Ultra-thin Graphene Coating:
The Novel Nanotechnology for Remarkable Corrosion Resistance
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Graphene, an atomically thin film of a honeycomb network of sp® hybridized carbon atoms (shown in Figure 1 (left) [1])
has triggered unprecedented research excitement for its exceptional characteristics. What is most relevant for this
presentation is the remarkable chemical inertness of graphene (even to the most aggressive chemicals such as HF) as
well as its impermeability for fluids and gases [2]. The primary requirements of an ideal surface barrier coating for
corrosion resistance are its: (a) inherent resistance/immunity to degradation in aggressive environment, (b) effective
resistance to permeation of corrosive fluid, and (c) mechanical integrity over the desired life of the coated components.
Ceramics and carbon-based engineering materials (such as graphite) are well-known to be immune to most aggressive
chemicals. However, because these materials are very brittle, they suffer mechanical disruptions, and hence, have
found limited use as coating. In contrast, atomically thin layer of graphene is reported to possess very high toughness.
With its attributes of chemical inertness, toughness and impermeability, the ultra-thin graphene films possess a great
potential as the durable corrosion resistant coating [3]. Studies hitherto, on the use of graphene as corrosion resistant
coatings are limited to very few publications [3-7], and they are all extremely recent.

Coatings of monolayer or a few atomic layer thick graphene sheet (Figure (left)) [1] have been shown to improve
corrosion resistance on copper, by up to two orders of magnitude (Figure (right)). Though there are very few studies
reported on the topic of corrosion resistance due to graphene coating, there is still considerable variability in the degree
of improvement. For example, improvement in aqueous corrosion resistance of copper due to graphene coating is
reported to vary from insignificant to 2 orders of magnitude [6], whereas the improvement for nickel can be in excess of
an order of magnitude. This presentation will review the most recent research on graphene that has been claimed as
‘the thinnest known corrosion-protecting coating’, and examine the potential application of such disruptive approach to
corrosion resistance of common engineering alloys such as mild steels. The presentation will also include the most
recent work in the authors’ group to show the durable corrosion resistance due to graphene coating.

Corrosion of engineering alloys is a vexing problem and traditional approaches (such as by suitable alloying or
traditional coatings) have brought about significant but only incremental mitigation. In contrast, just an ultra-thin (a
couple of atomic layers) of graphene on metals has been found to bring about disruptive improvements in corrosion
resistance [3-6]. Little is reported on the corrosion resistance due to such ultrathin graphene coatings on the most
common engineering alloys such as steels. Corrosion of such alloys and its mitigation measures cost any developed
economy ~4% of their GDP (i.e., ~$8b annually to Australia and ~$250b to USA). Thus, a durable corrosion mitigation
of such alloys due to the disruptive approach of graphene coating is immensely attractive. This presentation will also
describe the challenges and opportunities in this respect.
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Fig. (left): Schematic diagram of a graphene sheet [1], and (right): Bode plots confirming the
graphene coated Cu to have ~2 orders of magnitude superior corrosion resistance in sea water than
the uncoated Cu [6] (Note, the magnitude of |Z| (on the y-axis) at the lowest frequencies represents
corrosion resistance).




