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Abstract: A novel continuous and flexible electroflotocoagulation (EFC) reactor was built using
concentric cylindrical Al and Fe electrodes, which can be operated either as anodes or cathodes linked
to a DC connection. The reactor was operationally assessed related to various cell configurations that
assured the required stages of coagulant dosage, mixing, reaction, and settling or flotation. The effects
of several design variables and operational parameters (such as the electrode position that determines
the reactor configuration, current density (i), flow rate (F), and the electrode area-treated volume ratio
(Sel/V)) on the specific energy consumption versus the aluminum dose and charge loading rate were
investigated. The most energy-efficient cell configuration using an aluminum anode and iron cathode
was tested for the treatment of surface water (Bega river, Timisoara city, Romania) rich in hydrophobic
natural organic matter (8.3 mg C-L~! and specific UV absorbance parameter of 3.9 L-m~!-mg~!) and
with a high turbidity of 92 NTU, under flood conditions. The best results that assured 97% turbidity
removal, 87% for absorbance recorded at 254 nm, and 60% for DOC removal, through enhanced
electroflotocoagulation, were achieved for an operational current density of 10 A-m~2 with specific
energy and electrode consumption of 0.1 kW h-m~3 and 0.017 kg Al-m~3, respectively.

Keywords: flexible electrochemical reactor; electroflotocoagulation; water treatment; aluminum
anode; iron cathode

1. Introduction

Electroflotocoagulation (EFC) reactors have been built in a variety of configurations,
each being characterized by its own set of advantages and disadvantages, with different
degrees of treatment ability. The performance assessment of different reactor configurations
is very difficult because the reactor geometry affects the main operational parameters,
including floc formation bubble path and size, fluid flow regime, and mixing or settling
characteristics via the current density and cell voltage [1-3].

An EFC unit can be operated by two approaches. Sometimes, an EFC unit is used
simply as a replacement for chemical dosing systems and does not always take advantage
of the electrolytic gases produced and floc formation in the electrocoagulation process. In
this situation, the downstream units for reaction and settling are required to generate and
remove the pollutants containing sludge from the water. However, a complete unitary
system consisting of an in situ dosage of reagents, mixing, reaction, and sludge settling can
be considered for designing an EFC reactor.

Aluminum- or iron-based electrodes are commonly used in EFC units for wastewater
or water treatment and various electrode geometries, e.g., horizontal [4,5], vertical [6], or
cylindrical [7], in accordance with the reactor configuration, and different operation modes
(batch or continuous) have been tested. In batch operation mode, the horizontal anode
of iron reportedly allowed high efficiency for arsenic removal from real groundwater [4]
and 70% of total organic carbon has been removed from surface water through aluminum

Water 2022, 14, 2990. https:/ /doi.org/10.3390/w14192990

https://www.mdpi.com/journal /water


https://doi.org/10.3390/w14192990
https://doi.org/10.3390/w14192990
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/water
https://www.mdpi.com
https://orcid.org/0000-0003-1285-6634
https://doi.org/10.3390/w14192990
https://www.mdpi.com/journal/water
https://www.mdpi.com/article/10.3390/w14192990?type=check_update&version=1

Water 2022, 14, 2990

20f13

anode under the same electrolytic cell configuration, with adapted operating conditions
simulating conventional coagulation steps [5]. Alkhatib et al. (2020) studied the removal
of total phosphorus (TP) and chemical oxygen demand (COD) from secondarily treated
wastewater using unsymmetrical (cylindrical) aluminum electrodes. A TP removal of 89%
and a COD removal of 82% were obtained after 30 min, using an AC power supply and
43m-A-cm 2 [7].

