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ABSTRACT
Graphene flakes with tunable layer number, sheet size,
defects, pores and hybridization were realized by
electrochemical approches. Electrochemically exfoliated
graphene can exhibit high performances in thermal
management, electrocatalysis, supercapacitor and battery.
Here, >30 μm of large literal sheet size of 1-2 layer
graphene flakes were used to fabricate robust, flexible and
free-standing graphene films with high thermal diffusivity.
Small graphene microsheets of <1 μm of sheet size were
produced from natural microcrystalline graphite (minerals)
at the scale of tons. The microsheets are highly dispersible
with the concentration of ~20 wt%. They are potentially
applied for conductive additive or electrode material of
lithium ion battery. Our study demonstrates that
electrochemical route is very promising for the production
and practical application of graphene.
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graphite to prepare graphene has attracted increasing
interests in recent years. A series of electrolytes, i.e.
aqueous inorganic acids or salts, ionic liquids (ILs), polar
oragnic solution have been used to charge graphite to
prepare graphene. However, it still lacks the production line
equipments to eletrochemically produce graphene from
graphite.
Through ten-year work, we have successfully prepared
graphene with tunable atomic layers, sheet sizes, defects,
pores and hybridization of graphene using electrochemical
approaches.1-15 Here, we outline scalable synthesis of
electrochemically exfoliating graphite into few-layer
graphene with high performance. The electrochemically
exfoliated graphene-based materials exhibit high
performances in thermal management, supercapacitor,
batteries, electrocatalysis, photodetector and biosensor. 1-14
Very recently, atomic iron in electrochemically exfoliated
graphene-based matrix working as electrocatalyst show
superior performance on oxygen9,14 or CO2 reduction
reaction.15

2. Methods
1. Intruduction
Graphene has a well-defined two-dimensional carbon
structure with intrinsic high electrical and thermal
conductivity, large specific surface area as well as high
chemical stability. However, for some practical application
(such as battery conductive additive), it is necessary for
good dispersion of graphene that can ideally be chemically
tunable by functional groups. More importantly, for
practical application, it is desirable to produce graphene by
green process at large scale at low coat. In China, there are
abundant and cheap storage of flake graphite and
microcrystalline graphite minerals. The production of
graphite mateirals and the storage of graphite in China are
both ~70% of the world. So it is a good choice from nature
resource to produce graphene at low cost in China.
So far, it is still challenging to produce low-defective
graphene below 5 layers by using a cost-effective and
environmental friendly approach. Graphene oxide prepared
by Hummers’s method is extensively investaged, however,
it has drawbacks of low quality of graphene, high-cost
production and chemical waste (such as strong sulfur acid)
treatment. Using electric power to replace chemical
reactions is a green route. Electrochemical exfoliation of
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The electrochemical methods were used to prepare
graphene flakes or sheets from graphite. The graphite foils,
powder or rods can work as electrodes or electrode arrays,
aqueous solution, carbonate solution, or ionic liquid as the
electrolyte. The charging was usually conducted in the
potential range of 2-10V. Details were most presented in
previsous work 1-4
FESEM and TEM images were collected on a JSM7001F and JEM-2100F electron microscopes (200 kV,
JEOL Ltd., Japan). Raman spectra were recorded using
Jobin-Yvon HR-800 Raman system with 532 nm line of Ar
laser as excitation source. Thermal diffusivity measurement
was done at LFA447 (NETSCH, Germany). Graphene films
were cut into discs with a direction of 25mm.
Electrochemical characterization was performed in Autolab
instrument of PGSTAT204. Galvanostatic discharge-charge
tests were performed on a Land battery analyzer (CT2001A, China).

