
I
magine a material that is only one atom thick and nearly transparent, yet ten 
times stronger than diamond, flexible, impermeable, and more conductive than 
copper. That material is graphene, the subject of the Nobel Prize in Physics in 
2010. Graphene is simply a single atomic layer of carbon, arranged in a two-
dimensional hexagonal lattice; viewed under an electron microscope, graphene 
resembles a nanometer-scale honeycomb or chicken wire fence. Graphene 
exists in nature:  A piece of graphite, the material that is used in no. 2 pencils, 
is comprised of millions of stacked graphene layers.  

Andre Geim and Kostya Novosolev, the Nobel laureates, first isolated a 
single layer of graphene using a process called micromechanical separation, 
also known as the “scotch tape technique”. Drs. Geim and Novosolev used 
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big data 
and Privacy: 

Ten Things 
You Must Know!

By MARy HILdEBRAnd

“Big Data” is a new label for the massive 
amounts of data currently stored by business 
and governments around the world. IBM 
estimates that 2.5 quintillion bytes of data are 
created every day, with 90% of the total created 
in the last two years alone. The data comes from 
everywhere: sensors used to gather climate 
information, posts to social media sites, digital 
pictures and videos, purchase transaction 
records and cell phone GPS signals, just to 
name a few. Collection of data is obviously 
not new; but the sheer size and complexity 
of these databases is unprecedented, as is 
the commercial potential1. It’s critical for 
businesses that seek to monetize Big Data to 
comply with applicable data privacy laws to 
avoid limitations or even termination of this 
important revenue stream. 

1. data Privacy law is Playing 
Catch-Up All over the Globe
Big Data is firmly linked to technological 
innovations, including cloud computing. 
Applicable laws, including specifically data 
privacy laws, are often antiquated by the time 
they become effective. While governments 
struggle to grasp current trends, the pace 
of legal change is often nothing short of 
glacial. From a business perspective, this 
“time lag” creates uncertainty in commercial 
transactions around Big Data. For example, 
what are the limits on use of personal 
information for marketing purposes? Can 
personal information be transferred to 
multiple jurisdictions? What about synching 
one database to another to build stronger 
connections with potential customers? Which 
party to a deal bears the risk if data privacy laws 
are breached? Businesses must acknowledge 
up front that the law is constantly in flux, 
and be aware of key developments to better 
manage these risks….

Footnote 1: Big Data at the Speed of Business 
www-01.ibm.com/software/data/bigdata/

We’ll reveal all Ten Big data Must-knows in the 
July issue of Technews, where you’ll learn why 
anonymity is not the answer, what the future 
holds for the explosion of big data, and much 
more. n

Mary J. Hildebrand is Partner at Lowenstein 
Sandler LLP, www.lowenstein.com

scotch tape to clean a piece of graphite, and 
by repeatedly folding and unfolding the tape 
upon itself they were able to isolate tiny 
nanoscale flakes of single layer graphene. 
Research on these tiny flakes demonstrated 
graphene’s amazing properties and ultimately 
led to the Nobel Prize. Since then, graphene 
has generated tremendous excitement 
in the materials community. Universities, 
startup companies, and major materials and 
electronics companies are investing millions of 
dollars in graphene research and development, 
and the European Union recently announced 
the 10-year, 1 billion Graphene Flagship, a 
public funded investment to build a graphene 
research and commercialization hub.

Graphene Applications
Graphene is a platform technology that will 
change and disrupt several multi-billion dollar 
industries by the end of the decade. Graphene 
is ideal for use in applications that benefit from 
exceptional optical transparency, electrical 
and thermal conductivity, impermeability, 
flexibility, and strength in a one-atom-thick 
film; the most promising applications include 
display, solar, printed and flexible electronics, 
energy storage, desalination, sensors, and 
thermal management for electronics. In 
addition to enabling the next generation of 
thin, flexible handheld devices, graphene has 
potential as a record-setting current collector/
electrode in supercapacitors and batteries, and 
early work in research labs—such as the Dr. 
A.T. Charlie Johnson lab at the University 
of Pennsylvania—have produced graphene-

based chemical and biosensors demonstrating 
several orders of magnitude improvement in 
sensitivity over current devices.

Graphene Production Methods
and Types
In addition to the scotch tape method, there 
are other ways to make or isolate graphene:  
Epitaxial thermal decomposition method, 
graphite oxide reduction, and chemical vapor 
deposition (CVD). Each of these methods has 
benefits and drawbacks, and each produces a 
unique form or type of graphene.

 Epitaxial Thermal Decomposition Method 
can be theoretically used to grow large 
flat layers of graphene that are extremely 
well-ordered and ready for patterning and 
subsequent use as semiconductors. Its 
characteristics give this method the potential 
for electronic applications like solid state 
memory and even semiconductor devices. 
Graphene grown by this method typically 
requires a silicon carbide substrate, which is 
expensive and requires heating to 1,100˚C 
under ultra-high vacuum; cost and scalability 
are significant hurdles for commercialization 
of this method.

