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Abstract 
An optimization study of the coagulation-flocculation chemical treatment 

process was carried out at the Ain Nokbi station in Fez in order to identify the 

problems associated with liquid rejects. The purpose of the study involved 

optimizing three key factors in the coagulation-flocculation process: the pH of 

the raw water, the coagulant amount (aluminum sulphate) and the flocculent 

amount (sodium alginate solution or polyelectrolyte at 0.1 mg/l). This 

demonstrated how acidification can improve treatment performance, 

particularly in terms of pH. Specifically, reducing the pH to 7 revealed 

advantages during disinfection, boosting the efficiency of the process. In 

addition, the optimum dosage of coagulant (aluminum sulphate) has been 

determined to be around 50 mg/l instead of 60 mg/l, saving 10 mg/l and 

reducing annual costs by MAD 240,000. 

 

1. Introduction 

The global increase in population inherently leads to a substantial surge in overall consumption, 

subsequently causing a marked escalation in the volume of waste generated by human activities. 

Various industrial sectors and consumers on a global scale generate vast quantities of waste, 

which could potentially serve as a readily available and abundant energy and chemical 

bioresource due to its rich organic composition. This presents an opportunity for a wide array 

of applications within a circular economic framework [1]. 

The need for safe drinking water is growing all the time as a result of population growth and 

industrialization, particularly in many emerging countries [2]. Previously associated mainly 

with Third World regions, the issue of access to drinking water has become so wide-spread that 

even developed countries such as the United States and Australia are beginning to pay more 

attention to preserving this natural resource [3]. The biggest challenge to providing access of 

drinking water is the unequal distribution of water around the world and the ongoing pollution 
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of water resources caused by industry, agriculture and urban run-off [4]. Dams, rivers, lakes 

and groundwater are increasingly polluted, with worrying repercussions for aquatic fauna [5]. 

In addition to these anthropogenic influences, the impact of which can hopefully be 

progressively mitigated by a rapid increase in public and official awareness, natural 

geochemical processes have also contributed to the contamination of groundwater by pollutants 

naturally present in the soil [6]. Organic water treatment is often an effective and economical 

process. It is applied both to the treatment of urban wastewater and to certain wastewater from 

the agri-food sector or other industries [7]. However, the main limitation to the systematic use 

of this method relates to the difficulty of adapting bacteria to certain effluents, as well as their 

inhibition by certain chemical components [8-13]. Mechanical and physical processes including 

screening, filtering and biological treatment using activated wastewater sludge have eliminated 

a significant proportion of the substances present in the water [14-17]. However, even after 

these operations, the water retains a quantity of substances composed of suspended matter, 

colloids and very fine particles that are difficult to settle [18-20].  

The general purpose of this study is to explore the optimum parameters for the optimization of 

the coagulation-flocculation process applied in the chemical treatment of water at the station. 

In addition, the study will analyze the effect of pH and turbidity on the coagulation, flocculation 

and decantation steps. In this approach, the optimum concentration of the coagulant used 

(aluminum sulphate) will be determined by means of a Jar-Test experiment. 

2. Experimental details 

The coagulant quantity is determined by means of an experimental test known as the “Jar-test”. 

This test consists of the addition of increasing amounts of coagulant to containers holding the 

same raw water. After a specific time, essential measurements to assess water quality are taken 

on the settled water. The most appropriate coagulant amount is then determined on the basis of 

the comparative quality of the different waters [21-23]. 

The experimental process requires a flocculator fitted with 6 stirrers powered by an electric 

motor operating at a rate of around 120 rpm. Each of the 6 beakers is filled with one liter of the 

water sample to be analyzed. The beakers are then placed in the flocculator. Chlorine is 

introduced at a breaking point amount, as well as a solution of aluminum sulphate (coagulant) 

and a solution of sodium alginate or polyelectrolyte at a concentration of 0.1 mg/l (flocculent) 

[24]. Through this experimental process, the effect of different amounts of coagulant on the raw 

water can be assessed. The flocculator is used to stimulate flock formation, and the stirrer 

velocity is adjusted to ensure homogeneous mixing. The chlorine breakpoint measurement also 

helps to determine the optimum dose of coagulant for water treatment. 

After a two-minute preparation period, the following steps were executed in a series of Jar-test 

coagulation-flocculation experiments: 

1. A consistent amount of flocculent (polyelectrolyte) equivalent to 0.1 mg/l was 

introduced into separate beakers. 

