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Performance of bentonite clay as a coagulation aid on water quality
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ABSTRACT

The objective of this work is to observe the effectiveness of bentonite as a coagulation adjuvant on
water treatment quality at Ait Baha station. In our case, bentonite is used as a source of turbidity and
is not an adsorbent. Jar tests were performed on raw water samples of low turbidity according to the
approach applied in the laboratory. The performance of the bentonite was tested in mixtures: raw
water/bentonite, raw water/coagulant and coagulant/bentonite. The main objectives of this study are
to verify whether bentonite acts as a coagulation aid for water treatment, and then to minimize the dose
of aluminum sulfate while respecting the treatment yield of the station. Indeed, the results obtained
showed that the addition of bentonite doses of 20 mg/L can eliminate 96.72% of the turbidity and 60%
of the oxidizable material. Also the increase of the dose of bentonite decreases the pH more than the
use of aluminum sulfate alone, which makes the water pH optimal for coagulation—flocculation, but
also to improve the coagulation and flocculation processes to obtain a good quality effluent and the

rapid sedimentation of the flocs formed.
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1. Introduction

In Morocco, rural areas and semi-urban areas are
experiencing a drastic decline in terms of drinking water,
at the same time, the situation of water supply for a rural
population, which represent half of the total population, is also
considerable delay. These dam reservoirs considered as a first
settling of the raw water, in fact a large part of the pollution
(suspended solids and the colloidal matter) was eliminated by
the precipitation toward the bottom of the reservoirs which
make the water less turbid and influence in the direct way to
the treatment process. The water contains a quantity of sub-
stances composed of suspended solids, colloids and the dis-
solved matter of mineral salts and very fine organic molecules
difficult to decant, even after the treatment, which cause a real
problem in the process [1]. To ensure good water solubility of
the dam water, several conventional methods for clarifying its
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waters exist and the most common are based on the coagula-
tion—flocculation process using aluminum sulfate as a coag-
ulant [2-5]. Several studies have inspired some authors who
advocated as an adjunct mixed clay—chitosan or hybrid mate-
rials [6-8] to ensure the formation of larger and heavier flocs
to facilitate settling. The general objective of this work is the
study of the performance of clay bentonite as a coagulation
aid on the quality of water produced at the Ait Baha treatment
plant, in other words, to verify if bentonite acts as a coagula-
tion aid for water treatment, and also the optimization of the
dose of coagulant used. The choice of bentonite as a clay min-
eral makes it possible to give the water a colloidal charge and
consequently to increase the turbidity of the water. According
to Ofir et al. [9], the optimal concentration of the clay material
is, therefore, 20 mg/L because it creates a turbidity of 17.3.
The coagulant/bentonite mixture in the clarification of
surface water gives very important results; the pH increases
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with the increase of the dose of the bentonite on the other
hand it decreases for aluminum sulfate [10,11] and the tur-
bidity increases with the concentration of bentonite [12,13].

2. Materials and methods
2.1. Location Ait Baha treatment plant

The National Office of Electricity and Drinking Water
— Water Branch provides 65% of its production of drinking
water from surface water, whose mobilization is mainly
ensured by the implementation of dam reservoirs. The Ait
Baha drinking water plant is located 80 km southeast of
Agadir (Morocco), it provides drinking water to the city of
Ait Baha and neighboring douars from the dam Ahl-Souss.
The commissioning of the station was on July 28, 2010. It
has a maximum processing capacity of 40 L/s, a production
capacity of 3,456 m*/d for a factory operation of 24 h (Fig. 1).

2.2. Sampling

The clay materials used in our study, come from the
Nador deposit (North-East of Morocco) is a sodium benton-
ite, gray color. External studies by X-ray diffraction, infrared
spectroscopy and thermal analysis show that the raw Nador
bentonite is a type of montmorillonite [14]. The clay sam-
ples were separately subjected to crushing, grinding and dry
sieving purification operations at the laboratory [15]. A stock
solution of 10 g/L is prepared by dissolving the bentonite

Mauritania

in distilled water with stirring for 24 h. The coagulant used
is aluminum sulfate. A stock solution of 10 g/L is prepared
periodically by dissolving the aluminum sulfate [AL(SO,),
18(H,O)] in distilled water.

2.3. Physicochemical analysis

A sample of raw water fed to the station is taken at the
level of the distribution structure. Several parameters are
analyzed to get a general idea about the quality of this water.
Table 1 summarizes the different parameters analyzed,
method and technique used.

