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ABSTRACT

Graphene is emerging as a promising material for a variety of applications.  Indeed, it might 
ultimately replace carbon nanotubes as the material of choice for certain nanotech-enabled electronic 
devices.  In this article, patent lawyer Andrew Baluch and his co-authors provide an introduction to 
graphene, summarize the state of the obviousness doctrine under U.S. patent law, and explore the 
patentability issues associated with graphene inventions in light of the prior on carbon nanotubes and 
other carbon nanomaterials.

I. INTRODUCTION

t has been called the Òrising starÓ of materials science and nanotechnology.1  Some predict that it 
will replace carbon nanotubes as the material of choice in nano-enabled electronic devices.  It is 
grapheneÑ a single atomic plane of crystalline carbon in which electrons can travel without 

scattering.  

But aside from its unique physical properties, graphene also presents some complex issues in patent 
law, such as properly defining what the term ÒgrapheneÓ means and distinguishing graphene from its 
well-known cousins: nanotubes, buckyballs, and graphite.  In this article, we discuss the opportunities and 
challenges of operating within the graphene patent landscape.  We first provide an overview of graphene 
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and then summarize the obviousness doctrine under current U.S. patent law.  In the final section, we 
highlight several issued patents and patent applications related to graphene and discuss patentability 
issues in light of the prior art on carbon nanotubes and other carbon nanomaterials.

I. OVERVIEW OF GRAPHENE: TECHNOLOGY  AND APPLICATIONS

Graphene is the 2D cousin of the 1D carbon nanotube.  Conceptually, it is made by unrolling a 
nanotube into a flat sheet.  In reality, however, graphene can be made using a variety of chemical and 
mechanical synthesis methods.  Because graphene demonstrates both ballistic transport and negligible 
spin-orbit coupling, graphene has been successfully used in proof-of-concept nanoelectronic and 
nanomagnetic devices.  To date, however, the limited use of graphene in real-world applications can be 
traced to the difficulty of producing large-quantity, high-quality samples of the material.  The current 
state and future challenges of graphene-based nanotechnology is discussed in this section.

A. Structure-Property Relationship

Graphene is the 2D form of crystalline carbon.  It is a single atomic sheet of carbon arranged in a 
honeycomb lattice extending in a single plane.  As illustrated in Figure1 below, graphene is the building 
block for the entire family of graphitic materials.  Roll it up into a ball, and you get a carbon buckyball.  
Roll graphene up into a tube, and you get a carbon nanotube.  Stack it at least ten layers high, and 
graphene transforms into bulk graphite.

FIGURE 1.  FAMILY OF GRAPHITIC MATERIALS

Reprinted by permission from Macmillan Publishers Ltd
Nature Materials, 6, 183-191 (2007), copyright 2007.
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By stacking more and more graphene layers on top of each other, the materialÕs properties change 
dramatically.  A single layer of graphene exhibits a quantum staircase in Hall conductivity and ballistic 
transport: charge carriers in the single layer can travel thousands of interactomic distances without 
scattering.2  At two layers thick, graphene is still a zero-gap semiconductor exhibiting the quantum Hall 
effect. 3  But, unlike single-layer graphene, double-layer graphene lacks a first ÒstepÓ in the quantum 
staircase.4  For three or more graphene layers, however, the electronic properties begin to diverge, 
ultimately approaching the 3D limit of bulk graphene at about ten layers in thickness.5  Thus, graphene 
stacked ten layers or thicker should probably not be called graphene; it is more accurately referred to as a 
thin film of graphite.6

Compare grapheneÕs behavior with that of carbon nanotubes.  By adding one or more tubular wall 
around a carbon nanotube, the structure is transformed from a single-walled carbon nanotube (SWNT) 
into a multi-walled carbon nanotube (MWNT).  The electronic properties are slightly modified due to 
additional electronic coupling between adjacent walls of a MWNT.  But, regardless how many walls are 
added around the inner tube, the carbon nanotube is still a Òcarbon nanotube,Ó for all intents and purposes, 
if the size of the tube is on the ÒnanoÓ-scale.7  By contrast, graphene is quickly transformed into graphite
when just a few layers are stacked, resulting in an entirely different material with fundamentally different 
properties.  This difference illustrates the importance of word choice when describing and claiming 
ÒgrapheneÓ in a patent.

