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 Technology Insight Report 
 

Carbon Nanotubes with their extraordinary properties in terms of 

strength, thermal and electrical properties are poised to have a big 
impact on the future of material sciences, electronics and 

nanotechnology. Owing to their specialized structures and minute 
diameter, they can be utilized in the creation of ultra-thin energy 

storage devices which in today’s world where electronics is getting 
smaller could redefine the electronics market and replace 

capacitors and batteries they way we see them now. Research and 
development around carbon nanotubes is moving ahead yielding 
new forms, new applications and new material based on this unique 
structure and we take a look into this breakthrough in science and 
the innovation that surrounds it as it promises to be a large part 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 own research and validation. Gridlogics Technologies Pvt. Ltd, 
disclaims all  warranties whether express, implied or statutory, of reliability, accuracy or completeness of results, with regards to 
the information contained in this report.  
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Overview 
 

Introduction to Carbon Nanotubes 

Carbon nanotubes (CNTs; also known as buckytubes) 
are allotropes of carbon with a cylindrical nanostructure. 
Nanotubes have been constructed with length-to-diameter ratio 
of up to 132,000,000:1, which is significantly larger than any 
other material. These cylindrical carbon molecules have novel 
properties that make them potentially useful in many 
applications in nanotechnology, electronics, optics and other 
fields of materials science, as well as potential uses 
in architectural fields. They exhibit extraordinary strength and 
unique electrical properties, and are efficient thermal 
conductors. 

Nanotubes are members of the fullerene structural family, which 
also includes the spherical buckyballs. The ends of a nanotube 
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). Nanotubes are categorized 
as single-walled nanotubes (SWNTs) and multi-walled 
nanotubes (MWNTs) 

Source: http://en.wikipedia.org/wiki/Carbon_nanotube  

The Market for 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 Industry Analysts 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 climb even further. The current growth rate for Carbon 
nanotubes was 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 will adapt to the use of Carbon nanotubes will be 
major determining factors in future success of this material.  

The report by Global Industry Analysts Inc suggests that the 
global market for Carbon nanotubes can be expected to 
skyrocket over the next few years despite a slower start since its 
discovery. 
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Special Properties of Carbon Nanotubes 

Some of the unique properties of carbon nanotubes include: 

Strength 

Carbon nanotubes are the strongest and stiffest materials yet 
discovered in terms of tensile strength and elastic 
modulus respectively. This strength results from the covalent sp² 
bonds formed between the individual carbon atoms. In 2000, a 
multi-walled carbon nanotube was tested to have a tensile 
strength of 63 gigapascals (GPa). This translates into the ability to 
endure tension of a weight equivalent to 6422 kg on a cable with 
cross-section of 1 mm2. 

Hardness 

Diamond is considered to be the hardest material, and it is well 
known that graphite transforms into diamond under conditions 
of high temperature and high pressure. One study succeeded in 
the synthesis of a super-hard material by compressing SWNTs to 
above 24 GPa at room temperature. The hardness of this 
material was measured with a nanoindenter as 62–152 GPa. The 
hardness of reference diamond and boron nitride samples was 
150 and 62 GPa, respectively. 

Kinetic 

Multi-walled nanotubes, 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 perfect linear or rotational bearing. This is one of the 
first true examples of molecular 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 
show superconductivity with a relatively high transition 
temperature Tc = 12 K. In contrast, the Tc value is an order of 
magnitude lower for ropes of single-walled carbon nanotubes or 
for MWNTs with usual, non-interconnected shells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

http://en.wikipedia.org/wiki/Pascal_(unit)
http://en.wikipedia.org/wiki/Nanoindenter


 

© 2010 Gridlogics. All Rights Reserved. 
Patent iNSIGHT Pro™ is a trademark of Gridlogics Technologies Pvt. Ltd.  

Thermal 

All nanotubes are expected to be very good thermal 
conductors along the tube, exhibiting a property known as 
"ballistic conduction", but good insulators laterally to the tube 
axis. Measurements show that a SWNT has a room-temperature 
thermal conductivity along its axis of about 3500 
W·m−1·K−1; compare this to copper, a metal well-known for its 
good thermal conductivity, which transmits 385 W·m−1·K−1.  