2.4. Coagulation—flocculation test (jar test)

A coagulation—flocculation process application is
performed on raw water samples using a jar test (JLT6), with
six 1-L beakers and an individual rotation speed between
40 and 120 rpm, this unit allows you to mix the water at the
same time.

In this study, the performance of bentonite was tested in
raw water/coagulant and coagulant/bentonite mixtures. The
purpose of the tests is to determine the optimal doses of coag-
ulant and bentonite to clarify the water in the treatment plant.

In this case, in order to determine the optimal dose of
coagulant, the coagulant was introduced into the sample
of raw water studied in different amounts increasing from
30 to 80 mg/L, taking into consideration the study per-
formed by Hecini and Achour [16] who found an optimal

Fig. 1. Geographical situation of the Ait Baha treatment plant and the Ahl-Souss dam.

Table 1

Methods and techniques used for the chemical characterization of raw water

Parameter Method and technique
pH Electrometric measurement (Hach HQ40d Dual-Input Multiparameter)
Turbidity, NTU Nephelometry (turbidity meters Turb 430 IR)

Conductivity, ms cm™
Oxidation, mg(O,) L™
Dissolved oxygen, mg L~
Nitrate, mg L™
Ammonium, mg L™

Chloride (CI'), mg L™

Electrical conductivity (Hach HQ40d Dual-Input Multiparameter)
Hot acid oxidation by KMnO,

Odometry (Winkler Method)

Molecular absorption spectrometry

Molecular absorption spectrometry

Determination by mercuric nitrate (Mohr method)
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dose at 50 mg/L. The coagulant used is aluminum sulfate
and the stirring conditions are 120 rpm for 2 min (rapid
stirring) and 40 rpm for 20 min (slow stirring) and 30 min
decantation.

Numerous studies have shown that turbidity increases
with the concentration of bentonite, so the pH increases in
parallel with the concentration [13,17,18]. Regarding the opti-
mal dose of coagulant and bentonite which corresponds to
the lowest value of turbidity, they found an average value of
65 mg/L of coagulant with 1 g/L of bentonite. This study aims
to improve the quality of these waters to an acceptable level
taking into account the standards.

Using jar test assays to determine optimal doses of coag-
ulant and adjuvant, for aluminum sulfate/bentonite mixing
tests, the adjuvant dose (bentonite) was fixed in each test
with an increasing dose of coagulant, to determine the adju-
vant dose that gives good elimination performance turbidity
and minimize the optimal dose of coagulant.

3. Results and discussion
3.1. Characterization of the water supplying Ait Baha station

The Ait Baha drinking water station is fed by surface
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of water decanted was taken while avoiding a possible
resuspension of the floc to determine the various parameters
most influenced.

From the results of Table 3 obtained during the
coagulation—flocculation test; it is noted that the pH decrease
with the increase of the dose of aluminum sulfate, because
when using the latter, the AI’" ions bind with the ions
30OH-" from the bicarbonates to go to the state AI(OH),, pro-
tons H' are released in the medium and the pH is lowered
accordingly.

According to the results obtained, it is noted that the tur-
bidity and the organic matter decrease with the increase of
the dose of aluminum sulfate. This is predicted by the works
of literature [5,19]. We can notice the amount of coagulant
necessary to have a good coagulation whose values of quality
parameters (turbidity, oxidability, aluminum, etc.) respecting
the standards of purification.