B. Synthesis

Producing high-quality, wafer-scale graphene remains elusive.  To date, graphene samples have 
been made using chemical exfoliation, micromechanical cleavage, and chemical epitaxy.  Each of these 
methods has advantages and disadvantages in terms of ease-of-use, quality, and scalability.

1.  Chemical Exfoliation

Chemical exfoliation involves inserting (ÒintercalatingÓ) molecules into bulk graphite in order to 
separate the crystalline planes into individual graphene layers.  The benefit of this technique is its facile 
chemical approach.  The problem, however, is that even after the intercalating molecules are removed 
from the mixture, the resultant carbon compounds are present in a Òsludge,Ó8 which contains both 
restacked and scrolled graphene sheets.9

2 K. S. Novoselov et al., Two-dimensional gas of massless Dirac fermions in graphene, 438NATURE 197-200
(2005);  Y. Zhang et al., Experimental observation of the quantum Hall effect and BerryÕs phase in graphene, 438
NATURE, 201-204 (2005).
3 See Geim & Novoselov, supra note 1, at 184.
4 K. S. Novoselov et al., Unconventional quantum Hall effect and BerryÕs phase of 2!  in bilayergraphene, 2 
NATURE PHYS., 177-180 (2006).
5 B. Partoens & F. M. Peeters, From graphene to graphite: Electronic structure around the K point, 74 PHYS. REV.
B 075404 (2006).
6 See Geim & Novoselov, supra note 1, at 184 (ÒFor threeor more layers, the spectra become increasingly 
complicated: Severalcharge carriers appear, and the conduction and valence bandsstart notably overlapping. This 
allows single-, double- and few- (3 to <10) layer graphene to be distinguished as three different typesof 2D crystals 
(ÔgraphenesÕ).  Thicker structures should be considered,to all intents and purposes, as thin films of graphite.Ó) 
(footnotes omitted).
7 See M. Henry Heines, ÒNano-AerobicsÓ and the Patent System, 2 NANOTECH. L. & BUS. 335, 338 (2005) 
(discussing the use of ÒnanoÓ in patents and examples of size ranges cited therein).
8 Geim & Novoselov, supra note 1, at 184.
9 M. S. Dresselhaus & G. Dresselhaus, Intercalation compounds of graphite. 51 ADV. PHYS. 1-186 (2002);  H. 
Shioyama, Cleavage of graphite to graphene. 20 J. MATER. SCI. LETT., 499-500 (2001);  L. Viculis et al., A
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2.  Micromechanical Cleavage

Micromechanical cleavage is a technique that peels off individual layers of graphene from bulk 
graphite.  The method involves rubbing a piece of graphite across an adhesive tape or other surface.  
Though seemingly rudimentary, this technique can achieve single-layer graphene up to 100µm in size 
and has proved useful for experimental studies.10  But, the difficulty of locating individual graphene 
flakes produced by this method poses a problem for large-scale device integration.

3.  Chemical Epitaxy

Chemical epitaxy, some believe, offers the solution to grapheneÕs large-scale integrationchallenge.11

In one version of the method, graphene is grown via chemical vapor deposition (CVD) of hydrocarbons 
deposited on a metal substrate.12  But, the presence (or remaining residue) of the metal substrate used in 
the CVD method might not be compatible with electronic fabrication.  In contrast the CVD method, the 
thermal decomposition method begins with a semiconducting SiC substrate, which is heated to over 
1200¡C until the silicon begins to evaporate, at which point the remaining carbon on top of the substrate 
nucleates into graphitic film.13  The resultant graphene/SiC sample can then be mounted on a silicon 
substrate for device integration.14  This thermal decomposition method can achieve few-layer graphene 
that exhibits high-mobility charge transport.15  The drawback of this method, however, is the need for 
high-temperature vacuum processing.

