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Abstract  
Petroleum effluent treatment uses ultrafiltration nanocomposite membrane made of polysulfone 

and cellulose nanocrystal. In this study, nanocomposite membranes were synthesized by adding 
different amounts of cellulose nanocrystals (CNCs) to polysulfone membrane (PSF) in order to 
enhance the membrane's anti-fouling properties against the accumulation of oil particles and 
then synthesize the membrane properties by spectral analysis. Scanning electron microscopy 
(SEM), infrared spectroscopy FTIR and contact angle test (CA) were applied to investigate 
membrane morphology. The results showed that the porosity and hydrophilicity of PSF/NC 
composite membrane were significantly improved. Experiments related to the performance of 
the petroleum effluent ultrafiltration system have shown that nanocomposite membranes with 
1% cellulose nanocrystals (CNCs) increase the water flux by 60%, excreting about 100% of the 
petroleum compounds, and optimally recovering the water flow to 94.4%. The findings suggest 
that the newly developed nanocomposite membrane is an optimal choice for treatment of low 
concentrated oily wastewater. 
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Fig. 1. Ultrafiltration system for water treatment  
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Table 1. Effect of nanocrystal concentration on PSF membrane properties in relation  

to contact angle, pure water flow, total porosity and pore size 
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M (control) 80.5 70 98 72 
MNC0.5 122.5 68 73 78 
MNC1 242.4 59 54 84 
MNC2 252.2 48 48 78 
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Fig. 2. The SEM cross section of the PSF membrane generated from the loading of various nanoparticles (a) M 

(control), (b) MNC-1 
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Table 2. Analysis of neat and modified membrane 

 Element(wt%)  
Membrane  C O S  Total
PSF  80.77 14.95 2.95  100 
Nanocomposite  81.21 15.69 3.1  100 
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Fig. 3. ATR-FTIR for a) PSF(M) and b) MNC1 

nanocomposite membranes  
 LM�.z ATR-FTIR  �	�	(N �� 3#���(a PSF(M) +  

(b   �
�#��	)#�	�MNC1 
 

   
Fig. 4. Separation of PSF and PSF/NC membranes in the 

treatment of oil waste (concentration of oil introduced 
into the process: 250 ppm and PH 7)  
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Fig. 5. Fouling tendency of PSF and MNC1 membranes 
in ultrafiltration process as a function of filtration time  
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Fig. 6. Water flux recovery from nanocomposite 

membranes at different concentrations of oil wastewater  
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Table 3. Comparison the results of this research with literature 

Reference Rejection (%) Water flux 
(L/m2.h.bar) Feed (ppm) Membrane 

Present study 98.5 105 250 PSF+NC 
(Chakrabarty et al., 
2008) 97.8 71 100 PES 
(Sarfaraz et al., 
2012)  z 133.8 300 Polyacrylnitrile 

(Gohari et al., 2014) 100 39 1000 PES+HMO 
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