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ABSTRACT

The rapidly growing population al over the world with increasing water pollution level and
permeant need for food resourcesis leading to the recycling of wastewater and the recovery of
new water resources. In fact, water is a very important resource it must not be wasted after
being used in the various processes. Electrodes made from Iron, Steel, Aluminum and
graphite are mainly the most common in the electrolytic treatment of wastewater Among the
electrochemical processes. This process is a very suitable choice because it proved to achieve
more satisfactory removal and also due to the easy and cost-effective in the technologica
aspect. The main research efforts in the future will focus on physio- chemical and/or
biologically treated wastewater for the optimization of electrolytic technology in order to
serve the required limits of discharged wastewater for its reuse.in order to help the design of
in site-treatment mechanism. The main purpose of this paper is to validate ability, efficiency
and the future of this type of in-site treatment methods. Experiments made on a prototype of
the electrolysis process by measuring the removal of the pollutants throw the entire process.
Considering all the factors that may affect the results.
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1. INTRODUCTION:

Fresh Water is a natural resource that is considered very limited. Commonly appropriate
quality water supply is not enough for domestic and industrial use. Many water streams
pollutants are considered toxic and harmful to human headth and to the environment.
Ecologica protection Strategies generally include the new or improved industrial processesis
developed to have no or minor effects on nature and of processes for the inevitable waste
treatment. Wastewater treatment higher cost treatment of the effluent due to its discharge
restrictions to the environment have pushed the industries to adopt programs of the water
consumption minimization and favoring the new methodologies development for the
resources optimization. Corcoran et al, (2010).

There is an urgent need of a more cost-effective on-site treatment method of the polluted raw
water, and by decreasing the use of required additives for water sustainability management.
The electrolytic Treatment system of wastewater represents an innovative technology of
treatment in which the use of an anode and cathode metal cause the active electrical
coagulants generation and tiny hydrogen and oxygen bubbles to perform the process of
treatment. The main purpose is to measure the efficiency of electrolysis to be an effective
resource for treated wastewater and the characteristics of treated wastewater by which it can
be reused.

2- METHODOLOGY

The mechanism of electrolysis treatment can be explained by understanding the factors
affecting the process.

Factors affecting the removal ratio of pollutants during the process:

The reactor design

The material and shape of the electrodes.

The power supply for the process

The type of water pollutants

The amount of these pollutants

The time of the treatment process

The type of water pollutants

The samples will be collected from a detergent factory in the industrial zone located in Sadat
city these wastewater samples contain chemical pollutants from the manufacturing process in
which chemicals samples will be collected from the different manufacturing lines in the
factory during the different steps of the process.

Some other samples will be collected from a gas station in dabah road these wastewater
samples contain sewage waste from municipal waste beside oil and chemical pollutants from
other processes in the station collected from the different sewage tanks in the gas station.

ok whE

3- Results and Data Analysis:

Sample testing was made in the Ain Shams University labs by using different types of raw
wastewater in order to measure the process ability to treat the wastewater, however test
samples include pure chemicals to study the electroflotation process as per experiments it was
found that during the treatment process of water polluted with nothing but chemical during
the absence of any other organic pollutants the sample is prepared to contain pollutant of
detergents the whole electric energy consumption is directed to the flotation these type of

JAUES, 14, 52, 2019 884



ELECTROLY SSPERFORMANCEVALIDATION INWASTEWATER TREATMENT

results will help us to study the flotation phenomena alone and combined with the
el ectrocoagul ation/fl otation process.

Total suspended solids removal

Tested sample of domestic Wastewater is treated and during the process, Wastewater samples
are taken from the device during the treatment process to measure the removal ratio of
(TSS)the following data were collected

Table (3,1) TSS samples during different time intervals.

Treatment Duration 0 15 30 45 60 90
(min)
TSS
Mgl 350 280 120 65 25 25

Total suspended solids

Tirew (rnbn)

Figure (3.1) TSS removal curve during different time intervals
Oil and grease removal
Wastewater samples are taken from the device during the treatment process to measure the
removal ratio of Oil and grease the following data were collected.

