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Abstract

The rapid industrial development and population growth increase the utiliza-
tion of fresh water resulting in an increase of the amount of wastewater. Sev-
eral Countries face a double challenge with regard to water resources, namely
meeting the growing need for water for the population and treating the
wastewater generated for application. The toxicity found in these water
streams threatens the environment and human health. Hence the urgent need
is to treat wastewater. The DRC is not immune from this threat. Its average
population growth rate has exceeded the 3% and the number of industries it
hosts continues to increase. The wastewater generated by this increasing
pressure from urbanization and industrialization must be treated as required
in the Congolese legal arsenal. Various factors need to be considered prior
choosing the water treatment method. The choice must take into account the
imperatives of the moment which are: modernization (local context) and
sustainable development (international context). There are several wastewater
treatments that are widely used for the removal of toxic elements such as ion
exchange, reverse osmosis, chemical precipitation and electro-coagulation
just to name a few. The most recent studies have shown that the galvanic
technique can be used in the purification of water from domestic and indus-
trial origin to meet drinking water standards. Various researchers have used
this technique at laboratory and pilot scale demonstrating its cost-effectiveness
as it uses no chemical reagents, consumes less energy and occupies only a
small space for processing large flows. However, there are very few studies
demonstrating the success of this treatment on an industrial scale. Therefore,
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this work seeks to understand and master the mechanisms that take place in
the galvanic treatment. In addition, this study focuses on the development of
a robust prototype that is adaptable to the needs of various users while at the
same time being relatively cheap to meet the national needs.
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1. Introduction

The importance of water for life is well established. Water is both a living envi-
ronment for the aquatic system, a drink for living beings and a raw material for
industry. There is evidence that water in a liquid state only exists on planet earth.
Some research endeavors to feature the presence of liquid water on different
planets. It is assessed that in the event that liquid water is found on another pla-
net, at that point the earth may not be the lone planet to hold life [1].

The world water supply is estimated to be 1,386,000,000 km’ and is found in
three forms: Surface water, atmospheric and groundwater water. Surface water is
the most accessible and consists of rivers, seas and dams and accounts for only
around 1%. They contain suspended solids; they are cloudy and difficult to set-
tle. They are therefore not directly suitable for most common usages. They must
therefore go through various steps of water treatment processes prior usage.
Groundwater accounts for approximately 23% of all water reserves; they are not
cloudy and generally do not contain microbes. They are clear, odorless and con-
tain mineral salts. They are therefore suitable for most common usages. In the
third and last form we find atmospheric waters (rain, dew, snow). They contain
dust and dissolved gases, and do not contain the mineral salts necessary for liv-
ing organisms [2].

Water is utilized for three main usages: domestic usages, agricultural usages
and industrial usages. The average amount of water used per day per capita re-
flects the way of life for the population and the level of development of the
country. In the US, the average population uses around 300 liters of water per
day per capita. In Europe, the average is about 140 liters of water per day per ca-
pita. In Africa, statistics show that people use less than 20 liters of water per day
per capita.

In the D.R.C,, despite the importance of the water heritage, the rate of access
to quality water is still very low. It is estimated that only about 28% of house-
holds have access to this water (with large disparities). In rural areas and on the
outskirts of large cities, it is only 17%. These data show that the D.R.C. has a
lower rate of access to drinking water than many countries in its sub region.
According to the World Bank, 77% of people in Congo Brazzaville have access to
improved sources of drinking water. This rate is 93% in Gabon, 76% in Came-

roon, 76% in Rwanda and 69% in Central Africa. This position is unacceptable if
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we know that thousands of cubic meters of water are pumped out of mines and
sometimes simply discharged into the natural environment [1].

The objective of this article is to present the galvanic treatment of industrial
wastewater and to show how this technique can be developed to treat wastewater

loaded with heavy metals and suspended matter.

2. Overview on Wastewater Treatment Processes

Wastewater treatment processes fall into four categories: mechanical, physical,
chemical and biological.

The essential operations relating to mechanical processes are screening, sand
removal, sieving, filtration, centrifugation and oil removing [3] [4] [5].

The physical processes used to separate molecules or ionic species from their
liquid or gaseous environment using various techniques such as decantation,
flotation, degassing (stripping), adsorption, liquid-liquid extraction and filtra-
tion on membrane. These separation techniques are unit operations of process
engineering and generally do not involve chemical reactions [6] [7] [8] [9].

The chemical processes allow the separation by involving surface or volume
reactions. We can name the coagulation-flocculation, the neutralization, the re-
dox and the ion exchange [2] [5].

