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ABSTRACT 

The Jar-test were carried out on Tsiémé river waters with salts of Iron  (FeCl3 , Fe2(SO4)3) and of Aluminum 
(AlCl3, Al2(SO4)3,) in order to determine which led to a better reduction of turbidity. The coagulation flocculation of 
Tsiémé river waters under various experimental   conditions showed that Aluminum salts are more efficient 
than those of Iron in term of reduction of turbidity. The determination of the favorable conditions of the  process by Jar-
 test with each salt has allowed to determine the optimal pH and  concentration of the coagulant which  corresponds to 
the least of the turbidity and in compliance with WHO on drinking water standards. The percentages of the  reduction of 
the turbidity which intervene after the coagulation-flocculation of the Tsiémé river  water with the various coagulant 
used are 94,40%  for Aluminum sulphate, 85,60% for  Aluminum chloride, 85,40% for Iron sulphate and finally 68,80% 
for Iron chloride. In addition, the optimal concentration having given a water of lower turbidity are 50 mg/L for the 
Aluminum salts and 75 mg/L for Iron salts. The optimum pH of coagulation-flocculation are 6,75  for Iron salts and 6,90 
for those of Aluminum. 
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INTRODUCTION 
The drinkable water provision in the big cities of the developing countries remains a great concern 
for the public authorities because in spite of the considerable efforts authorized by the governments,  
the access to drinking water remains a major problem in certain cities, particularly in rural areas. For lack 
of drinking water, the inhabitants of certain districts of the city are obliged to use a bad quality of 
water who not only does not respect the WHO standards on drinking water, but contain many 
colloidal matters, suspended matters and micro-organisms which can beings at the origin of many 
hydrous diseases [1-3].                                     . 
The colloids are particles of origin mineral or organic, charged negatively and which  generate forces of 
repulsion which  enable them to remain stable in water for long lengths of time. They are responsible 
for the color and the turbidity of water and can absorb the organic and mineral micro-pollutants and the 
micro-organisms.                                        . 
The coagulation is a physico-chemical process allowing the elimination of  colloids by the formation of the 
flocks of big size being able to be formed a deposit  and filtered. The purpose of this coagulation is to 
destabilize the   colloidal  particles in  suspension to facilitate their agglomeration. This destabilization is 
done by the addition of a coagulant which compresses the double layer, neutralizes the negative 
charges carried by the colloids on the surface, and traps colloid in a precipitate. 
It can be realized by means of the chemical reagents of which the most used are salts of Iron 
(Fe2+, Fe3+) or of Aluminum (Al3+) in the form of chloride or  sulphate,  but in practice, 
trivalent salts lead to better results. The addition of metal salts makes it possible to neutralize  the 
electric charges and to thus  support the agglomeration of colloids. The use of these reagents makes it 
possible either to precipitate some compounds, or to form  likely  hydroxides  fixed by adsorption of 
colloids present in the medium and to thus facilitate their separation.  
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The action of the coagulant on water involves a loss of alkalinity and thus a reduction in the pH which it is 
advisable to correct.   
The flocculation represents the whole of the mechanisms of driving transport of the particles  estabilized 
 with the collision and the aggregation of these last. When this reaction occurs,  the particles bind to it 
together to become larger or more doors and are found quickly at the bottom of the supply water. 
The role of the flocculating agent is to imprison the colloidal matters agglomerated to form bulky flakes 
which settle by gravity. He is added after coagulation to more increase the size and the  
cohesion of the flocks                                           . 
The presence of the organic matters or mineral dissolved in water has a great influence on  the 
coagulation of the colloidal particles. The presence of important quantities  of  humic  substrates 
in domestic water can obstruct the coagulation and the flocculation [4].  
The optimization of the process of coagulation – flocculation is done by Jar-test who allow to determine 
the  optimal possible conditions, in particular the values of the pH  and the concentration  of the 
coagulant corresponding at least of the turbidity of treated water [5]. 
These tests consist in adding increasing amounts of coagulant in various beakers containing the  same 
 quantities of water samples then to measure the turbidity of each sample after agitation.                                                             
This work is devoted under investigation of effectiveness of  Iron and Aluminum salts  in the process of 
coagulation-flocculation of Tsiémé river waters in Brazzaville, Republic of CONGO. 
 
