Creating Graphene Sieves for Water Treatment
Applications
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Aim: To develop a scalable methodology for nanoperforation of graphene membranes
Transport mechanisms

The ideal porous membrane

2D materials as the ultimate membranes

Permeate

Membranes achieve
selective transport
through a variety of
mechanisms operative
over different length
scales
Feed

One-atom thickness (e.g. graphene)
the transport rates of molecules through
nanoporous graphene are expected to be
extremely high
Superb mechanical properties
Chemically stable and inert
Large surface area

• High permeance

Resistance to oxidation (graphene for temps up
to 450 C)

Pore creation methods in graphene

High throughput at low pressure

Top down
Electron irradiation-mediated growth of pores in
graphene nucleated by argon ion bombardment

inversely proportional to the
thickness of the membrane

on a Ag(111) surface

Impermeable to He

• High selectivity
Only specific species passes

• High chemical, mechanical

Bottom-up synthesis porous of
2D polymers by self- assembly

and thermal stability, low fouling
Operation under harsh conditions
oxygen plasma

focused ion beam

at an air/water interface

Experimental set-up and methodology
Nanopore imaging at ablation threshold

Femtosecond laser ablation of CVD graphene
under low irradiation powers

Δt=10s

Pore diameter: 60 nm

Multiple pulses
are incident on
the same spot at
high rep. rate

800 nm
80 fs, 2-3mW
rep rate: 82 MHz

Δt = 12 ns
CVD Graphene on SiO2

graphene

SiO2
Fluence ~ 2mJ/cm2

350nm

Thermal effects
Ablation

Nanopore creation & characterization

Nanopore creation vs exposure time
Δt=1s

Nanopore imaging I
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Depth ~ 1nm

Laser trace on graphene for different
exposure times @ 2 mW
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By increasing the exposure time the ratio I(D)/I(G) increases
The ratio I(D)/I(G) is probably related to the nanopore density

Conclusions
A new method for single graphene nanoperforation is
proposed.
It is based on low power fs laser with repetition rates in
the MHz range
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Preliminary results show that pores with diameters 1060 nm can be etched using fs laser ablation
Nanoperforation can be achieved over a large area of
single graphene layer – Upscaling
Patterned nanoporous graphene membranes can be
created
There is a specific ablation threshold for laser fluence to
etch pores in single layer graphene
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