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Nanocomposite material with new functions or properties superior to traditional
composite materials opens a door to transform the way that material is currently
applied. This study aims to provide 1) a systematic and quantitative method for
obtaining global patent overview, 2) a global patent-citation overview on thermal-
stable polymer nanocomposite patents retrieved from the United States Patent and
Trademark Office (USPTO). The systematic method provided in this paper is inte-
gration of basic patent statistics, technology-function classification, standard indus-
trial classification, patent citation and network properties calculation. All of these
contribute not only to a systematic approach for obtaining a quantitative overview
oflarge amount of selected patents, but also bridge the gap between patented tech-
niques and business management activities, e.g. R&D resource allocation, perfor-
mance evaluation, patent map visualization, patent valuation, in business and

industry.

Introduction

Intellectual property has become more and
more important for competitive advantage in
modern society and it is generally believed
that intellectual property is a critical and fun-
damental factor for future business success.
Companies which try to ensure their intel-
lectual properties file patents to protect their
inventions in order to define technical areas
from where they are able to generate profits.
Companies or industries which try to optimi-
ze and manage their patent portfolios (Friese
et at., 2006) which can substantially lead to
benefits such as market monopoly position,
revenue from licensing the intellectual pro-
perty, and innovation strategies advanced by
patents. However, patent management, par-
ticular for managing large number of patents,
not only leads to monetary benefits but also
provides way of implementing development
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strategy by positioning patents in a patent
map. The patent map allows evaluation of
patent value, search for potential collaborati-
on partners and benchmarking comparison,
etc. A question raised here is-How to manage
a large number of patents and obtain a quick
overview of a large number of patents?

In order to answer this question, this
research proposes a systematic process bey-
ond conventional patent statistics for patent
trend analysis (Sudrez et al,, 2005) and allows
business and industry to analyze and evalua-
te patented techniques by integrating basic
patent statistics, technology-function classi-
fication, standard industrial classification,
patent citation and network properties calcu-
lation. All of these contribute to a systematic
approach for obtaining an overview of large
amount of selected patents. More important-
ly, this paper provides a quantitative way of
evaluating patents and thus a computerized
calculation is possible for potential quantita-
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Figure 1 Waves of Innovation (Hargroves and Smith, 2005)

A

Waves of Innovation

Innovation

2nd wave

3rd wave

sth wave,

4th wave

\ Sustainability
Radical resource productivity
Whole system design
Biomimicry
Green chemistry
Industrial ecology
Renewable energy
Green nanotechnology

'

: Digital Networks
Electronics

Electricity Biotechnology
Chemicals Aviation
1st wave Software
steam power Internal Space Information-
ron Railroad combustion  Petrochemicals technology
Water power, Steel engine
Mechanisation Cotton
Textiles
- Commerce »
>
1785 1845 1900 1950 1990 2020

tive applications such as R&D resource allo-
cation, research performance evaluation,
patent map visualization, patent valuation,
etc.

Mapping knowledge evolution by bibliome-
tric analysis

Thomas Kuhn published “The structure of
scientific revolution” (Kuhn, 1970) and popu-
larized the terms “paradigm” and “paradigm
shift”. Dosi (1982) investigated technology tra-
jectory on the basis of paradigm shift and
found continuous innovation can be regarded
as proceeding of technology paradigm, while
discontinuous innovation might be the initia-
tion of a new paradigm. The differentiation
between continuous innovation and discon-
tinuous innovation may be positive for under-
standing initiation of a new paradigm as well
as position and diffusion of a specific techno-
logy or knowledge. For example, Figure 1 shows
six waves of Sci-Tech innovation between 1785-
2020, which can also be regarded as six para-
digms, proposed by Hargroves and Smith
(2005). A continuous innovation is what hap-
pened in the same wave, while discontinuous
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innovation is the jump from one wave to the
next wave.

Alot of methodologies have been proposed
and applied into various knowledge fields for
understanding their technology development
overview. For example, Pouris and Pouris (2009)
made international comparison on biotech-
nology research to identify potential strate-
gies and policies for South African biotechno-
logy innovation system. However, what usu-
ally used for this purpose is bibliometric ana-
lysis on patents or scientific papers by way of
classifying papers or patents into different
categories along time horizon. In this case,
understanding of relations among papers or
patents is not possible, and hence advanced
applications based on paper relations, e.g. iden-
tify potential research partnership, identify
which paper/patent is important, cannot be
approached.

