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Abstract—A bibliometric analysis in the Web of Science
database was used to identify overall scientific results of graphene
inks to date (2008 to 2018). The objective of this study was to
evaluate the evolutionary tendency of graphene inks research and to
identify its aspects, aiming to provide data that can guide future
work. The contributions of different researches, languages, thematic
categories, periodicals, place of publication, institutes, funding
agencies, articles cited and applications were analyzed. The results
revealed a growing number of annual publications, of 258 papers
found, 107 were included because they met the inclusion criteria.
Three main applications were identified: synthesis and
characterization, electronics and surfaces. The most relevant research
on graphene inks has been summarized in this article, and graphene
inks for electronic devices presented the most incident theme
according to the research trends during the studied period. It is
estimated that this theme will remain in evidence and will contribute
to the direction of future research in this area.
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[. INTRODUCTION

HE experimental discovery of the isolation of a single

sheet of graphene led to the award of the Nobel Prize to
the physicists Geim and Novoselov in 2010. After this
discovery, the number of experimental and theoretical
researches has increased dramatically [1].

Graphene is a monolayer of carbon atoms with a single
atom thickness in a hexagonal crystal structure similar to a
two-dimensional honeycomb network with carbon atoms with
hybridized sp? bonds [2]. Since its experimental discovery,
graphene has aroused the interest of the scientific community
due to its peculiar configuration, by exhibiting excellent
chemical and physical properties [3].

Graphene has been used in many interesting and
revolutionary applications. The wide range of applications of
graphene includes: nanoelectronic materials, structural
compounds, conductive polymers, battery electrodes,
supercapacitors, bactericidal papers, biomedical technologies,
molecular sensors, electrochemical and biochemical sensors,
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energy storage, drug delivery, water and wastewater treatment,
touch screens and solar cells, printing inks, among others [4].

The great majority of the cited applications utilize graphene
as a form of coating. Thermal sensors, electrochemical
sensors, solar cells, anti-corrosive materials, and touch
screens, all require a coating, which stimulates the
development of graphene inks. Therefore, graphene represents
the possibility to produce and process it in functional inks,
with varied rheological and morphological properties, with
different thicknesses, printing processes and coatings,
searching for a low cost and reliable industrial scale [5].

Bibliometrics is an effective method that uses quantitative
analysis to describe the research trend of a specific field [6]. It
describes patterns of distribution of publications according to
some categories such as topics, fields, sources, authors,
institutions or countries research using a methodology used in
librarianship and information science, and is widely applied to
analyze scientific production and research trends in several
fields [7].

In the present study, a bibliometric analysis of the literature
related to graphene inks published in the Web of Science
database was conducted. The objective was to determine its
quantitative characteristics, as well as to identify the most
relevant current and future trends, providing a basis for a
better targeting for future research.

II. MATERIALS AND METHODS

The bibliometric analysis of the literature of graphene inks
was conducted in Web of Science database. The contribution
of different researches published in the main periodicals up to
the present period, including languages, place of publication,
institutes, funding agencies, periodicals, articles cited,
thematic categories and applications were identified.

The results were analyzed and evaluated according to
various criteria and used to determine the quantitative
characteristics of graphene inks investigations in the globe and
the most relevant trends.

The search was performed in January 2019, for which the
following descriptors were used as keywords in the search
engine topic field: ("paint*" OR "ink*") and ("graphene" and
"coat*"). The search process in the first moment allowed the
identification of 258 documents. Then, the scientific papers
included in the study were selected through the evaluation of
titles and abstracts, following the inclusion criteria of
publications with studies of graphene inks for different
applications. Because graphene is a relatively new material, an
initial time period for the chronological identification of the
documents has not been delimited. Documents of the year
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2019 were not considered in order to obtain only full years.
After the evaluation of titles and abstracts, 107 documents
were selected.

III. RESULTS

The distribution of annual publication output identified by
Web of Science database of graphene inks for different
applications is shown in Fig. 1.
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Fig. 1 Annual publication output

Clearly there have been a steadily increasing number of
publications each year. The last four years corresponds to 84%
of the total publications.

The publications analysis identified that the first paper
published was in 2008 titled "Graphene-stabilized copper
nanoparticles as an air-stable substitute for silver and gold in
low-cost ink-jet printable electronics" [8], the authors applied
graphene as an ink, for the first time, in an inkjet printer for
electronic devices. In this study, the electrical properties, high
conductivity and stability of graphene, were used in a new
application for graphene.

