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Abstract The article provides a general overview for
the landscapes of national nanotechnology development
from 1991 to 2010. More than 230,000 unique patents
are identified based on a composite search strategy in the
Derwent innovation index database. According to the
concordance between patent classification and industry
technology, some main application areas are identified
to compare the positions and specializations among the
leading countries. By extracting the content of the “use”
subfield in the abstracts and harvesting the keywords
representing characteristics of life cycle, nanotechnol-
ogy patents are grouped into four categories: nanoma-
terials, nanointermediates, nano-enabled products, and
nanotools, which can be seen as four stages of
nanotechnology’s value chain. These analyses enable
us to identify the distributions of value chain and prolific
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research institutions among the leading countries. It is
found that China is productive in nanomaterials and
nanointermediates, rather than nano-enabled products
and nanotools, which could be mainly explained by the
fact that Chinese academia makes a main contribution to
nanotechnology patenting. However, there is a big gap
between university patenting and market demands,
leading to a low rate of technology transfer or licensing.
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Introduction

Nanotechnology has been widely recognized as one of
the most promising technologies of this century.
Considering that it will become a common technology
for almost all technology sectors and will deliver
substantial economic benefits to the global economy,
more than 60 countries have launched nanotechnology
development strategies in their national agenda for
science and technology development since 2000 (Roco
2005). Further, some leading countries have been
making substantial sustained investments in this
emerging field to develop and capture its commercial
value. To some extent, the competence of countries
achieved in nanotechnology can be used as a bench-
mark for a country’s scientific and technological
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competitiveness. This results in rapid growth rates of
R&D expenditures, scientific publications and patent
applications in nanotechnology. Considering the global
distribution of these indicators, the United States, Japan,
and main European countries like Germany, UK, and
France, can be identified as key players in nanotech-
nology (Liu et al. 2009; OECD 2009).

More recently, China has emerged as one of the key
global players in this field (Kostoff et al. 2008; Guan
and Ma 2007; Zhou and Leydesdorff 2006; Youtie
et al. 2008). Its scientific research and technological
development in nanotechnology has attracted consid-
erable attentions from scholars, senior managers, and
policymakers all over the world. Nanotechnology in
China has been identified as a main component and
a priority mission area in its strategic policy plans for
future developments in science and technology. It has
been given a high level of investment and significant
support from central and local governments (Bai 2005;
Hassan 2005). Regarding the number of scientific
publications in the international journals, China has
outperformed Germany and Japan, following only the
United States. Its development actually shows the
world-class research results in some specific areas.
However, the quality of Chinese publications seems to
be still at a relatively low level. Thus, Chinese
nanotechnology community has made remarkable
progress in fundamental scientific research of nano-
technology. China is on the way of becoming a main
contributor in this emerging field.

However, although a large body of studies has
concentrated in the current state of China from the
perspective of scientific results, little is known about its
global competitive position in the development and
commercialization of nanotechnology. In general,
traditional methodology of assessing competitive
strength of mature technologies and industries are
based on these data, such as sales, profits, market share,
and trade. But it seems to be not available for assessing
competitiveness of this emerging technology, since
nanotechnology is still largely in an early stage of
development and related data have not been collected.
Alternatively, patent data have been employed as a
well acknowledged indicator to highlight the position
and specialization of countries across nanotechnology
sub-areas and application fields. Patent analyses offer
some important insights for the understanding of
current and future developments of nanotechnology.
Most bibliographic analyses focus on the historical
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trends in nanotechnology patenting, the identification
of major players, major patent applicants, the distri-
bution of technological fields and application areas and
the evaluation of international patenting strategies, but
there are two notable exceptions. Lux Research, a
nanotechnology research and advisory company,
introduced the framework of nanotechnology value
chain on the basis of the value added to track the
performance of companies participating in the appli-
cation and commercialization of nanotechnology and
that of industry sectors impacted by nanotechnology
(Lux Research 2004). In its framework, nanotechnol-
ogy products can be classified into four stages:
nanomaterials, nanointermediates, nano-enabled prod-
ucts, and nanotools. Alencar et al. (2007) indicated this
taxonomy appropriate to evaluate the national position
along this nanotechnology value chain without involv-
ing details specific to particular businesses.

Various scholars have made significant efforts to
collect and analyze nanotechnology patents, but
seldom mentioned the situation of China. It may be
due to two reasons. One is that their works drew from a
single patent office database, e.g., the United States
Patent and Trademark Office (USPTO), or European
Patent Office (EPO), to harvest patent data within
nanotechnology, but Chinese applicants tend to file
patents with their national patent office rather than with
foreign patent offices. Chinese performance in inter-
national nanotechnology patenting is weak relative to
its research strength (Kostoff et al. 2008). Shapira and
Wang (2009) also reported China’s relatively weak-
nesses in commercialization and international patent-
ing of the research. If Chinese domestic patents are
brought into, China’s current state and development is
unclear. Considering the increasing role of China’s
technology market, it is necessary to provide an answer
on this issue. The other is that although the number of
patents acquired by Chinese applicants has surged in
the past few years, most of them come from universities
and public research institutions (PRIs). The number of
indigenous companies actively engaging in nanotech-
nology R&D and commercialization is still relatively
small due to their limited technological capabilities of
indigenous companies and a lack of incentives.