To solve the issue of paper/patent relations
identification, attempts have been made by
the use of keyword as a bridge of connecting
paper/patents, so keyword based analysis as
a type of co-word analysis (King, 1987; Law and
Whittaker, 1992) started to play an important
role in understanding the dynamics of
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knowledge development. (Gupta and Bhatta-
charya, 2004). Ding et al. (2001) mapped infor-
mation retrieval research by using co-word
analysis on papers collected from Science Cita-
tion Index (SCI) and Social Science Citation
Index (SSCI) for the period of 1987-1997. Bald-
win et al. (2003) mapped ethics and dementia
research by using keywords. Tian et al. (2008)
used ISI database to measure scientific out-
put of the field of GIS (Geographic Informati-
on System) by using keywords.

However, a lot of literatures used the above
mentioned keyword-based analysis providing
less sense of knowledge accumulation over
time or limited understanding on causal inter-
pretation of human knowledge development.
Therefore, this study aims to use the alterna-
tive citation based method to avoid this pro-
blem and reap reward from the well-assigned
citations in structured patent documents for
drawing an overview of how a selected tech-
nology field, thermal-stable polymer nano-
composite technology, is evolved. Nanocom-
posite has been a popular material that is defi-
ned as multiphase solid material where one
of the phases has one, two or three dimensi-
ons of less than 100 nanometers (Manias,
2007), and polymer nanocomposite is a type
of nanocomposites that contains at least one
polymeric phase (Mai and Yu, 2006). The
research target set in this study is a type of
polymer nanocomposite materials capable of
being thermally stable (Morgan and Wilkie,
2007). The dynamic overview of knowledge
evolution for this selected field is investiga-
ted in this paper.

Mapping technology network by patent cita-
tion

It has long been a very critical part of
human knowledge system that patent and
scientific publications are two most signifi-
cant ways of disclosing science and technolo-
gy progress in this society. Former publicati-
ons can be served as important references or
bases for later publication, in this way human
knowledge can be gradually accumulated to
sustain and expand knowledge system. The
important featuring characteristic of patent
and scientific publication for knowledge accu-
mulation is their citations showing which for-
mer literatures have contributed to later
paper/patent and providing the context of
knowledge acumulation. A number of
researches have noted that patent citations
trace out technological building relationships
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among inventions (Jaffe, Trajtenberg and Hen-
derson, 1993). Also, citation has been widely
used in bibliometric study to evaluate techno-
logy development, research performance, and
even map knowledge evolution or technolo-
gical trajectory. For instance, Acosta (2003)
investigated the links between science and
technology based on an analysis of scientific
citations in patent documents to study in
greater depth the relationship between sci-
ence and technological development in vario-
us regions of Spain, Hall et al. (2000) sugges-
ted that of all patent related indicators, patent
citation is a more adequate indicator to eva-
luate market value, Stuart and Podolny (1996)
used patent citations to measure firms' tech-
nological niches and niche shifts.

Otte and Rousseau (2002) studied citation
network, utilized as a type of social interac-
tion networks, by the use of social network
analysis, and calculate network property to
discover how information can be dissemina-
ted among network actors, and Liebowitz
(2005) indicated the possibility of mapping
knowledge flows and measuring relationships
among actors in a network. Accordingly, this
research aims to shed light on identifying cri-
tical patents by the use of social network ana-
lysis, patent citation information allows the
building of patent linkages which eventually
leads to a citation network as a whole. The
constructed patent citation network, with
patents as network nodes (actors) and patent
citation as network ties, allows quantitative
analysis on patent citation network by calcu-
lating network properties, e.g. Degree Centra-
lity, Betweenness Centrality, and Closeness
Centrality. In this sense, mechanism of
knowledge flow or technology evolution
mechanism, e.g. technology convergence, tech-
nology diffusion, etc. can be quantitatively
analyzed.

Research Method
Initial patent sampling

This research selects nanocomposite mate-
rial as research target to draw its citation net-
work. Patents with “nano” and “composite”
appeared in title or abstract of patents in appli-
cation are retrieved from USPTO (Patent retrie-
val time: Jun. 11, 2008). The retrieved patents
are carefully reviewed to remove those which
are not sufficiently related to nanocomposite
material, and finally a total of 672 patents are
remained as our target patents named as “ini-
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tial patent” in this study.

