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Abstract: Recent work on graphene nanofluids in organic solvents and reduced 

graphene oxide in aqueous electrolytes are described. In addition to a thorough study of 

thermal properties of the former, the potential of RGO nanofluids for electrochemical 

energy storage (i.e. in novel flow cells) was studied. 

Introduction/Background: Graphene is the advanced material of choice for a wealth of 

applications, but it has customarily been used as a solid.  Yet, fluids are key materials for 

a variety of industrial applications, from thermal to electrochemical devices. Furthermore, 

nanofluids are a ground-breaking type of materials with exciting new properties and 

opportunities to improved performance in a wide variety of fields, from magnetic 

ferrofluids to thermal to health applications. [1] 

Graphene Nanofluids, formed by graphene nanosheets dispersed in suitable base fluids 

can be prepared as stable dispersions in organic or aqueous solvents [2-5] either as 

pure graphene [5] or RGO [2] or as hybrid derivatives, [3,4] and they show most 

interesting thermal and electrochemical properties as it is briefly described below. 

Discussion and Results: In the field of thermal energy conversion and storage, we 

have developed stable graphene nanofluids of different concentrations in suitable 

organic solvents as base fluids (dimethylacetamide /dimethylformamide). Figure 1 

(LEFT) shows thermal conductivity data for DMAc and nanofluids of graphene (0.09% 

and 0.18%) in this same solvent. Notably, the measurements were carried out using a 

modified 3-ω technique adapted to liquid samples [5]. Thermal conductivity (as well as

other thermal properties [5]) is substantially enhanced proportionally to the graphene 
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concentration. Thus, the 0.18% nanofluid leads to a thermal conductivity enhanced by a 

48% with respect to the pure solvent. 

In a different area, related to electrochemical energy storage, we have developed 

electroactive nanofluids based on Reduced Graphene Oxide (rGO) dispersed in acidic 

aqueous electrolytes showing ultrafast charge transfer. [2-4] Thus, a surfactant-stabilized 

dispersion of rGO in 1M H2SO4 aqueous solution was shown to have capacitive energy 

storage capabilities (Figure 1 RIGHT) parallel to those of solid electrode supercapacitors 

(169 F g−1(rGO)) but working up to much faster rates (from 1mV s−1 to the highest scan

rate of 10 V s−1) in nanofluids with 0.025, 0.1 and 0.4 wt% rGO, featuring viscosities 

veryclose to that of water, these characteristics and the capacitive response which 

suggest the possible application of these nanofluids in novel flowing supercapacitor cells. 

Indeed we were able to show that the dispersed solid nanoparticles can be fully utilized 

even in the dilute sols prepared. Furthermore, it should be noted that the CVs can be run 

at the very fast scan rate of 10000 mV/s (Figure 1 RIGHT) which suggest ultrafast 

charge-transfer in these novel nanofluids. 

Figure 1. LEFT: Thermal conductivity measurements carried out through the 3-omega 

technique for graphene nanofluids in Dymethylacetamide solvent. RIGHT: Cyclic 

Voltammograms of Reduced Graphene Oxide Nanofluids in aqueous acidic electrolytes at 

various fast scan rates 

But in addition to pure graphene nanofluids, we have also developed hybrid nanofluids with 

graphene as a capacitive and charge-transfer booster, but also incorporating additional 

inorganic species with redox activity. In this way, our hybrid electroactive nanofluids 

(HENFs) combine capacitive and faradaic energy storage mechanisms in a single fluid 

material. In particular we have developed true “liquid electrodes” composed of reduced

graphene oxide and polyoxometalates (rGO-POMs) forming a stable nanocomposite for 
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electrochemical energy storage in novel Nanofluid Flow Cells. Two series of hybrid 

materials (rGO-phosphomolybdate, rGO-PMo12 and rGO-phosphotungstate, rGO-PW12) 

were synthesized and dispersed with the aid of a surfactant in 1 M H2SO4 aqueous 

electrolyte to yield highly stable hybrid electroactive nanofluids (HENFs) of low viscosity 

which were tested in a home-made flow cell under static and continuous flowing conditions 

[3]. Remarkably, even low concentration rGO-POMs HENFs (0.025 wt%) exhibited high 

specific capacitances of 273 F/g(rGO-PW12) and 305 F/g(rGO-PMo12) with high specific 

energy and specific power (Figure 2). Moreover, rGO-POM HENFs show excellent cycling 

stability (~ 95%) as well as Coulombic efficiency (~77–79%) after 2000 cycles. Thus, rGO-

POM HENFs effectively behave as real liquid electrodes with excellent properties, 

demonstrating the possible future application of HENFs for dual energy storage in a new 

generation of Nanofluid FlowCells. 

Figure 2. (a–b) Galvanostatic charge-discharge curves for rGO-PW12 and rGO-PMo12 HENFs

of 0.025% at different current densities in static condition, (b) Plot of specific energy versus 

specific power in Ragone plot for rGO, rGO-PW12 and rGO-PMo12 in flow cell (d) 

Galvanostatic charge/discharge cycling test for rGO-POMs HENFs of 0.025% at different 

current densities for 2000 cycles. 
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Summary/Conclusions: From the better known thermal properties (thermal conductivity, 

specific heat capacity),  to the more novel studies of electrochemical performance we have 

been able to design graphene as well as graphene-based nanofluids that present enhanced 

performance and open possibilities to new applications such as energy storage in novel 

flow cells. 
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