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a b s t r a c t

This paper proposes a new method for developing patent indicators by text mining patent claims ac-
cording to their drafting structure. We apply the method on nanocellulose as a case of study, although
any subject could be the target of investigation. The results show that patent claims are a more reliable
source of key terms to develop technical indicators than, for example, patent titles and abstracts. In-
dicators from patent claims in combination with other traditional indicators developed from biblio-
graphic patent data may contribute significantly to the analytical process of technological forecasting,
monitoring and competitive intelligence studies.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

1.1. Patents as a source of technological indicators

Patent statistics have been frequently adopted to follow tech-
nological trends, innovative activities, market analysis, and players
involved in the innovation process, at least since the second half of
the last century. In 1985, Pavitt [1] had already noticed the
increasing use of patent statistics and he associated it to the
growing recognition of the importance of technological change in
firm competitiveness, improvements in technologies of informa-
tion storage and retrieval, and the need for statistical evidence to
support personal experience and expert opinion. The high volume
of data currently available also justifies the need for quantitative
analysis based on patent information [2].

Patent documents are rich sources of technological and business
information. They codify part of the tacit knowledge generated by
the technological development of new products, processes,
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methods, compositions, apparatus, etc. They also enable reasonably
standardized quantitative data to perform accurate assessments
using data and text mining approaches [2e4]. These assessments
allow evaluating the effects of trade and industry production,
development of industrial sectors, policy making related to scien-
tific technological activities, and links between science and tech-
nology [1e3,5]. Much research and reports on using patent
indicators can be found in the literature [for instance, see
Refs. 3e13]. Moreover, Madani and Weber [4] performed an inter-
esting review of patent mining evolution using bibliometrics and
keyword network analysis.

In the context of technological forecasting, many studies have
been conducted using patents as technological sources for quanti-
tative evaluation. Considering patent analysis as a means of
investigating phases of the technology life cycle, Chachetti et al.
[14] overviewed the technological activity in hydrogen storage
materials using patent indicators and network analysis for gath-
ering insights on the future developments in this field. Caviggioli
[11] investigated technology fusion by verifying convergence
relying on the International Patent Classification (IPC) of patents
filed at the European Patent Office between 1991 and 2007. His
hypothesis was that the first occurrence of a patent incorporating a
combination of IPC subclasses signals a new instance of fusion.
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Another example is the approach for forecasting promising tech-
nology proposed by Kim and Bae [12], where forward citations,
triadic patent families and independent claims were used to assess
promising technology clusters.

Most of the indicators are assembled by mining the biblio-
graphic data of patent documents, which usually includes the IPC
codes, priority numbers, countries of filing, inventors and paten-
tees, etc. [15]. In more specialized studies, citations to prior patents
and non-patent literature have also been used to improve the data
mining exploitation of patent documents [16]. Van Raan [3] pro-
vided a detailed and insightful review of patent citation analysis
and a new approach to map technology-relevant areas, focusing on
patent-patent citation in the context of economic value of patents
as well as citation to non-patent literature to landscape S&T link-
age. One of the main conclusions is that only 3e4% of scientific
publications covered by Web of Science or Scopus are cited by
patents.

Non-controlled free text fields, such as titles and abstracts, have
also been mined in order to extract key-terms that could depict the
technical content of a set of patent documents. Courtial, Callon and
Sigogneau [9] applied co-word analysis to normalized terms
extracted from patent titles to get a panorama of a given field. The
work of Brietzman [8] is another example of mining terms from
patent titles and abstracts to assess industry R&D. Nevertheless, the
use of titles and abstracts as a source for term extraction is limited
and cannot provide all relevant aspects of an invention [17,18].

