Al) and iron (Fe) electrodes have found
extensive applications for the EC treatment process because of their abundant availability and
low cost. The main objective of this study is to investigate the treatment performance of EC
processes on canola oil process wastewater sources in the removal of total organic carbon, oil and
grease and suspended solids.

2. Materials and Methods

2.1. Sample collection and preparation

Canola oil process raw wastewater samples were collected using grab sampling method from
Cargill West Fargo Oilseed Facility, West Fargo, ND. About one hour after collection, the
samples were filtered through 1.2 uym glass microfiber filter paper followed by 0.45 um pore size
filter paper prior to determine initial parameters in the sample. The pollutant passing through a
0.45 pm filter paper was considered to be soluble components. About 50 ml of raw wastewater
sample was filtered and used to determine initial concentrations of soluble COD (sCOD),
dissolved organic carbon (DOC), total suspended solids (TSS), and oil and grease (O&G). The
sCOD was analyzed using Hach testing kits TNT 821 and TNT 822 with the detection limits of
0-150 mg/l and 2-1500 mg/L, respectively. The DOC was analyzed using Shimadzu TOC-L
analyzer. TSS was measured using the standard methods [32].

The O&G was analyzed using an Infracal 2 Analyer (Wilks Enterprise, Norwalk, Connecticut,
USA). This method complies with EPA methods of 413.1 and 418.1 correlating to EPA 1664A
(EPA/821-R-00-003). The method is designed to measure oil and grease by infrared
determination in wastewater using S-316 solvent for the extraction procedure.

2.2. EC application of the raw wastewater sample

Raw wastewater sample was poured into a glass reactor for each set of batch EC experiments.
The remaining samples were preserved at 4°C for the later usage. Every 3 or 4 days, any
remaining wastewater samples were discarded and the fresh samples were collected from the
facility. The working volume of 1 liter of raw wastewater sample was poured into glass reactor
for the EC process. Al and Fe electrodes were used in two different combinations as AllAl and
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FelFe. The electrodes were placed at 1 cm apart, connected to a DC power supply and immersed
into the sample in the reactor (Figure 1). The experiments were carried out at different current
densities of 0.002, 0.01, 0.019, 0.029 Al/cm®. The conductivity of the wastewater sample was 143
puS/cm which was too low to initiate EC process. Two g/L sodium chloride (NaCl) was added to
the sample to increase the conductivity to about 4.93 mS/cm [23]. The surface area of each
electrode used in the experiments was 12 cm x 7 cm where the immersed effective surface area of
8 cm x 6.5 cm. The efficiency of the process also depends on the sample pH. The pH in the
reactor was maintained between 6.0-6.5 for Al-Al electrodes and 8.0-8.5 for Fe-Fe electrodes
[23]. Sample solution of 50 ml from each run were collected at contact times of 10, 20,
30,40,50,60 and 70 minutes and tested for parametric analysis. The sample supernatant was
filtered and analyzed for the presence of COD, DOC, TSS and O&G.
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Figure 1. Schematic diagram of the electrocoagulation process in canola oil process wastewater.

3. Results and Discussion

3.1. Effect of current density on Al-Al and Fe-Fe electrodes

During the EC process, the samples were introduced to various current densities ranging between
0.002 to 0.029 A/cm’. Figure 2 shows that effect of current density to coagulate colloidal
particles depended on the electrode combination. It was observed that higher the current density,
faster the process of coagulation. However, Al-Al electrode combination achieved coagulation at
a time lesser than Fe-Fe combination. It can be deduced that the amount of Al’* and Fe®* ions
produced for the applied current density are not sufficient to form enough flocs for complete
removal of pollutants. El-Taweel et al., (2015) studied the removal of hexavalent chromium ions
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from wastewater through EC using iron electrodes. The study found that as the initial
concentration of Cr(VI) ions increased , removal of these ions required increase in current density
as well as electrocoagulation time for complete removal [4].

In our study, the reactor was run for 70 mins and samples were collected every 10 mins. The
reactor was run even after coagulation was completed and flocs formed at the surface. At current
density of 0.002 A/cmz, coagulation was formed at AllAl electrodes at a time interval of 25 mins,
whereas, for iron electrodes, no coagulation was observed until 70 minutes. At higher current
densities of 0.019 and 0.029 A/cm?, time required to form coagulation was as low as 6 and 10
mins/L respectively.

o0
S

(o))
(=)

[}
e}

Coagulation time (mins)
N
<

0.002 0.010 0.019 0.020
Current density (A/cm?)