Table (3,2) Oil and grease samples during different time intervals

Treatment 0 15 30 45 60 90
Duration (min)
TSS
Mgl 320 210 130 85 35 30
Oil and grease removal
3 200 —
5 250
; 0l LH
Eﬂ 150 o
o L0 ",
8 50 35 30
()
Time {Min)

Figure (3.2) Oil and grease removal curve during different time intervals

JAUES, 14, 52, 2019 885



ELECTROLY SSPERFORMANCEVALIDATION INWASTEWATER TREATMENT

Biochemical Oxygen Demand removal:
Tested sample of a sewage Wastewater collected from a gas station treated and during the

process samples was taken from the device during the treatment process and proper
adjustment is made on the power supply to ensure the treatment process was not affected by
the volume change to measure the removal ratio of (BOD) the following data were collected.

Table (3,3) BOD samples during different time intervals

Treatment Duration 0 15 30 45 60 90
(min)
BOD
Mg/ 750 410 180 90 30 29

Biochemical Oxygen Demand removal

TS0

BOD {Mg/L

o 1

Timne [Min)

Figure (3.3) BOD removal curve during different time intervals

Organic Nitrogen removal
Wastewater samples are taken from the device during the treatment process to measure the

removal ratio of Organic Nitrogen the following data were collected.

Table (3,4) Organic Nitrogen samples during different time intervals

Treatment. Duration 0 15 30 45 60 90
(min)

Organic Nitrogen 265 220 175 115 100 95
Mg/L

Organic Nitrogen removal

2k

T

Faigi o,

Organkc Mitrogen [ Mg/L]

l Tirme (Mim)

Figure (3.4) Organic Nitrogen removal curve during different time intervals
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Total dissolved solids removal
Tested sample of domestic Wastewater is treated and during the process, Wastewater samples

are taken from the device during the treatment process to measure the removal ratio of
(TDS)the following data were collected

Table (3.5) TDS samples during different time intervals.

Treatment. Duration 0 15 30 45 60 90
(min)
TDS
MalL 380 210 145 85 40 40

Total Dissolved solids

M

1 (il
e,
= - =)

Tiree (rimd

Figure (3.5) TSS removal curve during different time intervals

Relation Between Electrolysis Efficiency and Conductivity
Generally, there is an essential relation between the electrolysis and the conductivity of the

performance of the treatment process as high conductivity will allow more ion release in less
time duration while low conductivity will obviousy cause the treatment to become less
effective and will increase the duration needed to reach desired rates of removal.

The test sampleis collected from a detergent plant containing only chemical waste

From the outlet of the machines.

Table (3,6) Sample (2) the values of (COD) during different time intervals

Time from the start of COD Conductivity
the process (min) Mg/l MS/cm

0 1300 1.46

15 900 1.09

30 640 0.8

45 420 0.58

60 380 0.42
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Figure (3.7) COD removal curve during different time intervals
CONDUCTIVITY BY TIME
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Figure (3.8) Conductivity curve during different time intervals
4- DISCUSSION

Electrolysis technique is considered an electrochemical treatment technology of wastewater
that is now experiencing both increased significant technical improvement and popularity. It
is a complicated process containing many physical and chemica phenomenon that use
consumabl e electrodes to provide ions supply into the body of the wastewater. In the process,
generation of the coagulant is made in situ by Fe and Al electrode electrol ytic oxidation of the
anode material which continuously produces ions in the system. The ions released causes
neutralization of the particle’s charges and thereby initiate coagulation .

Treatment process

The main electrolysis processes are electrolytic reactions at the electrodes surface forming of
coagulants in aqueous phase, soluble or colloidal pollutants adsorption on coagulants, and
removal by floatation and sedimentation.

