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Abstract
A high flux and anti-fouling graphene oxide (GO) nanoparticles embedded in polyacrylonitrile (PAN) nanofiber microfiltration 
membranes (PANGMs) were fabricated through the facile electrospinning method and were characterized by water treatment 
applications. The synthesized GO nanoparticles and GO nanoparticles embedded in PAN nanofiber membranes were 
characterized by FESEM, FTIR, and EDS. SEM images showed that the PANGMs possessed randomly overlaid fibers 
with a network-like highly porous structure similar to the pristine PAN nanofiber membrane, while agglomeration of GO 
nanoparticles was observed at high GO concentration. The introduction of GO nanoparticles into the PAN polymeric matrix 
significantly increased the permeation flux of the resulting membrane in both dead-end and cross-flow filtration systems. A 
high flux recovery ratio of 96.6% and a low irreversible fouling ratio of 3.4% were obtained at 2% (wt.) GO nanoparticles. 
More importantly, a high flux recovery ratio of GO nanoparticles embedded in PAN nanofiber membrane was retained 
after 20 repeated cycles of activated sludge suspension filtration. Therefore, it can speculate that the incorporation of GO 
nanoparticles into the PAN nanofibers could efficiently improve the anti-fouling ability of membranes which had opened 
up an alternative for the preparation of high flux and anti-fouling microfiltration membranes in practical water treatment 
applications such as membrane bioreactors.
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Introduction

The shortage of water sources is becoming the most threat-
ening global menace owing to rapid population growth and 
industrial development. Hence, water treatment to obtain 
clean and sufficient water has attracted broad attention [1]. 
It seems that membrane separation is one of the most effec-
tive methods for water and wastewater treatment due to its 
low price, great separation efficiency, small footprint, and 
others [2, 3]. However, membranes prepared by conventional 
methods suffer from common intrinsic weaknesses of low 

permeation flux and low fouling resistance owing to their 
geometrical structures of pores [4].

Electrospinning is a simple and popular method to 
produce continuous polymer fibers with adjustable diam-
eter from nanometers to micrometers [5]. Electrospun 
nanofiber membranes offer the superior potential for fil-
tration applications owing to their unique features includ-
ing high permeability, high interconnected open pores, 
high permeability, high specific surface area, adjustable 
fiber diameter, pore size, and porosity [6, 7]. Electrospun 
polyacrylonitrile (PAN) nanofibers are of adequate mate-
rials for membrane fabrication because of their excellent 
features such as good film-forming ability, relatively low 
price, excellent mechanical properties, and so on [8]. For 
instance, Shi et al. [9] used the electrospun PAN nanofibers 
to fabricate novel chitosan/PAN composite membrane with 
high permeation flux and good mechanical properties. Xu 
et al. [10] used the electrospun PAN nanofibers mat as the 
mid-layer to prepare the composite membrane. They found 
that the electrospun PAN nanofibers were responsible for 
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