To fill this gap, researchers have been exploiting the content
from the full text patent documents. For instance, key-terms have
been extracted with routines based on the morphological and
syntactic structure of sentences [17e26]. Other more specific
techniques rely on segmenting and combining terms [17,21,26,27],
summarizing before extracting key-words [17], vector representa-
tion and grouping approaches [28e30], clustering analysis [7,17,30]
and mapping [22,25,26,29]. Nonetheless, less attention has been
paid to considering rules for the drafting of each part of the patent
document, such as the specific rules dictating the writing of patent
claim sentences.
1.2. Patent claims as a source of indicators

Patent claims can be understood as “the heart of a patent”
because it specifies the invention's scope of protection. According
to the United State Patent and Trademark Office (USPTO) [31],
claims must point out “the subject matter that the inventor or in-
ventors regard as the invention, […] (and what) defines the scope
of the protection of the patent”. Thereby, claims are a valuable
source of technical terms [32]. To extract useful key-words from the
claims, several methodologies have been proposed with different
aims, such as improvement of wording and translation during the
filing period of a patent document [19,33], information retrieving
[34], claim overlapping and legal analysis [22,35], conceptual
mapping [22], and technological forecasting and competitive in-
telligence [23e26]. Nevertheless, none of these studies dealt
properly with the particularities of the patent claim structure. For
instance, claim sentences can be relatively long, reaching more
than 200 words, which can cause failures in the natural language
processing [36].

According to the WIPO Patent Drafting, a claim can be divided
into three main parts [32]: 1) the preamble, which introduces the
category of invention or an essential part of the invention e can be
a process, a method, a composition, a product, etc.; 2) the transition
phrase, which separates the preamble from the body of the claim;
and 3) the body of the claim, which details the characteristics of the
invention. Patent claims are also divided into independent claims,
which contain the general aspect of the invention, and dependent
claims, which details each part of the invention e and may always
be referred directly or indirectly to an independent claim, i.e. all
dependent claims should be grouped together with the indepen-
dent claim(s) to which they refer to [31,32].

The claim's “internal structure” can be exemplified with two
sentences present in a patent document, as shown in Table 1. These
two sentences are the first and the second claims from the patent
document numbered US20110086948 [37] and we have already
separated them according to the structure of writing. The first
sentence is an independent claim while the second one is a
dependent claim. Both preambles refer to a product (composite
material) and the body of these claims contains useful key words
that details the referred invention: “nanocellulose”, “maleic anhy-
dride graft poly(ethylene-octene) copolymer resin”, “nylon-4
resin”, etc. In the approach that we propose, we considered the
claim structure in the text mining routine that will be described in
this paper and it allowed us to extract more accurately detailed
information regarding products, compositions and processes pro-
tected by patents.

This paper presents a new method for developing patent in-
dicators using patent claims as a source of key-terms. The idea is to
investigate technical details in order to provide technological in-
dicators with high aggregate value thereby supporting technolog-
ical forecasting studies and decision making. The method take into
account the structure of drafting the claim, and it was designed to
analyze patents filed in the United States Patents and Trademarks
Office (USPTO), however the logical principle of depicting the claim
structure can be applied to patent documents in other offices. We
used nanocellulose as a case study to delineate a sample of full-text
patent documents, but it can be used for any other subject or
technological field.
1.3. Nanocellulose: a sustainable nanomaterial

The technological developments of nanotechnology and nano-
materials have grown at least since the beginning of this century.
High budgets to support research and development in these topics
have been executed due to their great potential in promoting in-
novations. Consequently, nanotechnology has been the target of
monitoring and forecasting activities based on patent indicators
[for instance, see Refs. 38e44]. Nanocellulose is an emerging and
economically promising nanomaterial that can be obtained from
renewable sources, such as plants, woods, natural fibers, etc. It has
been estimated that the Americanmarket for nanocellulose in 2020
will be US$ 250 million and that its production can reach 780 tons
in 2017 [45].

The mechanical properties of nanocellulose are higher than the
ones from conventional cellulose fibers. Furthermore, the attractive
properties of nanocellulose also include biocompatibility and
biodegradability, gas barrier, water absorption and rheological and
optical properties. Among the main applications, besides being a
reinforcing agent in composite materials and paper, we can
mention packaging, optically transparent paper for electronic de-
vices, texturizing agents in cosmetics and food, dressings and bio-
artificial implants [46e51].

Nanocellulose is a generic term for a set of cellulose-based
nanomaterials, which also include cellulose nanofibrils, cellu-
lose nanocrystals, bacterial cellulose [18,47,49,51,52]. In the top-
down manufacturing process, nanostructures are obtained by



Table 1
Example of patent claims divided according to their text structure.