Source: http://en.wikipedia.org/wiki/Carbon_nanotube  
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Carbon Nanotubes in Energy Storage 

 
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. Research in 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 are reported to have developed paper 
thin batteries made up of cellulose embedded with carbon 
nanotubes. The thin paper-like structure which is also flexible 
could allow these to be stacked in larger amounts for greater 
energy requirements and can well redefine the way we see 
batteries and energy storage devices in our everyday devices. 
With considerable research going on around the use of carbon 
nanotubes to come up with solutions for energy storage, it can 
well be the innovation that shapes the advances in future 
material science and nanotechnology. 
 

 

The paper battery  
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Carbon nanotube sponge 
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Categories defined for Use of Carbon 
Nanotubes in Energy Storage Devices 

We categorized carbon nanotubes patents along the following 
lines: 

- Types of carbon nanotubes  
- Properties of carbon nanotubes  
- Use across different energy storage devices   

Categorization: Types of carbon nanotubes 

 Single-wall Nanotubes (SWNT) 
 Multi-wall Nanotubes (MWNT) 

 Fullerene Nanotubes 

 Double-wall Nanotubes (DWNT) 

 Cup stacked carbon nanotubes (CSCNTs)  

Categorization: Properties of carbon nanotubes  

1. Chemical-Biochemical 
Properties 

 Capillarity 

 High Specific Surface 
Area 

 
2. Conductive Properties 

 Anisotropic 

 Electrical conductivity 

 Field emission 
 Heat conductivity 

 High current density 
 
3. Defects 

 Schottky defect 
 
4. Electrical Properties 
5. Magnetic Properties 

 Diamagnetic 

 Ferromagnetic 
 Magnetic field 

 Paramagnetic 
 
6. Mechanical Properties 

 Density 

 Flexible 

 Tensile and Compressive  

 Strength 
 Young Modulus 

7. Optical Properties 
 

 Absorption 

 Photoluminescence 

 Raman spectroscopy 
 
8. Physical Properties 

 Ability to be 
manipulated 

 Electronic structure 
 Hardness 

 Impervious to 
Environmental Factors 

 One- Dimensional 
Transport 

 Strength 

 Toxicity 
 
9. Thermal Property 

 Ballistic Conduction 
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Categorization: Energy Storage Devices  

1. Chemical 

 Biofuels 

 Hydrogen 
 Hydrogen peroxide 

 Liquid nitrogen 

 Oxyhydrogen 
 
2. Electrical 

 Capacitor 

 Super-capacitor 

 Superconducting Magnetic Energy Storage (SMES) 
 
3. Electrochemical  

 Batteries 

 Flow Batteries 
 Fuel cells 

 
4. Mechanical  

 Compressed Air Energy Storage (CAES) 

 Flywheel Energy Storage 
 Hydraulic Accumulator 

 Hydroelectric energy storage 

 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 
mentioned categories using Patent iNSIGHT Pro’s User Defined 
Categories. Various search strings were prepared for each 
category. The advanced searching interface was used to search 
across the Full-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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Carbon Nanotubes – Insights from Patents 
 
Insight Overview 

While we can get some perspective of Carbon nanotubes' 
technology as well as it’s applications with energy storage 
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 great indicators 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. 

 When did IP activity around this technology start picking 
up and is it still showing a strong increase? 

 Where are most of these filings coming from? 
 Who are the top assignees of patents in this field? 

 Who are the key innovators?  

The Search Strategy 

The first step is to create and define a patent set that will serve 
as the basis of our analysis. Innovations around “Carbon 
Nanotubes” have been made primarily in the areas of “Types”, 
“Properties” and “Energy Storage Devices”.  

 
 

 

 

 

 
The query was directed to search through the full text (FT) and 
US Classification ‘429’ and a record set of 5326 families was 
generated. 

