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Conclusion:  
 Scalable method to produce large area ultra-thin, precise graphene membranes by simple  

shear alignment of nematic fluid phases of GO, has been demonstrated.  

 Our research opens the door for industrial-scale processing of next-generation graphene-based 

membranes for a wide range of applications.  

Motivation 

 Compared to polymeric and ceramic NF membranes, Graphene-based NF membrane possesses a combination of  strong mechanical properties, chemical inertness and 
permeselectivity. 1,2,3   

 Graphene-based membranes have demonstrated ultra-fast water transport, precise molecular sieving of  gas4 and solvated molecules,2 thus considered for a host of  appli-
cations in liquid purification1,5 , gas separation4 and pervaporation6 . However, precise synthesis of  these membranes on large scales, remain elusive.  

 

 Project Goal : Large-scale production of  Graphene-based membrane for Nanofiltration applications 

1:  Bulk quantity production of Graphene Oxide (GO) 

2:  Liquid crystal properties of 
     GO dispersion 

Chemical Oxidation  
(Hummers method) 

3:  Alignment of liquid crystal: 
“Remarks on the flow alignment of disc like nematic liquid crystals” 

(T. Carlsson. J. Phys. 44, 909–911 (1983)) 

4:  We hypothesise alignment of discotic nematic liquid 
      crystal  

5:  Large scale production of nematic phase GO dispersion in different  
      concentration 

Thin liquid film 

6:  Shear-alignment of nematic liquid crystal of GO 
     dispersion 

7:  Rheological properties of nematic phase GO dispersion  8:  Feasibility of  GO membrane fabrication by shear alignment of nematic 
      phase GO dispersion (Doctor Blade casting)      

9:  Semi-industrial Scale Membrane Fabrication  

µ: zero-shear viscosity                              k: is a constant, assumed to be 10^3 for water-based system 

L: length scale                                        ∆h: estimated to be 80% of the thickness of the liquid film 

σ: surface of the dispersion                 Θ: contact angle between the dispersion and the substrate 

10:  Nanofiltration characterization of shear-aligned membrane: Organic Dye Retention 

14:  Performance of shear-aligned GO membrane as compared to vacuum filtration GO 
       membrane and a commercially available NF membrane 

 Dried State Wet State 

Shear-aligned GO 
membrane 

0.96nm 0.99nm 

Vacuum Filtered GO 
membrane 

0.97nm 1.52nm 

Evaluation of interlayer spacing 
between GO sheets in dry and 
wet state in GO membranes by 
XRD technique 

15:  Organic Solvent Nanofiltration properties of shear-aligned membrane 

MV: Methyl Viologen (MW: 257.16 Da)            Ru: Tris (bipyridine) Runthenium (II) chloride (MW: 640.53 Da)                

MR: Methyl Red  (MW: 269.3 Da)                    RB: Rhodamine B (MW: 479.01 Da)                                        

MnB: Methylene Blue (MW: 319.85 Da)           RosB: Rose Bengal (MW: 973.67)                                   

MO: Methyl Orange (MW: 327.33 Da)              MB: Methyl Blue (MW: 799.80 Da)                                             

     GO  
dispersion 
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Large area graphene-based membrane consisting of different thicknesses on porous Nylon substrate  
(Akbari, A., et al., Nature Comm., 2016. doi:10.1038/ncomms10891.)       

12:  Chemical cleaning of the used membrane  11:  Permeability  during the filtration tests   

13:  Flux recovery after chemical cleaning  

      Before filtration test                 After filtration test                  After cleaning process 

Demonstration of long-term viability, low-fouling behaviour of the membranes during filtration of BSA and 
flux recovery after chemical cleaning in five cycles. 

GO concentration 
(mg ml-1) 

0.1 5 10 40 

tdewet (s) 0.012 0.151 15 4313 

tdry(s) 40 40 40 40 


