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Abstract  
The biological fouling in polymer membranes is one of the main challenges in the membrane 
processes. Accordingly, CuO nanomaterials with properties such as high resistance to physical, 
chemical, biological agents, as well as antibacterial properties can be considered as one of the 
effective additives in the fabrication of composite ultrafiltration membranes, and reduce 
biological fouling. In this study, PVDF (16wt %), PVP (1wt %), CuO nano-plates (1wt %) were 
used in fabrication membranes (Phase inversion method) to increase hydrophilic properties, to 
reduce the membrane fouling and improve the ultrafiltration membrane filteration performance. 
The physical and chemical characterization of CuO nano-plates (synthesized by hydrothermal 
method) and fabricated membranes evaluated by XRD and FTIR analysis and also FESEM and 
TEM were used to study the morphology of the samples. The mixture of CuO nanoparticles 
with the semi-crystalline polymer structure of PVDF improved the β phase in the membrane 
structure which improved the hydrophilic properties of the membrane feature. The results 
showed that the flux and rejection of CuO nanocomposite membranes were 357 and 96% LMH, 
respectively, and the contact angle was about 59 degrees, which increased the hydrophilic 
properties of the surface by 25% compared to the control sample. The recovery rate of CuO 
nanocomposite membrane was about 83%, which indicates the effect of antibacterial properties 
of these nano-plates. Finally, BSA solution and municipal wastewater were used to evaluate the 
performance of nanocomposite membrane in filtration and purification. PVDF/CuO composite 
membrane had high efficiency in disinfection and wastewater treatment; The COD of the treated 
effluent was less than 5 mg/L and the removal of turbidity and TSS was about 99% and no fecal 
coliforms were detected. 
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Fig. 3. X-ray diffraction pattern of CuO nanoparticle
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Table 1. Comparative study of the application of metal oxide nanoparticles in  

the modification of PVDF membrane structure 

Ref Rejection** 
(%) 

Additive * 
(%)

Flux
)LMH/bar(

Composite 
membrane 

This Study 961357 PVDF/CuO 

)Yan et al., 2006(97 370 PVDF/Al2O3

)Cui et al., 2010(90 1190 PVDF/SiO2

)Wei et al., 2011(90 5180 PVDF/TiO2

)Lin et al., 2003(94.5 4.8 90PVDF/LiClO4

)Li et al., 2013(88.1 2.3 108 PVDF/AgNO3

(Wang and Sun, 
2020) 87 2.5 78PVDF/ZnO 

* The value of additive is based on the total weight of the solution. 
** Rejection rate is based on protein (BSA MW = 68000). 

��%T20�$�$ ��,(S")B$
� $�2�. �/�$ B$
� $ .�4��SY
Table 2. The influent and effluent specification of the clarifier unit and membrane permeate 

Parameter Unit Influent Effluent
clarifier Effluent membrane 

Chemical oxygen demand 
(COD) mg/L 98±7 39±5 (60.2) <5 (94.8) 
Biochemical oxygen demand 
(BOD) mg/L 54±6 20±2 (62.9) <5 (90.7) 
NH4 mg/L as N 4.3±0.5 2.4±0.1 (44.1) 2±0.2 (53.4)
NO3 mg/L as N 17.3±0.7 13.6±0.6 (21.3) 12.2±0.7 (29.4)
NO2 mg/L as N 0.2±0.02 - -
Total Nitrogen (TN) mg/L as N 21.8±1.1 16±0.6 (26.6) 14.2±0.7 (34.8)
Total phosphorus (TP) mg/L as P 2.1±0.3 1.3±0.2 (38.1) 1.1±0.2 (47.6)
Total Suspended Solids (TSS) mg/L 43.7±1.8 13.3±0.5 (69.5) <0.1 (99.7)
Total Soluble Solids (TDS) mg/L 610±25 598±24 (2) 380±13 (37.7)
Turbidity NTU 7±0.5 3±0.5 (57.1) <0.1 (99)
pH s.u. 7.4±0.2 7.4±0.2 7.2±0.2
Temperature C˚ 17.2 17
Total Coliforms (MPN) No./100mL 224000±10000 700±50 (97) N.A (99.9)

(): Percentage of removal efficiency 
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