Preamble Transition
phrase

Body of the claim

1) A nylon-4
composite

comprising: a nanocellulose; and a maleic anhydride graft poly(ethylene-octene) copolymer resin

2) The nylon-4
composite

of claim 1,
wherein

the nanocellulose is dispersed in the maleic anhydride graft poly(ethylene-octene) copolymer resin, and the resulting maleic
anhydride graft poly(ethylene-octene) copolymer resin is dispersed in the nylon-4 resin
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diminishing the particle size of cellulose sources using me-
chanical approaches (nanofibrils), acid hydrolysis (nanocrystals)
or a combination of them. In the bottom-up manufacturing
process, nanostructures are formed by bacterial fermentation of
carbohydrates and alcohols [47,48]. There are other synonymous
with the prefix “micro” (such as microfibrillated cellulose), but
they may be considered nano-sized materials as well, according
to experts [49,52]. By following the patent activity from each
type of nanocellulose using claim-based patent indicators, in-
sights can be provided on their status of technological
development.

2. Data and method

2.1. Procedure to collect the full-text sample of patent documents on
nanocellulose

The overall procedure to collect the full-text document sample
is shown in Fig.1. The first step involves seeking in the bibliographic
data of patent documents in Derwent Innovations Index databases.
We used the following search expression, which was developed
considering expert opinion [52]:

TS¼(“bacterial cellulos*” OR “cellulos* crystal*” OR “cellulos*
nanocrystal*” OR “cellulos* whisker*” OR “cellulos* micro-
crystal*” OR “cellulos* nanowhisker*” OR “nanocrystal* cellu-
los*” OR “cellulos* nano-whisker*” OR “cellulos* nano-crystal*”
OR “nano-crystal cellulos*” OR “cellulos* micro-crystal*” OR
“cellulos* microfibril*” OR “microfibril* cellulos*” OR “cellulos*
nanofibril*” OR “nanofibril* cellulos*” OR “micro-fibril* cellu-
los*” OR “nano-fibril* cellulos*” OR “cellulos* micro-fibril*” OR
“cellulos* nano-fibril*” OR “cellulos* nanofiber*” OR nano-
cellulos* OR “cellulos* nanoparticle*” OR “nano-cellulos*” OR
“nanoparticl* cellulos*” OR “nanosiz* cellulos*” OR “cellulos*
nanofill*” OR “nano-siz* cellulos*” OR “cellulos* nano-fiber*” OR
“cellulos* nano-particle*” OR “cellulos* nano-fill*” OR “nano-
particl* cellulos*”)

The search was conducted in the topic field (TS), which seeks
for the given terms in the title and abstract fields of the biblio-
graphic data. The Derwent Innovations Index database was
selected in this step because it enhanced the bibliographic data
before indexing, especially the titles and abstracts, with informa-
tion from the content of the full-text documents [53]. Thus, it
improves the recall efficiency. Because we are interested in mining
the full text documents, after collecting a total of 4098 biblio-
graphic records retrieved on 28 September 2016, we separated
those that contain at least one patent filed at the USPTO, resulting
in 1124 bibliographic records. Next, documents were downloaded
automatically from the USPTO full-text database using the
GETIPDL software [54]. After converting the final set of patent
documents from Hypertext Markup Language (HTML) to plain text
(TXT), we imported the collected full-text documents into the text
mining software Vantage Point (version 5.0) [55] and removed
eventual duplicates. The focal time frame spans 1995 to 2014 -
considering the earliest priority year of each patent application -
and the final sample comprised 980 non-duplicated full-text
patent documents.