The purpose of this article is to evaluate competitive
advantage of China from more comprehensive per-
spective and to compare it with the leading players
across application fields and along nanotechnology
value chain, respectively. The study exploits a database
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of nanotechnology patents from the Derwent innovation
index (DII), because it is the most comprehensive
database covering the data of the main leading patent-
issuing authorities. By the content analyses of the “use”
subfield in the abstracts, nanotechnology patents are
grouped into four categories: nanomaterials, nanointer-
mediates, nano-enabled products, and nanotools, which
can be seen as four life cycle stages of nanotechnology’s
value chain. These analyses enable us to identify the
distributions of value chain and productive research
institutions among the leading countries.

The remainder of this article is organized as follows.
In the next section, we summarize the methods of
identifying nanotechnology patents and the framework
of nanotechnology value chain. Section “Results”
discusses the present situation of nanotechnology from
various perspectives by examining historical trends
and market share by country, by institution sector (such
as company, university, and PRI), and by the applica-
tions of industry technology concerned. Then, a picture
of nanotechnology along nanotechnology value chain
by country is portrayed. Finally, we will draw our
conclusions on China’s position in the development
and commercialization of nanotechnology.

Methods and data
Search strategy

Previous to the analysis of patent landscapes, it is crucial
to define the search strategy and select suitable
databases. Since nanotechnology is an emerging and
rapidly evolving field with the multidisciplinary nature,
it is difficult to delineate its boundaries and harvest the
relevant publications and patents of the field. Different
bibliometric search strategies of querying keywords and
prominent terms in titles, abstracts, and patent claims,
are found to collect publications and patents of nano-
technology, including simple term search for the prefix
“nano,” complex, and evolutionary lexical queries,
citation analysis, bootstrapping techniques, the use of
core journal sets based on Bradford’s law and hybrid
lexical-citation methods (Braun et al. 1997; Glinzel and
Meyer 2003; Schummer 2004; Leydesdorff and Zhou
2007; Mogoutov and Kahane 2007; Zitt and Bassecou-
lard 2006). There seems to be no agreements having
been made on search approaches of nanotechnology in
the above-mentioned studies. For conveniences of

retrieving and identifying nanotechnology publications
and patents, we employ the search strategy suggested by
Porter et al. (2008). Porter et al. (2008) reviewed a
variety of search efforts and provides a two-staged
modularized Boolean search strategy. There are three
advantages of this search approach. First, it is combined
with nanotechnology expert panel review. Second, it has
strong ability to search large-scale and multiple dat-
abases to retrieve relevant research articles, patents
applications and awards, and other type data. Third, it
incorporates most of search keywords appeared in
earlier studies and traces the emergence of new terms.
Thus, this search strategy could be a good choice of
defining nanotechnology.

Whereas numerous studies conduct searches access-
ing only one single patent database, e.g., the database
of USPTO or the one of EPO, fewer ones make use of
databases containing data from several national and
international patent offices, like the chemical abstracts
(CA) database or the DII database (Liu et al. 2009;
OECD 2007). These choices of selecting one patent
office database may underestimate the performance of
some emerging countries or institutions. As a matter of
fact, a high share of Chinese nanotechnology patents
was only applied at the Sino Intellectual Patent Office
(SIPO). Our study exploits a database of nanotechnol-
ogy patents from the DII database, since this data
source avoids some of the country biases. DII is the
most comprehensive database covering the data of the
main leading patent-issuing authorities including US-
PTO, Japan Patent Office (JPO), EPO, World Intellec-
tual Property Organization (WIPO), SIPO, and so on.
Further, it provides the descriptive titles and concise
abstracts rewritten by subject experts linking to full-
text primary patent records from a range of full patent
sources, which can be retrieved easily and exactly.
More importantly, it has the use information of most
patents in the field of abstracts.

It should be noted that each record in DII means a
basic patent defined as a unique invention, enabling a
global view of all equivalent patents referred to this
particular invention in a patent family structure. A
patent family is a group of published patent documents
relating to the same invention and patented in different
countries by way of the priority or priorities of a
particular patent document. We treat the invention
described in each record as unit of analysis. Applying
the search strategy in DII, we harvest more than
230,000 records in the time frame of 1991-2010.

@ Springer



Page 4 of 14

J Nanopart Res (2012) 14:702

The focus of this article has been put on the analysis
of China compared to its main competitors, i.e., the
USA, Japan, Germany, France, Britain, and Korea.
Country of residence of the inventor particularly the
first-named inventor is frequently used to count patents
to measure inventive performance in the country level.
However, it is difficult to identify patent origin in DII
because nationality of inventor is not yet provided.
Country of residence of the applicant may be an
alternative choice, since patent counts by applicant
concentrate on patent ownership. Though the infor-
mation is not available yet via DII, we could harvest it
from other channels. To solve this, we extracted all the
institutions with 20 or more patents within the field of
nanotechnology during the period of 1991-2010 and
collected geographical area of each applicant from its
official website or other business portal websites. It
also has an advantage of incorporating change and
variation of assignee names. Then, we used the
locations of their headquarters to identify their
nationalities.