Figure 2. Coagulation time needed for electro-coagulation using aluminum and iron electrodes
3.2. Effect of electrode combination on removal of pollutants

3.2.1. Removal of sCOD

The impact of AllAl and FelFe electrode combinations with various current densities on the
removal of sCOD was investigated (Figure 3 and 4). Samples were collected every 10 mins
during the operation and initial and final concentration of sSCOD was measured. The analysis was
carried out both before and after coagulation was achieved in the reactor. AllAl electrode
combination could remove 75% at 0.002 A/cm” and upto 78% at 0.029 A/cm” (Figure 3a and 3b).
However, at 0.002 A/cmz, time required to achieve 75% removal was 70 mins compared to that
of 10 mins at 0.029 A/cm’. FelFe achieved a removal efficiency of maximum 78% at the current
density 0.029 A/cm® after 60 mins (Figure 4a and 4b). Removal efficiency depended on the
contact time as well. Aluminum electrodes achieved higher removal efficiency at lower contact
time than that of iron electrodes. It was also observed that iron electrodes took longer time of
operation than aluminum electrode to attain the same amount of removal. From Figure 3 and 4, it
can be concluded that aluminum electrodes achieved optimal removal of 78% at contact time of
10 mins at current density of 029 A/cm? and achieved steady state condition once the coagulation
was formed. It was established in various studies that the current determines the dosage rate and
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size of flocs which in turn determines the removal efficiency of coagulation. Previous studies also
stated that after 30 mins of coagulation at various current densities, the removal efficiencies tend

to constant values in industrial and paper mill wastewater [24,25].

The removal of sCOD

achieved stable concentration once coagulation was formed. The percentage removal of COD

after EC was calculated as:

Removal (%) = % x 100

Where C, and C; are initial and final concentration measured in mg/L, respectively.
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Figure 3. sCOD removal using electrocoagulation on canola oil wastewater using aluminum

ey)

0.75

0.5

I
N
O

sCOD removal (%)

electrodes at various current densities a) concentration of sCOD in mg/L b) sCOD removal in

percentage (%).



ICSAE IOP Publishing
IOP Conf. Series: Earth and Environmental Science 142 (2018) 012079  doi:10.1088/1755-1315/142/1/012079

10000
() B Influent @0.002 A/cm?
B0.010 A/cm?2 00.019 A/cm?
8000
%‘0 6000
g
8 4000
3
2000 | i
i JE0 I W o
0
0 10 20 30 40 50 60 70
(Influent) Time (min)
9000 1
@ Influent ©0.002 A/cm? (b)
<©0.010 A/lcm?z A0.019. A/cm?
7500 | m0,029 A/cm?
g 5 0.75
£ 6000 S
= 4500 05 £
- p— 8
@)
o % o) 5
3 O
2 3000 %
0.25
1500 *
0 + § L 0

0 10 20 30 40 50 60 70
(Influent) Time (min)
Figure 4. sCOD removal using electrocoagulation on canola oil wastewater using iron electrodes
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in percentage (%).
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3.2.2. Removal of DOC

Removal of DOC using aluminum electrodes has yielded better performance compared to that of
iron electrodes (Figure 5 and 6). Al-Al electrode combination was able to achieve more than 75%
of DOC at all current densities that were applied (Figure 5a and 5b). On the other hand, Fe-Fe
electrodes achieved maximum removal of 75% at 0.029 A/cm” at the end of 40 mins. FelFe
electrodes achieved not more than 16% removal in the concentration of DOC at current density of
0.002 A/cm? (Figure 6a and 6b). For FelFe electrodes, removal efficiency was slower
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Figure 5. DOC removal using electrocoagulation on canola oil wastewater using aluminum
electrodes at various current densities a) concentration of DOC in mg/L b) DOC removal in
percentage (%).
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compared to AllAl electrodes at all current densities applied. Similar results were obtained in the
study conducted by Un et al., (2009a) on vegetable oil refinery wastewater using EC in a batch
mode by adding poly aluminum chloride. The study was conducted to investigate the effect of pH
and current density on wastewater using aluminum electrodes, which was proved to be the
superior combination compared to that of iron electrodes. El-Nas et al (2009) evaluated the
removal efficiency of sulfate and COD on petroleum refinery wastewater using three types of
electrode materials, which were stainless steel, aluminum, and iron. The study concluded that
aluminum had better removal performance compared to the other two electrode materials.