2.2. Procedure for mining patent claims

The procedure for mining patent claims involved six steps,
which were performed using the text mining software:

1) From the full-text document, which contains many parts e such
as bibliographic data, background of the invention, summary of
the invention, etc. ewe separated the part designated “claims”;

2) After segmenting each sentence, the independent claims were
separated from dependent claims [32]. In this step, we
considered the fact that every dependent claim must be
associated to another claim, thus we could easily tag the
dependent claims using the markers presented in Table A.1.
These tags were identified previously from a smaller sample
of documents and then improved for the final sample
analyzed;

3) All claim sentences had their preamble separated from the body
of the claim tagging the phrases of transitions shown in
Table A.2. Again, these tags were identified previously from a
smaller sample of documents and then improved for the final
sample analyzed;

4) The preambles, which are basically short phrases, were classi-
fied into one of the categories presented in Table 2. These cat-
egories were formed according to the typology available in the
WIPO Patent Drafting Manual [32]. We managed to perform this
task automatically due to the regular presence of words that
suggest the category, such as “method”, “process”, “apparatus”,
“system”, “use”, and so on;

5) The body of the claims, which can contain longer sentences than
those of the preamble, were processed using the natural lan-
guage processing routine from the text mining software; noun-
phrases resulted from this step;

6) The final step included eliminating the stopwords and grouping
similar terms (mainly singular and plural) to achieve the final
set of terms from the body of the claims.
2.3. Developing indicators from patent titles and abstracts

To prove the advantage of using patent claims as a source for
indicators, we compared the efficiency of classifying all extracted
terms into types of nanocellulose. This comparison involved both
terms extracted from claims (according to section 2.2) and terms
extracted from the original titles and abstracts found in the full-
text document. The idea is to evaluate whether the proposed



Fig. 1. Procedure to collect the full-text patent documents of nanocellulose filed in the USPTO.
Source: Developed by the authors.

Table 2
Typology and category of claims.

Typology Category Description

Physical
entities

Apparatus, devices and
systems

Claims that describe physical entities which are accessories to the main product or composition

Compositions and
products

Claims related to compositions and products that are resulted from the combination of compounds or substances, including
products resulting from processes

Activities Process and methods Claims that characterize procedures and entities involved in processing activities, manufacturing and specific methods
Use Claims regarding the use of compositions and products

Source: developed by the authors based on WIPO Patent Drafting Manual [32].
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Fig. 2. Comparative efficiency of claims and titles/abstract as source of text to compile
indicators.
Source: USPTO.
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method is more effective than the traditional one based only on
title/abstract. To extract terms from titles and abstracts, we
separated them from the other parts of the full text patent doc-
uments and applied the natural language processing routine from
the text mining software. Then, we eliminated stopwords and
grouped similar terms (a routine similar to the one applied to the
body of patent claims).

To identify the types of nanocellulose, we develop a standard-
ized thesaurus to categorize noun-phrases extracted from titles/
abstracts and claims, as can be seen in Table A.3. Each term was
carefully categorized and experts in nanocellulose were consulted
to compile the final thesaurus. Generic terms or non-relevant ones
were labeled “other terms”. One issue was the fact that we decided
not to group noun-phrases spelled differently (for example, cellu-
lose nanofibrils andmicrofibrillated cellulose, although they are the
same nanomaterial), becausewewould lose the vocabulary used by
industry. The final thesaurus was applied in noun-phrases from
titles/abstracts and from claims. In the case of the claims, we
considered terms from both preamble and body of the claim, both
dependent and independent.

2.4. Exploring other nanocellulose indicators from patent claims

To explore other potential uses of patent claims in the context of
technological monitoring of nanocellulose, we developed and
analyzed a set of indicators. These indicators involved mainly types
of nanocellulose. The general patenting activity for each type in the
time span between 1995 and 2014 was obtained to get an overall
idea of their development.

Another indicator is percentage ratio involving dependent claim
and independent claim. The idea of this indicator is to verify if a
type of nanocellulose appears more frequently in dependent claims
- i.e. they are only part of the details of the invention - or in inde-
pendent claims e which would mean that specific nanocellulose is
part of a broad scope of the invention. Our hypothesis is a subject of
matter trends to appear more in independent claims when they are
considered part of the novelty.
We also developed two maps that clustered the main techno-

logical subdomains and the type of nanocellulose using the VOS-
viewer software (version 1.6.5) [56] algorithm. This indicator can
suggest to which sector each type of nanocellulose is more asso-
ciated. Furthermore, the technological subdomains are obtained by
grouping patents according to their IPC code in predetermined
domains and subdomains proposed by the Observatoire des Sci-
ences et des Techniques [57].