Nanotechnology value chain

According to a recent report from Lux Research,
nanotechnology is viewed as a value chain going from
nanomaterials to nanointermediates to nano-enabled
products, and all supported by nanotools. A basic
scheme of the value chain for nanotechnology-based
products can be illustrated as follows. Upstream,
nanomaterials are raw materials which have unique
size-dependent properties stemming from their nano-
metric scale dimensions and have been minimally
processed, e.g., carbon nanotubes, quantum dots,
nanoparticles, and dendrimers. During the second
value chain stage, these nanomaterials are incorporated
into nanointermediates acquiring value added during
processing by being functionalized. Coatings, nano-
catalysts, superconducting wires, and optical compo-
nents improved with nanomaterials are good examples.
Nanointermediates are then incorporated in the third
value chain stage to make nano-enabled final products
available in the market ranging from airplanes to cells
phones to medical diagnostics. Equipment used to
visualize, manipulate, and model matter at the nano-
scale, e.g., scanning probe microscopes, is needed
during all three stages. Based on this value chain
ontology, Lux Research gathered actual and estimated
sales data for companies supplying each of these
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products and made forecasts that the sales of products
incorporating emerging nanotechnology will rise to
$2.6 trillion in 2014. Although the notion of nano-
technology value chain proposed by Lux Research has
been broadly used by academics, government officials,
policy makers, and other trend watchers, it does not
provide technical details of this framework.

Under the framework of nanotechnology value chain,
Alencar et al. (2007) developed a similar taxonomy to
place nanotechnology patents in three stages of its value
chain not including nanotools by digging the content of
patent documents. They extracted the proposed patent
uses from the abstract field of patents by text mining and
then employed lexical analysis to figure out the most
frequent and significant terms within a selected IPC
subclass. These terms together with the description of a
selected IPC subclass were used to judge which of the
three stages best reflects them. Finally the value chain
stage for each leading use of nanotechnology patents
grouped by their IPC subclasses was given in a
representative table. This taxonomy is appropriate to
estimate the national position along this nanotechnology
value chain without involving details specific to partic-
ular businesses.

On the basis of these works, we perform our value
chain metrics for classifying nanotechnology patents
into four categories: nanomaterials, nanointermedi-
ates, nano-enabled products, and nanotools. In the first
step, we collect the keywords or products representing
the features of four stages from the related reports or
presentations of Lux Research. During the second
step, we apply text mining and lexical analysis, i.e., the
same procedures as Alencar et al. (2007) suggested, in
order to collect the most frequent terms of the leading
IPC subclass. At last, we undertake the search strategy
by merging these words gained in former steps to
classify nanotechnology patents into four stages of the
value chain. DII includes descriptive abstracts written
by subject specialists. The abstract may include
categories such as novelty, detailed description, use,
advantage, and others depending on the selected
patent. We extract the information of the “use”
subfield in the abstracts. Then, we apply keywords
strategy on the “use” subfield to assign a nanotech-
nology patent in four categories. For example, if the
use field of a patent contains the words listed in
Table 1, such as carbon nanotubes, quantum dots,
nanoparticles, and so on, this patent then belongs to the
first stage of value chain, nanomaterials.
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Table 1 The keywords of nanotechnology value chain

Stage of value
chain

Keywords

Nanomaterials

Nanointermediates

Nano-enabled
products

Nanotools

Antibody, carbon nanotubes, ceramic nanoparticles, dendrimers, DNA, drug nanoparticles and nanoscale
reformulations, fullerenes, metal nanoparticles, nanobelts, nanocapsules, nanocrystalline materials,
nanofibers, nanoporous materials, nanoscale films, nanospheres, nanosprings, nanostructured metal,
nanowires, nucleic acid, polymer nanoparticles, protein, quantum dots

Adhesive, catalyst, coatings, composites, contrast media, diagnostics, displays, drug delivery, electrical device,
electronic device, fabrics, fiber, field emission display, film, insulation, integrated circuit, liquid crystal
display, memory, optical components, orthopedic materials, resin, semiconductor device, sensors, solar cells,
substrate, superconducting wire, therapeutics

Air-conditioner, airplanes, appliances, cancer (treatment medication), clothing, computers, consumer
electronics devices, cosmetics, drug, fuel cell, motor vehicle, pharmaceuticals, plastic containers, processed
food, refrigerator, television, wiring board

Absorption spectroscopy, aluminum nanopositioner stages, atomic force microscopes (AFMs), attenuated total

reflectance spectroscopy (ATRS), dip-pen nanolithography, electron microscopes, electron paramagnetic
spectroscopy, electron spectroscopy, electron spin resonance (ESR), emission spectroscopy, extreme-
ultraviolet lithography, infrared spectroscopy, invar and super-invar nanopositioner stages, laser tweezers,
molecular beam epitaxy, nanoimprint lithography, nanoimprint lithography equipment, nanomanipulators,
nanomanipulators/nanopositioners, nanoprobes, near field scanning optical microscopy (NSOM), nuclear
magnetic resonance, optical lithography, Raman spectroscopy, scanning probe microscopes (SPMs), scanning
tunneling microscopes (STMs), scattering spectroscopy, soft lithography, X-ray fluorescence