C. Applications

It is difficult to predict how graphene will ultimately be put to use.  Nevertheless, researchers have 
already begun exploiting grapheneÕs unique chemical, electrical, and magnetic properties in at least the 
following applications:

1. Chemical Sensors

A chemical sensor has already been achieved using graphene and is expected to be one of the near-
term applications of graphene.16  The micrometer-size sensor demonstrates step-like changes in resistance
when a gas molecule attaches to or detaches from grapheneÕs surface.17  Depending on the nature of the 

chemical route to carbon nanoscrolls, 299 SCIENCE 1361 (2003); S. Horiuchi et al., Single graphene sheet detected 
in a carbon nanofilm, 84 APPL. PHYS. LETT. 2403-2405 (2004); S.Stankovich, et al., 16J. MATER. CHEM. 155
(2006).
10 K. S. Novoselov et al., Two-dimensional atomic crystals, 102 PROC. NATL ACAD. SCI. USA 10451-10453 (2005).
11 See Geim & Novoselov, supra note 1, at 184 (ÒEpitaxial growth of graphene offers probably the only viable route 
towards electronic applications. . . .Ó).
12 T. A. Land et al., STM investigation of single layer graphite structure produced on Pt(111) by hydrocarbon 
decomposition, 264 SURF. SCI. 261-270 (1992);  A. Nagashima et al., Electronic states of monolayer graphite 
formed on TiC(111) surface, 291 SURF. SCI. 93-98 (1993).
13 J. Hass et al., Highly ordered graphene for two dimensional electronics, 89 APPL. PHYS. LETT. 143106 (2006).
14 J. Kedzierskiet al., Epitaxial graphene transistors on SiC substrates, arXiv:0801.2744v1 (submitted Jan. 17, 
2008), available athttp://arxiv.org/ftp/arxiv/papers/0801/0801.2744.pdf.
15 C. Berger et al., Ultrathin epitaxial graphite: 2D electron gas properties and a route toward graphene-based 
nanoelectronics, 108 J. PHYS. CHEM. B 19912-19916 (2004);  C. Berger et al., Electronic confinement and 
coherence in patterned epitaxial graphene, 312 SCIENCE 1191-1196 (2006).
16 See M. I. Katsnelson, Graphene: carbon in two dimensions, 10 MATERIALS TODAY 20, 26 (2007) (Ò[T]here are 
some areas where graphene can be used straightaway.  Gas sensors is one.Ó).
17 F. Schedinet al., Detection of Individual Gas Molecules Adsorbed on Graphene, 6 NATURE MATERIALS 652-655
(2007).
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absorbed molecule, graphene exhibits a change in the local carrier concentration by just one electron or 
hole, thus potentially enabling the detection of a single molecular binding event.

2.  Electronic Devices

Graphene is perhaps the ideal channel material for field effect transistors (FETs).  GrapheneÕs 
ballistic transport across sub-micron distances could enable super-fast switching and computation.18  An 
early demonstration of large numbers of graphene-based FETs, made entirely using standard 
microelectronics methods, showed that the devices exhibit mobilities of up to 5000cm2/Vs, on-off ratios 
up to 7, and large leakage currents.19

In addition to being a good FET channel, graphene can be carved into ribbons and islands to form 
quantum nanostructures.20  Using a combination of electron-beam lithography and dry etching, a single-
electron transistor (SET) has been made entirely from graphene.21  Unlike other SETs, the all-graphene 
SET is capable of room-temperature operation.22

But there are two major challenges facing carbon-based electronics.23  First, high-quality wafer-scale 
graphene has not yet been achieved.  Second, there is still no wet-chemical etching procedure to fabricate 
graphene structures with crystallographically defined faces.  Until these processing challenges are 
overcome, graphene will have difficulty competing with silicon-based electronics.

3. Magneto-electronic Devices

GrapheneÕs unique magnetic propertiesÑ its negligible spin-orbit couplingÑ also makes graphene an 
attractive candidate for spin electronic devices.  Graphene-based devices have already demonstrated spin 
injection and spin-valve effects.  Spin injection into graphene has been reported to occur at room 
temperature.24  Once the spins were injected, a 10% change in resistance was observed in graphene when 
interfaced electrodes were switched from the parallel to the antiparallel state.25  More recently, spin 
transport and Larmor spin precession were observed across micron-size distances in single- to few-layer 
graphene.26