Class Description: 

429 ‐ CHEMISTRY: ELECTRICAL CURRENT PRODUCING APPARATUS, 
PRODUCT, AND PROCESS  
  

Using the commercial patent database, PatBase as our data 
source, we used the following search queries to create our 
patent set: 
((FT=(CNT* or SWNT* or DWNT* or TWNT* or MWNT* or 
bucky-tube* or buckytube* or ((carbon or "Single Wall*" or 
"Double Wall*" or "Thin wall*" or "multi-wall*" or "Single-
Wall*" or "Double-Wall*" or "Thin-wall*" or "multi-wall*") 
w/5 (nanotube* or nano-tube*)) )) and (UC=(429))) 

  



 

© 2010 Gridlogics. All Rights Reserved. 
Patent iNSIGHT Pro™ is a trademark of Gridlogics Technologies Pvt. Ltd.  

  

 
Publication Trend 
 
What has been the IP publication trend for Carbon Nanotubes? 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The patent publication trend in the form of a bar graph shows activity from as early as the 1960’s and 
1970’s, although 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 published, there 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 nanotubes in energy storage device has remained high 
and looks to be going strong. 
 
How we did it? 
 

Once the patents were populated in Patent iNSIGHT 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 assignees or the key players for carbon nanotubes? 
 
 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 

 
 
 
 

 
 
 
 

 
 
The Top Assignees are: 
1. Samsung Group 
2. NEC Corporation 
3. Toyota Group 
4. Sony Corporation 
5. Panasonic Corporation 
6. Showa Denko Group 
7. Nissan Motor Co. Ltd. 
8. Honda Motor Co Ltd. 
9. Canon Inc 
10. Sumitomo Group 
11. Casio Computer Ltd. 
12. Massachusetts Institute Of Technology 
13. Commissariat  A Lenergie Atomique 
14. Mitsubishi Pencil Co Ltd. 
15. California Institute of Technology 
16. LG Corporation 
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17. Fujifilm Corporation 
18. Energy Conversion Devices 
19. Polyplus Battery Company 
20. General Electric 

 
How we did it? 
 
Once the patents were populated in Patent iNSIGHT Pro, the assignee clean‐up tools were used to normalize the 
names. Different cleanup tools were leveraged: 

• To locate assignees for unassigned records 
• To clean up records having multiple assi gnees  
• To locate the correct assignee names for US records using the US assignments database 
• To merge assignees that resulted from a merger or acquisition or name change.  

  
Please refer Appendix A for more details on Assignee merging. 

 

Once the Assignee names were cleaned up, the dashboard tool within Patent iNSIGHT Pro was used to find the 
top 20 assignees within the given patent set. A visual graph was created based on the results of the top 
assignees with the number of patents alongside each one.  

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

List of top assignees  
http://www.patentinsightpro.com/techreports/0710/Top%20Assignees.xls   
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Top Assignee Trends 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 
Group shows an impressive spike from 2005 onwards where there seems to have been a frenzy of 
research around carbon nanotubes over a shorter period of time which has taken Samsung Group 
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 Pro, the graph showing the cumulative filings of top 15 assignees 
with respect to time was created. The output was created in the form of a l ine graph to get a visual insight which 
could display comparisons across the assignees.  
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Assignee - Key Statistics 
 
Here we summarize key parameters of Top 15 Assignees such as filing trend, Avg. number of Forward 
citations per record, Top inventors, Top Co-Assignees 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 360 ° series of reports available in 

the software. From the Assignee 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 was then exported to Excel using 
the option provided for the same. 
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Inventors – Key Statistics 
 
Here we summarize key parameters of Top 15 Inventors such as filing trend, Avg. number of Forward 
citations per record, Key Associated Companies and Top 5 Co-Inventors. 
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Inventors such as Yoshitake Tsutomo, Kubo Yoshimi, and Kimura Hidekazu were 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 360 ° series of reports available in 
the software. From the Inventor 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 was then exported to Excel using 
the option provided for the same. 
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Percentage of Carbon Nanotube Filings in Energy Devices 
 

What is the growth rate in percentage of carbon nanotube based filings vis-à-vis the total energy 
storage device filings? 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The graph shows a steady increase in the filing activity for use of Carbon Nanotubes in Energy devices.  
Considering the growth of 8.5% in last year over the period of 2003-2007, the technology is poised for 
further growth. 
 

