arbon’ Nanotubes ¥ n
En/ergy Storage Devices 4

Carbon Nanotubes with their extraordinary properties in terms
strength, thermal and electrical properties are poised to have a
impact on the future of material sciences, electronics &

Patent | 7\ UK/E’ T . nanotechnology. Owing to their specialized structures and nan

Transform Pa to Intelligenc diameter, they can be utilized in the creation of uHtan energy
A02N)F3S RSOAOSa 6KAOK A Yisgetngl
smaller could redefine the electronics market and reple
capacitors and batteries they way we see them now. Reseanch
development around carbon nanotubes is moving ahead yielc
new forms, new applications and new material based on this uni
structure and we take a look into this breakthrough in science .
the innovation that surrounds it as it promises to be egkapart or
small devices of the future.

Disclaimer This report should not be construed as business advice and the insights are not to be used as the basis for
investment or business decisions of any kind without your oesearch and validation. Gridlogics Technologies Pvt. Ltd,

disclaims all warranties whether express, implied or statutory, of reliability, accuracy or completeness of results,avids teg
the information contained in this report.
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Overview
Introduction to Carbon Nanotubes

Carbon nanotube6CNTs; also known asickytubes)

are allotropes of carbomwith acylindrical nanostructure.
Nanotubes have been constructed with lengdidiameter ratio
of up to 132,000,000: Wvhich is significantly larger than any
other material. These cylindricehrbonmoleculeshave novel
propertiesthat make them potentially useful in many
applications imanotechnologyelectronics optics and other
fields ofmaterials science, as well as potential uses

in architecturalfields. They exhibit extraordinary strength and
uniqueelectricalproperties, and are efficierthermal
conductors.

Nanotubes are members of tifallerenestructural family, which
also includes the spheridalickyballs. The ends of a nanbe

might be capped with a hemisphere of the buckyball structure.
Their name is derived from their size, since the diameter of a
nanotube is on the order of a few nanometers (approximately
1/50,000th of the width of a human hair), while they can be up to
18 centimeters in length (as of 2010)anotubes are categorized
assinglewalled nanotubegSWNTSs) andhulti-walled
nanotubegMWNTS)

Sourcehttp://en.wikipedia.org/wiki/Carbon_nanotube

The Marketfor Carbon Nanotubes

While the use of carbon nanotubes in energy storage devices is a
newly emerging technology, the current global market for
nanotubes according to a report by Global Indugtnalysts Inc is
estimated in excess of $ 1.9 billion.

By 2012 as more of the applications enter into the markets, this
figure is estimated to go up to $5 billion. As the production prices
fall and the demand for carbon nanotubes and the demand
increases across the different application areas, we can expect to
see this cdimb even further. The current growth rate f©arbon
nanotubeswvas previously pegged at 40% annually according to
another report on Chemical Sciences but many believe the
reduction of production costs and how soon electronic device
companies willadapt to the use ofCarbon nanotubewill be
major detemmining factors in future success of this material.

The report by Global Industry Analystisc suggests that the
global market for @rbon nanotubescan be expected to
skyrocket over the next few yeatespite a slower start since its
discovery.
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Special Propertiesf Carbon Nanotubes
Some of the unique properties of carbon nanotubes include:
Strength

Carbon nanotubes are the strongest and stiffest materials yet
discovered irterms oftensile strengthandelastic
modulusrespectively. This strength results from the covalent sp?
bonds formed between the individual carbon atoms. In 2000, a
multi-walled carbon nanotube was tested to have a tensile
strength of 63yigapascal§GPa). This translates into the ability to
endure tension of a weight equivalent to 6423 on a cable with
crosssection of Inm2.

Hardness

Diamondis considered to be the hardestaterial, and itis well
known that graphite transforms into diamond under conditions
of high temperature and high pressure. One study succeeded in
the synthesis of a supdrard material by compressing SWNTS to
above 24 GPa at room temperature. The hardnefsthis

materal was measured withrzanoindenteras 62,152 GPa. The
hardness of reference diamond and boron nitrsmples was

150 and 62 GPa, respectively.

Kinetic

Multi-wallednanotubes, multiple concentric nanotubes precisely
nested within one another, exhibit a striking telescoping property
whereby an inner nanotube core may slide, almost without
friction, within its outer nanotube shell thus creating an
atomically perfectliear or rotational bearing. This is one of the
first true examples omolecular nanotechnology, the precise
positioning of atoms to create useful machines. Already this
property has been utilized to create the world's smallest
rotational motor.

