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- THE FUTURE’S BRIGHT,
THE FUTURE'S GilA

THE PRODUCT IS FASCINATING BUT SHARE PRICES HAVE STRUGGLED. IS NOW THE TIME TO BUY ON WEAKNESS?

SEAN FLYNN

'z not often thata
substance actually lives
up to the name ‘wonder
material’ but graphene
really does look like
delivering on that
promise, A product with
myriad potential applications
from batteries to biomedical
sensors, graphene could
change the world in the way
that silicon semiconductors
did 50 years ago.

Graphene is pure carbon in
the form of a very thin, nearly
transparent sheet, one atom
thick. Technically speaking,
every time you write with a
pencil, graphene is produced.
Ultra-light, yet immensely
tough, graphene is 200
times stronger than steel yet
incredibly flexible. It is fire
resistant yel retains heat.

Tt is also an excellent
econductor, but not even
helium can pass through
it. When graphene is used
alone or combined with other
materials or substances the
possibilities are literally
endless.

Investors looking to
capitalise on the wonder
material's potential have
a number of options in
the UK-listed space, each
offering a different exposure
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to graphene's growing list
of applications, Through
its subsidiary 2-DTech,
speciality chemicals group
Versarien (VRS:AIM)
maintaing a presence at the
University of Manchester,
the hirthplace of graphene.
Bedcar-based Applied
Graphene Materials
(AGM:AIM) has developed
a proprietary ‘bottom up’
process for the production of
high specification graphene
and sees the material as a
disruptive technology which
has the potential to replace
or enhance the performance
of existing materials ina
wide range of applications
and sectors. Kuala Lumpur-
headquartered Graphene
Nanochem (GRPH:AIM)
has an advanced materials
division that focuses on the
application of graphene
nanomaterials for selected
high performance industrial
use. Based in South Wales,
Haydale Graphene
Industries (HAYD:AIM) is
engaged in the research and
development, manufacturing
and sale of surface
functionalised graphene
products.

Out of these four, we favour
Versarien for its ability to

deliver cash generation
through its Total Carbide
divizion and innovations such
as its porous copper foam,
More to the point, through its
association with the National
Graphene Institute and the
University of Manchester,
Versarien's access Lo cutting
edge research and technology
in this field could prove a
game changer for the £24.2
million cap.

HISTORY OF GRAPHENE
The material was isolated in
2004 by two Russian-born

researchers at The University
of Manchester, Andre Geim
and Kostya Novoselov,
Graphene is essentially
millions of ultra-thin layers
that stack together to form
the graphite commonly
found in pencils. The
material was first studied
as long ago as 1947, The
name ‘graphene’ was coined
in 1987 to describe the
graphite layers that had
various compounds inserted
between them. The term was
used extensively in work on
carbon nanotubes, which are
rolled up graphene sheets,
Attempts to grow graphene
on other single crystal
surfaces have been ongoing




since the 1970s, but strong
interactions with the surface
on which it was grown always
prevented the true properties
of graphene being measured
experimentally.

The problem was how
to extract the graphene.
Following discussions
with colleagues, Geim and
Novoselov adopted a method
that researchers in surface
science were using - using
simple Sellotape to peel away
layers of graphite to expose a
clean surface for study under
the microscope. Once used,
the tape was simply being
thrown away. Yet no-one
had noticed the material on
the tape was thinner than
the material produced by

polishing. They had made
graphene, yet had not realised
it. The pair then began
testing the material under
the microscope, beginning to
take in the vast potential of
its properties, In 2003, Geim
and Novoselov produced
the first isolated graphene
flakes and published their
findings in the journal
Science in 2004, That paper
sparked a global explosion
in graphene research and
was the inspiration for many
groups worldwide to study its
properties.

Six years after their
groundbreaking isolation
of graphene, Geim and
Novoselov were awarded the
2010 Nobel Prize in physics
for this work.

Graphene is simply a
form of carbon, a naturally-
occurring element. Anyone
can isolate graphene - that
is extract it from graphite
using the simple Scotch tape
method - and therefore it is
not something which can be

and catalyst residues may
contaminate the materials.
Lower temperature processes
such as molecular beam
epitaxy and atomic layer
deposition are possible
alternatives to CVD.

One promising approach
to the industrial-scale
production of two-

di ional ials
is liquid-phase exfoliation,
and the technique is well
suited to printed and flexible
electronics applications
based on low-cost, roll-to-roll
manufacturing processes.
The structural and electronic
qualities of two-dimensional
films produced by liquid-
phase exfoliation are lower
than those obtained by
mechanical exfoliation (e.g,
the sticky-tape technique) or
CVD, but the cost and scaling
advantages of printable inks
are obvious, and for many
applications the quality of the
material produced is sufficient.

It is this issue of how best
to produce high quality

protected with p ts. What
can be patented are devices
or applications containing
graphene. On an industrial
scale, production methods
have advanced significantly.

There are a few ways to
mass-produce graphene,
including Chemical Vapour
Deposition (CVD), where
a gas containing carbon
(such as methane) is broken
down and reassembled on
ahot metallic surface into
asheet of graphene, and
Solution Exfoliation, where
graphite is blasted into small
fragments of graphene using
ultrasonic energy.

