Graphene material structure.

Norbert Fabricius, a member of the DKE – German Commission for
Electrical, Electronic & Information Technologies and Professor at the
Karlsruher Institut für Technologie, is a strong advocate of a unified
and coordinated effort to avoid the creation of multiple standards
for graphene.
He is involved in the joint effort of IEC, ISO, CENELEC and IEEE, working
off of a central document, the standard IEC 62565-3-1. This “Blank
Detail Specification” defines important material properties (Key
Control Characteristics: KCC) and the standardized measurement
protocols to measure them. There are at least 36 KCCs specified in
the Blank Detail Specification including “number of layers”, “sheet
conductance”, and “transmission”.
We believe that the development of clear standards of graphene are
a critical step in the commercial development of the material, giving
producers and users of the material the opportunity to build a trusted
supply chain.

Commercial Developments
Because of the many superlative properties of graphene (very high
electrical conductivity, mechanical strength, elasticity, optical properties, etc.) expectations have remained high to develop a “killer
application” that takes advantages of all of graphene’s advantages.
However, the difficulty in producing defect free, substrate free single
layer graphene at scale has remained a major hurdle.
Despite the challenges of scaling up pure graphene, we are seeing
fantastic new developments coming from the hundreds of university and government based research labs working with this material, many with potential commercial applications. The full range of
developments are far too many to list here but here are a few examples of what is happening today;
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Because graphene has a very large specific surface area, excellent
electrical conductivity, and superior chemical/electrochemical stability, it is an ideal material for energy storage devices including batteries and supercapacitors. Even a modest improvement in battery and
supercapacitor technology can have an immense commercial impact
with the current lithium-ion battery market worth over $10 billion.
Researchers from the University of Cambridge have developed
a prototype lithium-oxygen battery which has higher capacity,
increased energy efficiency and improved stability over previous
attempts by using a carbon electrode made from graphene. Meanwhile researchers at the Beihang University in China are creating a
lithium-sulfur (Li-S) battery using three-dimensional (3D) graphene.
In another example, Yi Cui from Stanford University and the Department of Energy’s SLAC National Accelerator Laboratory is working on
a way to allow silicon to serve as the electrode material for Li-ion
batteries by encasing each particle of silicon in a cage of graphene.
This allows the silicon to expand and contract without cracking, a
major obstacle in the past to using silicon. In a full-cell electrochemical test, the graphene-infused silicon anodes retained 90 percent of
their charge capacity after 100 charge-discharge cycles.
Because graphene is an outstanding broadband absorber, it is an
ideal material for photodetection of the visible, infrared and terahertz frequencies. In addition, graphene’s inherent photoresponse
speed is very high and when methods are used to make its photosensivity even higher by combining it with other nanomaterials, its
future in optoelectronics is bright.
Researchers at Swinburne University of Technology in Australia are
using graphene for 3D imaging. “Our technique can be leveraged
to achieve compact and versatile optical components for controlling
light,” said Min Gu, director of Swinburne’s Centre for Micro-Photonics.

THE FUTURE OF GRAPHENE

“If you can change the refractive index you can create lots of optical
effects,” said Gu in the release. “Owing to its atomic layer thickness
and high mechanical strength, the use of graphene in mobile display
units for flat two-dimensional displays is burgeoning. Our technology
could also underpin future flexible and wearable display devices and
transform them for 3D display.”
Frank Koppens at the Institute of Photonic Sciences (ICFO) in Barcelona, Spain and his team at ICFO have demonstrated a graphenebased ultrafast photodetector that can convert absorbed light into an
electrical voltage at speeds of less than 50 femtoseconds. “Graphene
photodetectors show fascinating performance and properties,
enabling a wide range of applications, ranging from multi-spectral
imaging to ultra-fast communications, such applications are being
actively developed within the Graphene Flagship programme.”

Graphene Hits the Pavement
In an example of a current and practical application of how graphene
is being used today, we can look no further than a company based
in The Netherlands called Print Agora. The company produces one
of the most basic products around, paving stones, but with a twist.
Print Agora produces paving stones that are printed with special
designs (for decoration, signage and information, etc.) and are
provided with UV protection by using graphene. Working with the
University of Manchester, they are developing a method to coat their
product with graphene films to protect the underlying pigments,
especially important for a product designed for outdoor use. Because
graphene is nearly transparent and yet blocks UV rays, it serves as a
perfect medium for this use. It traps the UV light and releases it at a
lower energy level protecting not only the colors but also other UV
blockers against aging. Therefore, the colors last much longer.
While this may not be the exciting and spectacular “killer application” that some people expect from a material like graphene, it is
a perfect example of how graphene can be used with traditional
materials to get a better result.
This same story is playing out across a wide range of industries where
graphene can be used together with traditional materials to create
enhanced performance characteristics. According to the nanotechnology experts at Fullerex in the UK, “bulk graphene*” is being used
as a composite element in thermoplastics, thermosets, 3D printing,
lubricants, concrete, energy storage, and conductive inks.
These are products that are in the market today, all with enhanced
properties because of the addition of graphene.* “Bulk graphene
refers to multi-layer graphene materials such Graphene Nano Particles (GNPs) that are produced “in bulk” and shipped as a powder or
dispersion, as opposed to single sheet graphene which is typically
shipped on a substrate.

The Future of Graphene
While in the short term, graphene is providing real advantages by
working with traditional materials in a novel way, future applications
are around the corner, and more ambitious.
Graphene is showing a lot of promise when combined with another
material that could usher in inexpensive and highly efficient solar
cells: perovskite. Researchers at Hong Kong Polytechnic University
have combined graphene with perovskite to make a semi-transparent solar cell capable of power conversion efficiencies around 12
percent, a significant improvement over the roughly 7-percent efficiency of traditional semi-transparent solar cells.  
The big breakthrough of this design is not only the 70-percent
increase in conversion efficiency, but also they claim that their solar

cells cost less than US$.06/watt, which they calculate is more than a
50 percent reduction in the costs of silicon solar cells.
A novel potential application is highlighted by research out of the
Electronics and Telecommunications Research Institute and Konkuk
University in South Korea where they have developed a method for
coating fabrics with graphene so that they can detect dangerous
gases and alert the wearer of their presence by triggering an LED
light.
In research published in Scientific Reports, the Korean researchers
coated commercially available yarn with graphene oxide by using
electrostatic self assembly and molecular glue to produce a bendable and washable electronic textile gas sensor. This kind of wearable
gas sensor could be useful in oil field environments were toxic gases
can be detected early to prevent poisoning, for example.
These are just two examples of potentially important future applications that could enjoy immense commercial success. Given the daily
announcement of new research outcomes and commercial developments, the future for graphene is bright indeed. Our view is that if all
stakeholders can work together to eliminate the most obvious obstacles (like the lack of standards), we can accelerate the development
of a commercially sustainable graphene industry that also delivers
significant advancements in industry as wide ranging as coatings,
structural materials, energy storage, sensors, filters, medical testing
and many, many others.

The Graphene Council
Because of the extremely wide range of properties that graphene
has, it has attracted research and interest from thousands of scientists, chemists, physicists, electrical engineers, nanotechnologists
and a whole host of commercial companies (from IBM to TATA Steel)
world-wide.
There is a need to bridge the heroic efforts taking place in university research labs to commercial opportunities and the production
of graphene based solutions. There is a need to provide jobs and
careers for the thousands of students and newly minted PhDs that
are focused on graphene and what it can achieve.
The mission of The Graphene Council is to provide a neutral platform
for all graphene stakeholders, including government regulators,
investors, graphene producers, researchers, commercial companies
and ultimately, consumers.
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