II. PATENT LAW:  CHEMICAL OBVIOUSNES S AFTER KSR

It is likely that the obviousness doctrine will play a central role in the patentability of graphene 
inventions in light of the prior art on carbon nanotubes and other carbon nanomaterials.   Thus, before 

18 See Katsnelson, supra note 16, at 26 (ÒProbably the best candidates for graphene-based FETs will be devices 
based on quantum dots and those using p-n junctions in bilayer graphene.Ó).
19 Kedzierski, supra note 14.
20 C. Berger et al., Electronic confinement and coherence in patterned epitaxial graphene, 312 Science 1191-1196
(2006).
21 L. A. Ponomarenko et al., Chaotic Dirac billiard in graphene quantum dots, 320 SCIENCE 356-358 (2008).
22 Id. at 358 (ÒFinally, we used our smallest devices (bothQDs and QPCs) to increase dE by furtherdecreasing their 
size using plasma etching. Someof the devices become overetched and stopconducting, but in other cases we have 
narrowedthem down to a few nm so that they exhibit thetransistor action even at room T. . .Ó).
23 Geim & Novoselov, supra note 1, at 189-190.
24 M. Ohishi, Spin injection into a graphene thin film at room temperature, 46 JPN. J. APPL. PHYS. L605-L607 
(2007).
25 Ernie W. Hill et al., Spin-Valve Devices, 42 IEEE TRANS. MAGN. 2694-2696 (2006)
26 N. Tombroset al., Electronic spin transport and spin precession in single graphene layers at room temperature,
448NATURE 571-574 (2007).
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engaging in a discussion of the patentability issues associated with graphene, it is useful to review the 
state of the obviousness doctrine.    

Under U.S. patent law, an inventionÑ including a chemical inventionÑ cannot be patented if it 
Òwould have been obvious at the time the invention was madeto a person having ordinary skill in the 
art.Ó27  The question of what Òwould have been obviousÓ was addressed by the Supreme Court, for the 
first time in over 30years, in KSR International Co. v. Teleflex Inc.28 In that case, the Supreme Court 
rejected a rigid application of the Federal CircuitÕs so-called Òteaching, suggestion, or motivationÓ test 
when invalidating a patent on an obvious invention. Instead of requiring an examiner or a court to find a 
specific Òteaching, suggestion, or motivationÓ to render an invention obvious in every instance, it is 
sufficient now under KSR to simply provideÒsome articulated reasoningÓ that explains why an invention 
would have been obvious.29  Thus, by eliminating the Òteaching, suggestion, or motivationÓ test, the 
Supreme Court has arguably made it easier to find an invention obvious.

Although the particular patent in KSR was directed to a mechanical invention, the rationale behind
KSR has subsequently been applied by lower courts to inventions in the chemical arts. Because chemical 
cases will likely be the most relevant for determining whether a graphene-based invention is obvious, the 
following summarizes some of the most recent post-KSR decisions regarding chemical inventions.

A. Takeda v. Alphapharm:  Modifying a Target Compound

In Takeda v. Alphapharm, the Federal Circuit upheld the validity of a patent on the chemical 
compound pioglitazone, which is useful in treating Type II diabetes.30 The defendant had alleged that it 
would have been obvious to modify a known, structurally similar compound in order to produce the 
claimed pioglitazone compound.  Pioglitazone differs from the known compound in that pioglitazone 
contains an ethyl group (rather than a methyl group) attached to the 5-position (rather than the 6-position) 
of a pyridyl ring. To determine whether the new (5-ethyl) compound would have been obvious based on 
a trivial modification of the known (6-metyl) compound, the Federal Circuit laid out the following test:
Ò[I]n cases involving new chemical compounds, it remains necessary to identify some reason that would 
have led a chemist to modify a known compound in a particular manner to establish prima facie 
obviousness of a new claimed compound.Ó31

In this case, however, the court found that a chemist would not have selected the known (6-methyl) 
compound to make the claimed (5-ethyl) pioglitazone compound because: (1)no data suggested that the 
6-methyl compound, out of Òhundreds of millionsÓ of other compounds, would be an attractive target for 
modification; (2)a literature reference, which also analyzed the 6-methyl compound, identified three 
other compounds as being Òmost favorableÓ in terms of toxicity and activity; and (3) the defendantÕs own 
expert testified that the 6-methyl compound exhibited the negative side effects of increased body weight 
and brown fat, which are undesirable for treatment of Type II diabetes.For all these reasons, the Federal 
Circuit found that a chemist would not have selected the 6-methyl compound to make the claimed 
pioglitazone compound in the manner argued by the defendant.  The claimed pioglitazone compound was 
thus found nonobvious.

