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In 2008 it was discovered that graphite could be delaminated in liquid media using sonic
energy and stabilized in monolayer and few layer forms through use of appropriate solvents.
[1] Sonication is a high energy process, requiring expensive equipment and the process does
not scale well to large scale production volumes. This was addressed in 2014 when Paton et
al. demonstrated exfoliation of graphene to monolayer using high shear mixing.[2]

ey

Figure 1 Silverson high shear mixer used for production of graphenein [2]

As a relatively new technique, shear mixing raised many questions as the process differs
significantly from sonication. It was found, for example, that exfoliation did not occur below
acertain range of shear rate (~ 10* s ). Applying asimple model, considering the exfoliation
as shear-induced inter-layer sliding in solvent, yielded an equation giving the minimum shear
rate as.
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However this equation predicts much more than simply the presence of a minimum shear rate
for exfoliation and this work seeks to test this equation. For example controlling flake size for
agiven solvent through variation of applied shear rate or minimizing the shear needed to
exfoliate through appropriate solvent choice.

In thiswork the exfoliation behavior of shear mixing is tested and compared to earlier surface
energy studies tested on graphite. The shear exfoliation modéd is then tested using two other
2D layered materias, MoS, and WS,, and minimum shear rate for exfoliation is demonstrated
for both of these materias. Finally through absorption spectra metrics from[ 3] flake length
and thickness can be easily measured for dispersions of MoS,, Thisis then plotted as a
function of applied shear rate.
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Figure 2: (A) Plotting disper sed concentration as a function of surface energy
(B-D) Demonstrating shear min for various materials

The simple shear model isfound to be remarkably accurate at predicting the behavior of
sheared dispersions and is found to be broadly applicable to a 3 separate materials,
demonstrating that it is not specific to graphite. Flake size effects are observed for all 3
materials, indicating a potential method of flake size control. Some difficulties in separating
the variables exist however making it difficult to test the model completely.
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