The biological purification applies to oxidizable compounds which, in so-
lution or in suspension, often constitute the major fraction of water pollution.
Biodegradable oxidizable materials are those which can be eliminated by mi-
cro-organisms (bacteria) for which they serve as food. They are ultimately trans-
formed into cellular constituents and into dissolved or solid gaseous waste [10].

Each of these techniques corresponds to a niche of use, a category of effluents
to be treated and a very specific level of solute concentration.

3. Galvanic Treatment of Water

Galvanic or Electrocoagulation (EC) treatment is a treatment technique devel-
oped before the 20" century [11]. The first document reporting the use of elec-
trocoagulation for the treatment of effluents is an American patent filed in 1880
by WEBSTER [11] which used iron electrodes. In 1909, HARRIES files a new
patent on this process [12] [13] [14]. The anodes were then made up of iron and
aluminum plates. In 1980, numerous works were presented by Russian researchers
on electrocoagulation as a means of efficient treatment of wastewater. Finally, in
1984, VIK carried out substantial work demonstrating the possibility of produc-
ing drinking water by the electrocoagulation process from Norwegian natural
waters heavily loaded with humic substances [12] [15] [16]. Despite this exten-
sive research, the electrocoagulation process has declined significantly due to the
development of other water treatment processes which, at the time, appeared to
be simpler and less expensive. The call for the development of clean water treat-
ment processes and the development of analytical means have enabled electro-
coagulation to gain importance, thus offering a competitive investment and treat-

ment cost, and a large elimination efficiency of pollutants.
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The electrocoagulation process is based on the electrochemical dissolution of
a sacrificial metal which, once in the effluent and through other related reactions
such as the electrolysis of water, gives complexes of metal hydroxides which will
ensure adsorption and flocculation of particles and dissolved pollutants [11] [17]
[18].

This involves imposing a current (or potential) between two electrodes im-
mersed in an electrolyte contained in a reactor to generate, in situ, ions, capable
of causing coagulation-flocculation of the pollutants which it is desired to elimi-
nate [13] [19] [20]. The electrolysis can also coagulate the oxidizable or reducible
soluble compounds contained in the effluent. The electric field creates a move-
ment of charged ions and particles. This action makes it possible to collect the
suspended materials in the form of flocs which are then eliminated by a conven-
tional physical process (decantation, flotation, filtration, etc.). Figure 1 shows

the principle diagram of electrocoagulation.

4. Materials and Methods
4.1. Description of the Drinkwell IFC-120

The tests were carried out using the Drinkwell IFC-120 device, a prototype made
in Australia. It consists of a Plexiglas container of parallelepiped shape divided
into 4 cells in which the electrodes are housed. Its length is 98 cm, the width of
37.5 cm and its height of 40 cm; which gives it a theoretical capacity of 160 liters.
Its electrodes consist of stacked sheets, alternating between anode and cathode, 1
cm apart between the anode and the cathode. Three types of electrodes are used:
Iron electrode, aluminum electrode and copper electrode. The different cells are
connected to each other by locks which make the whole a system of communi-
cating vessels. The device includes a box in which the various electronic and
electrical components of the device are mounted (Electronics control box). All
orders are made from this control box which is provided with two ammeters for
reading the current intensities in the first and second cell. The water to be
treated is supplied to the machine using a small diaphragm pump with an engine
power of 0.38 kW, giving a maximum flow rate of 40 liters per minute and a
maximum delivery head of 38 meters. The raw water is supplied to the first cell
and passes from cell to cell by overflow. The flow of water to the feed is regulated
using a valve located just at the inlet of the first cell. The supply valve is fitted

with a non-return valve to prevent the return of water if the pump stops.

4.2. Analytical Methods

The quantitative chemical analyzes were carried out by Atomic Absorption Spec-
trometry on the Analytik Jena AG nov AA 400 spectrometer. This device is cali-
brated using standard solutions and makes it possible to quantitatively measure
major, minor as well as trace metal elements with a detection limit of 0.0001
mg/L. The S.S were measured using the Wagtech WT3020 turbidimeter and the
DR/890 colorimeter.
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Figure 1. Schematic diagram of the galvanic treatment of water.

5. Results
5.1. Results of the Characterization of the Sample

The treated sample consists of the industrial liquid effluent from a metallurgical
plant in Lubumbashi, the physicochemical characteristics and chemical compo-
sition of which are given in the Table 1.

The results in Table 1 indicate that the effluent from the plant is loaded with
dissolved metals and suspended solids (S.S or MES). The permissible concentra-
tion of these metallic elements in the effluent must be below 1 mg/L prior dis-
charge into the environment, while the concentration of S.S must not exceed the
threshold of 100 mg/L.

5.2. Evolution of the Concentration of Metals in the Different Cells

Table 2 shows the trend in concentration of metals in the different cells over
time during the galvanic treatment. The samples were taken in each cell at 5, 20
and 40 min.