Furthermore, the electrode arrangement and connection to polarization as monopolar
and bipolar have been considered and compared. Golder et al. (2007) obtained a 99.9%
removal of Cr3* after 50 min of electrocoagulation using a bipolar arrangement and a 1A
cell current compared to an 81.5% removal rate for a monopolar electrode configuration,
using iron electrodes [6]. Another study conducted by Naje et al. (2016) concluded that,
using Al as the electrode material in industrial wastewater, about 92% Cd removal efficiency
was obtained using bipolar electrodes, compared to an 87% Cd removal efficiency obtained
using monopolar electrodes [8]. A significant relationship between the reactor geometry
and configuration and the removal of pollutants from wastewaters has been reported by
Cruz et al. (2019), which highlighted the superiority of plate versus rod anodes and bipolar
versus monopolar anodes [9].

The electrode surface-area—volume (S¢/ V) ratio has been shown to be a significant
scale-up parameter. The electrode area influences current density and rate of cation dosing,
as well as bubble production and bubble path length. It has been reported that, as the
Se1/V ratio increases, the optimal current density decreases for the same rate of the cation
dosing [10]. It is obvious that the shape of the electrode influences the S, /V ratio and the
position in the reactor, which affects the performance of the electrocoagulation process.
Khaled et al. (2019) concluded that increasing the S, /V value from 3.4 to 13.6 m~! led to
an increase in Cd removal efficiency from 90.95% to 99.76%, together with a decrease in
energy consumption from 10.2 to 1.75 kWh m~2 within 30 min of electrolysis time, using a
monopolar connection mode [11]. Moreover, 100% zinc removal was achieved for the same
Se1/V value using a bipolar connection mode [12].

Applying the EFC process to drinking water treatment can become a challenge consid-
ering the low conductivities found in most drinking water sources, which means higher
resistivity between electrodes, implying higher operating potentials and power consump-
tion. To overcome this limitation, salt must be adding to assure ionic strength demand,
and if ion concentrations overcome the maximum limits, the EFC should be coupled with
an appropriate process to remove ionic concentrations. However, the groundwater, as the
source for drinking water treatment, is characterized by higher conductivity in comparison
with the surface water, which makes it easier to treat by the EFC process, in accordance
with their composition. Although EFC has its fundamental complications for drinking
water treatment, it must be considered a potential variant of classical coagulation based
on the advantage of the in situ production of the coagulant. This issue is very important
for small and remote communities that are difficult to access, where localized is preferred
over centralized water treatment technology; EFC should eliminate the chemical reagent
transport that is necessary for conventional chemical coagulation, and unconventional
energy can be used for process functioning, e.g., solar panels [13,14]. Few studies for Al- or
Fe-based EFC testing for drinking water treatment on a lab scale have been reported [4,5,10].
However, Mameri et al. (1998) extended their study to a larger pilot-scale system, using
aluminum bipolar electrodes and concluding that that flow rate and current represent the
two main operational parameters affected by the process efficiency [10].

Research comparing conventional chemical coagulation using alum (aluminum sul-
phate) and aluminum in EFC for the removal of the turbidity associated with clay pollutants
has also been investigated. It was found that alum coagulation provided more an effective
reduction of turbidity under acidic conditions and low coagulant dosing. It was also
found that at higher operating currents, pollutant removal occurred more quickly; however,
higher pollutant concentration was removed per unit of Al introduced at lower operating
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currents [15]. Moreover, EFC is able to reduce waste production and the time necessary for
treatment [16].

However, the approach of enhanced coagulation is considered in drinking water
treatment to improve the removal of natural organic matter (NOM) as the main precursor
to disinfection by-products (e.g., trihalomethane), which is carried out by adding excessive
amounts of coagulation reagent [17].

Considering that an increased current density allows the improvement in removal
efficiency by EFC [18-20] but causes a higher energy and electrode consumption [21], it is
necessary to propose new and innovative reactor and electrode designs to improve the rate
of overall EFC treatment times with a minimum energy and electrode consumption.