The main electrodes reactions are as follows:

AL — AL™ + 3¢ (@ an0de) ------=--========mmmmmmmremmmmm e D
Fe — Fe'® + 3¢ (at an0de) ----------===-mmmmmememmm e 1)
3H,0 + 36— 2Hp + 20H (8t CANOGE) ~---nwmemememememememememememeneee 2

JAUES, 14, 52, 2019 888



ELECTROLY SSPERFORMANCEVALIDATION INWASTEWATER TREATMENT

2AL +6H,0+20H — 2AL(OHg) + 3 Hy-------mmmmmmmmmmeee e (3) Fe+30H —
Fe(OH);  ----m--mmmmmmmmm oo 4

AL and OH™ generated lons by the electrode reactions (1) and (2) cause the form of various
monomeric species which finally transform into AL (OH,)’, Fe (OH)s; according to
precipitation complex kinetics while using other types of electrodes will generate other types
of coagulant as in this Electrolytic equipment is easy and simple to operate. There are many
parameters such as shape, size and distance between electrodes, current density, reaction time
conductivity and ph. which must be carefully selected to optimize the efficiency of the
process. Electrode effect is to be investigated as to its nature «cell voltage, mixing,
electrolysis time and current density on agueous solutions of reactive dyes.

The particles destabilized and then aggregate to cause the formation of flocs. In the meantime,
tiny bubbles of hydrogen gas produced at the cathode zone causing the floatation of most
flocs, successfully help to separate particles effectively from wastewater effluent. On the
other hand, the cathode may be attacked chemically by ions of OH  generated together with
H, at high values of pH
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Figure (5.2) The sludge produced due to flotation on the surface of wastewater, A.K. Chopra, et al, (2011)

 —

Treatment efficiency:

A various result shown various parameters of wastewater removal efficiency

Figure (4.1) shows the various results of the removal ratio of the treatment process which the
device was able to achieve.

Remowval ratio
1EF%

e SE

3 i T Frr
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LED 5o
L
A2,
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[
(3 LS =R T ] JER]
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Figure (4.1) The Removal ratio of the various parameters.
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5-CONCLUSION
As the increase of world population and the limited water resources, the modification of a
new technique such as electrolysis enables us to make the best advantage of the water
resources as these new techniques will indirectly decrease the fresh water consumption by
using the treated wastewater in agriculture purposes. Advantages of electrolysis as its
convenient operation, simple equipment and not require of other chemical substances for the
floc generation and sedimentation. Such technology can be helpful in the treatment of the
wastewater to produce high water treatment quality at an affordable price. The application of
in-situ wastewater techniques could be the solution of water pollution as the treatment cost
will not be a problem facing the government of the countries as the cost itself will be carried
by The unit residents by applying some laws which obligate the citizens to such techniques
the water pollution could be cut from the source other than less cost due to the less
wastewater drainage networks when using the treated water also in situ in landscape irrigation
or any other purposes. The cost of the infrastructure is a big problem facing the devel opment
in any countries and such treatment processes could be the key to better devel opment.
Future of the Electrolytic Treatment The research of the electrolysis technique has proved that
the process could reach very good results but the true application of the process will be more
effective in new cities especialy in the desert areas in which the sludge disposal could be
much easier and the opportunity for new sewage network design or the ability for in situ
usage in agriculture and landscape irrigation purposes. Electrolytic treatment methods could
be the key to a promising wastewater treatment technique. Instead of mega wastewater
treatment plants it could be more suitable to treat wastewater with smaller techniques that
treat wastewater in ahouse scale.
The application of such techniques will replace the using of high-cost sewage pipe networks
and will help for more development
The Problem with Electrolytic Treatment
The need for Electricity: the absence of the electric current will cause the treatment to
coll apse leading to environmental problems.
Capital cost problems: Cities create and improve such treatment techniques will
require a capital cost even though the less needed by conventional methods.
The design problems for providing the sustainable power source, decreasing the
needed power, waste treatment and emergency storage design.
Maintenance problems:. the continuous need for professional labor for maintenance
and cleaning the spare parts will create some sort of a problem regarding the
widespread of such treatment techniques.
Produced Sludge problems:. the produced sludge in situ could be a problem as it will
need a treatment unit beside the electrolytic main unit, such problem will make other
treatment techniques desired to be used instead of this process.
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