The results show respectively that Fe, Cu, Co, Zn, Pb and suspended solid
concentration decreases over time in the different cells.

The determination of the optimum treatment time involves monitoring the
evolution over time of the purification rate for each parameter studied. The pu-
rification rate is a ratio which makes it possible to evaluate the effectiveness of
the treatment in relation to a given parameter and is given by the following ex-

pression:

x100% (1)

concentration feed

Figure 2 gives the results of monitoring the evolution of the purification rate.

6. Discussion

The set of results shows that the large proportion of heavy metals and of S.S is
recovered in the first two cells except for Co and Pb which record a relatively

low recovery. This recovery can be attributed to several phenomena that take
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place in different cells such as adsorption phenomena, precipitation reactions,
complexation and redox equilibria. These phenomena act alone or in synergy. It
is possible to highlight the importance of each phenomenon from the study of
speciation. These results indicate that it is possible, by varying parameters such
as time, geometrical configuration of the device, hydrodynamics of the liquid

flow and the nature of the electrodes, to improve the purification rates.
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Figure 2. Evolution of purification rates over time.

Table 1. Results of the characterization of the sample.

Physico-chemical characteristics Chemical composition in mg/L
Parameters
pH  EC* (uS/cm) §S** (mg/L) Fe Co Cu Pb Zn
Values 8.9 40.800 1.000 15 7.4 3.2 1.7 17

*EC: Electrical conductivity; **SS or ME: Suspended solid.

Table 2. Evolution of the concentration of metals in the different cells over time taken at
5,20 & 40 min.

Time (min) Cell 1 Cell 2 Cell 3 Cell 4

mg/L mg/L mg/L mg/L

5 8.27 6.23 4.88 4.54

Fe 20 6.87 5.65 4.62 3.88
40 5.22 4.97 3.87 2.99

5 2.28 2.24 2.17 1.54

Cu 20 2.17 1.97 1.94 0.97
40 1.69 1.49 1.64 0.84
5 6.4 5.89 5.62 4.51
Co 20 5.64 5.23 4.45 4.09
40 5.27 3.52 2.98 3.55
5 13.27 11.73 10.45 8.72
Zn 20 11.65 10.14 9.52 7.96
40 10.15 9.11 8.02 6.89
5 1.67 1.62 1.43 1.05
Pb 20 1.41 1.32 1.09 0.79
40 1.17 1.11 0.79 0.7

5 357.45 368.88 225.67 188.43

SS 20 345.64 297.64 167.82 130.61

40 198.76 177.46 130.42 118.49
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Up to 70% of suspended solids were removed in the first cell, after only five
minutes of steady state operating conditions. The second cell also records similar
treatment rates. Thereafter, a sudden drop is observed as the effluent proceeds
into the 3* and 4" cell which presages a function of settling of the third cell. The
observation of the flocs formed in the second cell invites us to consider that
there is coagulation in the first cell and flocculation in the second. In fact, the
aluminum and iron released in solution can associate with hydroxide ions to
form a coagulant.

The optimizing purification rate requires a thorough understanding of the
mechanisms involved. This is the subject of ongoing studies. These studies at-
tempt to model, using PhreeqC software, redox reactions, precipitation or dis-
solution of minerals in solution, complexation reactions as well as the interac-
tions between the different phases. This work can therefore be deepened using

thermodynamic calculation and chemical reaction modeling software.

7. Conclusions

The objective of this article was to present the galvanic treatment of industrial
wastewater and to show how this technique can be developed to treat wastewater
loaded with heavy metals and suspended solids.

The adopted methodology consisted in carrying out pilot treatment tests on
an industrial wastewater sample with a Drinkwell ICF-120 brand prototype. The
sample concerned is a metallurgical effluent loaded with Fe (15 mg/L), Co (7.4
mg/L), Cu (3.2 mg/L), Pb (1.7 mg/L) and Zn (17 mg/L).

The results obtained show that it is possible to treat industrial metallurgical
effluents loaded with heavy metals and suspended matter until reaching purifi-
cation rates of 80%, 74%, 52%, 60%, 59% and 88 %, for Fe, Cu, Co, Zn, Pb and
S.S respectively. The increase in purification rates over time in different cells
clearly shows the possibility of treating effluents to bring them back to the stan-
dards of discharge into the natural environment.

As we can see, this technique offers the advantage of being adaptable to the
needs of different users, of being less expensive, of not using any chemical rea-
gent, of consuming very little energy and of occupying only a small space to
process large flows (up to 40 liters per minute). Galvanic treatment appears from
this point of view as an innovative alternative in line with the needs of manufac-

turers and public authorities.
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