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Abstract  
In recent years, the development of submerged membrane systems has led to the significant 
development of ultrafiltration/water purification markets. The study aimed to investigate the 
efficiency of Poly-Aluminum Chloride coagulant in removing turbidity using a submerged 
membrane reactor for simultaneous coagulation and flocculation of filtration and determine the 
optimal values of its performance parameters. In this study, the Poly-Aluminum Chloride 
coagulant along with lime and polyelectrolyte for water coagulation and flocculation was firstly 
evaluated by the Jar test in different turbidities. Also, pH (5-10), Poly-Aluminum Chloride (1-
50 mg/L), and coagulant aids of lime (0.5-15 mg/L) and polyelectrolyte (0.1 to 2 mg/L) were 
examined. Then, a pilot-scale submerged membrane reactor was designed for coagulation, 
flocculation, and membrane filtration processes. Pilot experiments were used as closed systems, 
and then different parameters of flux, aluminum concentration in the treated water, and 
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membrane fouling were investigated. Jar test results showed that Poly-Aluminum Chloride had 
a great performance in removing turbidity. In addition, the use of lime and polyelectrolyte 
coagulant aids improved the turbidity removal process by 3%. Furthermore, pH=8 was selected 
as the optimal range, and the best flux performance was obtained at turbidity less than 100NTU 
in a submerged membrane pilot. The flux reduction in eight hours of operation time was only 
5% while this increased to 50% in turbidity above 200NTU. The turbidity removal percentages 
were reported to be constant and higher than 99.5%. The removal rate of total aluminum by the 
membrane process has been over 99%, and the type of membrane fouling is surface sediment 
and is reversible. Results indicated that the submerged membrane reactor along with 
coagulation and flocculation could be applied as an efficient method in water treatment with 
different turbidity.

Keywords: Coagulation and Flocculation, Water Treatment, Turbidity, Ultrafiltration, 
Membrane. 
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Fig. 1. A view of the Jar test to determine the optimum 
coagulant in the turbidity of 500 NTU 
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��%$ (2�	�)$ `��*(� X�@	�# � > X�I?)� 
Table 1. Technical specifications of submerged membrane reactor 

Pilot technical specifications

)Cm(Dimensions 
L 78
W 20
H 50

Thickness 0.5
Material Plexiglass

Membrane volume(L) 35
Height (Cm) 7

Dimensions of membrane plates (Cm) 
L 35
W 25

Thickness 1
Membrane material PESU with 0.04 microns of pore size

Type and number of air blowers 7 deep tubular aerators of large bubbles
Air supply source HAILEA ACO-308 air pump model

Pressure gauge Vacuum pressure in suction and membrane fouling

Fig. 2. Schematic of the submerged membrane reactor 
a) View from the front of the pilot and b) View from inside the pilot 
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Fig. 4. Results of Jar test for turbidity 10, 50, 100, 200, 
500, and 1000 NTU in determining the optimal 

concentration of PAC coagulant 
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Table 2. Optimal results of Jar test for turbidity 10, 50, 100, 200, 500, and 1000 NTU in  

determining the optimal concentrations of PAC coagulant with CaO and PE 
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96.850.7158200
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Fig. 5. %Turbidity removal to determine the optimal concentration of PE in  
the presence  of different concentration of CaO, optimal PAC and pH=8 
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Fig. 6. Flux changes vs. operation time in different 
turbidities (in the presence of optimal PAC, CaO 

and PE, pH=8) 
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Fig. 7. Changes in the concentration of aluminum in the 
flocculation stage and after membrane filtration in 

different turbidities 
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Fig. 8. Ultrafiltration Flat sheet membrane used in MSR 
Pilot. a) Membrane in clean state, b) Membrane in 

fouling condition and surface sediments 
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