Electrical

Because of the symmetry and unique electronic structure of
graphene, the structure of a nanotube strongly affects its
electrical properties. They function as semiconductors.
Multiwalled carbon nanotubes with interconnected inner shells
showsuperconductivy with a relatively high transition
temperature Te 12K. In contrast, the Twalue is an order of
magnitude lower for ropes of singlealled carbon nanotubes or
for MWNTSs with usual, nemterconnected shells.
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Thermal Patent iINSIGHT -
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All nanotubesare expected to be very godbermal

conductorsalong the tube, exhibiting a property known as

"ballistic conduction”, but good insulators laterally to the tube

axis. Measurements show that a SWNT has a remperature

thermal conductivity along its axaf about 3500

2 1 Y b micompareThis to copper, a metal wedhown for its

goodil KSNXY It O2yRdzOGAGAGEY gKAOK GNIyavYAla oyp 2iY

Sourcehttp://en.wikipedia.org/wiki/Carbon_nanotube
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Inducing purposeful defects in the structures of carbon
nanotubes has given them the ability to perform as super
capacitors which has huge implications to the future of energy
storage, batteries and electronic devices that rely on stored
energy. Researchni this area has already resulted in the
development of energy storage devices which are smaller, higher
storage capacity and can be recharged far quicker than existing
batteries which can be a leap in terms of nanotechnology.

Student research groups areported to have developed paper
thin batteries made up of cellulose embedded with carbon

nanotubes. The thin papdike structure which is also flexible Energy storage devices
could allow these to be stacked in larger amounts for greater research withCarbon
energy requirements and can well redefinthe way we see nanotubs

batteries and energy storage devices in our everyday devices.
With considerable research going on around the use of carbon
nanotubes to come up wh solutions for energy storaget can
well be the innovation that shapes the advances irufe
materialscience anchanotechnology.

-

Nanosensors witlCarbon

nanotubesvisible

The paper battery

Carbon nanotubgponge
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Categories defined for Use of Carbon
Nanotubes in Energ8torage Devices

We categorized carbon nanotubes patents along the following

lines:

Types of carbon nanotubes
Properties of carbon nanotubes
Use across differergnergy storage devices

CategorizationTypes of carbon nanotubes

Singlewall NanotubegSWNT)
Multi-wall Nanotubes (MWNT)

Fullerene Nanotubes

=) = =] =] ==

Doublewall Nanotubes (DWNT)
Cup stacked carbon nanotubes (CSCNTSs)

CategorizationProperties of carbon nanotubes

1. ChemicaBiochemical

7. Optical Properties

Properties

1 Capillarity 1 Absorption

I High Specific Surfac I Photoluminescence
Area Raman spectroscopy

2. Conductive Poperties

= = =] = =

8. Physical Properties

Anisotropic 1 Ability to be
Electrical conductivity manipulated
Field emission 9 Electronic structure
Heat conductivity 1 Hardness
High current density 1 Impervious to
Environmental Factors
3. Defects 1 One Dimensional
1 Schottky defect Transport
i Strength
4. Electrical Properties 1 Toxicity

5. Magnetic Properties
Diamagnetic
Ferromagnetic
Magnetic field
Paramagnetic

= =] =) =

6. Mechanical Properties
Density
Flexible

Strength
Young Modulus

= = = =] =

Patent

Tensile and Compressiv

9. Thermal Property

f

Ballistic Conduction
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CategorizationEnergy Storage Devices

1. Chemical
1 Biofuels
1 Hydrogen
1 Hydrogen peroxide
9 Liquid nitrogen
1 Oxyhydrogen
2. Electrical
1 Capacitor

1 Supercapacitor
I Superconducting Magnetienergy Storage (SMES)

3. Electrochemical

i1 Batteries
1 Flow Batteries
1 Fuel cells
4. Mechanical
1 Compressed Air Energy Storage (CAES)
1 Flywheel Energy Storage
1 Hydraulic Accumulator
I Hydroelectric energy storage
1 Spring
5. Thermal

Cryogenic Liquid Air Or Nitrogen
Eutectic System

Heat storage

Molten salt

Solar cell

Steam accumulator

= =] =) = =] ==

For this analysis, we created patent buckets for the above

mentionedOF § SA2NASa dzaAy3a tFdSyd Ab{LDI¢ t NREQa ! aSNJ
Categories. Various search strings were prepared for each

category Theadvanced searching interface was used to search

across thda-ul-Text and/or TAC of each record. The results were

pushed into the corresponding bucket.