The development of technology-function
matrix

The obtained 672 patents are critically ana-
lyzed and classified into two dimensions, 1)
technological dimension based on the matrix
material disclosed in patents, i.e. polymer, clay,
ceramic, metal and other, 2) functional dimen-
sion based on the function of invented tech-
niques, i.e. mechanical and dimensional sta-
bility, permeability, thermal stability, flame
retardancy, chemical resistance, surface appea-
rance, electrical conductivity, optical and light
emitting property, cement/adhesivity, mag-
netic property, and other, as shown in Table 1.
Validation is done by comparing the content
of classified patents with multiple sources and
through informal interviews with members
of our expert panel. It is worth noted that one
single patent may disclose more than one
matrix material or more than one function, so
one patent can thus be categorized into more
than one classification and thus the total
patent count in Table 1is 824 instead of origi-
nal patent count of 672. The classification of
“other” in both matrix and function in Table
1are either for patents disclosing some other
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materials or functions that are not considered
in this study, or patents trying to reduce the
specificity of its disclosed matrix or function
by disclosing more than three matrix materi-
als or or functions. The obtained technology-
function matrix shown in Table 1 provides an
overview, or a so-called “patent map”, for the
development of nanocomposite material. Sub-
sequently, this research selects 70 patents with
the technology of “polymer” matrix and functi-
on of “thermal stability” to meet the require-
ment of the research target set in this study.

Network patent sampling

After classification of technology and
function, the 70 patents with polymer matrix
and function of thermal stability are used as
primary patents based on which their back-
ward citation patents and forward citation
patents are retrieved from USPTO database as
the secondary patents which are upstream
patents and downstream patents of the pri-
mary patents, respectively. By examining
upstream and downstream patents, a techno-
logical context of what upstream patents con-
tribute to primary patents and what downst-
ream patents are contributed by primary
patents can be understood and the underly-

Table 1 Patents Classification on the basis of material and functions

T Research target selected in this study.

MATRIX MATERIAL
Polymer Clay Ceramic Metal Other Total
Mechanical and
dimensional stability 176 4 >9 3 ! 285
Permeability 52 1 1 o 1 55
Thermal stability 707 1 16 13 3 103
Flame retardancy 19 o o o 1 20
g Chemical resistance 17 o 5 4 4 30
g Surface appearance 6 o 2 o 1 9
@ | Electrical conductivity 69 o 28 30 21 148
Optical and light
emitting property " © 9 10 E 2
Cement/adhesivity 7 o 1 o o 8
Magnetic property 10 o 7 28 o 45
Other 56 2 20 19 23 120
Total 503 6 138 120 57 824
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ing knowledge flows can thus be analyzed. In
summary, this research uses 1) primary patents:
the 70 patents with polymer matrix and functi-
on of thermal stability, 2) secondary patents:
558 backward citation patents of the 70 pri-
mary patents and 543 forward citation patents
of the 70 primary patents, as actors of the tech-
nology network (patent citation network) to
be drawn in this study. The total number of
obtained patents is 1,069 instead of 1,171 (the
sum of primary patents and secondary patents)
after removal of duplicated count (some
patents belong to both primary and seconda-
ry patents). The 1,069 patents are defined as
“network patents” and are therefore treated
as network actors (node). Along with the net-
work ties built by patent citation linkages, a
technology network for understanding the
developed context of thermal-stable polymer
nanocomposite can be achieved.

Patent citation network and network proper-
ty calculation

After construction of the technology net-
work, network property is subsequently cal-
culated. In social network theory, “Centrality”
is a key network property to estimate how
easy an actor retrieves or controls resources
from the network. Freeman (1979) proposed
three ways of measuring network centrality,
Degree Centrality, Betweenness Centrality, and
Closeness Centrality. The higher centrality
indicates more associations with actors in a
network. Brass and Burkhardt (1992) pointed
out the higher centrality of a person in a soci-
al network, the more power s/he possesses
from the viewpoint of organizational beha-
vior. This research also uses the three ways of
measurement for obtaining centrality of
patented technology, in order to understand
importance, influence, diffusivity and conver-
gency of a patented technology.

Degree Centrality

Network nodes (actor) which directly lin-
ked to a specific node are neighborhood of that
specific node. The number of neighbors is defi-
ned as nodal degree, or degree of connection.
Granovetter (1973) suggested nodal degree is
proportional to probability of obtaining resour-
ce. Nodal degree represents to what degree a
node (actor) participates the network, this is
a basic concept for measuring centrality.