Table 2
Results of raw water analyzes in the station

Parameters Raw water

Sampling Sampling Sampling Average

water from the Ahl-Souss dam, two operational sluices. The 1 2 3
analysis of the physicochemical parameters of the water sup- ~ Temperature, °C  12.00 15.00 17.10 14.70
plying the treatment station gave the results which are sum- pH 742 771 7.90 767
marized in Table 2 as follows: o
According to the analyzes carried out, the following  Turbidity, NTU 3.24 4.29 2.60 3.38
points on the quality of the water studied were noticed: (i)  Conductivity, 112.00 200.00 122.00 144.67
rate .of oFganiC matter quite importar}t fc.).llowing the algal us/cm
pro.hfera.tlon at the leve.l qf the reservoir; (i) A pH value that 4 . dability, 400 6.50 550 533
varies with the season; it increases as it approaches the sum- O)/L
mer period; (iii) Very low turbidity which makes the removal mg (O,)
of colloids by settling more difficult. O, dissous, 5.50 6.00 5.80 5.77
mg (O,)/L
3.2. Influence of the dose of aluminum sulfate alone Nitrite, mg/L 0.02 0.01 0.01 0.01
The jar test was carried out on raw Ahl-Souss Dam water. Ammonium, 0.55 0.50 0.40 0.48
The test is performed with aluminum sulfate to determine mg/L
the optimal dose of coagulant. After 30 min a certain amount Chloride, mg/L 18.46 26.98 21.30 22.25
Table 3
Coagulation—flocculation test results by aluminum sulfate
Parameters Raw water  Injected dose of aluminum sulfate (mg/L)
30 40 50 60 70 80
Time (of appearance of the flocks) - 90s 90s 60s 60s 30s 30s
Floc appearance - 06 06 06 06 08 08
Cl,residual (mg/L) 0.00 1.1 1.1 1.1 1.1 1.1 1.1
pH 7.90 7.75 7.60 7.52 7.42 7.29 7.12
Turbidity Decanted water 3.12 0.90 0.83 0.72 0.61 0.50 0.33
Filtered water 0.38 0.33 0.25 0.20 0.22 0.10
Turbidity removal efficiency % - 87.82 89.42 91.98 93.58 92.94 96.67
Oxydability (At KMnO,) 5.0 2.90 24 2.00 1.7 1.45 1.4
Elimination yield of the ox. material % - 42 52 60 66 71 72
Aluminium 0.00 0.35 0.25 0.20 0.18 0.15 0.10
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The analysis of the appearance of the flocks and their set-
tling speed shows the incorrect settling of flocs formed with
low doses. The appearance of the flocs becomes better with
the increase of the dose of aluminum sulfate.

Also, good water quality is observed for all doses with
respect to turbidity and oxidability. The parameter that
makes the difference between the doses and allows choos-
ing the optimal dose is aluminum. Then the optimal dose of
aluminum sulfate is 60 mg/L because it is the point where the
curve is less than 0.2 mg/L in aluminum.

3.3. Influence of bentonite doses on the coagulation-flocculation
process

The jar test was carried out on raw water from Ahl-Souss
Dam. The test is carried out with aluminum sulfate and ben-
tonite to determine the optimum dose of the adjuvant that

Table 4

ensures the proper treatment. After 30 min a certain amount
of water decanted was taken while avoiding a possible resus-
pension of the floc to determine the various parameters most
influenced.

The set of results obtained during coupling coagula-
tion tests coagulant/adjuvant, gives us the variation of the
parameters (turbidity, oxidability, pH, etc.) according to the
different doses of aluminum sulfate and bentonite added.
Through these graphs we can see the dose of bentonite
needed to have good coagulation. The dose of bentonite is
fixed in each test, the dose of aluminum sulfate varies from
30 to 80 mg/L. The results obtained are shown in Table 4,
and Figs. 2 and 3.

The interpretation of this clarification with the
coagulant/adjuvant coupling is done in this case by com-
parison with the first clarification test (the use of aluminum
sulfate alone) which gave the optimal dose at 60 mg/L that

Results of the treatment test performed using aluminum sulfate and bentonite

Dose of bentonite Dose of AS pH Tur. Tur. rate Al Ox. Ox. rate
DW FW

10 mg/L 0.00 (R.W) 7.80 3.50 0.00 0.00 6.00 0.00
30 7.56 0.48 0.14 86.28 0.15 2.08 65.33
40 7.52 0.32 0.17 90.85 0.14 2 66.66
50 7.42 0.30 0.12 91.42 0.12 1.5 75
60 7.32 0.13 0.10 96.28 0.10 1.12 81.33
70 7.23 0.26 0.12 92.57 0.08 1.04 82.66
80 7.11 0.31 0.04 91.14 0.08 1.6 73.33

20 mg/L 0.00 (R.W) 8.02 3.66 0.00 0.00 4.00 0.00
30 7.50 0.23 0.16 93.71 0.20 2.4 40
40 7.43 0.20 0.16 94.53 0.18 2.16 46
50 7.26 0.14 0.10 96.17 0.16 1.75 56.25
60 7.24 0.12 0.09 96.72 0.14 1.6 60
70 7.20 0.14 0.13 96.17 0.12 2.16 46
80 7.15 0.10 0.10 97.26 0.11 2.16 46