3.2.3. Removal of oil and grease (0&G)

There was no significant difference in the removal efficiency of O&G (Figure 5) between the two
electrode combinations (aluminum and iron). Both the electrodes could remove O&G between
52% and 59% from the canola oil wastewaters. Previous studies have also concluded that EC can
remove more than 80% of O&G in vegetable oil wastewater sample [26-29]. This study observed
that oil removal efficiency in both electrodes was nearly equal. However, at current density of
0.002 A/cmz, iron electrodes could remove not more than 26% of O&G.

3.2.4. Removal of suspended solids
The results (Figure 8) showed that aluminum electrodes achieved almost 100% removal of total
suspended solids at the end of each operation time compared to that of iron electrodes. Both
electrode combinations achieved 100% removal of TSS and the results were significant in terms
of contact time. Iron electrodes consumed longer time to achieved 100% removal compared to
aluminum electrodes. However, it is important to mention that maintaining the pH of the
electrolyte solution determines the time required to coagulate. Other studies that was conducted
in textile, dairy and tannery wastewaters found similar results in the removal of suspended solids
using EC [5,30,31].

Thus, comparing the removal rates and capability to remove organic carbon and suspended
solids along with O&G, Al-Al electrodes combination was chosen to be superior compared to
that of iron electrodes combination.
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Figure 6. DOC removal using electrocoagulation on canola oil wastewater using iron electrodes
at various current densities a) concentration of DOC in mg/L b) DOC removal in percentage (%).
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Figure 7. Oil and grease removal using combined electrocoagulation in canola oil wastewater
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Figure 8. TSS removal by EC using Al-Al and Fe-Fe and EF process on Canola oil wastewater

4. Conclusion

The main conclusions that can be drawn from this study are, varying current density effects the
coagulation time in edible oil wastewater. The higher the current density, lower time it takes to
coagulate. Al-Al electrode combination achieved higher removal efficiency of organic pollutants
at a lesser time compared to that of Fe-Fe electrode combination. The aluminum electrodes
achieved more than 80% removal of DOC at all current densities under observation. Whereas, at
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low current densities, iron electrode combination could not yield more than 16% removal of
DOC. Both Al-Al and Fe-Fe electrode combination could remove O&G between 52% and 59%
showing that the removal efficiency was statistically insignificant for both electrode
combinations. The EC process successfully removes nearly 100% of suspended solids using both
Al-Al and Fe-Fe electrodes.

References

[I] Un U T, Koparal A S, Ogutveren U B 2009 Electrocoagulation of vegetable oil refinery
wastewater using aluminum electrodes J. of Environmental Management 90 428-433

[2] Nguyen D D, Ngo H H, Guo W et al 2016 Can electrocoagulation process be an appropriate
technology for phosphorus removal from municipal wastewater? Science of the Total
Environment 563 549-556

[3] Tak B-y, Tak B-s, Kim Y-j et al 2015 Optimization of color and COD removal from
livestock wastewater by electrocoagulation process: application of Box—Behnken design
(BBD) J. of Industrial and Engineering Chemistry 28 307-315

[4] El-Taweel Y A, Nassef E M, Elkheriany I et al 2015Removal of Cr(VI) ions from waste
water by electrocoagulation using iron electrode. Egyp J. of Petroleum 24 183-192

[5] Un U T, Koparal A S, Ogutveren U B 2009 Hybrid processes for the treatment of cattle-
slaughterhouse wastewater using aluminum and iron electrodes. J. of Hazardous Materials
164: 580-586

[6] Feride U, Barisct S, Kobya M et al 2014 Batch Electrocoagulation Reactor for Natural
Organic Matter Removal from Synthetic and Real Water Samples. J. of Selcuk University
Natural and Applied Science 369-379

[71 Al-Shannag M, Al-Qodah Z, Alananbeh K et al 2014 COD reduction of baker’s yeast
wastewater using batch electrocoagulation Environmental Engineering and Management J.
13 3153-3160

[8] Al-Shannag M, Al-Qodah Z, Bani-Melhem K et al 2015 Heavy metal ions removal from
metal plating wastewater using electrocoagulation Kinetic study and process performance
Chemical Engineering J. 260 749-756

[9] Hanafi F, Assobhei O, Mountadar M 2010 Detoxification and discoloration of Moroccan
olive mill wastewater by electrocoagulation J. of hazardous materials 174 807-812

[10] Alinsafi A, Khemis M, Pons M et al 2005 Electro-coagulation of reactive textile dyes and
textile wastewater Chemical engineering and processing :Process intensification 44: 461-
470