The aim of this study was to assess a new and flexible configuration of the electro-
chemical reactor linked to the geometry and type of anodes as a key factor in the operation
optimization of an energy efficient electroflotocoagulation (EFC) reactor. By this approach,
the assessment was achieved by considering that the electrochemical reactor includes all
steps known in conventional coagulation: the metal ion dosing during the mixing stage, the
reaction stage that assures the flotation, and the settling or flotation stage for sludge separa-
tion. Additionally, the electrode configuration that defines the reactor geometry and size
is considered using an aluminum sacrificial anodes and iron cathodes. In this systematic
study, the researchers considered the factors that are generally known as the main design
variables and operational parameters that affect the EFC process: the electrode position
that determines the reactor configuration, current density (i), and electrode-area-treated
volume ratio (S /V). This EFC reactor was tested under flood conditions for the treatment
of surface water for drinking purposes.

2. Materials and Methods
2.1. Surface Water Characteristics

Surface water from Bega River, Timisoara city, Romania was sampled under flood
conditions, and its main characteristics, chosen for EFC reactor testing, are listed in Table 1.

Table 1. Surface water characteristics.

Characteristics Value
pH 8.1
Turbidity 92 NTU
Total Organic Carbon 9.0mg C-.L~!
Dissolved Organic Carbon 83mg C-L7!
Conductivity 750 uS-cm !
Hardness 45 mg CaO-L~!
Sulphate 20 mg-L~!
Chloride 6.6 mg-L~!
Absorbance recorded at 254 nm (Ajsy) 0.3495 cm ™!
Specific UV absorbance (SUVA) 39L-m! -mg’1
Aluminum 5 pug L1

2.2. EFC Reactor

A pilot plant-scale continuous and flexible reactor was built for a flow rate ranging
from 40 L-h~! to 200 L-h~!. The EFC configuration shown in Figure 1 consisted of three
pairs of concentric cylindrical electrodes (A, B, C), with each pair of aluminum and iron
as an anode and cathode, respectively, or vice versa, depending on the polarization. Each
anode and cathode pair is separately connected to a programmable DC source, and three
programmable DC sources assured the electrical charge throughout the whole EFC reactor.
The EFC reactor is controlled and supervised through an automation system based on a PLC
(programmable logic controller) and SCADA (supervisory control and data acquisition),
presented in detail in previous reported work [22].
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Figure 1. EFC reactor configuration: (a) cross-section view; (b) top-view.

Depending on the connection to the DC source, several cell configurations can be set-
up, with one cell, two cells, and three cells connected in series. For example, if only a pair of
electrodes are connected to a DC source and the other pairs of electrodes are not connected,
one electrochemical cell works. If two pairs of the electrodes are connected separately to
the respective DC sources and one pair of the electrodes is not connected to its DC source,
two series of electrochemical cells operate. When the three pairs of electrodes are separately
connected to each of the three DC sources, the three electrochemical cells operate. The
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reactor geometry considers all stages of conventional coagulation, i.e., dosing, mixing,
and settling. The electrochemical cell assures the metal dosing through electrochemical
processes and metal ion reaction, which further continues into the space of the unconnected
electrodes where mixing continues by water flowing at a decreasing rate when settling
occurs. All variants of the electrochemical cell are presented in Table 2, and the S, /V ratio
and placement of the cell within the reactor for each configuration is shown.

Table 2. Number and type of electrochemical cell function of the electrodes connected to DC source.

Electrodes Pair Electrochemical Series Cells Vi, m? Se, m? msz‘_’lml\g Placement of Cell
A B C One Two Three
Cell/Name Cells/Name Cells/Name

. . ) “JA ; ; 0.00520 0.392 75.40 Dzl:t‘ - ;’3;“ .
. N . /B ] ; 0.00687 0.573 83.40 Dglllrt‘ - Zf;n o
A %/C i . 000912 0753 82.60 o=z mm
. .. ) «/AB - 001207 0965 79.95 ooz mm
X ; X - x/AC - 0.01432 1.145 79.95 D?LT : ?S.én mm
) . y ) /BC ) 0.01599 1.326 82.90 D](?;rtl - ?;;n o
xox o ox - - x/ABC 002119 1718 81.07 Din = 69 mm

Dout = 12.5 mm

Note: x—connected, —not connected, Din—internal diameter, Dout—external diameter.