27 35 U.S.C. ¤103(a) (2000).
28 KSR International Co. v. Teleflex Inc, 127 S. Ct. 1727 (2007) (decided April 30, 2007).
29 Id. at 1741 (quoting In re Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006)).
30 Takeda Chemical Indus. v. Alphapharm Pty., Ltd., 492 F.3d 1350 (Fed. Cir. 2007) (decided June 28, 2007).
31 Id. at 1357.



Patenting Graphene 

                                 NANOTECHNOLOGY LAW & B USINESS¥FALL 2008 107

B. PharmaStem Therapeutics v. ViaCell:  Combining Prior Art References

The chemical invention in PharmaStem was directed to the use of cryopreserved umbilical-cord 
blood for the treatment of immune system disorders.32  The defendant argued that this invention was 
obvious based on the combined teachings of the prior art, wherein each reference disclosed a separate 
aspect of the overall invention.  The defendant identified one reference that disclosed how cord bloodcan 
be cryopreserved, and other references that suggested treating immune system disorders using cord blood 
(albeit not cryopreserved).  When combining two or more references in this manner, the party alleging 
obviousness must prove that Òa person of ordinary skill in the art [1] would have had reason to attempt to 
make the composition or device, or carry out the claimed process, and [2]would have had a reasonable 
expectation of success in doing so.Ó33

Applying this test in PharmaStem, the Federal Circuit found that both of these requirements were 
satisfied.  First, the court found that there was a reason to use cryopreserved cord blood for such treatment 
because one of the references suggested preserving cord blood until needed.  Second, in the courtÕs view, 
a person of ordinary skill would have expected this procedure to work, given the patent ownerÕs own 
admission that hematopoietic stem cells were known in the prior art to exist in cord blood.  Because the 
patent owner merely provided experimental confirmation of a procedure that others would have expected 
to work, the patented invention was found obvious.

C.  Aventis Pharma v. King Pharmaceuticals:  Purifying  a Mixture

In Aventis Pharma, the Federal Circuit invalidated a patent on a purified form of the pharmaceutical 
compound ramipril, an ACE inhibitor, as having been obvious over its unpurified form.34  The patent 
specifically claimed ramiprilÕs active ingredient, the 5(S) stereoisomer Òsubstantially free of other 
isomersÓ; whereas the prior art taught a mixture that included the 5(S) stereoisomer together with other 
isomers.  In determining whether a purified form of a known mixture would have been obvious, the court 
stated, Ò[I]f it is known that some desirable property of a mixture derives in whole or in part from a 
particular one of its components, or if the prior art would provide a person of ordinary skill in the art with 
reason to believe that this is so, the purified compound is prima facie obvious over the mixture even 
without an explicit teaching that the ingredient should be concentrated or purified.Ó35  Based on this rule, 
5(S) ramipril was found obvious because: (1)the 5(S) stereoisomer was known to be ramiprilÕs active 
ingredient; (2)a prior art reference taught that the SSS form of an earlier ACE inhibitor was 700times as 
potent as other isomers; and (3)methods of isolating the 5(S) stereoisomer were known in the prior art.  
Accordingly, the patent was invalidated as obvious.

D. Ortho-McNeil Pharmaceuticals v. Mylan Labs:  Obvious To Try

In Ortho-McNeil, the patent covered the anticonvulsive drug topiramate, an FBPase inhibitor.36  The 
defendant alleged that the invention was obvious because a finite number of available alternatives would 
necessarily have led a chemist to discover topiramate when designing an FBPase inhibitor.  The defendant 
cited KSR for the proposition that Ò[w]hen there is a design need or market pressure to solve a problem 
and there are a finite number of identified, predictable solutions, a person of ordinary skill has good 
reason to pursue the known options within his or her technical grasp.Ó37  The Federal Circuit, however, 