Source from Lux Research (2004) and Alencar et al. (2007)

Results

First of all, we will present a historical trend for
nanotechnology patenting over the period of
1991-2010, based on date of entry into the database.
Following this general overview, we will present major
results regarding the patent landscapes of China and its
main competitors in nanotechnology. Analyzing major
applicants in each country emphasizes the main differ-
ences in nanotechnology patenting between the respec-
tive countries. Moreover, we point out the core areas of
each country within the broad field of nanotechnology.
Finally, we pay attention to the positions of value chain
of national nanotechnology development.

Overview of trends in nanotechnology patents

In Fig. 1, the historical trend in nanotechnology
patenting is depicted, whereas we analyze this trend
for patents acquired by the leading organizations of
selected countries. These leading organizations whose
total number of patent granted are larger than 20 are
found to be most active in patenting nanotechnology.
From 1991 to 2010, total numbers of nanotechnology
patent is more than 230,000 and more than half is
acquired by these organizations. These organizations
are identified as our sample for further investigation.

We studied two distinct phases in the history of
nanotechnology. From 1991 to 2000, nanotechnology
research was just beginning around the world and most
countries did not have many patents. For the period of
2001-2010, it accounts for 84% of patents. Since the
US launched the first national nanotechnology initia-
tive in 2000, the potential of nanotechnology has been
recognized in more and more countries. A strong
increase in the number of patents can be identified at
the beginning of the 2000s, rising from about 6,858
patents in 2000 to more than 25,000 in 2010. The
average annual growth rate for this period amounts to
20%. Considering the historical trends in nanotech-
nology patenting of these countries, the rapid growth
rate of Chinese and Korean patents is especially
remarkable. Not surprisingly, China has become the
technological leaders in nanotechnology and moved
into the first place in 2009, rising from only 76 patents
in 2000 to 4,016 in 2009 and representing the annual
growth rate of 70%. For the market share of global
patents of nanotechnology, the US was second to
Japan regarding the number of patents, followed by
China, Korea, and some European countries. This
result seems to be different from other works showing
that the US always makes the dominant position in
nanotechnology. As noted above, the treatment of
patent families and the calculation of patents by only
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Fig. 1 Historical trend of patents in nanotechnology by country
(1991-2010)

the leading organizations in our analyses may result in
different counts. Another argument could be that since
the JPO patents do not contain assignee country
information, most studies did not draw on the JPO
database when calculating the distributions of
assignee country.

We also analyze to what extent internationality
matters in the respective patenting strategies of these
countries, as shown in Table 2. All applicants have a
regional advantage of showing their competitiveness,
filing the largest number of patents in their home
country. Specially, the Asian countries show an
extremely high percentage of nanotechnology patents
at their home patent offices. On the other hand, to
manufacture or sell products in a foreign country, it is
necessary to obtain a patent right in that country.
Filing applications to a foreign patent office may
reflect the applicant’s strong intention to develop,
manufacture and sell goods in that country. USPTO is
widely recognized as the most important and largest
technology market in the world and therefore relevant
for any internationally oriented company. It is found

that applicants from the US and European countries
succeed in pursuing international patenting strategy,
not only actively filing at the triad patent offices but
also having more PCT (patent cooperation treaty)
applications. For the US and European countries, they
show their competitiveness in the worldwide market.
Furthermore, applicants from the USA file slightly
more patents in Europe than in Japan, while applicants
from Japan apply for many more patents in the USA
than in Europe. And Korea applicants file many more
patents in the USA than in Europe. Although the type
of patent office targeted is different, we find that the
distribution of patents acquired by Chinese organiza-
tions is highly skewed, with more than 98% of all
patents applied for at the STPO and only 4.6% for at the
USPTO. Unlike China, Japan, and Korea have a
considerable proportion of USPTO applications. In
China, the average number of patents applied for at the
WIPO, JPO or other patent offices still remains very
low. In short, there is a lack of internationality in
Chinese nanotechnology patenting activity.

Institutional sector analysis of nanotechnology
patents

The emergence and development of nanotechnology
have been characterized by knowledge generation and
transfer within and among universities, public
research institutions (PRIs, including hospitals and
non-profit organizations), and corporations. The iden-
tification of institutional sectors of patents relies on
information about the assignee name of patents,
enabling a distinction between companies, universi-
ties, and PRIs. Figure 2 presents the shares of
nanotechnology patents by these institutional sectors.

