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Abstract— In this work, we propose to study the bubble
hydrodynamic in an electroflotation column operating in
continuous mode. The effect of current density, applied at the
electrodes, and liquid phase flow variation on both bubble
diameter and bubble rise velocity were studied. The technique
adopted to calculate the bubble characteristics is video recording
followed by image processing. Modelling the Reynolds number
was done in order to predict and discuss the different bubble
flow regimes. Defining laminar and turbulent regime of bubbles
allowed us the prediction of optimal operating conditions of
pomace olive oil wastewater treatment by electroflotation. The
treatment consists in optimizing the suspended solid rate
reduction which was done successfully.

Index Terms-  Electroflotation; Hydrodynamic; bubble flow;
current density; treatment.

I. INTRODUCTION

Gas-liquid reactors are widely used in industrial processes
such as food processing, wastewater treatment, lubricants,
cosmetics and many other fine chemicals [1]. The
performance of such reactors depends largely on bubble
hydrodynamic [2]. Bubble columns which are a type of gas-
liquid reactor can be considered as one of useful and
interesting new process. These columns are the center of
various aspects such as mass transfer, heat exchange and
hydrodynamic [3].

In fact, electroflotation is the electrochemical version of
traditional dissolved air flotation able to float tiny bubbles of
hydrogen and oxygen gases to the surface due to water
electrolysis according to these reactions [4]:

* Anode reaction: water oxidation

H20—>%Oz+2H*+Ze’ 1)

* Cathode reaction: water reduction
2H,0+2 — H,+2OH" )
Recent researches focused on the separation efficiency of the
electroflotation column used largely as wastewater treatment
process [5-6]. In fact, many factors interact in this process.
Current density applied at the electrodes is among factors
which has a significant effect on the separation efficiency.
This was confirmed in the study of Ksentini et al. [7] in which
they used insoluble electrodes to treat cardboard wastewater.
Ben Mansour et al. [8] also showed the significant effect of
current density on the process [8]. Indeed, the current density
influences directly the number and the size of bubbles and it
is proportional to the mass of these bubbles [9-10]. Pino et al.
and many other studies related the bubble behavior which
affects the hydrodynamic regime of bubbles to the separation
process [11-13]. In fact, when the electroflotation is used as a
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process for eliminating suspended solids contained in
wastewaters, only bubbly laminar regime can lead to high
separation rate [14]. Studying the bubble hydrodynamic
involves particularly a better comprehension of bubble shape,
bubble rise velocity and Reynolds number. Unfortunately, not
enough works were done to observe the effect of liquid phase
flow variation on the bubble behavior. Electroflotation
column working in continuous mode is rarely found in
literature. In this context, we propose to study the effect of
current density applied at the electrodes of the electroflotation
column and liquid phase flow variation on bubble
hydrodynamic. The co-current configuration is studied in this
context. The method of video recording followed by image
processing was employed in order to determine bubble
diameters and bubbles rise velocities. Reynolds number was
then modelled and regressions were obtained linking the
process operating parameters with the results obtained. A
concrete use of obtained results is the determination of
optimal operating conditions of pomace olive oil wastewater
treatment by electroflotation. The treatment consists in
optimizing the suspended solid rate reduction which requires
a laminar bubbly regime.

II. MATERIALS AND METHODS
A. Materials

1) Electroflotation column and used equipment

The lab scale electroflotation column equipped with insoluble
electrodes and the equipment used for the determination of
bubble characteristics is shown in the schematic diagram

(Fig.1)

Fig. 1. Electroflotation column in co-current configuration

The electroflotation column is made of cylindrical glass
vessel of 9.5 cm internal diameter and a height of 1 m. It is
equipped by titanium coated with ruthenium oxide anode and
stainless steel cathode. These two superposed electrodes are
supplied by a generator of DC current which makes possible
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the variation of current density in the electrodes. The column
is related to a metering pump (type ProMinent - Gamma/L) in
order to vary the liquid phase flow.

The equipments used for the determination of the bubble
characteristics by image analysis are an analog video camera,
an acquisition card from Pinnacle systems, a PC equipped
with appropriate image analysis software (Photoshop CS4 and
Virtual Dub 1.8), and a triple 60 watt power halogen spots.
Both co-current and countercurrent configurations could be
done.