The distribution of the document types was analyzed. It was
found 93 documents of scientific article type, two review
articles, and 14 proceedings papers, totalizing 107 publications
selected during the period of study. Please note that review
articles are also included in scientific articles.

Most of the publications have been published in English,
except one that was published in Chinese. English is
undoubtedly the main language of scientific research and has
become the best option for all fields [9].

Results with the most productive countries are shown in
Fig. 2.
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Fig. 2 The most productive countries

China was the most productive country, with 35 articles,

and a percentage of 32.7% of all documents, followed by the
United States (USA) and England, with 20.6% and 17.8%,
respectively.

The most productive institutes and funding agencies were
classified by the number of articles published and the results
are presented in Tables I and II.

TABLEI
RESEARCH INSTITUTES WITH THE LARGEST NUMBER OF DOCUMENTS ON
GRAPHENE INKS

Rank Institutes Country Documents Per(zoe/n)tage
0
1 Chinese Academy of Sciences China 11 10.28
2 Warsaw University of Technology ~ Poland 8 7.48
3 Institute of Electronic Materials Poland 5 4.67
Technology
4 University of Cambridge England 5 4.67
5 Istituto Italiano di Tecnologia IIT Italy 4 3.74
6 Jeju National University China 4 3.74

TABLEII
MAJOR FUNDING AGENCIES FOR RESEARCH ON GRAPHENE INKS
Rank Institution Country Documents Perc(ge/n)t age
0

National Natural Science .

! Foundation of China China 17 15.89

2 National Science Foundation USA 5 4.67

Engineering and Physical
Sciences Research Council England 3 2.80
4 National Basic Research China 3 580

Program of China

The results for the most productive countries, institutions
and funding agencies were in agreement, since, the three most
productive funding agencies (China, USA and England) agree
with the most productive countries. Regarding the most
productive institutes, the institutes are from countries that
appear on the list of the top five most productive countries,
except USA that are not listed in the most productive research
institutes. This result may be an indicative that USA do not
have the graphene inks research concentrated in a single
institution, but in several institutions.

The distribution of the documents in periodicals is
presented in Table III. The corresponding impact factors of the
most productive periodicals were also included.

TABLE IIT
JOURNALS WITH THE LARGEST NUMBER OF ARTICLES PUBLICATIONS ON
GRAPHENE INKS AND SCIENTIFIC IMPACT FACTOR

Percentage Impact

Rank Journal Documents (%) factor

1 ACS Applied Materials & 5 4.68% 3.097
Interfaces

2 Carbon 5 4,68% 7.088

3 Journal of Materials Chemistry C 5 4,68% 5.976

4 Advanced Materials 4 3,74% 21.950

5 ACS Nano 3 2,80% 13.709

It can be observed that ACS Applied Materials &
Interfaces, Carbon and Journal of Materials Chemistry C were
the most productive journal, with five publications each,
followed by Advanced Materials and ACS Nano, both with
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four and three publications, respectively. The other studies
were distributed in different journals.

The most relevant periodicals according to the impact
factor, among the most productive journals, was Advanced
Materials with impact factor of 21,950. It is noticeable that
there was a good distribution in different journals, and there
was no concentration of documents of the studied topic in a

single journal.

It is worth mentioning that the study on graphene inks is a
very comprehensive subject, with different applications, so
that it is published in journals from different areas.

Table IV lists the 10 most cited articles in the scientific
literature.

TABLE IV
THE MOST CITED GRAPHENE INKS ARTICLES IN THE SCIENTIFIC LITERATURE

Rank Document

Citations

Title: Graphene as a Long-Term Metal Oxidation Barrier: Worse Than Nothing
1 Authors: [10] 236
Source: ACS Nano
Title: Graphene-stabilized copper nanoparticles as an air-stable substitute for silver and gold in low-cost ink-jet printable electronics
2 Author(s): [8] 166
Source: Nanotechnology
Title: 2D-Crystal-Based Functional inks
3 Author(s): [5] 111
Source: Advanced Materials
Title: Transparent Conductive Electrodes from Graphene/PEDOT:PSS Hybrid Inks for Ultrathin Organic Photodetectors
4 Author(s): [11] 111
Source: Advanced Materials
Title: Conductive Inks Based on a Lithium Titanate Nanotube Gel for High-Rate Lithium-Ion Batteries with Customized Configuration
5 Author(s): [12] 81
Source: Advanced Materials
Title: Graphene oxide nanopaint
6 Author(s): [13] 71
Source: Carbon
Title: Robust Superhydrophobic Graphene-Based Composite Coatings with Self-Cleaning and Corrosion Barrier Properties
7 Author(s): [14] 66
Source: ACS Applied Materials and Interfaces
Title: Sun-Believable Solar Paint. A Transformative One-Step Approach for Designing Nanocrystalline Solar Cells
8 Author(s): [15] 58
Source: ACS Nano
Title: Synthesis of Fluorinated Graphene Oxide and its Amphiphobic Properties
9 Author(s): [16] 56
Source: Particle & Particle Systems Characterization
Title: Graphene-based large area dye-sensitized solar cell modules
10 Author(s): [17] 50
Source: Nanoscale