Table 2 Numbers and percentage of main patent offices by country

Patent China [N Europe Japan Korea
authorities
Numbers Percentage Numbers Percentage Numbers Percentage Numbers Percentage Numbers Percentage

USPTO 742 4.6 29223 85.7 6984 54.7 11562 22.1 3072 33.1
EPO 116 0.7 11738 34.4 8020 62.9 5712 10.9 654 7.1
JPO 306 1.9 9028 26.5 5052 39.6 49795 95.2 1458 15.7
Triad patents 74 0.5 7137 20.9 4115 322 4607 8.8 437 4.7
WIPO 286 1.8 18152 53.3 8314 65.2 5714 10.9 879 9.5
SIPO 15903 98.4 4124 12.1 2648 20.8 4227 8.1 886 9.6
KPO 62 0.4 3459 10.1 2064 16.2 4288 8.2 8603 92.8
ALL 16162 100.0 34087 100.0 12760 100.0 52330 100.0 9268 100.0
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Significant variations are detected in the institutional
sectors of nanotechnology by country. In those
developed countries, company is the main performer
in industrial applications of nanotechnology. At one
extreme, in the case of Japan, more than 90% of these
nanotechnology patents are assigned to company
compared with 80% in Germany and 70% in the US.
In contrast, university produced most of the nanotech-
nology patents in China. During the period of
1991-2010, university accounted for close to 80% of
patent grants, while industry only accounted for 8%.
The rest were granted to PRIs. In the case of France
public research organizations and laboratories play an
especially important role in patenting activity,
accounting for nearly 40% of these patents.

Table 3 lists the top 40 assignees by their names,
i.e., the names of companies, universities, and research
institutes that own the patents. In general, the top 40
assignee institutions are from Japan, the United States,
China, and Korea. As expected the list is dominated by
multinational enterprises (MNEs) based in Japan and
the United States such as Canon, Fuji, NEC, Mats-
ushita, Sony, IBM, and GE. All of these, including two
Korean companies, Samsung and LG, are major
players in the electronics industry in which top—down
approaches to nanoscale engineering have been used
already for some time. Nonetheless, universities or
PRIs, such as California University and Chinese
Academy of Sciences, also show up on the list along
with a biotechnology company named Genentech.
Besides Chinese Academy of Sciences, three univer-
sities in China also make the list, namely Tsinghua
University, Zhejiang University, and Shanghai Jiao-
tong University. None of Chinese company is found in
this table.

BT e =
90%
80% -
70% -
60%
50% -
40% A
30%
20% -
10%

China US Japan Korea Germany France Britain EU

[m Company M University

Research Institution|

Fig. 2 Share of nanotechnology patents by institutional sector
(1991-2010)

Trends in nanotechnology patent applications
by application fields

Nanotechnology is considered to be an emerging
general purpose technology, exhibiting a widening
variety of uses in a widening number of application
areas and industries. In order to capture its develop-
ment and application across countries and show how
technological competence is transferred into eco-
nomic performance, it is crucial to translate technical
patent classification into economic sectors. For these
purposes, a concordance that maps the rather technical
patent classification into industrial classification will
be needed. In our analysis, patents have been classified
into five areas and 35 fields according to Schmoch’s
work (Schmoch 2008). He distinguished 35 technol-
ogies based on the international patent classification
(IPC) and grouped them into five industry areas (see
Appendix for the detail classification of industry
technology). A patent application is usually assigned
to several IPC codes, the first of which is used as the
main classification at many patent offices to represent
the most substantial aspect of the patent. We employed
the main classification to distribute each patent into
multiple fields of industry technology.

The distribution of nanotechnology patents across
more industry-oriented areas by country is illustrated
in Fig. 3. Of all nanotechnology patents identified for
this overview the largest share is classified to the area
of chemistry. Electrical patents also constitute a
noteworthy share followed by instruments. This figure
also indicates that no country appears particularly
active in the application areas of mechanical engi-
neering and other fields, where nanotechnology may
have fewer effects. Hence, these two areas can be
excluded from the analysis which follows. The largest
number of nanotechnology patents originating from
China is also in chemistry, but has a higher share.
While most countries are involved in clear similar
patterns, Korea stand out with a higher share of patents
in the field of electrical engineer. By breaking down
these areas into 35 application fields, we can find that
macromolecular chemistry (including polymers),
optics, pharmaceuticals, semiconductors, surface
technology and materials and metallurgy could be
seen as the most important application fields, account-
ing for the largest share of nanotechnology patents in
the world technology market. Further, pharmaceuti-
cals and biotechnology represent areas in which
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Table 3 Top 40 assignees to nanotechnology patents, 1991-2010

Rank Origin Assignee Patent number Institution
1 Japan Fuji Photo Film Co. Ltd. 2084 Company
2 Korea Samsung Electronics Co. Ltd. 2058 Company
3 China Chinese Academy of Sciences 1901 PRIs

4 Japan Canon KK 1862 Company
5 (8N Genentech Inc. 1540 Company
6 Japan Matsushita Electronics Corp. 1379 Company
7 usS Univ. California 1362 University
8 Japan Hitachi Ltd. 1282 Company
9 Japan Sharp KK 1265 Company
10 Japan NEC Corp 1245 Company
11 Japan Fujitsu Ltd. 1243 Company
12 Japan Sony Corp. 1233 Company
13 Japan Hitachi Chem Co. Ltd. 1229 Company
14 usS Int Business Machines Corp. 1202 Company
15 Japan Toray Ind. Inc. 1184 Company
16 Japan Toshiba KK 1160 Company
17 Taiwan Hon Hai Precision Ind. Co. Ltd. 1100 Company
18 Japan Japan Sci and Technology Agency 1053 PRIs