(i) InDegree Centrality: the number of
time that patent i is cited by other patents.
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The higher InDegree Centrality, the more times
that patent i is cited, the higher momentum
of knowledge diffusion from patentito other
patents.

In_Degree(i) = Zmﬁ
i
my;=1if patent i is cited by patent j

(ii) OutDegree Centrality: the number of
times that patent i cites other patents. The hig-
her OutDegree Centrality, the more times that
patenti cites other patents, the higher momen-
tum of knowledge convergence from other
patents to patent i.

Out _Degree(i) = Z mij
J

m;;=1 if patent i cites patent j

Betweenness Centrality

The concept of betweenness is a measure
of how often an actor is located on the shor-
test path (geodesic) between other actors in
the network. Those actors located on the shor-
test path between other actors are playing
roles of intermediary that help any two actors
without direct contact reach each other indi-
rectly. Actors with higher Betweenness Cen-
trality are those located at the core of the net-
work.

Betweenness(i) = Z&
J.k#l gjk

gjx shortest path between patent (actor) j
and patent k

8jix the shortest path between patentjand
patent k that contains patent i

Closeness Centrality

The Closeness Centrality of an actor is defi-
ned by the inverse of the average length of the
shortest paths to/from all the other actors in
the network. Higher Closeness Centrality indi-
cates higher influence on other actors.In a
directed network, Closeness Centrality can be
divided into InClosenesss Centrality and Out-
Closeness Centrality.

(i) InCloseness Centrality: the shortest
path from other patents to patent i, the hig-
her InCloseness Centrality, the higher influ-
ence of patent i on other patents.
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N
In_Closeness(i) = Z 1

=1 i
dj; the shortest path from patent j to patent i

(ii) OutCloseness Centrality: the shortest
path from patent i to other patents, the hig-
her OutCloseness Centrality, the easier for
patent i to be influenced by other patents.

¥
Out _Closeness(i) = Z 1
=

dj; the shortest path from patentito patent]j

Concordance between network properties
and technology evolution mechanisms

The previously mentioned network proper-
ties can be used as indicators for characteri-
zing technology evolution context, and there-
fore quantitative analysis on the evolution
context can be obtained. In this study, we pro-
pose the applications of the five network pro-
perties on evaluating evolution contexts for
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thermal-stable nanocomposite technology,
namely the concordance between network pro-
perties and technology evolution mechanisms,
which provides a quantitative approach toward
evolution mechanism:

(i) InDegree Centrality: the number of times
that a patent is cited, it can be used as an indi-
cator to measure knowledge flow from one
target patent to later patents. Because of its
implication of knowledge diffusion, InDegree
Centrality is defined as an indicator to mea-
sure momentum of technology diffusion.

(ii) OutDegree Centrality: the number of
times that a patent cites other patent(s), it can
be used as an indicator to measure knowled-
ge flow received by a target patents. Because
of its implication of knowledge convergence,
OutDegree Centrality is defined as an indica-
tor to measure momentum of technology con-
vergence.

(iii) Betweenness Centrality: how often an
actor is located on the shortest path (geode-
sic) between other actors in the network. The-
refore, Betweenness Centrality is defined as
an indicator to measure momentum of tech-
nology transition.

(iv) InCloseness Centrality: the shortest path

Figure 2 Patent count by countries
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from other patent(s) to a target patent. The
shorter path, the stronger the target patent
influences other patent(s). InCloseness Cen-
trality is therefore defined as an indicator to
measure momentum of influence.

(v) OutCloseness Centrality: the shortest
path from a target patent to other patent(s).
The shorter path, the stronger the target patent
is influenced by other patent(s). OutCloseness
Centrality is therefore defined as an indicator
to measure momentum of being influenced.

Even though the five network properties
represent five mechanisms of technology evo-
lution. Patents with higher centralities are
those located closer to the core of a target
research field, or they can be called the core
patents. But the idea of “core” relies on which
of the five above indicators is used.