30 mg/L 0.00 (R.W) 8.00 3.17 0.00 0.00 3.76 0.00
30 7.65 0.80 0.29 74.76 0.18 2,08 44.68
40 7.46 0.68 0.18 78.54 0.15 2,08 44.68
50 7.34 0.52 0.11 83.59 0.13 2 46.80
60 7.25 0.51 0.07 83.91 0.12 2 46.80
70 717 0.31 0.09 90.22 0.12 1,76 53.19
80 712 0.30 0.09 90.53 0.12 1,52 59.57

40 mg/L 0.00 (R.W) 7.90 3.00 0.00 0.00 4.00 0.00
30 7.79 0.94 0.19 68.66 0.19 2,88 28
40 7.69 0.72 0.16 76 0.17 2,4 40
50 7.50 0.66 0.12 78 0.14 2,32 42
60 7.48 0.50 0.09 83.33 0.12 2,14 46.5
70 7.45 0.58 0.05 80.66 0.12 1,84 54
80 7.39 0.76 0.13 74.66 0.10 2,64 34
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Fig. 2. Evolution of the rate of elimination of turbidity as a
function of AS dose.
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Fig. 3. Evolution of the rate of elimination of the oxidizable
material as a function of AS dose.

means the optimal coupling dose which must be chosen, is
obliged to be less than 60 mg/L to have an optimization of the
dose of coagulant by the adjuvant dose.

From the results obtained, it was found that the addition
of bentonite in parallel with aluminum sulfate significantly
increases the rate of elimination of turbidity for all doses,
and for the oxidized material, it is noted that only the dose of
10 mg/L gave good results. And it is interesting to note that
this coagulant/adjuvant combination also makes it possible
to improve the appearance of the flocks and their consequent
eliminations with a fast settling speed.

Bentonite has a low negative charge, in which the flocks
are grouped together to produce larger, heavier, and stron-
ger flocs that decant faster. Furthermore, bentonite-based
hydrophobic media has the capacity to absorb up to 60% of
its weight in organic contaminants [20,21].

It is thus noted that the comparison of the curves of
Figs. 2 and 3, show that the doses of 10 and 20 mg/L are
the most effective, they, respectively, lead to a reduction of
96.28% and 96.72% of the turbidity and 81.33% and 60% of
the oxidizable material, this compared with the results found
using aluminum sulfate alone.

According to comparable studies, on the effectiveness
of concentration of bentonite on the quality of coagulation—
flocculation; the turbidity increases with the concentration
of bentonite, so the pH increases in parallel with the
concentration [22,23].

Beyond these two adjuvant values (10 and 20 mg/L),
non-standard parameters of potabilization are obtained, a
dose greater than 60 mg/L of coagulant is given, for exam-
ple, test number three and four (30 and 40 mg/L of bentonite)
have better qualities at the dose of 80 and 70 mg/L of alumi-
num sulfate, respectively.

The aluminum sulfate alone test gave an acceptable
amount of aluminum in the treated water from the 60 mg/L
dose. On the other hand, when the bentonite is added to the
sulfate of aluminum, the quantity of aluminum in the treated
water has been reduced from 30 mg/L. Increasing the dose
of bentonite reduces pH and aluminum sulfate alone, which
gives an optimal pH of coagulation—flocculation and makes
the appearance of the floc bigger and heavier.

4. Conclusion

The present research had two main objectives, the first is
the study of the influence of bentonite on the elimination of
turbidity and oxidizable matter in the raw water studied. The
second objective of this research is to optimize the optimal
dose of coagulant used.

The characterization of the raw water supplying the Ait
Baha station shows that this water contains a low turbidity
(2.60 NTU). It is characterized by a low alkalinity (2°f) and
a pH slightly neutral (7.40) with a high content of organic
matter (6.5 mg(O,)/L). The coagulation—flocculation study
with aluminum sulfate makes it possible to determine
the optimal dose of coagulant (60 mg/L) to have a good
coagulation whose values of the quality parameters
(turbidity, pH, oxidation, aluminum) respect the drinking
water standards.

With regard to the coagulation—flocculation study with
aluminum sulfate/bentonite coupling, it has been shown
that 96.72% of the turbidity can be eliminated with a dose
of 20 mg/L of bentonite and 60% of the oxidizable material.
Beyond this dose (20 mg/L), we obtain non-standard parame-
ters of potabilization. Also the increase of the dose of bentonite
decreases the pH, more than the use of aluminum sulfate
alone, that make the water pH optimal for coagulation—
flocculation, as a result of the formation of very heavy flocs
with a bigger appearance.
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