19 China Tsinghua University 1031 University
20 Japan Ricoh KK 1003 Company
21 Japan Seiko Epson Corp. 979 Company
22 usS General Electric Co. 887 Company
23 Japan National Institute of Advanced Industrial 878 PRIs

Science and Technology

24 Korea LG Electronics Inc. 869 Company
25 usS Du Pont De Nemours and Co. E 1 860 Company
26 China Zhejiang University 859 University
27 Japan Mitsubishi Chem Corp. 837 Company
28 Japan Sumitomo Bakelite Co. Ltd. 799 Company
29 Japan Sumitomo Chem Co. Ltd. 776 Company
30 Taiwan Ind Technology Res. Inst. 774 PRIs

31 [N} 3m Innovative Properties Co. 763 Company
32 Japan Mitsui Chem. Inc. 760 Company
33 Japan JSR Corp. 753 Company
34 Japan Kaneka Corp. 750 Company
35 China Shanghai Jiao Tong University 723 University
36 UsS Xerox Corp. 703 Company
37 Japan Shinetsu Chem Ind. Co. Ltd. 698 Company
38 Japan Konica Corp. 668 Company
39 Japan Nippon Telegraph and Telephone Corp. 645 Company
40 Japan Nitto Denko Corp. 636 Company
nanotechnology is contributing to diversification in metallurgy, semiconductors, surface technology and
new fields. Among 35 technology fields, micro- coating, digital communication have witnessed the
structural and nanotechnology, materials and higher growth rates.
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Fig. 3 Shares of nanotechnology patents across five main
industry areas by country (1991-2010)

Next, we discuss the position and specialization
pattern of countries across the technology fields in
which nanotechnology is finding its applications. The
“revealed technological advantage” (RTA) index
provides interesting insights as one basis for this
issue. The RTA index is defined as the ratio of the
share of patenting of a country in a particular
application field, and the corresponding share for
patenting globally. For the sake of clarity, the RTA
indexes of China and its main competitors are
illustrated in Fig. 4 only for the application fields
with the top six largest share globally. It is clear that
China appears more specialized only in the field of
materials and metallurgy, compared with Korea and
European countries. Both France and Britain are
similarly specialized across the application fields of
pharmaceuticals, while the United States and Ger-
many appears well-proportioned. Especially, Korea
distinguishes itself from other countries with the
highest specialization in semiconductors, while being
less specialized in the other application fields. Japan
appears more specialized in macromolecular chemis-
try and polymers, and optics, compared to the United
States, China, and European countries. It is also
interesting to note that China represent relatively more
specialized in the application field of materials,
chemical engineering, and digital communication.

EU . Us

Britain ¢ » Japan

France I Korea

Germany

= Macromolecular - Pharmaceuticals
chemistry, polymers

— Semiconductors

- Surface technology,
coating

—— Optics - Materials, metallurgy

Fig. 4 Specialization across nanotechnology application fields
with the largest share by country (1991-2010)

Positions of nanotechnology value chain

From the perspective of nanotechnology value chain,
all nanotechnology patents have been categorized into
four stages to show its development and compare the
position and specialization pattern of countries again.
Figure 5 shows the distribution and trend of nano-
technology patents along four stages of nanotechnol-
ogy value chain. Of all nanotechnology patents
identified for these overviews the largest share is
classified to the stage of nanointermediates all the
time, followed by nano-enabled product and nanoma-
terial, while nanotools only have a small share and its
share (estimated at 2% in 2008) has stayed relatively
constant. Though the market share of nanointermedi-
ates has decreased recently, its dominant role does not
appear to have changed significantly over the time
concerned. Thus, it reflects the infant stage of nano-
technology commercialization. However, nano-
enabled products also constitute a noteworthy share
followed by nanomaterials. During the period
1991-2010, patents in the stage of nano-enabled
products had strong growth, with the annualized
growth rate surpassing 40%.

Japan and the United States are the global leaders in
nanotechnology, occupying the dominating positions
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W Nano Material
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Fig. 5 Trend of market share of four stages of nanotechnology
value chain

Fig. 6 Market shares of
four stages along
nanotechnology value chain
by country (1991-2010)
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across all the stages (see Fig. 6). Japan has the largest
share of these patents grouping into the nanointerme-
diated stage, and does so in nano-enabled products and
nanotools, while the United States has a 49% share of
all nanomaterial patents. The remaining countries
individually account for less than 28% of these
patents. China appears to apply nanotechnology
mainly in the stage of nanomaterials, but only
accounts for an 11% share.