2. The stirring rate was decreased to 40 rpm and maintained for 20 minutes. 

3. The appearance and shape of the flocks were observed at the commencement of 

agitation. 
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4. Propellers were deactivated, allowing the settled water to stand undisturbed for 30 

minutes. 

5. The settling rate was estimated at the conclusion of the slow agitation. 

6. Subsequently, the pH, turbidity, oxidability, and residual chlorine of the supernatant 

were determined for each beaker. 

7. The supernatant underwent filtration through a clean white band filter (similar to a sand 

filter), and measurements of turbidity and alkalinity were taken. 

8. The decanted water, yielding the most favorable results after treatment, underwent 

evaluation for aggressiveness. 

The criteria for optimal dose selection were established based on the beaker demonstrating the 

best flocculation and turbidity reduction, with the following requirements: 

• Turbidity of settled water < 5 NTU 

• Turbidity of filtered water < 0.5 NTU 

• Oxidability < 2 mg/l 

• Flock size equal to or greater than 06 (“medium” or “best” size) 

• 7 < pH < 7.4 

Six Jar-test coagulation-flocculation experiments were conducted on different days, with 

varying pH values, to determine the optimal doses of coagulant and assess the pH’s impact on 

dose variation and the overall coagulation-flocculation process. The experiments involved the 

following detailed steps: 

a. The initial 3 tests involved conducting the Jar-test on three distinct raw water samples, 

comparing the results to determine the optimum coagulant dose while considering the 

characteristics of the raw water used. 

b. In the 4th test, a Jar-test was performed on the same raw water with and without flocculent. 

c. The 5th test involved conducting a Jar-test on the same raw water with increasing doses of 

flocculent (polymer) and a fixed dose of coagulant (aluminum sulfate). 

d. The 6th test utilized three different raw water samples to conduct three "Jar-tests" A, B, and 

C at three different pH levels. Acidifications were achieved by adding sulfuric acid H2SO4 

(0.5 mol/l), and the results obtained for the different pH conditions were compared. 

3. Results and discussion 

The purpose of the jar test is to determine the optimum doses of reagents to be injected on an 

industrial basis. This step, carried out as part of primary treatment processes, requires the same 

conditions to be reproduced and the same protocol used in the station to carry out these analyses 

to be applied. Before initiating the injections into the flocculator, it is necessary to determine 

the quantity of chlorine to be injected for each raw water used. 

3.1. Determination of the chlorine injection amount (break point method) 

As soon as we have determined the bleach concentration, we prepare a solution with a 

concentration of 1 g/L, then a diluted solution of 0.1 g/L. Progressive injections are then 

performed in the raw water containers and the residual chlorine is measured after 30 minutes. 

The results obtained for each raw water are summarized in the table below. 
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Table 1. Titration of bleach water 

Test number 1 2 3 

Titration of bleach water (mg/l) 41.18 46 49.7 

 

Table 2. Chlorine residual results 

 1 2 3 4 5 6 7 8 9 10 11 12 

Cl2 injected (mg/l) 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 

Cl2 residual test 1 (mg/l) 0.2 0.2 0.1 1.4 2 2.5 1.8 2 5 4 4.5 4.5 

Cl2 residual test 2 (mg/l) 2 2 2.5 3 4 4 4.5 4.5 4 4 4 4 

Cl2 residual test 3 (mg/l) 0.1 0.6 0.8 2 2.5 3 4 3.5 4 4.5 4.5 4.5 

 

Figure 1. Critical point curve 

The chlorine dosage to be injected, corresponding to the breakpoint, is crucial for effective 

water treatment. Table 3 outlines the specified chlorine amounts for injection in three distinct 

tests. 

Table 3. Chlorine amount to be injected 

 Test 1 Test 2 Test 3 

Pre-chlorination 4.5 4.5 4 
 

3.2. Raw water analysis 

For each experiment, it is necessary to carry out an analysis of the raw water to determine not 

only the pH but also the physico-chemical characteristics. 
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Table 4. Raw water analysis 

Test number pH TA TAC Turbidity (NTU) Temperature (°C) 

Test 1 8.30 0 5.6 95 18 

Test 2 8.35 0.6 6 101 23 

Test 3 8.29 0 6.2 128 21.8 
 

When the pH has been determined for the raw water and the chlorine injection amount has been 

calculated, the chlorine was added during the Jar-test experiments. All the Jar-test experiments 

were performed for different samples under the same conditions described in the table below. 