How we did it? 
 

We calculated the 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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Energy Storage Device Trends 
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The chart shows the filing trend as well as the key Assignees and Inventors in each energy storage 
device.  Electrochemical energy storage devices, which include batteries, flow batteries and fuel cells 
is the most active technical sector according to the filing trends. 
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How we did it? 
 

In order to compress all  the information into a single report, we used the new 360° series of reports available in 
the software. From the Technology 360° report options, we selected the Energy Storage Device categorization 
that we had made earlier and then ran the report. The generated report was then exported to Excel using the 
option provided for the same.  
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Carbon Nanotubes Properties vs. Energy Storage Devices 
 
How various properties of Carbon nanotubes are leveraged across Energy Storage Devices? 
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This kind of an analysis can help various companies understand to what extent a particular property 
has been utilized across energy storage devices and if there is any further scope of innovation. This 
analysis also helps one to locate whitespace in this technology area. The insights from the analysis can 
directly influence technology managers’ decision to conduct research in poorly patent protected 
technology areas to eventually become market leaders in that space. 
 
How we did it? 

 
We manually created categories of carbon nanotube properties and energy storage devices. A two-level 
categorization was done in both the cases. Then using the co-occurrence matrix, a map was generated for 
properties vs. energy storage device. 
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Carbon Nanotubes - Types vs. Properties 
 
What properties are used across different types of Carbon nanotubes? 
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In the above matrix leading patent holdings within each category of carbon nanotube types have been 
highlighted with stronger shades of green for larger number of patents within that category.  One can 
see that high electrical conductivity of Fullerene nanotubes have been targeted in many patents. 

 
How we did it? 

 
We manually created categories of carbon nanotube properties and types. A two-level categorization was done 
in case of Properties. Then using the co-occurrence matrix, a map was generated for properties vs. types. 
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Assignee Portfolio spread across different Energy Storage Devices  
 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 



 

© 2010 Gridlogics. All Rights Reserved. 
Patent iNSIGHT Pro™ is a trademark of Gridlogics Technologies Pvt. Ltd.  

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 



 

© 2010 Gridlogics. All Rights Reserved. 
Patent iNSIGHT Pro™ is a trademark of Gridlogics Technologies Pvt. Ltd.  

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 



 

© 2010 Gridlogics. All Rights Reserved. 
Patent iNSIGHT Pro™ is a trademark of Gridlogics Technologies Pvt. Ltd.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chart helps get an insight into some of the Energy storage device along with a listing of the top 
assignees in each category. It highlights the focus areas within the energy storage device being 
pursued by each company. 
 
From the output it is clear that Samsung Group dominates in the fuel cells sub category with the 
maximum IP records. 
 
How we did it? 
 

We used the Co-occurrence analyzer in Patent iNSIGHT Pro to generate a matrix of Assignee vs. Energy Storage 
Devices. The generated matrix was then filtered for the top 100 Assignees and then exported to Excel. 
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Sample Portfolio Comparison of NEC Corporation vs. other top Assignees 
 
How does the portfolio landscape of NEC Corporation compare with other companies? What 

are the overlaps in the portfolios? 
 

NEC Corporation vs. Samsung Group 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The map shows patents of NEC and Samsung clustered together based on their IP Portfolio. The chart 
also shows the overlapping areas and patents in the two portfolios. 

 
How we did it? 

