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1. Introduction – In recent years, applications that use flexible printed electronics have massively
increased. Printed flexible electronics are becoming increasingly popular due to their thin, flexible and
wearable properties. Formulating high quality conductive inks represents one of the biggest challenges
in

the printing of conductive products, due to their required high conductivity and flexibility.1 Typical 
conductive ink formulations include different components such as polymers/binders, additives, carbon 
nanotubes and metal nanoparticles. When compared against metal-based conductive inks, 
graphite/graphene-based inks are less expensive, more stable and environmentally benign. Hence, there is 
a critical need for the development of graphite/graphene-based conductive inks. The main purpose of this 
study is to understand the mechanisms involved in producing graphite/graphene-based ink formulations. 
Moreover, with an  

2. Experimental – Conductive dopants used in this study were graphite
and graphene nanoplatelets, and all formulations were conducted in
water-based systems. For graphite and graphene-based formulations, the
three main parameters explored were the amounts of graphite/graphene
nanoplatelets, cellulose-based polymers and surfactant. The
concentrations of graphite/graphene, cellulose based polymers and
surfactants ranged from 1-50 g/L, 1-200 g/L, 10-50 g/L, and 5-30 g/L
respectively. Exfoliation was used for decreasing the particle size of
graphite, and also uniformly dispersing graphite flakes in the ink
systems. The time range of using the exfoliation procedure was 0.5-3 h. Sonication was used to separate
graphene layers in the ink systems. A four-point probe method was used to measure the resistance of
different printed samples, and SEM, EDX, contact angle measurements and particle size analysis were
techniques used in the characterisation of the ink properties. Annealing was utilised as the post-printing
procedure to reduce the resistance of the printed conductive films.

3. Results and Discussion – When comparing graphite-based formulations and graphene-based
formulations, the graphene-based formulations were shown to be superior, due to their preparation time
being shorter (exfoliation and sonication time), and their higher conductivity. For resistance comparisons
between graphite and graphene-based formulations, better conductive printed films were achieved with
graphene nanoplatelets when their amount was less than one third of that of graphite.  For both graphite
and graphene-based formulations, the resistance increased with cellulose-based polymer concentration
and surfactant concentration. The concentration of polymer in the ink systems was shown to have a more
significant effect on the resultant ink conductivity than the surfactant concentration.

4. Conclusions - For basic ink formulations, conductive dopants, polymers/binders and surfactants

are the three most important parameters to be considered. By carefully adjusting each parameter, the

influence of the ink properties can be easily monitored.

understanding of the effects of polymeric binders, conductive 

graphite/graphene dopants, surfactants and additives, more formulations 

can be easily optimised to produce conductive inks for a range of different 

printing processes and applications.  

 Image 1.SEM image of graphite-based ink  

(left) and graphene-based ink (right)  at 

5000 x magnifications 
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