2.3. Analytical Methods

For the determination of the specific energy consumption, Wsp, relation (1) was applied:

Wsp=U x I xtx1000/V  (Whm?) 1)
where U is the potential (V), I is the applied current (A), t is the electrolysis time (h), and V
is the volume of the treated solution (dm?) [23].

The specific ultraviolet absorbance (SUVA) parameter, defined as UV absorbance
recorded at 254 nm (m ™) per unit of DOC (mg~L’l ), was also used to characterize the NOM
hydrophobic or hydrophilic characteristics and implications to predict the coagulation
efficiency [24]. SUVA describes the aromatic character of the dissolved organic matter in a

water sample and is calculated according to Equation (2):

SUVA = Aysy x 100/DOC (L-m t.mg™1) ()

The total organic carbon (TOC) parameter was determined using a Shimadzu TOC
analyzer, which was also used to determine the dissolved organic carbon (DOC) parameter
under similar conditions after filtering through a 0.45 um PVDF membrane. Ajsy was
determined using a Varian Cary 100 spectrophotometer (Agilent Technologies, Santa Clara,
CA, USA).

Aluminum concentration was determined using Varian 110 Atomic Absorption Spec-
troscopy (AAS). Turbidity was measured with a Hach turbidimeter and a Hach portable
multimeter was used for conductivity and pH measurements. Sulfate, chloride, and hard-
ness were determined in accordance with standardized methods [25].

The charge loading rates (Q) were determined by Equation (3) and were used to
describe the rate of coagulant generation [26]:

Q=I/F (CL™ €)
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where I is current (A) and F is flow rate (L-h™1).

3. Results
3.1. Optimization of EFC Reactor Operation Using Al Anode

The net volume of the EC reactor (V) is 21.19 L and the total volume of the electrode
(Va1) s 3.79 L (ABC) and the total active area of the electrodes (Sg)) is related to the electrode
pair connection as it is presented in Table 2.

A very important parameter in coagulation is the aluminum ion dosage that is directly
linked to the current value. To check the effect of the placement of the anode, the measured
experimental value was compared with the calculated theoretical (wt) value based on
Faraday’s law (4):

Intm
wt = —F (4)

where n represents the number the electrons transferred in the anodic reaction (3), F is
Faraday’s constant (96,486 C-mol~1), M is the aluminum atomic weight (27), and t is the
treatment time in seconds.

The theoretical value (wt) is considered in the stage of setting up the operational
conditions related to the current density for the galvanostatic regime. However, the
experimentally determined aluminum value (we), which represents the concentration of
aluminum dosed in situ during the electrolysis time, is different compared to the theoretical
value and can also be determined by a modified Faraday’s law (5) [27]:

ItM

we = CDF (5)
where @ is a correction factor depending on the current efficiency or faradaic yield, de-
termined by the difference between the theoretical and practical dissolution of sacrificial
anodes. The ® value of 1 corresponds to the theoretical value, and the lower value informed
by the parallel reaction occurring as well as the anode dissolution and a value higher than 1
shows a simultaneous chemical and electrochemical mechanism for metal dose generation
that is frequent for aluminum. The reactor operation was monitored for one cell and three
series cells and the results are presented in Table 3 at different current density.

Table 3. Comparison of the calculated theoretical metal dissolution value (wt) with the respect to the
experimental value (we) for F=40 L-h~1.

Electrodes Pair

Electrochemical Series Cells

we **
One Two Three i, Alm*>  wt*, g/m? / 3 (0]
A B C g/m
Cell/Name Cells/Name Cells/Name
2.5 8.6 9.8 1.14
X - - x/A - - 5 17.2 20.9 1.21
10 34.4 42.6 1.24
B « B «/B B _ 5 20.0 26.0 1.30
10 40.0 47.0 1.17
B B « X/ C B B 5 20.0 18.9 0.95
10 40.0 36.1 0.90
X X X - - x/ABC 5 47 61.92 1.32

Note: * calculated by Faraday’s law, ** experimentally determined.