32 PharmaStem Therapeutics, Inc. v. ViaCell, Inc., 491 F.3d 1342 (Fed. Cir. 2007) (decided July 9, 2007).
33 Id. at 1360.
34 Aventis Pharma Deutschland GmbH v. King Pharmaceuticals, Inc., 499 F.3d 1293 (Fed. Cir. 2007) (decided Sept. 
11, 2007).
35 Id. at 1301.
36 Ortho-McNeil Pharma. v. Mylan Laboratories, Inc., 520 F.3d 1358 (Fed. Cir. 2008) (decided Mar. 31, 2008).
37 Id. at 1364 (quoting KSR, 127 S. Ct. at 1742).
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found the facts of this case not to present a finite and small number of predictable solutions.  Rather, 
topiramate was discovered as an intermediate (not final) compound along one of several, potentially 
unpredictable pathways.  Also, topiramate exhibited anticonvulsive activityÑ an unexpected result for a 
drug candidate initially under development to treat diabetes rather than epilepsy.  Accordingly, the 
claimed compound was found nonobvious.

III. PATENTING GRAPHENE I N LIGHT OF NANOTUBE PRIOR ART

The patent landscape for graphene at this early stage is not as much a cluttered thicket as it is for 
carbon nanotubes.38  But, because graphene is closely linked to nanotubes in structure and function, it is 
necessary to consider the patentability of graphene inventions under the obviousness doctrine in light of 
the nanotube prior art as well as prior art related to other carbon nanomaterials.  In the following sections, 
we highlight and analyze several issued patents and patent applications claiming graphene compositions 
of matter, methods of synthesizing graphene, methods of processing graphene, and products incorporating 
graphene. 

A. Claiming Basic Graphene Composition of Matter

A Òcompositions of matterÓ claim covers the material itself, regardless of how the material is use or 
how it is made.  If written broadly, a composition of matter claim can even exclude third parties from 
making and selling improvements that incorporate the claimed chemical composition.  Table1 provides 
an example of an issued patent which claims a Ògraphene plate materialÓ composition of matter, among 
other features of the claim.

TABLE 1: GRAPHENE COMPOSITION OF M ATTER PATENT 

Patent # Controlled By Claims
7,071,258 Nanotek Instruments, Inc. A nano-scaled graphene plate material comprising at least a 

nanometer-scaled plate with said plate comprising a sheet of 
graphite plane or a multiplicity of sheets of graphite plane; 
said graphite plane comprising a two-dimensional 
hexagonal lattice of carbon atoms and said plate having a 
length and a width parallel to said graphite plane and a 
thickness orthogonal to said graphite plane characterized in 
that the length, width, and thickness values are all smaller 
than 10 nanometers.

A detailed review of U.S. Patent 7,071,258 (Òthe Ô258 patentÓ) and its prosecution history sheds light 
on some of the issues that are likely to be raised by applicants seeking to obtain composition of matter 
claims related to graphene.  

The nanotube patent literature is filled with references to the fact that nanotubes are structurally 
equivalent to rolled sheets of graphene.39  Thus, patentees seeking to claim graphene compositions of 
matter must effectively distinguish their compositions of matter from the prior nanotubes and other forms 

38 For a detailed description of the carbon nanotube patent landscape, see John Miller and Drew Harris, The Carbon 
Nanotube Patent Landscape, Nanotech Law & Bus (2006).  
39 See, for example, U.S. Patent No. 6,683,783 (Smalley et al.).
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of carbon nanomaterials.  The Ô258 patent highlights the relationship between nanotubes and graphene by 
stating that graphene, or Ònano-scaled graphite planes,Ó can be visualized Òby making a longitudinal 
scission of the single-wall or multi-wall of a nano-tube along its tube axis direction and then flattening up 
the resulting sheet or plate.Ó  The patent distinguishes grapheneÕs unique uses in electronic and materials 
properties.  Additionally, it claims graphene as a new composition of matter by attributing certain 
configurational limitations as well as dimensional limitations. 