Finally, trends of patenting were observed for each category of
claims (Apparatus-Devices-Systems, Compositions-Products, Pro-
cess-Methods, and Use). Our hypothesis is the percentage of claims
where these categories occurs may vary and bring some insightful
information.
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3. Results and discussion

3.1. Efficiency and correctness of the proposed method

Claims are a richer source of noun-phrase terms than titles and
abstracts not only because they contain more words, but because
the patentee must declare in detail what the invention is in this
part of the document. Consequently, more documents were
labeled with at least one type of nanocellulose when claims are
used as the source, according to Fig. 2. The efficiency of the pro-
posed method is 88.3% while the efficiency of categorizing terms
from titles/abstracts is considerably lower (36.2%), which would
affect trend analysis if only terms extract from title/abstract were
used in an indicator. To avoid false positive and false negative
results, we checked the title/abstract and claims of a sample of
documents to confirm whether the process was correctly per-
formed, and we verified that both routines had been carried out
properly.

The higher efficiency for the claims indicators over title/abstract
indicators can also be associated to the aims of these fields when a
patent is being drafted. According to the WIPO Patent Drafting
Manual [32], usually, the title broadly describes the inventionwhile
the abstract should define “the invention very clearly in the fewest
possible words”. Furthermore, it is known that patentees usually
have less interest in explaining in detail their invention, because it
would facilitate the information retrieval of their patent document
by a competitor, for example. Our results show that if only the title
and abstract are used as the only source to develop indicators,
microcrystalline cellulose may not be highlighted in technological
assessment. In fact, this cellulose-based material has been greatly
used as a component of pharmaceutical composition and food
preparations available on the market for several years already [for
instance, see Ref. 58]. However, many experts have not considered
it as a cellulose in nanoscale since the nanocrystals from micro-
crystalline cellulose are agglomerated during the process of
obtaining it e losing its “nano” effect. Moreover, some researchers
have even considered microcrystalline cellulose as a source to
obtain nanocrystalline cellulose, for instance by the acid hydrolysis
process [44].
3.2. Claim-based patent indicators for nanocellulose

The number of dependent claims related to microcrystalline
cellulose is almost five times higher than those for other
cellulose-based materials, as shown in Fig. 3. Since independent
claims are directly linked to the number of inventions claimed by
a single patent [12], this result may also indicate that the de-
velopments involving microcrystalline celluloses are not focused
on the material because the term appears more in dependent
claims, i.e. detailing the components of independent claims.
When independent claims contained the type of nanocellulose, it
would indicate a technology related to this cellulose-based
nanomaterial. We confirmed this result, checking manually
some documents and consulting experts. Fig. 4 shows that
microcrystalline cellulose is strongly connected to the Pharma-
ceutical and Cosmetic technological subdomain, confirming that
this material is a component of pharmaceutical or cosmetic
compositions and cannot be considered in the whole scope of
nanocellulose analysis. Furthermore, there is a decrease in the
number of patent documents among the periods analyzed, as
seen from Fig. 5.
For the other materials - all considered celluloses in nanoscale
[44,47e49], there is a regular balance in the ratio of dependent and
independent claims (1.5). Bacterial cellulose has a close connection
to Medical Engineering and Biotechnology (see Fig. 4), however the
number of patent documents has recently been decreasing (Fig. 5),
probably because of the challenge to obtain large quantities of the
nanomaterial for industrial applications through bacterial
fermentation process, even though they are still relevant when high
purity nanomaterial is required [46,47,59].

The other types of nanocellulose were clustered near to
engineering-related technological subdomains, especially Macro-
molecular Chemistry (i.e. Polymers) and Materials Processing, as
can be seen from Fig. 4. These strong associations may indicate that
the technological development of nanocellulose is indeed depen-
dent on initiatives in engineering applications, mainly as rein-
forcement in composites, or in solving technical issues, such as
surface treatments of the nanofibers to improve its compatibility
with polymers and other manufacturing issues. For these types of
nanocellulose, patent activity has also been increasing rapidly in
recent years, according to Fig. 5.

