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Abstract: The present study aimed to investigate the factors affecting the optimal performance of Ferric
chloride, Polyaluminum chloride and Praestol coagulants in removing turbidity from Darkhovin water
treatment plant using Jar tests at two turbidities of 50 and 175 NTU and temperatures of 10, 20 and 30
degrees. Based on the results, the performance of Polyaluminum chloride was sensitive to temperature,
increasing the temperature improved its efficiency, while it did not have a significant effect on the
performance of Ferric chloride and Praestol. Also, with increasing concentration, the turbidity removal
efficiency increased, and 10 ppm was selected as the optimal dose. According to the results, with
increasing turbidity, the efficiency of materials in removing turbidity increased and at a turbidity of 50
NTU, Ferric chloride and Praestol had better performance, but with increasing turbidity, all materials
had almost the same performance. Based on economic comparison, use of Ferric chloride is
recommended.
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Introduction: Coagulation and flocculation are usually carried out with the help of chemicals which are called
coagulants. Currently, in Iran, jar tests are used to investigate the coagulation process in different raw water
conditions. Mohammadi et al. (2024) evaluated the efficiency of turbidity removal from Karun River water using
polyaluminum chloride and chitosan on a laboratory scale at the Ahvaz water treatment plant. Aghyani et al. (2023)
conducted a series of jar test experiments to determine the optimal coagulant dosage for turbidity removal from
Babol Rud River water samples. Yazdi et al. (2017) investigated the efficiency of aluminum sulfate, ferric chloride,
polyaluminum, and polyferric sulfate coagulants in removing turbidity from Tehran water, and the coagulation-
flocculation-sedimentation process was investigated using a jar test. Accordingly, in this study, the factors
affecting the optimal performance of ferric chloride, polyaluminum chloride and Praestol coagulants in removing
turbidity from the water entering the Darkhovin treatment plant were investigated. The water supply sources
include the Ghadir water transfer system (water from the Dez diversion dam) and the Karun river, which in recent
years has also been observed to have a turbidity level of 12,100 NTU at the entrance to the Darkhovin facility
during the rainy season.

Methodology: This study was conducted on a laboratory scale using a Jar test device at the Darkhovin treatment
plant. The experiments were conducted at two turbidities of 50 and 175 NTU and temperatures of 10, 20 and 30
degrees. The specifications of used chemicals and equipment are presented in Tables 1 and 2. The parameters
studied included the concentration of the coagulant, turbidity and temperature. In order to simulate the desired hot
and cold temperatures, a metal box was constructed. Then, the box was equipped with a temperature control panel,
compressor, refrigerator radiator, electric heating element, and fan, and the jar test device was moved into the box
(Fig. 1). After providing the desired temperature conditions for the water sample, measuring the pH of the water
sample and injecting 5, 10, 15 and 20 ppm into the water samples in the jar test containers, rapid mixing was
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performed at a speed of 220 rpm for one minute and slow mixing at a speed of 30 rpm for 20 minutes. Then, the
sample was kept for 20 minutes to allow sedimentation and a sample was taken, and the turbidity was measured.
Results are illustrated in Figs. 2-4.

Results and Discussion: Analysis of Figs. 2 and 3 indicated that in two different turbidities, the performance of
polyaluminum chloride is sensitive to temperature and increasing the temperature has improved its efficiency, such
that the turbidity removal values at a temperature of 30 degrees, especially for an initial turbidity of 50 NTU and
at different doses, were between 91.66 and 99 percent, and for 175 NTU, were between 98 and 99.5 percent. While
temperature did not have a significant effect on the performance of the ferric chloride coagulant and the Praestol
coagulant-aid, and the turbidity removal efficiency was almost the same at all three temperatures. Also, based on
results, by increasing the concentration of coagulants from 5 to 10 ppm, the turbidity removal efficiency increased
significantly, so the 10 ppm dose is selected as the optimal dose. According to the analysis of a variance test with
(P>0.05) at all three temperatures for both turbidities, there is no significant difference between the dose of
coagulants and the percentage of turbidity removal. In other words, the coagulant dose factor has no effect on
turbidity removal efficiency. But at turbidity of 175 NTU at temperatures of 10 and 20 degrees, there is a significant
difference between the dose of polyaluminium chloride and the percentage of turbidity removal, in other words,
the dose factor of polyaluminium chloride has an effect on the efficiency of turbidity removal. Fig. 4 illustrates
that by increasing water turbidity, the efficiency of all three coagulants in turbidity removal has increased.
Comparison of turbidity removal efficiency under optimal conditions of coagulant performance at turbidity of 50
NTU indicates that the performance of mineral coagulants is better than polymer coagulants, so the efficiency of
ferric chloride and praestol was more effective in reducing the turbidity of Karun water compared to polyaluminum
chloride but with increasing turbidity (175 NTU) and at temperature of 10, 20 and 30 degrees, all three materials
had almost the same performance in reducing the turbidity of the water entering the treatment plant, therefore in
this condition, based on economic comparison presented in Table 3, use of ferric chloride is recommended.

Conclusion: Based on the results, at two different turbidities, the performance of polyaluminum chloride improved
with increasing temperature, but it did not have a significant effect on the performance of ferric chloride and
praestol coagulant-aid. 10 ppm was selected as the optimal dose, and with increasing water turbidity, the efficiency
of all three substances in removing turbidity increased. In this study, given that in most seasons of the year, the
turbidity of water at the Darkhovin treatment plant does not exceed 200 NTU, therefore, the tests were conducted
up to this turbidity, but it is suggested that the impact of these factors investigated on higher turbidities at other
treatment plants as well. Also, given that pH is one of the most important factors affecting the coagulation process,
it is recommended that for waters whose pH is variable, the effect of changes in this parameter on the performance
of coagulants be evaluated.
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Table 1 Used chemucals

Number Chemical
1 Liquid Polyaluminum chloiride with a
purity of 1% and density
) Ferric chloride with purity of 37.9%
and density of 1420 Kg/m?
3 Anionic Praestol (Polyacrylamide)
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Table 2 Used laboratory equipment

Number Instrument Model
1 Balance HR200
2 Turbidity meter HANA: 0H2188713_
3 Jartest Beta
4 pH meter HANA: HI8424
5 Heater Stirre Shimaz
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optimal coagulant performance conditions
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Table 3 Estimated cost of Polyaluminium chloride and
Ferric chloride for 10 ppm

Price per Cost per
Coagulant Kilogram with cubic meter
shipping cost of purified
(IRR) water (IRR)
Polyaluminium 650000 7800
chloride
Ferric chloride 118800 1663
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