[11]Kim T-H, Park C, Shin E-B et al 2002 Decolorization of disperse and reactive dyes by
continuous electrocoagulation process Desalination 150 165-175

[12] Cotillas S, Llanos J, Canizares P et al 2013 Optimization of an integrated
electrodisinfection/electrocoagulation process with Al bipolar electrodes for urban
wastewater reclamation Water research 47 1741-1750

[13] Massoudinejad M, Khashij M, Soltanian M 2014 Survey of electrocoagulation process in
the removal of pathogen bacteria from wastewater before discharge in the acceptor water

11



ICSAE IOP Publishing
IOP Conf. Series: Earth and Environmental Science 142 (2018) 012079  doi:10.1088/1755-1315/142/1/012079

[14] Asselin M, Drogui P, Benmoussa H et al 2008 Effectiveness of electrocoagulation process
in removing organic compounds from slaughterhouse wastewater using monopolar and
bipolar electrolytic cells. Chemosphere 72 1727-1733

[15] Bayar S, Yildiz Y S, Yilmaz A E et al 2011The effect of stirring speed and current density
on removal efficiency of poultry slaughterhouse wastewater by electrocoagulation method.
Desalination 280 103-107

[16] Un UT, Koparal AS, Ogiitveren UB 2009 Hybrid processes for the treatment of cattle-
slaughterhouse wastewater using aluminum and iron electrodes J of Hazardous
Materials164 580-586

[17] Kobya M, Delipinar S 2008 Treatment of the baker's yeast wastewater by
electrocoagulation J. of hazardous materials 154 1133-1140

[18] Gengec E, Kobya M, Demirbas E et al 2012 Optimization of baker's yeast wastewater using
response surface methodology by electrocoagulation Desalination 286 200-209

[19] Feng J-w, Sun Y-b, Zheng Z et al 2007 Treatment of tannery wastewater by
electrocoagulation J. of Environmental Sciences 19 1409-1415

[20] Sengil IA 2006 Treatment of dairy wastewaters by electrocoagulation using mild steel
electrodes J. of hazardous materials 137 1197-1205

[21] Tchamango S, Nanseu-Njiki CP, Ngameni E et al 2010 Treatment of dairy effluents by
electrocoagulation using aluminium electrodes Science of the total environment 408 947-
952

[22] Chen X, Chen G, Yue P L 2000 Separation of pollutants from restaurant wastewater by
electrocoagulation. Separation and Purification Technology 19 65-76

[23]Can O T 2014 COD removal from fruit-juice production wastewater by electrooxidation
electrocoagulation and electro-Fenton processes Desalination and Water Treatment 52 65-
73

[24] Katal R, Pahlavanzadeh H 2011 Influence of different combinations of aluminum and iron
electrode on electrocoagulation efficiency: Application to the treatment of paper mill
wastewater. Desalination 265: 199-205

[25] Garcia-Garcia A, Martinez-Miranda V, Martinez-Cienfuegos IG et al 2015 Industrial
wastewater treatment by electrocoagulation-electrooxidation processes powered by solar
cells Fuel 149 46-54

[26] Xu X H, Zhu X F2004 Treatment of refectory oily wastewater by electro-coagulation
process. Chemosphere 56 889-894

[27] Canizares P, Lobato J, Paz R et al 2007Advanced oxidation processes for the treatment of
olive-oil mills wastewater Chemosphere 67 832-838

[28] Tir M, Moulai-Mostefa N 2008 Optimization of oil removal from oily wastewater by
electrocoagulation using response surface method. Journal of Hazardous Materials 158 107-
115

[29] An CJ, Huang G, Yao Y et al 2017 Emerging usage of electrocoagulation technology for oil
removal from wastewater: A review Science of the Total Environment 579 537-556

[30] Khandegar V, Saroha A K 2013Electrocoagulation for the treatment of textile industry
effluent - A review. J. of Environmental Management 128 949-963

12



ICSAE IOP Publishing
IOP Conf. Series: Earth and Environmental Science 142 (2018) 012079  doi:10.1088/1755-1315/142/1/012079

[31] Mollah M Y A, Schennach R, Parga J R et al 2001 Electrocoagulation (EC) - science and
applications J. of Hazardous Materials 84 29-41

[32] APHA, AWWA, WEF 2005 Standard methods for the examination of water and
Wastewater 21st ed American Public Health Association Washington DC

13