Regardless of being an independent or dependent claim, the
categories of Composition-Product and Method-Process gathered a
high number of patent documents e 92% and 85%, respectively.
Furthermore, the Apparatus-Device-System category comprised
11% while the Use category occurred in 7.3% of patent documents. It
is important to highlight that one given patent document could be
categorized in more than one category as they may have different
categories of claims to protect all aspects from the invention.

One interesting result emerged when we checked the per-
centage number of claims associated to each category in the whole
sample. We observed a quick growth in the category Use in the last
period analyzed, as shown in Fig. 6. We verified the content of
these use-related claims and verified it could be about use of
substance, product or process. For instance, one patent claimed the
use of microfibrillated cellulose as an additive of concrete mixture
(patent number: US20120227633); another claimed the use of a
process to obtain cellulose nanofibrils with low energy expendi-
ture (patent number: US20150158955); cellulose nanocrystals
were also claimed to be a component of anti-icing and de-icing
compositions in aircrafts (patent number: US20120153214).
Consequently, patentees are concerned about the final application



Fig. 4. Maps of networks between (a) the main technological subdomain (blue) and types of nanocellulose (red); and (b) both clustered according to the VOSviewer clustering
algorithm. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
Source: USPTO.
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of their invention, which indicates the potential market of their
technology.
4. Conclusion

The text mining-based method proposed in this research
allowed us to depict useful claim-based patent indicators to
understand the detailed technical content in the field of nano-
cellulose, especially for the types of this nanomaterial. In other
words, by using the rule of writing a patent claim, we could
improve the text mining routine and compile interesting patent
indicators. The results showed that patent claims are a more ac-
curate and reliable source of terms to develop indicators than, for
instance, titles and abstracts.
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Table A.1
Regular expression used to tag dependent claims.

claim
clam
as set forth in [0e9]{1,3}
according to [0e9]{1,3}
according to item [0e9]{1,3}
according [0e9]{1,3}
as claimed in [0e9]{1,3}
as claimed [0e9]{1,3}
in accordance with [0e9]{1,3}
as in [0e9]{1,3}
as defined in [0e9]{1,3}
defined by [0e9]{1,3}
defined in [0e9]{1,3}
produced by [0e9]{1,3}
prepared by [0e9]{1,3}
as set forth in [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
according to [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
according to items [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
according [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
as claimed in [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
as claimed [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
in accordance with [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
as in [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
as defined in [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
defined by [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
defined in [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
produced by [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}
prepared by [0e9]{1,3}(and j or j to j-j - j -j- j through)[0e9]{1,3}

Source: developed by the authors.

Table A.2
Expression used to tag the transition phrases in claims.

comprising
comprise
including
containing
characterized by
characterized in that
characterized for
characterize by
consisting of
wherein

where
in which
which
whose
having
combination of
expressing
capable of
by combining
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We provided a discussion about this aspect in order to
contribute to the development of new methods that aim to use the
free texts of patent documents. The indicators assembled from
patent claims in combination with other traditional indicators
developed from bibliographic patent data may contribute signifi-
cantly to the analytical process in monitoring, technological fore-
casting and competitive intelligence studies. The claim-based
indicators can provide relevant trends of developments, products
and manufacturing issues, applications, such as those observed for
nanocellulose. Another use of the proposed method to analyze
patent claims is that it can be used for assembling keywords for
patent documents, a field of information normally not found in
bibliographic patent data (unlike for scientific bibliographic pub-
lications that generally represent this field). These keywords ob-
tained by text mining the patent claims might also improve, for
instance, search mechanisms and information retrieving efficiency.

The method was developed considering patents filed in the
United States Patents and Trademarks Office (USPTO), but the
principle of using the claim structure in the text mining routine for
the development of indicators can be applied to patent documents
from any other offices. We also applied the analysis to nano-
cellulose case, but any other technological field or subject can be a
target of investigation. One limitation of the proposed method is
the manual checking necessary to depict tags from the patent
claims and separate the preamble and the body of the claim.
However, one may notice that these tags tend to be repeated over
many documents, thus the labor is concentrated in the earlier
application of the method. Future work will combine patent claim
indicators obtained from other patent offices and other databases,
compare claim indicators from granted and non-granted patents,
and the influence of claims on citation analysis.
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Table 3.A
Regular expression for each type of nanocellulose.