3. Results and discussion
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Using flake graphite, we can now prepare >30 μm of
large literal sheets of 1-2 layer graphene flakes, as shown in
Figure 1. The inset ED pattern shows good crystallinity of
graphene flake. The graphene ones have less defects than
reduced graphene oxide. The flake ink was used to fabricate
robust, flexible and free-standing graphene films without
any additive. Figure 2 presents the photograph and SEM
images of graphene films rolled and folded. Mechincal
strength measured of a film is around 40 MPa with 3.6%
strain, as shown in Figure 3.
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Figure 1. (left) graphene conductive ink, (b) SEM image of
graphene flake.
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Figure 3. Mechanical measurement of graphene film.
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Figure 3. Thickness-dependent thermal diffusivity of
graphene films.
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Figure 2. Graphene films. (a) optical image and (b-d) SEM
image of films folded.
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Very interestingly, the thermal diffusivity of graphene
films seems to be very high and linearly dependent on the
thickness of the films in the range from 60 μm to 1 μm, as
presented in Figure 3. The data were measured by flash
point method that might be roughly reliable for very thin
graphene films. But we believe that the irradiative heat
dissipation of graphene are very high. The thermal
diffusivity of the hybrids of cellulose and graphene flakes
with roughly same thickness are dependent on the mass
ratio of graphene in the hybrids, as shown in Figure 4. The
electrical conductivity can be enhanced by high-
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Figure 4. Mass ratio-dependent thermal diffusivity of
graphene/cellulose hybrid films.

Graphene could significantly reduce the activation
temperature of carbon resources (such as cellulose, pitch)
with energy saving and safety enhancement. The
hierarchical porous graphene-carbon-based supercapacitors
reach ~200 F/g (3.5V) in ionic liquid and high energy
density of >60 Wh/kg at high rate.3 In addition, we also
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realized “carbon-concrete” of graphene integrating carbon
fiber and hierarchical porous carbon to form robust flexible
supercapacitor film.4
Small graphene microsheets were directly prepared from
natural microcrystalline graphite minerals. The graphene
microsheets present the feature of small sheet sizes of 0.2 0.6 µm2 and ≤5 atomic layers, low defects and high purity.
The unique size of graphene microsheets allow them
disperse in various solvent, which is superior to reduced
graphene oxide, carbon black and carbon nanotube. They
exhibit high reversible specific capacity as a lithium-ion
battery anode material and also its cathode material after
modification.6-8 Graphene anode material reachs high
coulombic efficiency of 99.0% and high reversible specific
capacity of 380 mAh/g.6 Graphene-based Li-S batteries
reach >99.5% coulombic efficiency and 2000-cycle
stability.8
The production of ˃10 tons per year of high-quality
graphene microsheets has been realized in Shangrao city in
Jiangxi province in China using natural microcrystalline
graphite (mineral) as a starting material.7 Figure 5 shows
the photographs of the factory and graphene dispersions.
The aqueous disersion of graphene microsheets can be
more easily casted on on alluminum foil. As shown in
Figure 6, high resolution TEM image demonstrate 1-5 layer
of graphene microsheets overlaid. Raman spectrum indicate
that low defects of a graphene microsheet. Interestingly, the
microsheets can be dispersed in water with a concentration
of 15% with the assistance of polymer additive. And in
cetain oil without any additive, the concentration of the
dispersion can be 20 wt% (Figure 6 (left below)).
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Figure 6. Graphene micrsheets produced. TEM images
showing 1-5 layers. The left above is the Xigua brand of the
graphene. The left below is the photographs of graphene
disperisons in water and oil. The right below is Raman
spectrum of graphene microsheet.
In addition, graphene materials with good
performances in electrocatalysis and biology were studied.
The nanostructures of porous graphene doped exhibit high
performance on bi-functional electrocatalyst and Zinc-air
battery.10 Graphene dots show low cytotoxicity and can be
used for fluorescent bioimaging.11 The graphene films with
the thickness of <50 μm exhibit good electromagnetic
sheilding performance of 20-70 dB in the range of 1-18
GHz.5 Amazingly, atomic iron/graphene was synthesized
via electrochemical exfoliation of graphite in iron-based
ionic liquid. The atomic sheets/dots was annealed with
melamine to enhance the electrocatalystic performance on
oxygen reduction reaction, which is even superior to Pt/C.14
Atomic Fe embedded in bamboo-CNTs grown on graphene
was synthesized as a superior CO2 electrocatalyst with high
faraday efficiency of 95%.15

4. Conclusion

Figure 5. Mass production of small graphene microsheets.
Graphene dispersion (right above), roll-to-roll coating
machine and coated Al foil with graphene (medium) and
SEM image (right below).
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Through long-term work, we have proved that
electrochemical approaches are good routes for the
synthesis and application of graphene materials. Examples
shown here outline the scalable synthesis of large literal
sheet size of graphene flakes with high thermal diffusivity
and small microsheets with high dispersion and good
battery performance. Our investigation demonstrates that
electrochemical route holds great potentials for the
production and wide application of graphene materials.
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