2) Pomace olive oil wastewater:

The effluent is a mixture of wastewater coming from the olein
unit and the machine washing unit of a pomace olive oil
refinery. Its physicochemical characterization is given in table

TABLE 1: Physicochemical characterization of the effluent

SS [mg/1] 6440
Fat Content [mg/I] 713
COD [mgO/1] 12300
BODs [mgO-/I] 150

B. Methods

The method of calculating the average bubble diameter at
different operating conditions consists of recording the bubble
flow, then extracting different images from the video file. A
wire of a known diameter (0.149 mm) is used as the
calibration factor. For getting a sufficiently representative
bubble size, 60 bubbles were at least measured. [15]

In order to have a better image quality, the bubbles were
illuminated with diffuse back light [16]. Additional image
treatment was done using appropriated software equipped
with powerful shape filter. Bubble is then clear and the
measurement of its characteristics is at that moment possible

(Fig 2).
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Fig. 2 Image treated for the determination of bubble size

Bubbles rise velocities were calculated using the equation
below:

u, -1 ®3)
t

where H is the bubble course in a laps time t. In fact, series of
single bubbles were identified and recorded in their
ascension. Then, images were treated and superposed in order
to calculate the bubble rise velocity. The same wire of known
diameter was also used (Fig 3).
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Fig. 3 Images treated and superposed in order to determine the bubble rise
velocity

I11. RESULTS AND DISCUSSION

A. Effect of current density and liquid phase flow rate on
bubble characteristics

Experiments were carried out using tap water (1atm, 20°C) in
order to check the effect of current density, applied at the
column electrodes, and the liquid phase flow rate (Q) on both
bubble diameter and its rise velocity. The results are shown in
the figures 4 and 5:
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Fig. 4 Effect of current density and liquid phase flow rate on bubble diameter
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Fig. 5 Effect of current density and liquid phase flow rate on bubble rise
velocity

We noticed that:

- increasing current density for a given liquid phase
flow rate affects significantly bubble size and bubble velocity.
In fact, its leads to larger bubbles which have faster rise
velocity due to the dominance of buoyancy force. This is well
explained by the fact that bubble flow is increasing. This is
compatible with Saxena et al. work [17].

- increasing liquid phase flow rate does not affect
significantly bubble size; in fact it leads to a small increase of
bubble size. On the other hand, it leads to faster bubble due to
the co-current liquid phase movement.
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B. Effect of current density and liquid phase flow rate on
bubble flow Reynolds number

In case of bubble flow, it is known that transition from
laminar to turbulent regime can be achieved by the
calculation of Reynolds number. The value Re = 1 delimits
this zone [18].

Re=F~L xUg xdg (4)
H
Where :
pL : The liquid phase density [Kg.m?]
pe: The liquid phase viscosity [Kg.m?s?]

dg: The bubble diameter [m]
Ug: The bubble rise velocity [ms?

The result is shown in the figure 6 below:
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Fig. 6 Effect of current density and liquid phase flow rate on bubble flow
Reynolds number

We note that:

- For a given current density, increasing the liquid
phase flow leads to obtaining turbulent regime. At 40 I/h
(equal to a residence time t, = 10.5 minutes) and even for a
small current density, turbulent regime is only observed.

- For a given liquid phase flow rate, increasing
current density leads also to obtaining turbulent regime.
Previous work [9]showed that in batch mode (no liquid phase
circulation), the transition from laminar to turbulent regime is
approximately in 140 A/mz2, this transition is rapidly moved to
low current density when increasing liquid phase flow.

C. Modelling

An appropriate software (DATAFIT V.8.1) was used to
elaborate regressions linking the results obtained with the
operating parameters. Models are summarized in table 2:

TABLE 2: Regression equations predicting bubble flow Reynolds number,
bubble diameter and its rise velocity

In which:

d [mm]: bubble diameter

Ug [mm/s]: bubble rise velocity
J [A/m?]: current density

Q [I/h]: liquid phase flow

These equations, and more precisely relative to bubble flow
Reynolds number, are important and crucial to predict the
optimal operating condition for treating industrial effluent by
electroflotation.