Types of nanocelluloses Regular expressions

Bacterial cellulose .*bacterial cellulos(ejic).*
.*microorganism-produced cellulose
.*bacterial cellulosome.*
.*bacterial nanofiber.*
.*BNC.*
.*biosynthetic cellulos(ejic).*

.*gluconacetobacter xylinus cellulos(ejic).*

.*cellulos(ejic)[a-z\- ]*bacterial.*
BC$
isoletade BC$
.*microbial cellulos(ejic).*
.*microbially-derived cellulos(ejic).*

Microfibrillated cellulose .*cellulos(ejic) microfibril.*
.*microfibrillated cellulos.*
.*micro(-j)fibrillated cellulos.*
.*cellulos(ejic) micro-fibril.*
.*micro fibril cellulos(ejic).*
.*microfibril cellulos(ejic).*

microfibril cellulose
.*microfibrillar cellulos(ejic).*
.*MFC.*
.*cellulos(ejic) [a-z]* [a-z]* [a-z]* microfibrillar.*
.*cellulos(ejic) fibril.*
.*macrofibrillated cellulos(ejic).*

Cellulose nanofibrils .*cellulos(ejic) nanofibril.*
.*nanofibrillated cellulos.*
.*nanofibrillar cellulos(ejic).*

.*nano-fibrillar cellulos(ejic).*

.*nano(-j)fibrillated cellulos.*

.*cellulos(ejic) nano-fibril.*
Microcrystalline cellulose .*cellulos(ejic) microcr.stal.*

.*cellulos(ejic) micro-cr.stal.*

.*cellulos(ejic)-microcr.stalline.*

.*microcr.stalline cellulos(ejic).*

.*micro(-j)cr.stalline cellulos(ejic).*

.*microcrist.lline cellulos(ejic).*

.*microcrystaline cellulos(ejic).*

.*micro(-fine jcrystal j j-jfibrous)cellulos(ejic).*
Cellulose nanofibers .*cellulos(ejic) nanofiber.*

.*cellulos(ejic) nanofibre.*
.*cellulos(ejic) nano(-j)fiber.*
.*cellulos(ejic) nano(-j)fibre.*

Cellulose nanocrystals .*cellulos(ejic) nanocrystal.*
.*nanocrystalline cellulos(ejic).*
.*cellulos(ejic) whisker.*
.*cellulos(ejic) nanowhisker.*
.*cellulos(ejic) nano(-j)whisker*
.*cellulos(ejic) nano-crystal*
.*nano-crystalline cellulos(ejic).*

.*(NCCjCNC).*

.*nano(j-)crystal particle/cellulos(ejic).*
cellulos(ejic) crystal.*
crystalline cellulos(ejic).*
crystalline [a-z]* cellulos(ejic).*
cellulos(ejic) [a-z]* crystal.*

Other terms .*microfine cellulos(ejic).*
.*cellulos(ejic) microfiber.*
.*cellulose microtubule.*
.*cellulos(ejic) nanofilament.*
.*cellulos(ejic) nanotubule.*
.*cellulos(ejic) nanometer.*
.*nano-dispersed cellulos(ejic).*
.*nanocellulos(ejic).*
.*nano-cellulos(ejic).*
.*cellulos(ejic) nanoparticle.*
.*nanoparticled cellulos(ejic).*

.*nanoparticle cellulos(ejic).*

.*cellulos(ejic) nano-particle.*

.*nano-particl* cellulos(ejic).*

.*nanosized cellulos(ejic).*

.*nano-sized cellulos.*

.*nanosized [a-z]* [a-z]* cellulos(ejic).*

.*cellulos(ejic) nanofiller.*

.*cellulos(ejic) nano-filler.*

.*algal cellulose.*

.*cyanobacterium [a-z].* cellulos(ejic).*

.*tunicate cellulos(ejic).*
Source: developed by the authors.
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