Please refer Appendix B for more details on the search strings

used for each category level
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Insight Overview

While we can get some perspective@ifrbon nanotubes'

G§SOKy2ft238 +ta ¢Sttt a AGQa FLIWX AOFdA2ya gAGK Sy
devices from the overviews in previous paragraphs of this report,

the patent filings around this technology help cover some more

angles in this area.

IP activity and patent data are greatindioeg of exactly what is
happening in this space and could help uncover several insights
while answering questions that manufacturers, technology
enthusiasts, inventors, scientists, investors and others would
seek answers to.

1 When did IP activity around thischnology start picking
up and is it still showing a strong increase?

1 Where are most of these filings coming frdm

1 Who are the top assignees of patents in this field?

1 Who are the key innovators?

The Search Strategy

The first step is to create and defiagpatent set that will serve

as thebasis of our analysik. y'y 2 @ G A 2CAdon | N2 dzy R &
Nanotubeg KI @S 6SSy YIRS LINXYIFINRE& Ay i §
Gt NPLISNIIAS&aéd FyR a9y SNHe {G2N}3IS 58S0A0Saé¢od

Using the commercial patent database, PatBase as our da
souce, we used the following search queries to create our
patent set:

((FT=(CNT* or SWNT* or DWNT* or TWNT* or MWNT* or
buckytube* or buckytube* or ((carbon or "Single Wall*" or
"Double Wall*" or "Thin wall*" or "multwall*" or "Single
Wall*" or "Double Wdl** or "Thin-wall*" or "multi-wall*")

w/5 (nanotube* or nanetube*)) )) and (UC=(429)))

The query was directed to search through the full té&T)and
US Clags T A O K200A 2 Ivayfddrd set of 5326 families was
generated.

Class Description:

nHdgp n /I 9aL{¢w, Y 9[9/¢wL/!'[ [/ | ww9b¢ twh5}/LbD !tt!w!e¢e
PRODUCT, AND PROCESS
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Publication Trend

What has been the Ipublicationtrend forCarboriNanotubes?

Publication Trend
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The pateniJdzo t A OF GA2y GNBYR Ay (GKS FT2NX 2F | o6 NJ INI
M T, &alfbéugh the number of filings remained relatively low all the way up till the year 2000. From

2001 which saw a jump to over 100 patents publishikdre were huge leaps in the patents published

with every year till 2007 which saw more than 880 patents. There has been a slight dip since then but
overall, the patents published around carbon nanotulbegnergy storage devideas remained high

and lools to be going strong.

How we did it?

Once the patents were populated in Patent iINSIGHT Pro, the publication trend chart was generated on a single
click using the dashboard tool.
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Top Assignees

Who have been the top assignemshe key playerfor carbon nanotube?

Top Assignees
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The Top Assignees are:
Samsungsroup

NEC Corporation

Toyota Group

Sony Corporation

Panasonic Corporation

Showa Denko Group

Nissan Motor Co. Ltd.

Honda Motor Co Ltd.

Canon Inc

0. Sumtomo Group

1. CasicComputer Ltd.

2. Massachusetts Institute Of Technology
13. CommissariatA lenergieAtomique
14. MitsubishiPencil Co Ltd.

15. California Institute of Technology
16. LG Corpration

BERBROONOOA®DNE
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17. Fujifilm Corporation

18. Energy Conversion Devices
19. Polyplus Battery Company
20. General Electric

Howwe did it?

hyO0S (KS LI iSydGa @SNB LI2LJz F SR Ay t I GSytdnoimbl{zétizl ¢
names. Different cleanup tools were leveraged:

w ¢2 fsgleksifd® unasdigned records

w ¢2 Of Sy dzLJ NSOzmNBsa KIF GAy 3 Ydzf GALX S | aaa

w ¢2 £20FGS GKS O2NNXSOG |aaAr3aySS ylag®a FT2N ! { NXO2
w ¢2 YSNHS aaAiadysSSa (KFG NBadzZ 6GSR FNRY | YSNHSN 2

Please refer Appendix A for more details &ssigneemerging.

Once theAssignee names were cleaned ulpe tdashboard tool within Patent iINSIGHT Pro was used to find the
top 20 assignees within the given patent sét.visual graph was created based on the results of the top
assignees with the number of patents alongside eagh.o

Also, see full Assignee count table in following excel sheet:

fx=
L"‘ List of top assignees
http:/Mmww.patentinsightpro.com/techreports/0710/Top%20Assignees.x|s
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Assignees Trend (Cumulative)
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Above is the assignee trend for patents assigned to the top assignees identified within the patent set
for carbon nanotubes shown with respect to time. The olive green trend line associated with Samsung
Groupshows an impressive spikeom 2005 onwards where there seems to have been a frenzy of
research around carbon nanotubes over a shorter period of time which has taken Safswn

right to the top of the assignees list with the highest number of patents within this space. Interestingly
MIT and California Institute of Technology who rank in the top assignees also seem to have been
pursuing carbon nanotube research for a significant number of years.