During prosecution of the Ô258 patent, the examiner relied on the teachings of U.S. Patent 
Application Publication 2003/0129305 (Wu et al.)40 in view of U.S. Patent No. 5,186,919 (Bunnell)41 to 
reject the originally filed composition claims as obvious in light of other carbon nanostructures.  In reply, 
the inventors argued, among other things, that the claims were non-obvious because their nanoparticles 
were able to ÒdefyÓ the expectation that incorporation of a rigid filler normally leads to a reduction in 
tensile failure strain.  Their experiments showed that the graphene-plates actually increased, rather than 
decreased, the strain.  In the reasons for allowance, the examiner cited this ÒunexpectedÓ result and 
pointed out that ÒWu does not teach or suggest a sheet with all three dimensions 100nm or smaller.Ó  
(emphasis added).  Thus, the rejection was overcome based, in part, on size differences.

B.  Claiming Graphene Synthesis

Depending on the particular end product, graphene materials may be synthesized directly in a device 
or synthesized in bulk and then processed and deposited into an end product.  Patentees synthesizing 
graphene will primarily seek to obtain method claims covering their processes.  Table2 shows examples 
issued and pending method claims directed to graphene synthesis.  

TABLE 2: GRAPHENE SYNTHESIS PATENTS

Patent # Controlled By Claims
6,872,330 University of California A process for the formation of nanostructured materials wherein 

the nanostructured material is carbon nanosheets comprising: a. 
providing a layered compound or element, b. causing an 
intercalating material to penetrate between layers of the layered 
compound or element to form an intercalated composition, and 
c. exfoliating the intercalated composition by placing said 
intercalated composition in a solution and forming a dispersion 
of nanostructures, comprising d. mixing graphite powder with 
potassium and sealing the mixture in a sealed, oxygen free 
vessel, followed by heating at 200¡ C. for 16 hours to form an 
intercalated graphite composition, and e. placing the intercalated 
graphite composition in ethanol causing the intercalated graphite 
composition to exfoliate into individual layers forming carbon 
nanosheets.

40 U.S. Patent Application Publication 2003/0129305 (Wu et al).
41 U.S. Patent No. 5,186,919 (Bunnell).
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Patent # Controlled By Claims

2006/021622 Nanotek Instruments, Inc. A process for producing a nano-scaled graphene plate material 
comprising the steps of: a). either partially or fully carbonizing a 
precursor polymer or heat-treating petroleum or coal tar pitch to 
produce a polymeric carbon containing micron- and/or 
nanometer-scaled graphite crystallites with each crystallite 
comprising one sheet or a multiplicity of sheets of graphite 
plane; b). exfoliating said graphite crystallites in said polymeric 
carbon; and c). subjecting said polymeric carbon containing 
exfoliated graphite crystallites to a mechanical attrition 
treatment to produce said nano-scaled graphene plate material.

The specific methods currently used to manufacture graphene are distinct from the methods used to 
manufacture carbon nanotubes.  Thus, it is unlikely that prior art related to nanotube synthesis will be 
used as a basis for rejecting or invalidating patent applications covering synthesis of graphene.  It remains 
to be seen, however, whether patent thickets will develop around the most promising synthesis routes for 
graphene, as they have with respect to chemical vapor deposition synthesis of carbon nanotubes.  

C.  Post-Synthesis Graphene Processing 

The carbon nanotube patent landscape contains a variety of issued patents claiming various post-
synthesis processing methods for carbon nanotubes, including purification, dispersion, functionalization, 
and deposition of carbon nanotubes.  Applicants seeking to protect their graphene technologies and 
products are likely to try to establish similar claims that are unique to the processing of graphene.  An 
example of a pending graphene processing claim is shown in Table3.  

TABLE 3: GRAPHENE PROCESSING PATENT

Patent # Controlled By Claims
2007/0284557 Unidym A method of depositing a graphene film, comprising: depositing 

a solution comprising graphene flakes on a surface; and 
evaporating solvent from the solution.

   

At the time of this writing, it is unclear what specific techniques will be utilized in post-synthesis 
processing of graphene.  It is clear that many of the tools used for processing of carbon nanotubes can be 
employed for processing of graphene.  Yet, it is likely that those tools must be modified and optimized for 
graphene in nonobvious ways.  Thus, the scope of patentability of claims covering graphene processing in 
light of the prior art on nanotube processing remains an open question.  There are few examples of how 
the USPTO will handle such claims in the patent literature. 