We also employ the RTA index to provide
noteworthy insights for the position and specialization
pattern of China and its main competitors across four
stages along nanotechnology value chain. It is clear
that China, the United States and European countries
are similarly specialized in the stage of nanomaterials,
while Japan appears less specialized. China seems
relatively more specialized in nanointermediates
compared to US and European countries. However,
considering the lower market share in this stage, its

Nano-enabled Products

F";"c%ritain China

Germany 1% 4%

4%

Korea
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Nano Intermediates Brisin NanoTools
bib France 2% 5%
Britain 2% Germany
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Fig. 7 Specialization across four stages along nanotechnology
value chain by country (1991-2010)

technological competence in nanointermediates may
be sensitive. Japan shows a higher level in three other
stages except nanomaterials, signifying the breadth of
its national nanotechnology base, especially in nano-
enabled products and nanotools. Korea also appears to
lean relatively more on applications in nanointerme-
diates and nanotools (Fig. 7).

Conclusions

The potential implications of nanotechnology, cou-
pled with the substantial sustained investments, have
raised concerns and interest in China’s competitive
position among other competing countries in this field.
Publication and patent data have been employed for a
long time as indicators of scientific and technological
strength, providing insight into the current position
and serving as bellwethers of future competitiveness.
Their role as such these indicators is still on the rise.
Considering that a large number of studies have shown
China’s leading role in nanotechnology publications,
we employ patent data for identifying China’s position
and specialization among its main competitors in
technological development and applications in this
emerging field.

Nanotechnology patents are analyzed from various
perspectives by examining historical trends and

market share by country, by institution sector (such
as company, university, and PRI), and by the appli-
cations of industry technology concerned, respec-
tively. The principal results of the analysis are as
follows. It is also widely believed that the United
States and Japan appear to be the overall global leader
in nanotechnology. Although other studies collecting
data only from one single patent database reported that
China’s progress was less impressive in patenting than
in publishing, we draw on a more comprehensive
database to argue that China has been becoming the
largest producers of nanotechnology patents since
2009 and also leading in specific areas of nanotech-
nology, such as materials, chemical engineering, and
digital communication.

By mining the content of the “use” subfield in the
abstracts and harvesting keywords representing value
chain from existing literatures, nanotechnology pat-
ents are grouped into four categories: nanomaterials,
nanointermediates, nano-enabled products, and nano-
tools, used as four life cycle stages of nanotechnol-
ogy’s value chain. Our findings show that
nanointermediates has its dominant role, while nano-
enabled products constitute a noteworthy share and
show the rise trend in the future. It reflects that
nanotechnology development appears to concentrate
in the second stage of the value chain, nanointerme-
diates. More and more companies have participated in
the process of transforming nanotechnology into final
products. China is productive in nanomaterials and
nanointermediates, rather than nano-enabled products
and nanotools. RTA values of four stages reflect that
China has relatively specialized in the stage of
nanomaterials, facing with competition from the
United States and European countries, while Japan
appear specialized in nano-enabled products and
nanotools. But the United States and Japan have
controlled the majority of all the four stages, while
China’s market share is relatively small.

Reasons for this may originate from two significant
differences, existing in regard to the distribution of
institution sectors in nanotechnology patenting and
international patenting strategies between China and
its main competitors. First, unlike other developed
countries, where industry is the main performer in
industrial applications of nanotechnology, university
and research institutes in China produced most of
nanotechnology. During the period of 1991-2010,
universities in China accounted for close to 80% of its
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patent grants, while industry only accounted for 8%.
Our another study showed that the annual growth rate
of university patents in this emerging field exceeded
the average annual growth rate and one fifth of the
worldwide nanotechnology patents in 2008 were
acquired by universities (Guan and Wang 2010).
Although universities are an important source of
knowledge in nanotechnology and have become more
actively engaged in ideas of patenting, industrial
capability of transferring scientific results into tech-
nological applications is more important. But Chinese
companies lack competence in undertaking research
and development in nanotechnology. We only see that
Hongfujin precision has built a joint research center
with Tsinghua University, representing that China is
short of cooperation between university and industry.
Second, international strategy of China’s patenting
activity in nanotechnology is absent. Although the
type of patent office targeted is different, we found that

Table 4 Concordance between IPC and industry technology

the distribution of patents acquired by these univer-
sities was highly skewed, with 98% in SIPO and only
4.6% in USPTO. Researchers from these universities
may have the language advantage and also have a
lower cost in patenting with SIPO, but the quality and
economic value may be lower than with others. It is
apparent that more comprehensive research is neces-
sary to get a clearer and deeper picture of nanotech-
nology in China.

Acknowledgments This research is funded by the National
Natural Science Foundation of China (Project no. 70773006)
and the National Social Science Foundation of China (Project
n0.10zd&014). The authors wish to thank the anonymous
reviewers for their valuable comments and suggestions that have
led to the improvement of this article.

Appendix

See Table 4.