It was noticed that the placement of the electrolysis cell within the reactor influenced
the aluminum dissolution. The practical dissolution of aluminum was lower than the
theoretical one for the lowest distance between the aluminum electrode and the reactor
walls and the lowest S /V ratio. For the other arrangements, the practical aluminum
weight was higher than the theoretical one, which is a common mechanism involving the
electrochemical process coupled with the chemical process for aluminum dissolution. This
also occurred for all coupled electrodes.
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A very important indicator for EC is energy consumption, which depends on the
current density, reactor configuration, and electrode geometry. For the same current density,
the energy consumption was determined for each one and for the three cell configurations,
and the results are presented in Figure 2, also considering the theoretical aluminum dose.
For one cell configuration, the aluminum dose at the same current density is almost similar,
e.g., 17 and 20 g-m~3; respectively, but the energy consumption varied from 33 Wh-m~3
for the A cell to 133 Wh-m 3 for the B cell and 188 Wh-m~3 for the C cell. Considering
the three cell configurations, for about double the dose of aluminum (47 g~m’3), a slightly
higher charge loading rate at a much higher energy consumption rate (673 Wh-m~3) was
found. This behavior is associated with the electrode surface increase and implies a cell
voltage (U) increase according to the Equation (6):

U=Ejp—Ec+n4a—1nc +1IR 6)

where E5 and Ec are the reversible anodic and cathodic potentials; na and #c are the
corresponding overvoltages, respectively; and IR corresponds to the ohmic drop associated
with the electrolyte resistivity (R). Based on the energy consumption indicator linked to the
similar aluminum dose at the same current density, the A cell configuration was chosen for
further experiments related to the reactor operational optimization and testing for specific
drinking water treatment applications.

Wit (g*m=
172 Em®) o 47
800 - :
ABC
~ s
5 600 I |
z
= 400 ]
= G
200 | - |
A B®
. o
40 50 60 210 220 230 240
Q (C*LY)

Figure 2. Effect of cell configuration on energy consumption at the same current density of
5 Am~—2 and corresponding theoretical aluminum dose (g-m_3) and charge loading rate (C-L 1yat
F=40Lh™ 1

The current density effect on the energy consumption was tested for the A cell config-
uration by applying 2.5, 5, and 10 A-m~2 current densities and the results are presented in
Figure 3. The charge loading rate proportionally and directly increased with the current
density. By doubling the current density, the charge loading rate increased twice and the
energy consumption increased three times due to the progressive increase in U, maintain-
ing the electrolysis time. It is obviously that the current density can be set to achieve the
aluminum dose that is required for specific water treatment applications.
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Figure 3. Effect of current density on the energy consumption and corresponding theoretical alu-
minum dose (g:m~2) and charge loading rate (C-L~!) in A cell configuration at F =40 L-h ~1.

Furthermore, the effect of the flow rate on the energy consumption and aluminum
dose was studied, considering the flow rate of 40 and 120 L-h 1, respectively, for the
same current density (Figure 4). In fact, the effect of charge loading rates described by
Equation (3) and considered as the rate of the coagulant generation was assessed.

03

5.38 W (i) 17.2
120 — : ] l
®
100 | ]

~

m™)

Wsp (Wh*

20 1 1
50 100 150 200

Q(CLY)

Figure 4. Effect of flow rate on the energy consumption and corresponding theoretical aluminum
dose (g'm~3) and charge loading rate (C-L~1) in A cell configuration; current density of 5 A-m 2.

There is a reverse proportionality between the flow rate and the charge loading rates,
and the energy consumption. In addition to the coagulant dose requirement, the flow
rate should be set to assure the flocculation process, which depends on the raw water
characteristics as well as the hydraulic conditions.