How we did it?

Using the Report Dashboard in Patent INSIGHT Prayriagh showing theumulative filings ofop 15 assignees
with respect to time wasreated. Theutput was created in the form of a line graph to get a visual insight which
could display comparisons across the assignees.

Patent
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Assignee Key Statistics

Here wesummarize key parameters Top 15Assignes such as filing trend, Avgumber of Forward
citations per recordJopinventors, Top GAssignees and Coverage of underlying patent families.
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How we did it?

In order to compress all the information into a single report, we used the new 8é&0es of reports available in
the software. From the Assignee 3B@port options, we selected the different pieces of information we wanted
to include in the singular display and then ran the report. The generated report wasipartedto Excel using

the option provided for the same.
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Here wesummarize key parameters of Top 15 Inventors such as filing trendndmdper of Forward
citations per record, Key Associated Companies and ToplBv€ntors.

YOSHITAKE

TSUTOMU 88 (1.7%) 0523

KUBO YOSHIMI - 78 (1.5%) 0.59

KIMURA 5
HIDEKAZLI 740(1.4%) 0473
KWAKCHAN |71 (1.3%) 0254

KWEON HO JIN - 68 (1.3%) 0.515

MAMAKD TAKASHI 57 (1.1%) 0.246

KUROSHIMA

SADANOR| B (11%) 0589
LEESIHYUN  49(0.9%) 0.184
CHIANG YET

MING 47 (0.9%) 0.34

SAITOSHIN 47 (0.9%) 0.043

NEC CORPORATION(B6)
KUBOD YOSHIMI(15)

2002-2005 YOSHITAKE TSUTOMU(19)

MANAKD TAKASHI[15)
KIMURA HIDEKAZU15)

MEC CORPORATION(TE)
KUBO YOSHIMI(13)

20022005 YOSHITAKE TSUTOMU({19)

MANAKD TAKASHIE)
KIMURA HIDEKAZU(15)

NEC CORPORATION(74)

KIMURA HIDEKAZU(17)
2002-2007 MANAKD TAKASHI(16)

KUBO YOSHIMI{15)

YOSHITAKE TSUTOMU(1S)

SAMSUNG GROUP(7D)
2004-2008 KIM HA SUCK(Z)

SAMSUNG GROUP(ET)
2004-2007 KIM HA SUCK(Z)

NEC CORPORATION(57)
MANAKO TAKASHI(17)

20032007 KIMURA HIDEKAZU(16)
KUBO YOSHIMI{15)

YOSHITAKE TSUTOMU(1S)

NEC CORPORATION(56)
KIMURA HIDEKAZU{10)
2002-2005 KUBO YOSHIMI(10)

KUROSHIMA SADANORI(TO)

MANAKD TAKASHID)

2005-2007 SAMSUNG GROUP{45)

MASSACHUSETTS
INSTITUTE OF

2001-2009 TECHNOLOGY(33)
A123 SYSTEMS INC.(12)
CHIANG YET MING(Z)
SUMITOMO GROUPET)
SAITO SHING)

2007-2009 KURODA RYUMA(G)
KURITA HIROYUKI(S)
SHINODA HIROSHI)

KUBQ YOSHIMI{7E)
KIMURA HIDEKAZLI(ES)
KUROSHIMA SADANORIBE)
MANAKO TAKASHI5Z)
SHIMAKAWA YUICHI{45)

YOSHITAKE TSUTOMUTE)
KIMURA HIDEKAZLI(E1)
MANAKD TAKASHI49)
KUROSHIMA SADANORI4T)
SHIMAKAWA YUICHI{42)

YOSHITAKE TSUTOMUIES)
KUBQ YOSHIMIET)
KUROSHIMA SADANORIBE)
MAMAKD TAKASHI52)
SHIMAKAWA YUICHI{44)

LEE 51 HYUN(40)
MIN MYOUNG KI{26)
ALEXANDROVICHSEROV
ALEXEY(24)

ALEXEY
ALEXANDROVICHSEROV(18)
KWEON HO JIN(14)

KIM HEE TAK(29)
KWAK CHAN(14)

KIM JAN DEE(13)
LEE 51 HYUN(13)
KIM YOU MEE(12)