Table 5. Jar test conditions 

 1 2 3 4 5 6 

Coagulant (mg/l) 20 30 40 50 60 70 

Flocculent (mg/l) 0.1 0.1 0.1 0.1 0.1 0.1 

 

3.3. Jar-test results 

After stirring and settling for 30 minutes to allow sediment to settle, analyses are carried out on 

both the settled water and the water after filtration. In order to simplify comparison between 

the different samples and to make it easier to determine which gives the best results, the results 

obtained are recorded in tables. 

3.3.1. Calculated parameters after settling  

3.3.1.1. Water turbidity 

The requirement that the turbidity level of the settled water should not exceed 5 NTU is 

necessary to ensure clarity throughout the process. The results of turbidity measurements after 

the settling process are shown in Table 6, allowing for a full assessment of the efficiency of the 

water treatment. 

Table 6. Turbidity results after settling 

Samples 1 2 3 4 5 6 

Test 1 0.46 0.74 0.92 0.87 1.04 1.24 

Test 2 0.56 0.62 0.77 1.48 1.19 1.43 

Test 3 1.67 2.17 1.74 1.96 1.78 1.02 

Within each conducted test, the sample exhibiting the lowest turbidity level is identified as the 

optimal outcome, emphasizing superior water clarity. The quantity of coagulant injected into 

this particular sample is regarded as the correct result, signifying the most effective dose for 

achieving optimal settling and turbidity reduction. Figure 2 graphically illustrates the evolution 

of turbidity after the settling process, presenting a dynamic representation of its impact on water 

quality measured in Nephelometric turbidity units (NTU). 
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Figure 2. Turbidity evolution after settling (NTU) 

3.3.1.2. pH  

In the preliminary selection process, samples with pH values within the specified range are 

chosen for further analysis to ensure suitability for subsequent steps in the water treatment 

process. Samples with pH values below 6.5 or above 7.4 are excluded from the analysis, as their 

measurement is deemed inappropriate. The variation in pH values throughout the analysis 

process is detailed in Table 7, offering a comprehensive understanding of the pH fluctuations 

during the experimental steps. 

Table 7. pH evolution 

Samples 1 2 3 4 5 6 

Test 1 7.86 7.75 7.6 7.51 7.39 7.41 

Test 2 8.04 7.8 7.81 7.69 7.62 7.53 

Test 3 7.93 7.88 7.71 7.64 7.59 7.44 

 

Figure 3. pH evolution after settling  
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3.3.2. Calculated parameters after filtration  

3.3.2.1. Water turbidity 

The turbidity measurement is crucial to ensure that the filtered water maintains a maximum 

level of 0.5 NTU, preserving water clarity. The results of turbidity measurements obtained after 

filtration are presented in Table 8. 

Table 8. Water turbidity after filtration 

Samples 1 2 3 4 5 6 

Test 1 0.28 0.34 0.29 0.34 0.34 0.36 

Test 2 0.41 0.43 0.53 0.33 0.42 0.57 

Test 3 0.51 0.44 0.45 0.54 0.60 0.60 

 

 

Figure 4 : Turbidity evolution after filtration  

After filtration, assessing the water’s turbidity becomes crucial to determine the optimum 

amount of coagulant. The primary goal is to pinpoint the ideal coagulant dosage for 

sedimentation, effectively eliminating suspended solids and minimizing turbidity. As a result, 

samples with turbidity levels exceeding 0.5 are excluded from the analysis. 

3.3.2.2. TAC  

The variation in total alkalinity concentration results is displayed in Table 9, offering an 

overview of the changes and fluctuations observed in total alkalinity concentrations throughout 

the experimental tests. Figure 5 illustrates the evolution of total alkalinity (TAC) after the 

filtration process. The plot provides a graphical representation of the observed changes and 

patterns in total alkalinity concentration corresponding to each filtration step. 
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Table 9. Variation of complete alkalimetric concentration results 

Samples 1 2 3 4 5 6 

Test 1 5 5.3 5.3 5.1 5.5 4.8 

Test 2 5.4 5.3 5.6 5.3 5 5.5 

Test 3 5.5 5.47 5.3 5.4 5.22 5.15 

 

Figure 5. Evolution of TAC After filtration process 

3.3.2.3. Presence and absence of flocculent 

Using aluminum sulphate, the objective of this experiment is to optimize the optimal amount 

of coagulant both in the absence and presence of flocculent by injecting increasing quantities 

of aluminum sulphate. The physical and chemical parameters examined under decantation and 

filtration conditions are graphically presented in Figure 6. Serving as a comprehensive 

illustration, it facilitates an easy comparison of the effects of experimental conditions on the 

specified parameters. 

