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Abstract:  Graphene oxide (GO) is a one-atom-thick two dimensional material which has unique 
mechanical, electrical and structural properties. Recently, the attempt to apply GO in gas separation 
membranes has attracted increasing attention due to the molecular sieving effect of the controlled GO 
defects and its potential to form high efficient gas flow channels. However, most current works focus 
on the flat sheet GO membrane prepared via filtration or blending, and performance of the GO 
nanocomposite hollow fibre membranes still remain poorly understood. 

In this study, a series of hollow fibre gas separation membranes were prepared with GO and PEBAX® 
as the selective layer via a dip coating method on commercial PVDF microfiltration membrane 
surface. Prior to the GO/PEBAX coating, the support membrane was initially coated with a layer of 
PTMSP in order to minimize the penetration of the GO/PEBAX into the membrane pores.  The gas 
separation results under room temperature revealed the GO content had significant effect on the 
membrane performance. With the increase of GO content in the PEBAX layer, the CO2 permeance of 
the composite membrane firstly decreased then increased.  GO nanosheets are impermeable to 
gases, thus the presence of GO layer inside the PEBAX would increase the membrane resistance. 
On the other hand, the confined laminar structure also hindered the crystallization of PEBAX, which 
led to higher free volume near the polymer-GO interface, which provided high efficient gas transport 
channels and resulted in higher permeance. The optimized GO/PEBAX nanocomposite membrane 
could improve the membrane permeance by 50 % while remain the selectivity unchanged when 
compared with pure PEBAX benchmark. 
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1 Introduction  
 
Organic-inorganic mixed matrix membranes have been prepared for gas separation purposes and 
they have shown promising gas mixture separation performance. The basic concept of the mixed 
matrix membrane for gas separation is based on either selective adsorption or molecular-sieving 
mechanisms. Recently, the application of the graphene based materials is considered promising for 
gas separation membrane preparation. The special one carbon atom thick structure could potentially 
provide separation function with minimized transport resistance and maximized permeation flux. In 
addition, the graphene material has good mechanical strength and conductivity, which could also 
provide unique functions to the membrane [1]. 
 
However, the membranes prepared with pure graphene sheets have been proved to be impractical for 
gas separation as even the smallest gas molecules like hydrogen and helium can’t permeate through 
the sheet. Recently, porous graphene sheets with nitrogen-functionalized subnanometer pores has 
been investigated for gas separation, and it exhibited superb gas separation performance. However, 
due to the strong aggregation tendency, the use of such materials for membrane preparation is still 
challenging. In addition, the free standing graphene membrane with no substrates is too brittle thus 
difficult to use in practical applications. The growth of graphene layer on an inorganic membrane 
surface, on the other hand, is difficult and costly. Therefore, more advanced approaches are required 
to prepare the graphene based organic membranes. 
 
The most commonly applied gas separation polymeric membranes are glassy polymers, for example 
polyimide (PI), polyamide (PA), polycarbonate (PC), polysulfone (PSf), polyphenylene oxide (PPO), 
cellulose acetate (CA) and their derivatives [2, 3]. The main separation mechanism is based on the 
size sieving by the rigid chain structures. However, the CO2 permeation rates were not satisfactory to 
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deal with large volume industrial scale applications such as flue gas separation and natural gas 
purification. On the other hand, the membranes prepared with rubbery polymer have higher CO2 
permeability due to the flexible chain structure. However, their low selectivity is detrimental. In order to 
solve this problem, the application of co-polymers containing both glassy and rubbery chains has 
been investigated. Pebax® (tradename of Atofina company for polyether (PE)-block-polyamide (PA) 
copolymer (PEBA)) is a commercialized block copolymer containing –N-H-, H-N-C=O, and O-C=O 
groups, and it has been proven to have satisfactory CO2 separation performance [4].  
 
One major challenge to prepare the graphene functionalized membrane is to control its stacking 
structure, which has strong connections to the membrane gas separation performance. We thus 
applied the dip-coating technique in this work, trying to form a thin coating layer with parallel staked 
graphene sheets with the assist of gravity. 
 
In this study, the Pebax/graphene oxide (GO) composite gas separation membranes were prepared 
with PVDF microfiltration membrane substrates. The membranes were pre-coated with PTMSP gutter 
layer to minimize the penetration of the Pebax layer into the membrane pores. Several different 
graphene oxide concentrations and coating cycles were tested and compared to optimize the 
performance of the composite membrane.  
 
2 Results and discussion 
 
2.1 Characterization of the composite membrane 
 

The SEM images of the PVDF-PTMSP-Pebax/GO nanocomposite membranes are shown below in 
Figure 1. The coating layer thickness was around 1 micron and the parallel stacked GO sheets were 
clearly visible in the cross-section images, and the nanosheets were evenly distributed within the 
Pebax layer. Such an observation is preferable as the formed nanoscale flow channels between the 
neighbouring GO sheets would provide higher concentration gradient for CO2 transport and thus 
potentially improve the permeability. In terms of the surface morphology, the addition of GO would 
increase the surface roughness. The membrane surface without GO sheets was smooth and even 
(results not shown), and with the addition of GO sheets, the formation of hills and valleys was clearly 
observed on the membrane outer surface. 

 

 
 
Figure 1: SEM image of the composite membrane (left: cross-section, right: outer surface) 
 
 
2.2 Gas permeation test with the composite membrane 
 
The content of GO in the Pebax layer had significant effect on the membrane performance. As shown 
in Figure 2, the addition of GO into Pebax layer would increase the permeability of CO2 gas, and the 
highest value was achieved when 0.1 wt % GO was applied. On the other hand, the CO2/N2 selectivity 
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of the membrane was relatively unchanged with the addition of GO sheets (CO2/N2 selectivity: 40±5). 
As presented above, the addition of GO would form a series of parallel flow channels for the 
membrane, and when CO2 passed through these channels the confined space would provide higher 
concentration gradient, which eventually increased the gas permeation rate. On the other hand, the 
presence of GO within the Pebax layer hindered the crystallization of the polymer, leaving void flow 
channels near the polymer/GO surface. Such channels provided high efficient gas transport through 
the membrane thus facilitated the gas transport. However, the addition of the GO sheets had negative 
effect on the CO2 separation mechanism through the Pebax layer thus the selectivity was relatively 
unchanged. When the GO content was higher than 0.1 wt %, the impermeable layers provided extra 
mass transfer resistance for CO2 to pass through the membrane, thus the permeation rate was 
significantly reduced. The proposed mixed matrix membrane gas permeance is presented in Figure 3. 
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Figure 2. Change of CO2 permeance and selectivity with different GO content (2 coating cycles) 
 
 

 
Figure 3. Schematic diagram of the dip coating and gas transport through the GO/Pebax layer 

 
3 Conclusions and recommendations 
 
This work prepared a series of the Pebax/GO based nanocomposite membranes and tested them for 
CO2/N2 separation. The results indicated the presence of GO within the selective layer had significant 
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effect on the membrane performance. The addition of GO into the Pebax layer would form high 
efficient nanoscale flow channels for CO2 gas, which further improved the membrane gas separation 
performance. However, the detailed mechanism of the GO sheets inside the membrane was still 
poorly understood and further investigation is thus required. 
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