MATERIALS AND METHODS 
The coagulants used during this work  are Al2(SO4)3, 18 H2O, AlCl3, FeCl3 and Fe2(SO4)3; the initial 
concentration  of each coagulant is 10 g/L.                                                                                 
The water samples were taken in  plastic bottles of 10 liters cleaned before hand with water of the tap 
and rinsed three times with distilled  water then with water of the sample before  filling it [6].   
The pH, the temperature and the conductivity of water were measured  in-situ, respectively 
using a pHmeter HANNA HI83141 provided with a combined electrode and a conductivity Meter  Cond 
340 I.    
The samples were preserved in a refrigerator at a temperature of 4°C and were transported to the 
laboratory for the Jar-test of coagulation-flocculation and the determination of the physico-chemical 
parameters. Water samples were taken at the same place during six weeks at a rate of one per week and  
noted P1, P2, P3, P4, P5 and P6.   

The principal physico-chemical parameters of raw water were determined by titrimetric or colorimetric 
methods using a colorimeter HACH DR 890, then their average was calculated. 
The tests of coagulation-flocculation were carried out according to the Jar – test protocol using 
a flocculator Orchidis SW6 with five stations, equipped of timer. Increasing volumes  of  each  coagulant 
 were added in water samples to treat so as to obtain 500 mL of solution of which  concentration 
of coagulant which varies between 10 and 100 mg/L.  
After addition of the various amounts of each coagulant, the mixture is  subjected to a fast  agitation  with 
230 turns per minute during four minutes,  followed by a phase of slow  agitation to 40 turns  per minute 
during twenty minutes to support the formation of the flocks constituted primarily of hydroxides metal 
easy to eliminate [7]. 
After a decantation during ten minutes, each surviving solution is recovered in order to 
determine the pH and the turbidity which allow to determine the optimum conditions for coagulation, 
precisely the optimal pH and  concentration of the coagulant. 
 
The percentage of reduction of turbidity is calculated by the following relation [8]. 
                                Initial turbidity  -  Final turbidity                               . 
% Reduction = -------------------------------------------------   X 100                     . 
                                              Initial turbidity 
 
RESULTS AND DISCUSSION                                             . 
Results of the physico-chemical analysis of raw water                                                              . 
Table I gives the results of the physico-chemical analysis of the six  water samples taken to various dates 
at the same place: 
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Table I: Results of the  physico-chemical analysis of  Tsiémé river waters 
Parameters 
 

Unity P1 
 

P2 P3 P4 P5 P6 Average standard 
WHO 

pH / 6.94 7.11 6.70 7.03 6.96 6.88 6.93 6.50-9,00 
 
Temperature 

°C 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00-
30.00 

Turbidity NTU 12.00 13.00 13.20 13.00 12,30 12.60 12.68 5.00 

Color mg/L 
Pt-Co 

2.65 3.25 3.15 2.85 2.75 3.75 3.07 15.00 
 

Total   dissolved  
solid (TDS) 

mg/L 79.00 82.50 85.00 75.00 81.00 92.00 82.42  
- 

Conductivity μS/cm 170.90 166.40 188.70 166.50 179.80 184.20 176.10 - 
T.A.C mg/L 

