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Although 2D graphene has innumerable useful properties, in order to be exploited in many
real world applications it must be manipulated into 3D structures. Ideally this should occur
without any deterioration in electrical conductivity, to which chemically exfoliated graphene
structures are prone. Instead graphene may be grown on templates of virtually any shape by
Chemical  Vapour Deposition (CVD), and in this  way highly conductive,  free-standing 3D
graphene macrostructures called graphene foams (GF) were first produced from nickel foam
templates in 2011 [1]. Since then there has been great interest in their use either alone or in
composites with other materials in applications such as electrodes for supercapacitors [2] and
Li-ion batteries [3], gas sensors [4] and adsorbents [5].

In this study, we grew GFs on metal foam templates using atmospheric pressure CVD. We
were able to tune the number of graphene layers deposited and hence the robustness of the
resulting foam by varying the type of template used (nickel or copper) and the flow rate of
methane precursor (Figure 1). The resulting foams had a very low resistance, corresponding to
excellent  electrical  conductivity.  This  is  due  to  the  fast  transport  channels  created  by the
highly-branched, crystalline graphene network.

Figure 1. SEM images of (a) a collapsed GF from Cu foam template using low CH4 flow, (b) a
free-standing but fragmented GF from Cu foam template using high CH4 flow, and (c) a 
robust, free-standing GF from Ni foam template using low CH4 flow

The pore sizes of the GFs grown by this approach were on the order of around 200 μm. This is
ideal  for  some  applications  (particularly  biological),  but  many  others  would  require  a
significant  reduction of the pore size,  for example for membranes  or high density energy
storage. To this end, we also synthesised 3D structures similar to GFs by CVD growth of
graphene on Ni nanoparticles (<100 nm) annealed to form a network. The resulting GFs had a
hierarchical structure, with both large (> 10 μm) and small (~1 μm) pores (Figure 2). These
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pores  could  eventually  be  controlled  by  compressing  the  Ni  particles  into  pellets  under
varying pressures. 

Figure 2. SEM images of GFs synthesised on Ni nanoparticles at increasing magnification, 
showing the range of pore sizes observed

GFs are a highly promising way to bring the outstanding properties of 2D graphene to the 3D 
world. They have great potential for many different applications, as they have excellent 
electrical conductivity as well as mechanical properties. However, so far they have been 
largely limited by the size of the pores in commercially available metal foams. In this study, 
we have suggested an approach to overcome this limitation. Future work will focus on control
of the pore sizes as well as introducing further interesting properties by exploiting the 
different growth mechanisms of graphene on different metal nanoparticle catalysts. [6]