 
The VizMAP tool in Patent iNSIGHT Pro was used for this analysis. First the patents of the two assignees were 

loaded on the map. The map was then analyzed in the context mode wherein each patent record is placed 
across to the contextual similarity with other records . The contextual similarity was calculated over Title, 
Abstract and Claims.  
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NEC Corp vs. Toyota, Sony and Panasonic 
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Appendix A: Key Assignee Normalization Table 
 

 

SAMSUNG GROUP   
SAMSUNG GROUP  
KIM HA SUCK 

 
NEC CORPORATION 
NEC CORPORATION 

KATO KOMEI 
IRIYAMA JIRO 
SATOH MASAHARU 

KONO YASUTAKA 
SEKINO SHOJI 

 
TOYOTA GROUP   
HIRAMATSU MINEO  
HORI MASARU 
TOYOTA GROUP  

TSUCHIYA CO LTD. 
CATALER CORPORATION 
SEI CORPORATION 

JFE GROUP 
SAITO TAKAMITSU 

 
SONY CORPORATION 
SONY CORPORATION 
WATANABE MITSUHIRO  

 
PANASONIC CORPORATION 
PANASONIC CORPORATION 

SUGOU MASAYO HF 
HERLE P SUBRAMANYA 
 
SHOWA DENKO GROUP   
SHOWA DENKO GROUP  

 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
BELCHER ANGELA 

CHIN TIMOTHY E 
CARTER W CRAIG 
CHIANG YET MING 
DUDUTA MIHAI 

HO BRYAN Y 

 
ENERGY CONVERSION DEVICES INC.   
ENERGY CONVERSION DEVICES INC.  

 
POLYPLUS BATTERY COMPANY 
POLYPLUS BATTERY COMPANY 
JONGHE LUTGARD C DE 
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Appendix B: Search Strings Used for Classification 
 

Categorization: Types of carbon nanotubes 

1. Single wall 

 

Single Wall Nanotubes 

(SWNT* or (single w/3 wall*)) 118 results 

chiral*  5 results 

 

2. Double wall 

 
Double Wall Nanotubes 

DWNT* or ((dual* or double*) w/3 wall*)  14 results 

 
3. Multi wall 
 

Multi Wall Nanotubes 

(MWNT* or (multi w/3 wall*))   62 results 

 
4. Fullerene Nanotubes 

 
Fullerene Nanotubes 

(*WNT* or nanotube%) w/5 fulleren* 62 results 

 
5. Cup Stacked Nanotube 

 
Cup Stacked Nanotubes 

cup w/2 stack* 1 result 
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Categorization: Properties of carbon nanotubes 

 
1. Chemical- Biochemical Properties 

 
Chemical Biochemical Properties 

(chemical or biochemical%) w/2 propert* 3 results 
(chemical or biochemical%) w/3 propert* 10 results 

capillar*  32 results 

high* w/3 area* 71 results 
high* w/5 (surface* w/2 area) 69 results 

 
2. Conductive Properties 

 
Conductive Properties 

conduct* w/2 propert*  23 results 
anisotrop* 13 results 

electric* w/3 conduct* 377 results 
field emission 10 results 

heat*  w/3 conduct*  48 results 

high* w/3 (current w/2 density) 20 results 

 
3. Defects  

 
Defects 

Schottky Defects  4 results 

 
4. Electrical Properties 

 
Electrical Properties 

Elec* w/2 propert* 44 results 

 
5. Magnetic Properties 
 

Magnetic Properties 

magnet* w/2 propert* 1 result 
diamagnet* 1 result 

ferromagnet*  1 result 

magnet* w/2 field* 13 results 
paramagnet* 5 results 

 
6. Mechanical Properties 

 
Mechanical Properties 

Mechanic* w/2 propert*  19 results 
aclm contains densit* 184 results 

densit* 425 results 

aclm contains (flexibility or flexibl* or elastic* or 
stretch*) 

82 results 

Tensil* w/2 strength* 15 results 
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tensil* w/2 modul* 13 results 
young* w/2  modul* 10 results 

 
7. Optical Properties 

 
Optical Properties 

optic* w/2 propert* 3 results 
optic* w/10 (absorb* or absorption*) 10 results 

photolumi* 6 results 
raman w/2 spectro* 4 results 

 
8. Physical Properties 

 
Physical Properties 

physic* w/2 propert* 11 results 

aclm contains manipulat* 10 results 
manipulat* 86 results 

electric* w/5 structure* 37 results 

electronic* w/5 structure* 3 results 
aclm contains hard* 32 results 

hard* or rough* 101 results 
aclm contains hard* or rough* 54 results 

spec contains environment*  5 results 
aclm contains environment*  46 results 

one w/2 dimension* 24 results 
aclm contains strength* 44 results 

toxic* 15 results 

aclm contains toxic*  5 results 

 
9. Thermal Property 

 
Thermal Property 

thermal* w/2 propert*  3 results 

ballistic*  2 results 
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Categorization: Energy Storage Devices  