According to the list of the 10 most cited articles (Table
IV), it was noted that, although China is the most productive
country, with 32.7% of the total work published, any
document was found in the list of the most cited articles. This
indicates that while China has a significant amount of
published work, they do not have studies that have great
impact and were effectively used for the development of other
researches. The most cited articles were results of research
developed mainly in developed countries, among them the
United States, Italy, Canada, Germany, Australia and
Switzerland.

The most quoted article, "Graphene as a Long-Term Metal
Oxidation Barrier: Worse Than Nothing" [10], the authors
present graphene as a bad alternative for application in anti-
corrosive coatings, which is very controversial, since many
authors prove that the use of graphene is excellent as a
protective layer of the action of sea water and acidic
substances. In this context, the study of Krishnamoorthy and
collaborators [13] is also among the most cited works.

Also among the most cited articles, is the first article
published using graphene for inks in an inkjet printer with
electronic applications [8] and the review article: "2D-Crystal-

Based Functional inks" [5]. In this review study, the authors
approached different researches that used graphene ink in
different solvents with various applications.

The distribution of the research areas is shown in Fig. 3.
The documents were compiled by thematic categories of the
Web of Science database. It was considered that some
publications were included in more than one category.
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Fig. 3 The most popular thematic categories of Web of Science
The ranking indicates that materials science (59.81%),

physics (35.51%), chemistry (34.58%), science technology
(32.71%), engineering (17.76%) and electrochemistry (6.54%)
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are the most common research areas. This result may indicate
that the research on graphene inks is still new and is being
developed as a material and not so much for applications in
engineering fields and technologies.

The applications discussed in the publications selected were
also compiled and are presented in Fig. 4.
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Fig. 4 Applications covered in the publications

Different applications have been identified and organized.
A higher concentration of publications of
synthesis/characterization of graphene inks was already
expected (27.2%), since almost 60% of the publications fall
into the thematic category of material science of the Web of
Science. It is noteworthy that studies with other applications
also include synthesis and characterization, but in this
application investigation it was included the main objective of
each document.

Applications for graphene inks have been gaining greater
prominence, especially in the area of electronics, where
graphene inks are generally applied on flexible substrates and
then applied with high performance in electronics due to high
conductivity [18]. Considering sensors, electrodes/capacitors
and solar cells as a general application of electronics, a major
application is found with 36.4% of the total documents. This
result may represent that the research related to synthesis and
characterization may be no longer the main focus of studies,
and that researchers are focusing on applications, especially in
the electronic area.

The physical properties of graphene, such as high thermal
conductivity, high strength, were also exploited using
graphene inks. Anti-corrosive surfaces [19], super-
hydrophobic [20], and thermal surfaces [21] were developed.
Furthermore, graphene has also used as an antibacterial
material [22] and been studied for use in biomaterials [23].
Therefore, a broader class of applications may include all
documents of surfaces treatments. As result, 33.6% of the
documents are studies concerning to surfaces and also surpass
the characterization documents (27.2%). This result again
indicates that graphene inks research is more consolidated, and
studies of synthesis and characterization are no longer the
main focus of research, opening new possibilities for studies
for different applications.

IV. CONCLUSION

This bibliometric study provided an overview of current
research and identified some significant factors. The analysis
of the applications revealed that the research on magnetic
graphene could be considered under three aspects: synthesis
and characterization, electronics and surface treatment. The
researches of synthesis and characterization are still numerous,
however the application in electronics and surface treatment
have been increasing and has become the majority.
Publications related to graphene inks have increased
significantly in the last 10 years, since the first publication was
in 2008, and are expected to grow in the coming years. A good
distribution in different periodicals was found with no
concentration of documents in few journals. China was the
largest contributor of the research of graphene inks, but the
most relevant studies were the research in developed countries
such as USA, Italy and England.
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