Field of technology

International patent classification (IPC) symbols

Electrical engineering

Electrical machinery,
apparatus, energy

F21#, HO1B, HO1C, HO1F, HO1G, HO1H, HO1J, HO1K, HO1M, HO1R, HOIT, HO2#, HO5B,
HO5C, HOSF, H99Z

2 Audio-visual technology GO9F, G09G, G11B, H04N-003, HO4N-005, HO4N-009, HO4N-013, HO4N-015, HO4N-017,
HO4R, H04S, HOSK
3 Telecommunications GO08C, HOIP, HO1Q, HO4B, HO4H, HO4J, HO4K, HO4M, HO4N-001, HO4N-007, HO4N-011,
H04Q
4 Digital communication HO4L
5 Basic communication HO3#
processes
6 Computer technology (GO6# not G06Q), G11C, G10L
7 IT methods for management G06Q
Semiconductors HO1L
I  Instruments
9 Optics GO02#, GO3B, G03C, GO3D, GO3F, G03G, GO3H, HO1S
10 Measurement GO1B, GO1C, GO1D, GO1F, GO1G, GO1H, G01J, GO1K, GO1L, GO1M, (GOIN not GOIN-033),
GO1P, GOIR, GO1S; GO1V, GO1W, G04#, G12B, G99Z
11 Analysis of biological GOIN-033
materials
12 Control GO05B, GO5D, GOSF, GO7#, GO8B, G08G, G09B, G09C, GO9D
13 Medical technology A61B, A61C, A61D, A61F, A61G, A61H, A61J, A61L, A61M, A6IN, HOSG
III:  Chemistry
14 Organic fine chemistry (C07B, C07C, C07D, CO7F, CO7H, C07J, C40B) not A61K, A61K-008, A61Q
15 Biotechnology (CO7G, CO7K, C12M, CI12N, CI12P, C12Q, CI12R, C12S) not A61K
16  Pharmaceuticals A61K not A61K-008
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Table 4 continued

Field of technology

International patent classification (IPC) symbols

17 Macromolecular chemistry, CO08B, CO8C, CO8F, C08G, CO8H, CO8K, CO8L
polymers
18 Food chemistry AO1H, A21D, A23B, A23C, A23D, A23F, A23G, A23J, A23K, A23L, C12C, CI12F, CI12G,
C12H, C12J, C13D, C13F, C13J, C13K
19  Basic materials chemistry AOIN, AO01P, CO5#, CO6#, C09B, C09C, CO9F, C09G, CO9H, CO9K, C09D, C09J, C10B,
C10C, CI0F, C10G, C10H, C10J, C10K, CI0L, C10M, CI0N, C11B, C11C, C11D, C99Z
20  Materials, metallurgy CO1#, CO3C, CO44#, C21#, C22#, B22#
21  Surface technology, coating BO05C, BO5D, B32#, C23#, C25#, C30#
22 Micro-structural and nano- B81#, B82#
technology
23 Chemical engineering B01B, B01D-000#, BO1D-01##, BO1D-02##, BO1D-03##, BO1D-041, BO1D-043, BO1D-057,
B0O1D-059, BO1D-06##, BO1D-07##, BO1F, BO1J, BO1L, B02C, B03#, BO4#, BOSB, B06B,
BO7#, BO8#, D06B, DO6C, DO6L, F25J, F26#, C14C, HOSH
24 Environmental technology A62D, BO1ID-045, BO1D-046, BO1D-047, BO1D-049, BO1D-050, BO1D-051, BO1D-052, BO1D-
053, BO9#, B65F, CO2#, FOIN, F23G, F23J, GO1T, E01F-008, A62C
IV Mechanical engineering
25 Handling B25J, B65B, B65C, B65D, B65G, B65H, B66#, B67#
26  Machine tools B21#, B23#, B24#, B26D, B26F, B27#, B30#, B25B, B25C, B25D, B25F, B25G, B25H, B26B
27  Engines, pumps, turbines FO1B, FO1C, FO1D, FO1K, FO1L, FO1M, FO1P, FO2#, FO3#, FO4#, F23R, G21#, F99Z
28  Textile and paper machines A41H, A43D, A46D, C14B, D0O1#, D02#, D0O3#, D04B, D04C, D04G, D0O4H, D05#, DO6G,
DO6H, D06J, DO6M, DO6P, D06Q, D99Z, B31#, D21#, B41#
29  Other special machines AO01B, AO1C, AOID, AOIF, A01G, A01J, AO1K, AO1L, AOIM, A21B, A21C, A22#, A23N,
A23P, B02B, C12L, C13C, C13G, C13H, B28#, B294#, C03B, C08J, B99Z, F41#, F42#
30 Thermal processes and F22#, F23B, F23C, F23D, F23H, F23K, F23L, F23M, F23N, F23Q, F24#, F25B, F25C, F27#,
apparatus F28#
31 Mechanical elements F15#, F16#, F17#, GO5G
32 Transport B60#, B61#, B62#, B63B, B63C, B63G, B63H, B63J, Bo4#
IV Other fields
33  Furniture, games A47#, A63#
34 Other consumer goods A24#, A41B, A41C, A41D, A41F, A41G, A42#, A43B, A43C, A44#, A45#, A46B, A62B,
B42#, B43#, D04D, DO7#, G10B, G10C, G10D, G10F, G10G, G10H, G10K, B44#, B68#,
DO6F, DO6N, F25D, A99Z
35 Civil engineering E02#, EO1B, EO1C, E01D, EO1F-001, EO1F-003, EO1F-005, EO1F-007, EO1F-009, EO1F-01#,
EO1H, E03#, E04#, EO5#, EO6#, E21#, E99Z
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