Results and Discussion
Initial patent analysis

According to the technology and function
matrix shown in Table 1, in terms of techno-
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logy, most patents disclosed nanocomposite
material with polymer matrix (503 patents)
and subsequently ceramic matrix (138 patents).
In terms of function, most patents are for
mechanical and dimensional stability (285
patents), and then electrical conductivity (148
patents), optical and light emitting property
(121 patents). This research aims to study ther-
mal-stable polymer nanocomposite, so the 70
patents with technology of “polymer” matrix
and function of “thermal stability” are selected
as primary patents for subsequent investiga-
tion.

Network patent analysis

For all the obtained 1,069 network patents,
countries with most patents are the US (846
patents), Japan (105 patents), Germany (30
patents), France (13 patents), UK (13 Patents)
and Taiwan (7 patents). This revels thermal-
stable polymer nanomposite related techno-
logies are mainly located in the US, Japan, and
Europe but the US is much more significant
than other countries, Figure 2.

Table 2 Top 20 Standard Industrial Classifications for 1,069 network patents

Ranking Standard Industrial Classification (SIC) SIC Code Patent Count
1 Paints, varnishes, lacquers, enamels, and allied products 285 295
2 Rubber and miscellaneous plastics products 30 147
3 Industrial inorganic chemistry 281 95
4 Miscellaneous chemical products 289 81
5 Plastics materials and synthetic resins 282 71
6 Professional and scientific instruments 38, except 3825 57
7 Stone, clay, glass and concrete products 32 49
8 Textile mill products 22 43
9 Industrial organic chemistry 286 43
o EIecFronic components and accessories and communications 366-367 .

equipment
n Drugs and medicines 283 26
12 Electrical industrial apparatus 362 17
13 Agricultural chemicals 87 16
14 Fabricated metal products 34, except 3462,3463,348 15
15 Miscellaneous electrical machinery, equipment and supplies 369 14
16 All other SIC's 99 12
17 Special industry machinery, except metal working 355 9
18 General industrial machinery and equipment 356 9
19 Petroleum and natural gas extraction and refining 13,29 8
20 Farm and garden machinery and equipment 352 8

Journal of Business Chemistry 2009, 6 (3) 18
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Figure 3 Patent citation network for thermal-stable polymer nanocomposite between 1936-1992.
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The 1,069 network patents are classified by
Standard Industrial Classification (USPTO UPC
to SIC concordance, 2008), as shown in Table
2, there are 295 patents in No. 1 classification
(paints, varnishes, lacquers, enamels, and allied
products), and 147 patents in No. 2 classifica-
tion (rubber and miscellaneous plastics pro-
ducts). The sum of No. 1 and No. 2, paints and
plastics related, are more than one third of the
total 1,069 network patents. This possibly
implies the incorporation of nanoparticle into
polymer matrix are major technologies to
obtain nanocomposite material and conven-
tional painting, resin, plastic industries are
easier to be involved in both nanotechnology
and composite fields.

Patent citation network analysis

Overall network

The patent citation network composed of
1,069 patents and 2,318 patent citation relati-
onships are plotted by computer, shown in
Figure 3-5 for patents filed on different time
period (Note: patents which act as isolated
node/actors without any networking beha-
vior are not shown in the figures). Each node
represents a patent and each network tie with
arrow represents a citation relationship. The

© 2009 Institute of Business Administration
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patents pointed by arrows of the network ties
are cited by those patentslocated at the other
end of the network ties. In Figure 3, citation
network based on patents filed in the period
0f1936-1992 is plotted and only several patents
are networked together and presented a simp-
le radial structure. In Figure 4, more patents
are networked together for the period of 1936-
2000 but still several separated clusters can
be observed. In Figure 5, networking is fully
matured and almost all patents are networ-
ked together for the overall time period of 1936-
2007 in this study.

Network properties calculation

According to aforementioned method of
calculating network properties, network pro-
perties, i.e. Betweenness Centrality, InClose-
ness Centrality, OutCloseness Centrality, InDe-
gree Centrality and OutDegree Centality of
each network node are calculated. Figure 6
shows the average of Betweenness Centrali-
ty, OutDegree Centraliy and InDegree Centra-
lity for each year. Significant peaks around the
period of 1984 and 1994-2002 indicate impor-
tant time periods for development of related
technology. After 1994-2002, network beco-
mes more mature. The similar peak positions
for Between Centrality curve, InDegree Cen-

Journal of Business Chemistry 2009, 6 (3)
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Figure 4 Patent citation network for thermal-stable polymer nanocomposite between 1936-2000. Up triangle symbols
are patents shown in Figure 3.