1. Chemical 
 

Chemical 

bio* w/2 fuel* 4 results 

(biomass or (liquid w/2 fuel*) or biogas*) or bio 
w/2 fuel* 

160 results 

hydrogen and not (oxyhydrogen or peroxide)  790 results 

(hydrogen w/2 peroxide) or H2o2 36 results 

*peroxide* or (hydrogen w/2 peroxide*) or 
H2o2 

77 results 

(liquid* w/2 nitrogen) or LN2 1 result 

Oxyhydro*  5 results 

 
2. Electrical 

 

Electrical 

capacitor* or (condenser* or condensor*) 172 results 
supercapacitor or super- capacitor 57 results 

super w/2 capacit*  11 results 
supercapacitor* 64 results 

(EDLC* or (ultra* or super* or pseudo* or 
double-layer) w/2 capacitor) or super-
condenser 

53 results 
 

(EDLC* or (ultra* or super* or pseudo* or 
electrochemical*) w/2 capacitor) or super-
condenser 

34 results 
 

Electric double-layer capacitor or 
supercapacitor or supercondenser or  
pseudocapacitor or electrochemical double 
layer capacitor or EDLC or ultracapacitor 

 2281 results 
 

Electric double-layer capacitor or 
supercapacitor or supercondenser or  
pseudocapacitor or electrochemical double 
layer capacitor or EDLC or ultracapacitor 

74 results 

(super w/2 conduct*) or superconduct* and 
magnet* 

5 results 

superconducting and magnet* 2 results 
superconductor and magnet*  3 results 

 
3. Electrochemical 

 
Electrochemical 

Batter* 1265 results 

(flow or recharge*) w/3 (batter* or cell) 186 results 

fuel w/3 cell* 2239 results 
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4. Mechanical  

 
Mechanical 

flywheel* 3 results 

Spring* 27 results 
aclm contains spring* 18 results 

spec contains spring* 3 rresults 
hydro* w/2 electric* 30 results 

(ttl to Attorney Opinion) contains (hydro* w/2 
electric*) 

10 results 

 
5. Thermal 

 
Thermal 

stor* w/2 heat* 5 results 

molt* w/3 salt* 13 results 
steam* or mist* 39 results 

solar* w/2 cell*  54 results 

cryogen*  3 results 
liquid* w/3 nitrogen* 1 result 
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Summary 
 

The leap in R&D activity and innovation in carbon nanotubes 
makes it evident that it can well be a part of the technologies we 
use in our day to day lives. It’s unique properties and 
unparalleled nano structure makes it a crucial element for energy 
storage devices of the future which need to be able to compete 
with increased capacity at decreasing sizes just as the devices we 
use move in the same direction.  
 
Carbon nanotubes have been picking up momentum in the 
markets as well and from the top assignees list it’s clear that the 
most dominant technology and electronics companies intend to 
pursue their research around what could well be what powers 
our future. 
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About Patent iNSIGHT Pro 
 
Patent iNSIGHT Pro™ is a comprehensive patent analysis platform 
that allows you to accelerate your time-to-decision from patent 
analysis activities. Designed from inputs by experienced patent 
researchers, Patent iNSIGHT Pro easily blends into your existing 
Research workflow. Patent iNSIGHT Pro is used by leading legal 
services, Pharmaceutical & biotech, electronics companies and 
research organization across US, Europe, South America and 
India with more than 180 end users. Patent iNSIGHT Pro is 
developed and marketed by Gridlogics, a research driven IT 
Company specializing in providing intellectual property analysis 
and visualization solutions to aid R&D and corporate strategy.  
 
Gridlogics is headquartered in Pune, India and has a sales 
presence in Delhi, Mumbai and USA.  
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