
Author’s Accepted Manuscript

Development of advanced nanocomposite
membranes using graphene nanoribbons and
nanosheets for water treatment

Amin Karkooti, Alireza Zehtab Yazdi, Pu Chen,
Mick McGregor, Neda Nazemifard, Mohtada
Sadrzadeh

PII: S0376-7388(18)30307-7
DOI: https://doi.org/10.1016/j.memsci.2018.04.034
Reference: MEMSCI16118

To appear in: Journal of Membrane Science

Received date: 16 March 2018
Revised date: 18 April 2018
Accepted date: 22 April 2018

Cite this article as: Amin Karkooti, Alireza Zehtab Yazdi, Pu Chen, Mick
McGregor, Neda Nazemifard and Mohtada Sadrzadeh, Development of
advanced nanocomposite membranes using graphene nanoribbons and nanosheets
for water treatment, Journal of Membrane Science,
https://doi.org/10.1016/j.memsci.2018.04.034

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/memsci

http://www.elsevier.com/locate/memsci
https://doi.org/10.1016/j.memsci.2018.04.034
https://doi.org/10.1016/j.memsci.2018.04.034


1 

Development of advanced nanocomposite membranes using graphene 

nanoribbons and nanosheets for water treatment 
 

Amin Karkooti
1
, Alireza Zehtab Yazdi

2
, Pu Chen

2
, Mick McGregor

3
, Neda Nazemifard

1
, Mohtada 

Sadrzadeh
4
* 

 

1
Department of Chemical & Materials Engineering, 12-237 Donadeo Innovation Centre for 

Engineering, University of Alberta, Edmonton, AB, Canada, T6G 1H9 
2
Department of Chemical Engineering, University of Waterloo, 200 University Avenue West, 

Waterloo, Ontario, Canada, N2L3G1 
3
Suncor Energy Inc., P.O. Box 2844, 150-6th Ave. SW, Calgary, Alberta, Canada T2P 3E3 

4
Department of Mechanical Engineering, 10-367 Donadeo Innovation Center for Engineering, 

Advanced Water Research Lab (AWRL), University of Alberta, Edmonton, AB, Canada, T6G 1H9 
 Corresponding Author: sadrzade@ualberta.ca; Tel. +1 780-492-8745 

 

 

Abstract 

Water-intensive industries have to comply with stringent environmental regulations and evolving 

regulatory frameworks requiring the development of new technologies for water recycling. 

Development of polymeric membranes may provide an effective solution to improve water 

recycling, but require finely-tuned pore size and surface chemistry for ionic and molecular sieving 

to be efficient. Additionally, fouling is a major challenge that limits the practical application of the 

membranes in water recycling in these industries. In this work, four different graphene oxide (GO) 

derivatives were incorporated into a polyethersulfone (PES) matrix via a non-solvent induced 

phase separation (NIPS) method. The GO derivatives used have different shapes (nanosheets vs 

nanoribbons) and different oxidation states (C/O=1.05-8.01) with the potential to enhance water 

flux and suppress fouling of the membranes through controlled pore size, hydrophilicity, and 

surface charge. The permeation properties of the PES/GO membranes were evaluated using a 

water sample from the Athabasca oil sands of Alberta. The results for contact angle and streaming 

potential measurements indicate the formation of more hydrophilic and negatively charged 

PES/GO nanocomposite membranes. All graphene-based nanocomposite membranes demonstrated 

better water flux and rejection of organic matter compared to the unmodified PES membrane. The 

fouling measurement results revealed that fouling was impeded due to enhanced membrane surface 

properties. Longitudinally unzipped graphene oxide nanoribbons (GONR-L) at an optimum 
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