Table 10. Analysis of some physicochemical parameters 

Samples 1 2 3 4 5 6 

Pre-chlorination (mg/l) 4 4 4 4 4 4 

Coagulant (mg/l) 30 40 50 30 40 50 

Flocculent (mg/l) - - - 0.1 0.1 0.1 

Flock appearance 02 04 04 06 06 06 

After settling pH 7.88 7.74 7.63 7.86 7.12 7.64 

After settling turbidity (NTU) 3.81 3.7 1.51 1.84 1.70 0.97 

Residual Chlorine 2.5 2 2 1.4 1.9 1.8 

After filtration turbidity (NTU) 1.75 1.56 1.88 0.79 0.5 0.61 

TAC 5.3 5.5 5.4 5.5 5.5 5.2 
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Figure 6. Physical and chemical parameters in the settled and filtered conditions 

The flock appearance is lower than 6 in beakers 1, 2 and 3, so they must be eliminated. After 

settling, turbidity should be less than 5 NTU and after filtration less than 0.5 NTU. The selection 

of sample No. 5 is based mainly on the reduced coagulant concentration and the quality 

requirements established for physico-chemical analysis. 

3.3.2.4. Increasing amounts of flocculent (polymer) and fixed amount of coagulant 

(aluminum sulphate) 

In order to optimize the polyelectrolyte dosage, a fixed amount of aluminum sulfate was applied 

along with varying quantities of polyelectrolyte. This evaluation aimed to assess the impact of 

different polyelectrolyte concentrations on the treatment process. A thorough analysis of 

selected physicochemical parameters is presented in Table 11, offering insight into the observed 

changes with increasing polyelectrolyte amounts while maintaining a constant coagulant 

dosage. These results contribute significantly to understanding the interaction between 

coagulant and flocculent, crucial for achieving optimal water treatment results. 

Table 11. Analysis of some physicochemical parameters 

Samples 1 2 3 4 5 6 

Pre-chlorination (mg/l) 3 3 3 3 3 3 

Coagulant (mg/l) 60 60 60 60 60 60 

Flocculent (mg/l) 0.05 0.1 0.15 0.2 0.25 0.3 

Flock appearance 04 04 06 06 06 06 

After settling pH 7.47 7.52 7.51 7.56 7.52 7.52 

After settling turbidity (NTU) 2.56 1.29 0.93 1.80 1.15 1.22 

Residual Chlorine 0.8 0.9 0.55 0.65 0.5 0.5 

After filtration turbidity (NTU) 0.55 0.50 0.49 0.74 0.55 0.53 

TAC 4.92 5 5.2 5.3 5.3 5.4 
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Figure 7. Physical and chemical parameters in the settled and filtered conditions 

In beakers 1 and 2, the flock aspect is less than 6, so they must be eliminated. After settling, 

turbidity should be less than 5 NTU, and after filtration less than 0.5 NTU. Sample No. 3 will 

therefore be chosen because the optimum polymer quantity is 0.15 mg/l (between 0.1 and 0.15 

mg/l), which is equivalent to the amount of product injected into the station during normal 

periods. 

3.3.2.5. Acidification 

To achieve optimal results in water treatment, the acidification process is employed to optimize 

the pH value. Adjusting acidity enhances the efficiency of the treatment process. Furthermore, 

the amount of chlorine injected corresponds to the breakpoint, ensuring precise proportioning 

of chlorine to meet the specific requirements of the treatment. The quantities of chlorine 

injected during the acidification process are detailed in Table 12, providing a comprehensive 

reference for maintaining the required pH conditions and facilitating the attainment of more 

achievable water treatment results 

Table 12. Injected chlorine dose 

 Test A Test B Test C 

Pre-chlorination 3.5 4 3 

3.4. Raw water analysis 

The raw water used in each test had to be analyzed in order to determine both the pH and the 

physico-chemical properties of the water. The results of the analysis of selected physico-

chemical parameters are shown in Table 13, providing an outline of the basic conditions of the 

raw water used in the experiment. 
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Table 13. Analysis of some physicochemical parameters 

 pH TA TAC 
Turbidity 

(NTU) 

Temperature 

(°C) 

Test 1 8.31 1.2 6.2 124 21 

Test 2 8.35 1.1 6.4 200 20.6 

Test 3 8.3 0.7 6.6 240 20.2 

3.4.1. Test A  

Table 14 presents a detailed analysis of the physico-chemical parameters, offering a 

comprehensive insight into the quality of the raw water for this test. The comparison between 

physical and chemical parameters after decantation and filtration is illustrated in Figure 8. 

Which is also carried out for tests B and C. 