Graphite Oxide Reduction Method involves 
chemical reduction of graphite oxide, which is 
made from mined bulk graphite. The process 
uses harsh and volatile chemicals, and the 
quality of graphene produced tends to be 
lower than that of other methods and results 
in a powder or flake output. Research is 
ongoing to develop processes to bond together 
and repair defects within graphene sheets, 
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such as using acetylene as a supplemental 
carbon source. UCLA has developed a 
method of using pure hydrazine to produce 
single layer sheets of relatively large area. 
Hyrdrazine, however, is toxic and research 
is underway to explore alternative methods. 
In the meantime, these graphene flakes and 
nanoplatelets have shown great promise as 
an additive for strengthening polymers and 
making conductive inks and paints.

Chemical Vapor Deposition can produce 
large area continuous graphene films by 
“growing” graphene on a metallic substrate 
like copper foil. The foil is placed inside an 
inert-gas (e.g. nitrogen) atmosphere in a CVD 
furnace at temperatures ranging from 500°C 
-1000°C. Methane gas is introduced to the 
environment, and the methane decomposes 
on the surface of the foil, where carbon 
atoms from adhere to the hot copper and 
bond to each other laterally. This creates a 
sheet of graphene in almost the same way 
that ice forms on the surface of a pond. A 
challenge with this method is that graphene 
is most useful when applied to something 
other than copper, and it has proven to be 
difficult to remove the graphene film from 
the copper and transfer it to another material. 
The current best-practice method for transfer 
involves etching away the copper foil with a 
wet bath in harsh chemicals, but my company, 
Graphene Frontiers, has discovered a way 
to transfer graphene to useful substrates like 
plastic without a wet chemical etch, allowing 
for reuse of the copper. This growth and 
transfer method appears to offer the best path 
to scalable, industrial production. 

opportunity and Challenges 
for Commercialization
One of the more interesting applications 
for graphene is as an enabling material for 
the next generation of flexible displays for 
handheld devices. Graphene solves the two 
key problems that currently limit performance 
and lifetime in flexible electronics:  1) Lack of 
high performance, cost effective, transparent 
flexible conductors and 2) Need for ultra-high 
barrier films compatible with roll-to-roll (R2R) 
manufacturing processes. Graphene allows 
device manufacturers to replace multiple 
conductive and encapsulating layers with a 
single nanometer-scale thin film, enabling 
the cost-effective, R2R production of next-
generation flexible electronics. 

Major consumer electronics original 
equipment manufacturers (OEMs) are eager 
to use graphene, but they lack a production 
method for high-quality graphene material 
that is reliable, low cost, and capable of scaling 
for commercial quantities; most graphene 
synthesis methods are not cost effective and 
have not yet demonstrated a path to scalable, 
high quality industrial production. Until these 
OEMs are confident that graphene films will 
be available at acceptable cost, quantity, and 
quality, there will be limited investment into 
product designs that are based on graphene. 
Even after scale is demonstrated, these 
manufacturers and their component suppliers 
will need to invest millions of dollars and 
many months to incorporate graphene into 
their production lines. 

Graphene is often compared to carbon 
nanotubes, graphene’s more mature cousin 
that generated much excitement upon 
discovery but has not had a significant impact 
on the market and has yet to deliver fully 
on its potential. I believe that graphene has 
several advantages over carbon nanotubes and 
will have more rapid success in commercial 
applications. First, graphene companies 
have learned from the history of nanotube 
commercialization:  Graphene manufacturers 
are not relying solely on material production 
in hopes that the market will find them; 
companies that are demonstrating early 
traction are typically focused on one or 
two niche applications where they can build 
devices or subcomponents and generate 
revenue. Second, graphene does not have 
the same health and human safety concerns 
that have slowed the adoption of carbon 
nanotubes. Graphene is inert and naturally 
occurring, and it is believed that even 
large-area films are of no more concern or 
health hazard than a pencil line drawn on 
paper. Finally, the production of graphene 
films is a much more controlled and well-
ordered process; nanotubes, once produced, 
must still be aligned and/or separated for 
most applications which has proven to be 
challenging and expensive.

In summary, while graphene technology is 
still nascent, it shows great promise in many 
applications; improvements in production 
methods are improving quality and reducing 
costs quickly and speeding adoption. The 
history of carbon nanotube commercialization 
shows that the path to market will not be easy, 

but the first consumer product, a graphene 
nanoplatelet-based composite tennis racket, 
is already on the market, and we can expect 
to see more advanced applications like the 
Samsung “bendy phone” coming soon. n

Michael D. Patterson is the CEO of Graphene Frontiers. http://graphenefrontiers.com