D. Treatment of pomace olive oil
electroflotation in continuous mode

wastewater by

The pomace olive oil wastewater treatment objective is
focused in the reduction of suspended solids rate contained in
such effluent. So, electroflotation process will not be efficient
if turbulent regime is adopted. In fact, in such regime,
agitation will be created and therefore disadvantages the
treatment efficiency. On the other hand, laminar regime with
very small Reynolds numbers will impose great treatment
duration to achieve a good treatment result which is
considered as a waste of time and money. That is why; the
optimal operating condition corresponds to a bubble Reynolds
number equal to 1 when electroflotation is used to eliminate
suspended solids.

Therefore, we tried to resolve equation 7 in order to obtain Re
= 1. Two possibilities exist: fixing the liquid phase flow and
calculating the corresponding current density, or the opposite.
Actually, experiments were done in both cases: Fixed liquid
phase at 10 I/h (t; = 42 min) or fixed current density on 90
Alm?).

Table 3 gives the results of the bubble Reynolds number
model resolution.

TABLE 3: Resolving Reynolds number model

Q=10 J:[ Re

0.694
I 533104><Q°31j > JmHReAm

J=90

Re 3.226 _
ame Q= Eam 0t S 2 Q=30.281h

5.33.10™

In order to verify the validity of these models and the
efficiency of the adopted process, treatment of this
wastewater was done respecting the matrix of experiments
shown in table4:

TABLE 4: Matrix of experiments and results of treatments

Models
Bubble diameter d =3.45.107x J*%® x Q*®” ®)
Bubble rise velocity Ug =0.44xJ % Q™ ®)
Reynolds number Re=5.33.10" x J** x Q%% @
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Suspended Suspe_nded
. . o ; solid
Experiment Operating conditions solid after
abatement rate
treatment
(%)
Q=10 J=113.89
01 I Almz 161 97.5
Q=10 J=140
02 Ih Alm? 1532.7 76.2
J=90 Q=30,28
03 Am? m 180.3 97.2
J=90 _
04 Alm? Q=401/h 1803.2 72
111



© 2014 JIRT | Volume 1 Issue 10 | ISSN: 2349-6002

We noted that:

v"In experiment 01 and 03, which are supposed at Re =
1, a very good treatment efficiency is observed. This
validates the calculated models.

v"In experiment 02 and 04, we treated wastewater in
turbulent regime, that’s why the suspended solid
abatement rate decreased.

A complete physicochemical characterization of treated

effluent (experiment 01) was done (Table.5). It shows the

efficiency of the electroflotation process in the treatment

of wastewaters.

TABLE 5: Physicochemical characterization of treated effluent

Parameters Before After Abatement
treatment  treatment rate (%)
Suspended 161 97.5
Solids [mgn] ~ °*40
Fat Content 713 13 98.1
[mg/1]
COD [mgO2/1] 12300 730 94.1
BODs [mgOy/I] 150 108 28

IV. CONCLUSION

An electroflotation column was used in order to study the
hydrodynamic of bubbles in continuous mode. The method of
video recording and image processing was adopted to
evaluate the bubble characteristics. We have noticed that for a
given flow rate, increasing current density leads to obtaining
larger bubbles which have faster rise velocity. On the other
side, for a given current density, increasing liquid phase flow
rate does not affect significantly bubble diameter but largely
increases their rise velocity.

An analysis of regimes within the column was also
established by calculating bubble flow Reynolds numbers.
We have noticed that both current density and liquid phase
flow rate have significant effect on the transition from
laminar to turbulent bubble flow. Models predicting the
variation of Reynolds numbers were established and used
successfully in order to predict the optimal operating
condition to treat a real industrial wastewaters coming from
the pomace olive oil refinery. The treatment was focused on
the abatement of suspended solids rate contained in this
effluent. This rate exceeded 97 % which validates models and
shows the efficiency of the electroflotation process.

NOMENCLATURE
Ug Bubbles rise velocity [L.TY
ds Bubble diameter [L]
J Current density [A L7
Re Reynolds number [
P Density ML?]
u Dynamic viscosity MLTTY
Q Liquid phase flow [L*TY
t, Residence time [T]
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