CaCO3 
63.00 67.25 64.75 63.00 62.50 68.25 64.79 100.00 

 
THT 

mg/L 
CaCO3 

72.80 76.00 72.40 75.44 78.54 79.30 75,74 150.00 

Suspended 
matter 

mg/L 5.30 5.20 5.50 5.00 5.00 5.10 5.18 < 1.00 

Calcium  Ca mg/L 33.91 30.22 32.96 32.09 31.32 32.4 32,15 70.00 
Magnesium mg/L 0.13 0.13 0.15 0.15 0.16 0.18 0.15 50.00 
Sulphate   
SO2-4 

mg/L 1.40 1.20 1.10 1.00 2.00 1.40 1.35 250.00 

Phosphate 
PO3-4 

mg/L 0.26 0.27 0.22 0.29 0.23 0.25 0.28 5.00 

Bicarbonate  
HCO-3 

mg/L 76.86 75.04 77.99 76.86 74.05 73.26 75,67 200.00 

General 
mineralisation 

 
mg/L 

 
124.10 

 
122.54 

 
123.40 

 
125.50 

 
126.60 

 
125.30 

 
124.59 

 
<600.00 

 
These analysis showed  that the Tsiémé river waters  has pH ranging between 6,70 and 7,11 which 
respects the WHO standards; in fact, slightly acid water does not require much treatment to 
correct the value of the pH. 
Average turbidity is of 12.68 NTU whereas the standard of WHO for this parameter is of  5 NTU;  It is seen 
well  that this water is turbid because their turbidity largely exceeds the value guides of WHO. 
This water is slightly mineral-bearing because their average conductivity is of 176.10 μS/cm.  
The low contents calcium and magnesium being all below standards of the WHO which is 70 mg/L 
indicate that this water is not hard.  
The contents sulphates, phosphorus, bicarbonates  are very low and below values limits of WHO. 
Results of the Jar -test for the coagulation-flocculation 
Determination of the optimal concentration of each coagulant 
The Figure 1 represents the variation of the turbidity of the water samples whose initial turbidity is  
12.5 NTU, as a function of the concentration of each coagulant expressed  in mg/L. This figure makes it 
possible to determine the optimal concentration of the  coagulant to use which  corresponds 
to the minimal value of turbidity. 
 

 
Figure1: Variation of turbidity as a function of  the concentration of the coagulant 

This figure shows that the optimal concentration which makes it possible to obtain a water having 
a minimal turbidity is  50 mg/L for Aluminum salts and 75 mg/L  

0

2

4

6

8

10

12

14

0 20 40 60 80 100 120

Tu
rb

id
it

y 
(N

TU
)

Concentration (mg/L)

TAlCl3 TAl2(SO4)3 TFeCl3 TFe2(SO4)3

Tchoumou  et al 



RJCES Vol 5 [2] April 2017 

for Iron salts. These concentrations
values located between 40 and 50
The variation of turbidity during the coagulation
physico-chemical reactions which
turbidity  is explained by a mechanism
repulsion between colloids [11]. 
This reduction in turbidity is explained again 
carried by colloids, following of  
between colloids [12].                                                           
The Figure 2 gives the turbidities
coagulants used.  

Figure 2

It is seen that minimal turbidity
chloride, which allow to say that Aluminum
reduction of the turbidity of treated
These results are in agreement with
with Ca(OH)2 and on the other hand
purification of water of washings
than the ferric chloride FeCl3. 

As it appears on this figure, the best
sulphate, which makes it possible to say
However water quality to be treated
turbidity is a parameter which has
The treatment of this water by various flocculating 
These results agree with the works realized by another authors which
reduction of the pH by the formation
The minimal values of the turbidity
determine the percentage of reduction
The Table II  gives the percentages
 

Table II: Percentage
Percentage of 
reduction of 

turbidity (%) 

 
Determination of the optimal pH
After the determination of the optimal
order to determine the optimal pH. 
the pH for concentration of each coagulant
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concentrations are in agreement with those given by same authors 
50 mg/L [9], and between 60 and 80 mg/L [10] of

the coagulation-flocculation of water is explained by
which take place during the unfolding of the process

mechanism of neutralization of the loads which generate
 

is explained again by the destabilization of the
 the neutralization of the loads which generate the forces

                                                           
turbidities of water before and after coagulation-flocculation

. 
 