D.  Claiming Graphene-Based Products

We predict that the majority of patents and patent applications relating to graphene in the coming 
years will focus on claims covering products incorporating graphene.  As explained above, one of 
grapheneÕs most attractive features is its unique electrical properties, namely its ballistic transport of 
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charge carriers.42  To date, however, very few patent applications have been published and made available 
to the public.  Examples of an issued patent and a pending application claiming graphene-based products 
are provided in Table 4.    

TABLE 4: GRAPHENE-BASED PRODUCT PATENTS 

Patent # Controlled By Claims
7,015,142 Georgia Tech Research 

Corporation 
Claim 1: A method of making graphite devices, 
comprising the steps of: a. creating on a preselected 
face of a substrate, a thin-film graphitic layer 
disposed against preselected face; and b. generating 
a preselected pattern on the thin-film graphitic layer. 

Claim 9: The method of claim 1, wherein the thin-
film graphitic layer includes a graphene strip.

2007/0187694 Lucent Technologies Inc. Claim 1: A device comprising: a body including a 
single crystal region on a major surface of said 
body, said region having a hexagonal crystal lattice 
substantially lattice-matched to graphene, and at 
least one epitaxial layer of graphene disposed on 
said region of said body. 

Claim 8: A field effect transistor comprising, a 
source region, a drain region, and a channel region 
coupling said source and drain regions to one 
another, and a gate region configured to apply 
voltage to said channel region, thereby controlling 
the flow of current between said source in drain 
regions, and the device of claim 1, wherein said 
channel region includes a portion of said at least one 
graphene layer.

A review of the prosecution history of the U.S. 2007/0187694 application reveals a rejection based 
partly on carbon nanotube prior art.  In a non-final office action, the examiner found a reference (U.S. 
Patent 7,170,120 Datta et al.) that conceptualizescarbon nanotubes as being madefrom a rolled-up 
graphene sheet, and the examiner then used this interpretation as the basis of a ¤102 rejection (U.S.
2005/0212014 Horibe et al) against the claimed graphene device.  The rejection stated:

Note that Horibe 014 discloses that the channel layer 12 is made of Carbon nanotube 
(paragraph [0061]) and carbon nanotube is graphene as evidenced by the disclosure by 
Datta et al (U.S. Patent 7,170,120 column 1 lines 38-42). Not[e] [sic] that graphene is 
known in the art as having hexagonal crystal structure[.] [sic]  (emphasis added).

Yet, the cited Datta reference (U.S. Patent 7,170,120), on which the examiner relies, simply states 
that ÒA Carbon nanotube (CNT) can be viewed as a sheet of graphene (also known as graphene) that has 
been rolled into the shape of a tube (end capped or non-end capped).Ó (emphasis added).43

42 Geim & Novoselov, supra note 1, at 185.
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In response to the rejection, the applicant has submitted a declaration under 37 C.F.R. ¤1.132 to 
challenge the examinerÕs reliance on carbon nanotubes asÒrolled-upÓ graphene sheets.  The declaration 
argues that the reference describes a Òpurely conceptual way to visualize the carbon nanotube; in fact a 
CNT is not fabricated by rolling up anything.Ó  Only time will tell if this particular argument will 
succeed.44

IV. CONCLUSION

There is an acute need for high-quality, large-scale methods of synthesizing and processing 
graphene.  As these new methods are discovered, we expect to see more patent filings that attempt to 
cover those methods.  The same is true for graphene-based devices, with products that incorporate 
graphene in surprising ways.  But, as the early patent applications here have shown, some patent 
examiners are already using CNTs as prior art against graphene.  To overcome these rejections, it is up to 
the applicants to point out the structural and property differences between graphene and CNTs.  Also, the 
recent post-KSR chemical cases provide useful guidance for overcoming obviousness rejections in view 
of CNT prior art.

43 Datta et al. U.S. Patent No. 7,170,120 at Col. 1 lines 38-42.
44 For a more detailed discussion of this argument, see Wilson, Bryan, ÒGraphene vs Carbon NanotubesÓ, posted to 
nanoREV at http://nanolabweb.com/blog/index.php/36/graphene-vs-carbon-nanotubes/ on April 4th, 2008.