3.2. Reactor Testing in Real Surface Water Treatment for Drinking Purpose

Considering all of the abovementioned operation conditions for the reactor using an
aluminum anode, the A cell configuration at 40 L-h~! flow under 5 and 10 Am~2 was
applied in testing real surface water collected from Bega River, Timisoara city, Romania,
under flood conditions, characterized by a high turbidity of 93 NTU and a high content
of natural organic matters that is manly dissolved (DOC of 8.3 mg C-L~! vs. TOC of
9.0 mg C-L~!; see Table 1). The results regarding the time evolution of turbidity and
residual aluminum are presented in Figure 5.
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Figure 5. Time evolution of turbidity and residual aluminum concentration during electrochemical
reactor operation in A cell configuration; current density of 10 Am~2 and 5 Am~2; initial turbidity of
925NTU; F=40L-h~ 1.

Under these operating conditions, starting with the operating regime, the turbidity
was below 5 NTU, as the required limit for the drinking water for both applied current den-
sities, but the lowest values were reached for 10 A-m 2. Except for the first value, residual
aluminum was also below the imposed limit of 0.02 mg-L~!. The dissolved organic carbon
(DOC) parameter was considered for the assessment considering its main impact on the
disinfection stage of drinking water, generating harmful disinfection by-products. For the
current density of 5 A-m~2, a slight reduction of DOC was achieved (about 10%), while
for the current density of 10 A-m~2, the DOC reduction was about 60%, which is in accor-
dance with data in the literature regarding enhanced coagulation [28] versus conventional
coagulation [29]. Under these conditions, by applying the current density of 10 A-m~2, the
enhanced electrocoagulation occurred and a higher reduction of natural organic matter
(NOM) was achieved in comparison with conventional electrocoagulation at 5 A-m~2. An
initial SUVA value of 3.9 L-m~!-mg~! of raw water suggests high concentrations of NOM
containing high molecular weight (MW) hydrophobic dissolved carbon, characterized by
a high charge density that can be easily removed by coagulation [26,30] and electrocoag-
ulation [31,32]. This removal can occur by aluminum species that are generated based
on aluminum anode dissolution and aluminum ion hydrolysis, based on the following
reactions (7)—(10):

Al anode — AP (ag) T3¢ )
3+ 2+ +
Al (aq) + H;)_O([) — AIOH (aq) +H (aq) (8)
2+ + +
AIOH (aq) + HzO(l) — AZ(OH)Z (ag) +H (aq) (9)
Al(OH), * (ag) T H20(1) = AI(OH)5() + H* (@) (10)

Figure 6 presents the time evolution of the dissolved organic carbon and SUVA pa-
rameters by applying the current density of 10 A-m~2.



Water 2022, 14, 2990

10 0f 13

10 T T T T T
1 = DOC [ 4.0
,I_’\ 94 m SUVA H
) ] [ 35
O 84 ’ ; n
> operating regime
E 74 T 3.0 »
C
s <
2 67 25 >
(] 1 =
O g | *
o s 20 3,
& 4 . " - [ 3
o 47 : . el
1 . t15@
B ° T
= ] 1.0
o 24 -
A J s = L
o 14 o ] - - 0.5
0 T T | T T 0.0
0 20 40 60 80 100 120

Time (minutes)

Figure 6. Time evolution of dissolved organic carbon and SUVA parameters during electrochemical
reactor operation in A cell configuration; current density of 10 A-m~?; initial turbidity of 92.5 NTU;
DOC of 8.3 mg C-L™}; F=40L-h~ 1

During electrocoagulation operation at 10 A-m~2, both DOC and SUVA were greatly
reduced. Lower SUVA values correspond to a greater reduction in high MW NOM and
Ajss was more predominantly reduced (about 94.6%) compared to DOC (about 60%).

4. Discussion

The results regarding the functionality of the flexible and continuous electroflotocoag-
ulation reactor, based on three pairs of concentric cylindrical aluminum and iron electrodes,
show that it is possible to build several variants of the EFC-reactor-integrated electroco-
agulation cells, which assure different points of coagulant dosing, mixing, reaction, and
electroflotation and/or settling times. A, B, C, and ABC cell configurations tested for in situ
generation of the aluminum coagulant showed that the practical dissolution of aluminum
was higher for all types of cell arrangements and positions, except the one at the lowest
distance between the aluminum electrode and the reactor walls and at the lowest S.;/V
ratio (C cell). The placement of the electroflotocoagulation cells has a significant influence
on the energy consumption; the A cell configuration is the most energy-efficient and the
ABC cell configuration is the most energy-consuming.