2: Turbidity of water before and after coagulation. 
 

turbidity is obtained with Aluminum sulphate, followed
that Aluminum salts are more effective than those of
treated water.                                                       

with those given in [13]  which used on the one hand
and on the other hand Aluminum sulphate added with

of washings of textiles and noted that the Aluminum sulphate

best reduction of the turbidity of water is obtained
makes it possible to say that it is the best coagulant among the four used

water quality to be treated can affect the behavior of the coagulant
has an effect on the process of coagulation-locculation
various flocculating agents involved a reduction of the pH

works realized by another authors which explain the  
the formation of the hydroxides of metal with release of a certain

turbidity obtained after coagulation with each coagulant 
of reduction of turbidity in each case.  

gives the percentages of reduction of turbidity of the water for each coagulant

ercentage of reduction of turbidity for each coagulant
Coagulants 

Al2(SO4)3 AlCl3 FeCl3 Fe2(SO
94,44 85,60 68,80 68,40

pH of coagulation with each coagulant 
optimal concentration of each coagulant, the Jar-test were carried

pH.   The Figure 3 gives the variations of  turbidity as a function of 
each coagulant corresponding  to minimal turbidity.     
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given by same authors  which found 
of Aluminum sulphate.                                            

is explained by the nature of the 
process. The reduction of 

generate the forces of 

the negative charges 
the forces of  repulsion 

                                                           . 
flocculation with the different  

  

followed by  Aluminum 
those of Iron in term of the 

                                                       . 
on the one hand ferric chloride added 

added with Ca(OH)2 for the 
sulphate was more effective 

is obtained with Aluminum 
used in this study. 

coagulant since  initial 
locculation of water [14, 15].     

the pH. 

certain acidity [16-18]. 
 made it possible to 

coagulant used. 

coagulant 

SO4)3 
68,40 

test were carried out in 
turbidity as a function of 
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Figure 3: Variation of turbidity as a function of the pH. 

 
The optimal values of the pH determined with this figure range between 6.75 and 6.90 for the four 
coagulants   used; all values are located in the intervals of those found  in [19] with Aluminum sulphate. 
In addition, these same authors indicated that the pH conditions the chemical species of Aluminum and 
consequently, the mechanisms intervening can be varied . 
The exploitation of the results of all the tests of coagulation-flocculation enabled us to draw up 
the following Table III which gives the best values of the concentration of the  coagulant, the optimum pH 
and the maximum percentage of reduction of turbidity. 

 
Table III: Concentration, pH and percentage of reduction of turbidity 

Coagulants 
 

Optimal 
concentration 
(mg/L) 

optimal pH Reduction of turbidity 
(%) 

FeCl3 75 6,75 68,80 

Fe2(SO4)3 75 6,75 85,40 

Al2(SO4)3,14 H2O 50 6,90 94,40 

AlCl3 50 6,90 85,60 

 
CONCLUSION 
The objective of this work was to study the effectiveness of Iron and Aluminum salts in coagulation –
flocculation of Tsiémé river waters.                                            
The results of the physico-chemical analysis showed that the Tsiémé river waters are slightly acid, turbid,  
slighthy mineral-bearing and not hard, with small  quantities of sulphate,  phosphate  and magnesium 
 ions.  
Four coagulants were used: the ferric chloride, the ferric sulphate, the Aluminum sulphate and the 
Aluminum chloride. 
It arises from the results obtained  by the Jar-test that: 

 The optimal concentration for the coagulation of this water are  50 mg/L for the Aluminum  salts 
 and 75 mg/L for those of Iron 

 The Aluminum sulphate is the most effective coagulant for the coagulation-flocculation of the Tsiémé  
river  water since not only the optimal concentration is weakest, but it gives a water which  the 
percentage  of reduction of turbidity is highest of all the coagulants used                                                                 

 The optimum pH range between 6.75 and 6.90 for all the coagulants. The comparison of resulted 
 obtained, in particular the optimal concentration of the coagulant and the  percentage of reduction 
 of turbidity enabled us to conclude that Aluminum salts are more efficient than those of Iron in 
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the flocculation of Tsiémé river waters, particularly Aluminum sulphate which gave a water of 
which the percentage of reduction of  turbidity is highest. 
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