Figure 5 Patent citation network for thermal-stable polymer nanocomposite 1936-2007. Square symbols are patents
shown in Figure 4.
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Figure 6. Average of Betweenness Centrality, OutDegree Centraliy and InDegree Centrality for each year.
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trality and OudDegree Centrality curves sug-
gest technology diffusion and technology tran-
sition are closely associated together.

Network properties (InDegree Centrality,
OutDegree Centrality, Betweenness Centrali-
ty) for each country are also averaged to deter-
mine how significant a country contributes
to the development of technology. As shown
in Figure 7, the Netherlands, the US, and Swit-
zerland are the three countries with the hig-
hest Betweenness Centralities. Hungary, Swit-
zerland and the UK are the three countries
with the top InDegree Centralities and the Net-
herlands, France and Canada are the three
countries with the top OutDegree Centralities.
However, since each country possesses diffe-
rent number of patents, statistical bias maybe
possible for countries with limited number of
patents.

Table 3 shows patents with top 10 network
properties. These patents with top network
properties are core patents or key technolo-
gies that are classifies by aforementioned men-
tioned momentums of technology develop-

© 2009 Institute of Business Administration

ment, i.e. technology diffusion, technology
convergence, influence, being influenced, tech-
nology transition. By examining information
of core patents listed in Table 3, intercalated
and exfoliated polymer/layered silicate com-
posite material is the most important mate-
rial in nanocomposite technique development.
AMCOL, HYPERION CATALYSIS INTERNATIO-
NAL, SOLVAY ENGINEERED POLYMERS, KABUS-
HIKIKAISHA TOYOTA CHUO KENKYUSHO UBE
INDUSTRIES LTD are top companies in nano-

composite industry.

Quantitative application of patent citation
network analysis to business management

The calculated network properties can be
provided as a basis for diverse business
management applications, where quantitati-
ve calculation is required to have mathemati-
cal evidence for determining objective busi-

ness management policies.

1) R&D resource allocation: patent network
centrality is a function of time due to the

121

Journal of Business Chemistry 2009, 6 (3)



Assessment of thermal-stable polymer nanocomposite techniques by patent citation

network analysis

Journal of _
Business Chemistry

O o O O
AATTTTTTTE TS ST TTETTEETSSHD

He
[ 8 A AER H
bl SElS M OFEN N
- SRS SEES SINES
H A8 K LEEES HEH B
_ N H d SN cIQEEY SIS
L 88 8 £ 5 8T 2T g X
‘:ET“;EENN—NNCD
S © = c =2 < L &
S g 3 ®s 50 E <€ £
T [——
<<E<?: mgug 8'-1—
2
(Val

7
Z

InDegree Centrality

>
©
Qo
c
>
T

India

OutDegree Centrality

Figure 7 InDegree Centrality, OutDegree Centrality, Betweenness Centrality for each country.

VLA TTTEETTEETSSETTTTTS

VIS SALTISSS S
CHEEESSEEEEEES

S
b
b
3
N
2L o58%255 88
© ©
s & 9 2 a5 3 8 v =2 <
— =& = S o —=
T v c s 2 - 0 = 5
= ) - 2 0 2 & =
- S| E c
c [T
1= ¢ o
s 2
—

|

Betweenness Centrality

always-increasing number of patents in the
USPTO database. The dynamic network cen-
trality reflects the increase or decrease of
importance of a patent over time. The
patent holder can estimate how much R&D
resource to be introduced to the patented
techniques according to the amplitude of
the network centrality change of the patent.
2) Performance evaluation: the correlation
between how much R&D resource input to
generate a patent and the degree of net-
work centrality of the patent can be esti-
mated.

Network _centrality _of _ Patent
Resource _Introduced to _generate _ patent

Performance =

3) Patent map: a citation network can be
converted to a two-dimensional patent map
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(contour plot) by the use of proper algo-
rithms to allow easy visualization by
human eyes and help understand distribu-
tion of global patents. This allows quanti-
fying technology development path to
obtain optimal patent portfolio and avoid
potential infringement.

4) Patent valuation: even though a lot of
methodologies have been provided to eva-
luate patent value, network centrality,
which is directly related to degree of impor-
tance, might provide a new dimension for
patent valuation where quantitative calcu-
lation is essential.