Table 14: Analysis of some physicochemical parameters 

Samples 1 2 3 4 5 6 

pH after acidification 8.31 7.22 6.90 6.33 6 5.5 

Pre-chlorination (mg/l) 3.5 3.5 3.5 3.5 3.5 3.5 

Coagulant (mg/l) 60 60 60 60 60 60 

Flocculent (mg/l) 0.1 0.1 0.1 0.1 0.1 0.1 

Flock appearance 06 06 06 06 06 06 

After settling pH 7.54 7.12 6.93 6.46 5.95 5.65 

After settling turbidity (NTU) 0.84 1.18 1.09 2.73 1.21 1.62 

Residual Chlorine 1.6 0.1 0.4 

 
0.5 1 1 

After filtration turbidity (NTU) 0.66 0.50 0.46 0.47 0.57 0.50 

TAC 5.2 4.8 4.2 3 1.5 0.9 

 

Figure 8. Physical and chemical parameters in the settled and filtered conditions 
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3.4.2. Test B  

Table 15. Analysis of some physicochemical parameters 

Samples 1 2 3 4 5 6 

pH after acidification 8.35 7.42 6.95 6.71 6 5.68 

Pre-chlorination (mg/l) 4 4 4 4 4 4 

Coagulant (mg/l) 50 50 50 50 50 50 

Flocculent (mg/l) 0.1 0.1 0.1 0.1 0.1 0.1 

Flock appearance 06 06 06 06 06 06 

After settling pH 7.68 7.29 7.04 6.83 6.30 5.83 

After settling turbidity (NTU) 1.32 1.39 1.69 2.56 2.07 6.06 

Residual Chlorine 0.8 0.8 1 

 
0.7 0.5 0.7 

After filtration turbidity (NTU) 0.51 0.47 0.34 0.32 0.27 1.46 

TAC 5.3 4.9 4.5 3.9 2.1 1.1 

 

Figure 9 : Physical and chemical parameters in the settled and filtered conditions 

3.4.3. Test C  

Following an extensive comparison between the three tests, combined with the results obtained 

and the selection factors, it was established that the best sample was number 3 from the third 

test, which satisfied all the requirements. As regards physico-chemical quality, water treatment 

optimization with a pH of 6.80 (pH after acidification) yielded higher results, with settled water 

turbidity of 1.11 NTU (< 5 NTU) and filtered water turbidity of 0.36 NTU (< 0.5 NTU).  

From an economic standpoint, the use of aluminum sulfate at an optimal quantity of 50 mg/l 

instead of 60 mg/l led to a reduction of 10 mg/l, resulting in an annual cost savings of MAD 

240,000. Therefore, acidification emerged as a beneficial treatment method, particularly 

advantageous for decontamination, where pH reduction towards 7 enhanced the efficiency of 

the decontamination process. 
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Table 16. Analysis of some physicochemical parameters 

Samples  1 2 3 4 5 6 

pH after acidification 8.3 7.27 6.73 6.14 5.5 4 

Pre-chlorination (mg/l) 3 3 3 3 3 3 

Coagulant (mg/l) 50 50 50 50 50 50 

Flocculent (mg/l) 0.1 0.1 0.1 0.1 0.1 0.1 

Flock appearance 06 06 06 06 06 06 

After settling pH 7.64 7.27 6.89 6.45 5.92 4.82 

After settling turbidity (NTU) 0.90 1.36 1.11 1.62 0.98 6.71 

Residual Chlorine 0.3 0.1 0.2 

 
0.3 0.4 0.1 

After filtration turbidity (NTU) 0.49 0.40 0.36 0.63 0.51 2.22 

TAC 5.2 4.8 4.2 2.7 1.4 0.3 

 

 

Figure 10. Physical and chemical parameters in the settled and filtered conditions  

4. Conclusion   

In fact, the purpose is to deal with the treatment process at the Ain Nokbi station, focusing on 

coagulation-flocculation given its importance within the process. In order to determine the 

optimum dose of coagulant to inject into the raw water and to establish the most suitable 

conditions, we carried out several tests using aluminum sulphate in the water. Various 

parameters that could affect the effectiveness of this reagent were also examined. Monitoring 

of this phase showed that the doses of coagulant determined using the Jar-test method gave 

satisfactory results when applied, with the treated water complying with Moroccan drinking 

water guidelines. The research also demonstrated that a mild acidification of the water can 
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reduce the amount of coagulant required. This represents not only a cost-effective advantage, 

but also a health benefit, as higher quantities would give significant amounts of aluminum 

residue, which could constitute a potential health hazard. 
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