Production processes
are key to the exploitation
of graphene and related
materials, and this is
especially true when it comes
to the tuning of structural
and electronic properties at
the atomic level.

The CVD process can
produce high-quality two-
dimensional materials, but it
requires high temperatures

graph in sufficient
quantities that remains
problematic. Stripping
graphene layers using

the Scotch tape method

is only suitable for small
amounts and tiny areas. The
CVD process can produce
graphene films of up one
square metre but this energy
intensive process is not
without its drawbacks. The
quality of mass-produced
graphene from exfoliation
processes remains of a lower
quality and purity.

Noble laureate Geim
however points out that
similar purity issues dogged
the production of processor
quality silicon back in the
early days of microprocessor
production. Geim points
out - not unreasonably - that
this problem was eventually
solved with time and money
and that graphene should
follow a similar trajectory,
given sufficient resources.
But while issues surrounding
the production process
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persist, it's worth bearing in
mind that in the 10 years since
graphene’s isolation using
sticky-tape, production has
already moved from miniseule
amounts peeled from a block
to processes that can deliver a
square metre of the materjal,
While graphene production
processes continue to
evolve, what is clear is that
drive to commercialise the
material continues apace,
A recently published report
from the UK's Intellectual
Property Office suggests that
the worldwide graphene-
related patents increased
from 3,018 in 2011 to 8,416
at the beginning of 2013,
The proliferation of patents
point to a wide variety of
applications: ultra-long-life
batteries, bendable computer
screens, desalinisation of
water, improved sclar cells,
superfast microcomputers,
In an effort to bring the UK
into line with the world's top
patent holders: Korea, China,
and the United States, the
government committed to
the founding of the National
Graphene Institute at Geim

BrEEEsEEEEEEEsREEERGEEE AR R RE RER R

| and Novoselov's academic

home, the University of
Manchester.

The University of
Manchester remains the
world's leading centre of
graphene research with
more than 150 researchers
working across a broad
range of disciplines, giving
the university significant
advantages in all areas
of graphene and two-
dimensional material
research. The £61 million
Mational Graphene Institute
will be the UK's home of
graphene research; a hub
and spoke model that allows
all other UK universities
to collaborate together on
applications of the future.
Existing graphene research,
currently taking place
across a number of academic
schools and institutes, will
continue alongside the NGI,

A number of UK
institutions, including the
University of Manchester,
are also part of the Graphene
Flagship, the European
Commission's €1 billion
scheme under its Future
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and Emerging Technology
programme, linking
academic and industrial
regearch groups in 17
European countries. With
abudget of €1 billion, the
Graphene Flagship is the
European Unjon’s biggest
research initiative ever.

A CAUTIONARY TALE...
Perhaps one of the most
exciting aspects of graphene’s
many potential applications
has been the ease with which
electronic information can
flow across graphene's surface.

For the semiconductor
industry, this news was seen
as something of a godsend
as processor manufacturers
battle to keep up with
Moore's Law.

Devized in 1965 by Gordon
Moore, a co-founder of
Intel (INTC:NIM)), this
law predicts that every two
years, the density—and
thus the effectiveness—of
computer chips would
double, This has proved to
be the casze for the past five
decades, as minizturisation,
packing increasing numbers
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A SPECIALTY CHEMICALS outfit with a cash generative Total Carbides
division, Versarien, which floated in June 2013, is a company with an
eye on the longer term prospects of an increasing stable of innovative
products. Interim results in December peinted to revenue growth of
127% in the six months to the end of September 2014. This translated
to a reduced normalised loss of £132,000 (compared to losses of
£195,000 in the same period a year sarlier), as the company continues
to work on driving commercial sales of its advanced materials.
William Game at house broker Charles Stanley reckons ‘management
continuas to work closely with a number of major companies

across many sectors, where the potential market size and scope for

meaningful revenues for Versarien's products is substantial' He points
out that cash has also been well managed, with a net position of £4.8 million. From a graphene
standpoint, the recent acquisition of graphene preducer 2-DTach, for a total consideration of
£740,000 is most germane. According to the analyst, 'the business remains well placed in the
graphene “race to the start”, which will be further strengthened as 20Tech partners with the

Mational Graphene Institute.’
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of transistors onto chips

has given Moore’s law

its credence, But itis
increasingly apparent that
we are reaching ‘peak silicon’.
Shrink the chip too much,
moving it transistors too
close together, and silicon
stops working. It may well
come to pass as early as 2017, |
that silicon chips will not

be be able to keep pace with
Moore's Law.

Graphene is seena
potential solution, The
defining characteristie of
silicon semiconductors is
their ability to turn on and
off in the presence of an
electric field. This switching
process is what allows
microprocessors to apply the
binary logic that underpins
modern computing.
Graphene is a semi-metal
and cannot be ‘turned off”,
Engineers have tried various
methods to open up the kind
of band gap that would allow
graphene Lo act as a switch,
So far, 10 years on from Geim
and Novoselow's discovery,
no-one has succeeded in
opening a gap wide enough,