There is a direct proportionality between the current density and the energy consump-
tion, and a reverse proportionality between the flow rate and the charge loading rates and
energy consumption.

The A cell configuration, tested at current densities of 5 and 10 A-m~? for the treat-
ment of surface water (Bega river, Timisoara city, Romania) rich in hydrophobic NOM
(8.3 mg C-L~! and SUVA parameter of 3.9 L-m~!'mg~!) and with a high turbidity of
92 N'TU under flood conditions, showed the best results at 10 A-m—2 through enhanced
electroflotocoagulation, confirming the excessive dose of aluminum coagulant required
for NOM removal. The effect of the electrode position that determines the reactor config-
uration on the specific energy and electrode consumption allowed the selection of the A
cell, characterized by Sel of 0.392 m?2 75.38 m2/m? (Sel/V) and placement coordinates of
a 69 mm internal diameter and 70.5 mm external diameter, as the most energy efficient
reactor configuration. Moreover, the specific energy consumption was increased by a higher
current density that improves the coagulant dosing rate and lower flow rate, which should
assure the flocculation stage.

Based on the results presented above, depending on the raw water or wastewater
characteristics, further operating an EFC reactor considers the following aspects:
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Selecting aluminum and/or iron anodes depending on raw water characteristics (the
presence of arsenic necessitates selection of an iron anode, based on our previous reported
work [4]);

Dosing point function of the water composition homogeneity and suspension charac-
teristics (e.g., an A cell for homogeneous composition and colloidal systems);

Mixing, reaction, and floc forming through the charge loading rate (current density and
flow rate) to be sufficient for floc forming but not too high due to the floc destruction risk.

Further studies will be focused on optimizing the operating conditions for different
real situations related to raw water characteristics for drinking purposes in rural areas.
In addition, specific configurations will be tested for different wastewaters or industrial
effluents characterized by high content of suspension matter and organic loading.

5. Conclusions

In a pilot plant-scale study, a new flexible and continuous electroflotocoagulation
reactor was built, based on concentric cylindrical electrodes, which can be operated to
in situ generate aluminum or iron ions depending on the DC connection. The reactor
was operationally investigated and tested for the treatment of surface water (Bega river,
Timisoara city, Romania) rich in hydrophobic NOM (8.3 mg C-L~! and SUVA parameter of
3.9 L-m~!-mg~!) and with a high turbidity of 92 NTU under flood conditions. The effect
of the electrode position that determines the reactor configuration based on the specific
energy and electrode consumption allowed the selection of the A cell, characterized by
75.38 m?/m? (Sel/V), as the most energy efficient reactor configuration. Additionally, the
specific energy consumption was increased by a higher current density that improves the
coagulant dosing rate and lower flow rate, which should assure the flocculation stage.

The most energy efficient A cell configuration using an aluminum anode and iron
cathode was tested successfully at current densities of 5 and 10 A-m~? for the treatment of
surface water (Bega river, Timisoara city, Romania) rich in hydrophobic NOM (8.3 mg C-L !
and SUVA parameter of 3.9 L-m~!-mg~1) and with a high turbidity of 92 NTU under flood
conditions for drinking purposes. The best results that assured 97% turbidity removal,
87% for Ajsy, and 60% for DOC removal were achieved for an operational current density
of 10 A‘m~2 to allow higher doses of aluminum that are required by the enhanced coag-
ulation approach, with specific energy and electrode consumption of 0.1 kWh-m~3 and
0.017 kg Al'm~3, respectively. The results of this study show the great potential and versa-
tility of this new and flexible electroflotocoagulation reactor to be operated at minimum
energy and electrode consumption levels for the treatment of various water matrices on an
industrial scale.
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