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Bringing Graphene to Market

A startup's conductive graphene inks can be used to print RFID
antennas

By Katherine Bourzac THURSDAY, AUGUST 06, 2009
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A startup company in Jessup, MD, hopes later this year to bring to market one of the first
products based on the nanomaterial graphene. Vorbeck Materials is making conductive inks
based on graphene that can be used to print RFID antennas and electrical contacts for
flexible displays. The company, which is banking on the low cost of the graphene inks, has
an agreement with the German chemical giant BASE and last month received $5.1 million
in financing from private-investment firm Stoneham Partners.

Since it was first created in the lab in 2004, graphene
has been hailed as a wonder material: the two-
dimensional sheets of carbon atoms are the strongest
material ever tested, and graphene's electrical
properties make it a potential replacement for silicon in
faster computer chips. Synthesizing pristine graphene
of the quality needed to make transistors, though,
remains a painstaking process that, as yet, can't be
done on an industrial scale, though researchers are

working on this problem.

Vorbeck Materials is making what company scientific
advisor llhan Aksay calls “"defective" graphene in large
quantities. Though the electrical properties of the
graphene aren't good enough to support transistors, it's
still strong and conductive.

Crumpled graphene: Conductive inks
made by startup company Vorbeck
Materials contain crumpled graphene.
This atomic-force microscope image is
colorized to show the topography of a
piece of graphene of the type used in
the inks; red areas are higher and
blue are lower.

Credit: llhan Aksay and Hannes
Schniepp

Vorbeck Materials licensed their method for making
“crumpled” graphene from Aksay, a professor of
chemical engineering at Princeton University. Vorbeck
Materials says the inks made with this crumpled
graphene are conductive and cheap enough to compete
with silver and carbon inks currently used in displays
and RFID-tag antennas. (Another startup working on
defective graphene, Graphene Energy of Austin, TX, is using a similar form of the material
to make electrodes for ultracapacitors.)

Aksay's method begins by oxidizing the graphite with acids, then separating it into atom-
thin sheets. The expanded graphite is then rapidly heated, creating carbon dioxide gas that
builds up pressure, forcing the graphene sheets apart. This process is common, says
Aksay, but his research group developed monitoring methods to improve the yield and
ensure that the graphene sheets completely separate. The sheets are then heated to
remove the oxygen groups. "The conductivity nears that of pristine graphene, but the
sheets are crumpled so they don't stack together again,” says Aksay. The resulting powder
can be added to a solvent to make inks or added to polymers to make composites such as
tough tire rubber.

Most conductive inks on the market are made out of silver particles. These inks can be
printed using cheap techniques but the inks themselves are expensive. Silver is used
instead of cheaper metals because it is less prone to oxidation. Silver inks are more
conductive than Vorbeck's graphene ink, says company president John Lettow, but also
much more expensive. They also have to be heat-treated after they're applied, which
means they can't be printed on polymers and other heat-sensitive materials. Graphene ink
requires no heat treatment and is more conductive than other carbon-based alternatives to
silver inks.
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Potential applications for the inks, Lettow says, include antennas for cheap RFID tags
printed on paper and electrical contacts for displays. Nick Colaneri, director of the Elexible
Display Center at Arizona State University, says the inks' conductivity may limit their
application in displays to low-resolution devices.
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Vorbeck Materials is in talks with electronics manufacturers to develop inks to their
specifications. Lettow says the company will begin selling graphene inks by the end of the
year.
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