Conclusion

Social network analysis on patent citation
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Table 3 Patents with top 10 network properties

In-Degree Centrality|Out-Degree Centra-| In-Closeness Cen- |Out-Closeness Cen-| Betweenness Cen-
- momentum of lity trality trality trality
Ranking technology diffusi- | - momentum of - momentum of - momentum of - momentum of
on technology conver- influence being influenced |technology transiti-
gence on

1 4663230 6632868 4663230 6632868 5552469
2 5552469 6462122 5552469 6462122 5849830
3 5698624 6225394 4889885 6225394 6057396
4 5589152 6228903 4810734 6228903 6228903
5 5760121 5849830 5102948 6861481 5698624
6 5849830 6057396 5385776 7135508 5760121
7 5876812 7217754 4739007 7157516 6462122
8 5877248 5877248 5032547 7160942 6861481
9 5844032 5844032 489441 7214734 6632868
10 6057396 5698624 5032546 Re40197 5962553

is demonstrated in this study to explore how
technology development can be evolved from
a citation network which visually represents
the essential structure of technology evoluti-
on. Also, the linkages between the five diffe-
rent mechanisms of technology evolution and
the five network properties, namely the con-
cordance between technology evolution
mechanisms and network properties, are defi-
ned and proposed in this study in order to pro-
vide a quantitative approach toward under-
standing technology evolution mechanisms
for thermal-stable nanocomposite technolo-
gy. A patented technique plays multiple roles
and shows different levels of importance in
terms of the proposed five types of mecha-
nism. The evolution mechanism represented
by network property is a function of time in
the overall technology development. Therefo-
re, by calculating patents’ network properties
at different points of time, a dynamic and
quantitative understanding of technology evo-
lution can be obtained in response to Dosi
(1982) and Kuhn (1970).

According to the large number of paints
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and plastics related patents in Table 2, it can
be speculated that the incorporation of nanop-
article into polymer matrix is the major tech-
nology to obtain nanocomposite material and
conventional painting, resin and plastic indus-
tries are easier to be involved in both nano-
technology and composite fields, and thus pro-
viding a platform for interdisciplinary conver-
gence.

The similar peak positions for Between Cen-
trality curve and InDegree Centrality curve in
Figure 6 suggests technology diffusion and
technology transition are closely associated
together. Table 3 shows top centrality patents
in one type of network property are easily to
be top centrality again in other type of net-
work properties. This suggests that each
mechanism of technology evolution does not
happen alone but is supposed to be more or
less associated to other type of mechanisms.
In other words, critical patents are easily to be
important in all aspects of technology evolu-
tion mechanisms.

Itis found that 1984 and 1994-2002 are the
important years for the development of ther-
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mal-stable polymer nanocomposite and exfo-
liated and intercalated polymer layer silicate
are the most critical techniques. The Nether-
lands, the US, Switzerland, Hungary, France,
Canada and Japan are important countries in
this field. According to standard industry clas-
sification, the largest portion of these patents
is related to paints, resin and plastic.

Intercalated and exfoliated polymer/layered
silicate composite material is the most impor-
tant material in nanocomposite technique
development. AMCOL, HYPERION CATALYSIS
INTERNATIONAL, SOLVAY ENGINEERED POLY-
MERS, KABUSHIKI KAISHA TOYOTA CHUO KEN-
KYUSHO UBE INDUSTRIES LTD are core com-
panies in nanocomposite industry.

The length of a network tie in figures 3-5is
calculated for better visualization and has not-
hing to do with any network property. Howe-
ver, the length of a network tie can be propor-
tional to similarity between two patents at
both ends of a network tie. So it would be desi-
rable to calculate similarity of two linked
patents, for example, by calculating occurren-
ce of the same keyword in the two patents.
The obtained similarity can be used as the
attribute of network tie. Text mining techni-
que can possibly be applied on patents in each
separated sub-domains in Figure 4 to under-
stand the differences among sub-domains. So
deeper insight about how technology is evol-
ved in each sub-domain can be understood in
future study.

This research proposes a systematic and
quantitative method to analyze individual
patented techniques as well as obtain an over-
view of large amount of selected patents. The
quantitative method provided in this paper
shows a possible way of evaluating patents.
And thus, a computerized calculation is pos-
sible for potential quantitative applications
on business magement, e.g. R&D resource allo-
cation, research performance evaluation,
patent map visualization, patent valuation,
etc. This provides different ways for patent
holders to increase their competitive advan-
tages in their businesses.
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