KIMURA HIDEKAZLI(BZ)
YOSHITAKE TSUTOMUISZ)
KUBO YOSHIMI(49)
KUROSHIMA SADANORIET)
MNAKAMURA SHIN(33)

KIMURA HIDEKAZLIBE)
YOSHITAKE TSUTOMUIGE)
KUBO YOSHIMI47)
SHIMAKAWA YUICHI{42)
IMAI HIDETO0)

KWAK CHAN(40)
ALEXANDROVICHSEROV
ALEXEY(19)

ALEXEY
ALEXANDROVICHSEROV(16)
KWEON HO JIN(13)

MIN MYOUNG KI(10)

GOZDZ ANTONI 5(14)

CHIN TIMOTHY E(13)

CHU ANDREW C(12)
HELLWEG BENJAMIN{12)
RILEY GILEERT N(10}
KURODA RYUMA(4D)
KURITA HIROYUKI{35)
SHINODA HIROSHI(25)
MASUI KENTARD(17)
HIGASHIMURA HIDEYUKIT)

C
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NEC CORPORATION{47) YOSHITAKE TSUTOMLUI4S)

IMAI HIDETO(g) KIMURA HIDEKAZLU(44)
SHIMAKAWA 45 0 g% 0681 | 0022004 KIMURA HIDEKAZLI(S) KLIBO YOSHIMI{4Z)
YUICHI P | KUBO YOSHIMI{Z) KUROSHIMA SADANORI{42)
KUROSHIMA SADANORIE)  IMAI HIDETO{41)
NEC CORPORATION(44)  YOSHITAKE TSUTOMU{43)
KUBO YOSHIMI{9) KUBO YOSHIMI37)
NAKAMURA SHIN 45(0.8%) 0.311 ' 2003-2005 MAKAMURA SHIN(S) KIMURA HIDEKAZLI36)
. , YOSHITAKE TSUTOMU(S)  SHIMAKAWA YUICHI26)
IMAI HIDETO(8) KUROSHIMA SADANORI(34)
NEC CORPORATION{42)  YOSHITAKE TSUTOMU{42)
; IMAI HIDETO(8) SHIMAKAWA YUICHI41)
IMAI HIDETD  42{0.8%) 0.762 . 2002-2004 KIMURA HIDEKAZU(E) KIMURA HIDEKAZLIA0)
e KUBO YOSHIMI{Z) KUROSHIMA SADANORI(40)
KUROSHIMA SADANORIE)  KUBO YOSHIMI(3S)
MITSUBISHI PENCIL CO
LTD.(41) 0SADA TAKAHIRO(32)
i CASIO COMPUTER CO YAMADA KUNITAKA(28)
SUDA YOSHIHISA 41(0.8%) 0.39 2002-2009 LTD .(9) KAMITANI TOSHIMIZ3)
e’ SUDA YOSHIHISA(S) NISHIMURA KOUJI(17)
KAMITANI TOSHIMI(S) KABASAWA YASUNARI(11)
DSADA TAKAHIRO(S)
CALIFORNIA INSTITUTE OF
TECHNOLOGY(41)
CENTRE NAT RECH HAMWI ANDRE(18)
' SCIENT(19) SHI QINGFANG(7)
YAZAMI RACHID{10) BUGGA RATNAKUMAR V(d)
YAZAMIRACHID &a1(08%) 0341, 20032008\, ersiTE BLAISE PRAKASH SURYA G(4)
PASCAL(3) SMART MARSHALL Ci4)
CENTRE NATIONAL DE LA
RECHERCHE SCIENTIFIQUE
CN.RS)8)

Inventors such as Yoshitakesutomo, Kubo Yoshimiand KimuraHidekazuwere responsible for
patents that were cited in several future patents in this space and can be considered critical in the
development of the technology.

How we did it?

In order to compress all the information into a single report, we used the new 8é&0es of reports available in
the software. From thénventor 360° report options, we selected the different pieces of information we wanted
to include in the singular display and then ran the report. The generated report wasipartedto Excel using
the option provided for the same.
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Percentageof Carbon Nanotube Filings Energy Devices

What is the growth rate in percentage of carbon nanotube based filinggviis the total energy
storage device filings?
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The graph shows a steady increase in the filing actioityse ofCarbon Nanotubesin Energy devices.
Considering the growth of 8.5% in last yearmoe period of 200007, the technology is poisédr
further growth.

How we did it?

We calculatedthe percentage of carbon nanotubes filings and the overall US Class 429 (Electrical Current

Producing Apparatus) filings across different time spans. The percentage gathered for each time span was then
display using a line chart in Excel.
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