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Abstract

Clays and clay minerals are widely used in many facets of our society. Therefore, when dealing with the
formation of polymer/clay nanocomposites, it promotes significant changes in mechanical, physical, and
chemical properties in relation to the pure polymer matrix. This increases the interest of researchers in the
field of nanotechnology, especially when it comes to the following properties: increase in strength and
rigidity, improvement of rheological properties, and, mainly, increasing barrier properties to gasses and
liquids. The objective of this work is to carry out a review of the literature on the academic production of
clay-based polymeric nanocomposites and their applications in research areas in institutions around the
world, using mapping analysis using the VOSviewer Software. A reference manager application was used
to retrieve survey data. The data obtained are the result of a search for the keyword “clay and polymers
and nanocomposites”. Up to 14,786 articles published related to the themes were analyzed between 1991
and 2022. Results showed that research on the production of clay-based polymeric nanocomposites
increased from 1995 to 2014, but decreased from 2015 to 2021. his study helps researchers to conduct
and determine targeted research topics and serve as a reference.

1. Introduction

In the last decade, the natural clay minerals, such as montmorillonite (MMT), kaolinite [1], and
palygorskite (attapulgite)[2], are widely used in catalysis [3]-[5], as adsorbents [1], [6], in nanocomposites
[7]1-[13], [13], in sensors [14]-[16], as antibacterial materials [17]-[19], [19], [19], [20], [20], [21], nuclear
waste storage [22]-[25],pesticide carriers [26]-[29], and so on [11], [30]-[34].

Nowadays, surface modification of clay minerals has become increasingly important for improving the
practical applications of clays and clay minerals [1], [6], [31], [35], [36], [36], [37], [37], [38, p. 1]

Surface modification by polymers is found to be one of the most effective methods, as the surface
properties can be widely changed by a variety of functional polymers. [34], [39]-[45]

There are two main approaches for the surface modification of clay minerals with polymers. [34], [40] One
is physical adsorption, and the second is chemical grafting of functional polymers to the surfaces of the
clay minerals. The physical adsorption, controlled by thermodynamic criteria, can alter the nature of the
clay mineral surfaces and improve their surface physical [46] and the chemical properties. [47].

The advantage of physical attachment is that the structure of the clay mineral is not altered. The main
potential disadvantage is that the forces between the adsorbed molecules and the clay mineral might be
weak. ([34]

The grafting of functional polymers to the surface of clay minerals can improve the interaction. It is an
important field of research for its ability to control and tune the properties of clay mineral surfaces. The
first approach used, named the one-step grafting method, consists of the condensation of functionalized
polymers with reactive groups of a solid substrate ([32], [48], [49].
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Before conducting research, it is necessary to analyze the topics of interest to be raised as material for
discussion in research. This can be done through bibliometric analysis, one way to determine it is by
using the VOSviewer.[50]-[52].

VOSviewer can search for topics that offer research opportunities and find the most commonly used
references in a particular field [53]-[56]

In this study, the trend of research was analyzed regarding Clay polymeric nanocomposite production
research from 1991 to 2021.

This study aims to carry out bibliometric analysis research on clay-based polymeric nanocomposites and
their applications in different scenarios, including medicine. Bibliometric analysis was performed using
the VOSviewer application with a database derived from WOS, using an integrated analysis of the
analyzed articles. [57, p. 1989-2019]

This study is intended to assist researchers in conducting and deciding on research topics that are being
developed. Especially to complete in the field of production of clay-based nanocomposites; and its
applications in the field of medicine and other areas. And as a researcher to help analyze research
structures in their development, and as a consideration to determine the research topic to be carried out.

This study aims to determine the development of research related to materials in the research in terms of
the distribution of bibliometric maps and research trends using VOSviewer software. VOSviewer software
is used to map data [53]. Bibliometric analysis is considered effective in providing datasets that can be
used to improve the quality of research [50], [53], [58]

However, in this study, the bibliometric used is a distribution consisting of the type of publication, the
research topic area, the country of origin of the researcher, and the journal where the publication was
published.

2. Methods

Data analysis in this research was obtained from articles published and indexed by the Web of Science
(WOS), which are collected from 14,786 articles in the 1991-2021 range, including original research
articles, and review. All articles were written in English; expression searches were used to search for the
articles being presented in Table I.

Table | - Searches for expressions used to search for articles.

Date Expression Search Filters  Number of Articles
Found
02/02/2022  ((ALL=(clay*)) AND ALL=(Pol?mer*)) AND ALL= all 14,786
nanocomposite*) fields
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The publication or perish as a reference manager application was used to obtain the data from the 2,183
author’s research on the production of topics and application of clay in polymeric composite materials.
For a more specific analysis, at least 5 documents per author and at least 23 citations per author, and
1,585 authors connected to each other were considered in this analysis.

These publications were retrieved in WOS format, with extension ".txt" to be analyzed in VOSviewer.
VOSviewer was chosen to visualize and analyze trends in the form of bibliometric maps. The data
mapping articles from the database of scientific articles were analyzed, prepared and presented in
VOSviewer by network visualization, density visualization and excessive visualization. These
visualizations were presented in this study.

3. Results And Discussion

3.1. Research Developments In The Clay-Based Polymeric
Nanocomposites Production

The database of research of periodic articles was classified by research year. Figure 1 shows a curve
from the level of development of clay research to drug delivery systems in the last five years, in a range
from 1991 to 2021.

The level of research on clay-based polymeric nanocomposites continued to increase considerably from
2000 to 85 articles, in 2010 around 866 articles, until 2013 reached 955 articles. However, research related
to this theme decreased from 2015 to 765 and continues to decrease in 2021 until reaching 480 jobs.

3.2. Visualization Clay-Based Polymeric Nanocomposites
Topic Area Using VOSviewer

The VOSviewer as a reference manager application was used to obtain the research data, 11,885
keywords were found, and 1,058 keywords related to the production of topics and application of clay in
polymeric composite materials were selected.

The related research to clay-based polymeric nanocomposites is divided into 9 clusters: Cluster 1 (374
items), Cluster 2 (140 items), Cluster 3 (124 items); Cluster 4 (100 items); Cluster 5 (78 items); Cluster 6
(76 items); Cluster 7 (63 items); Cluster 8 (61 items) e Cluster 9 (42 items).

Cluster 1 is marked by red color, cluster 2 is marked by green color, cluster 3 is marked by purple color,
cluster 4 is marked by bronze color, cluster 5 is marked by brown color, cluster 6 is marked by blue color,
cluster 7 is marked by dark brown color, cluster 8 is marked by light purple color, and cluster 9 is marked
by the light purple color.

Due to a large amount of information and for the best analysis of the data presented, it follows Table |,
presents the 20 most frequent keywords in the database of this study.
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Table Il - Most frequent keywords used in articles.

N° Keyword Occurrences N° Keyword Occurrences
1 mechanical-properties 3546 11  intercalation 976
2 clay 2820 12 nanoparticles 789
3 behavior 2576 13  polypropylene 765
4 morphology 2550 14 layered silicate 763
nanocomposites
5 nanocomposites 2236 15 exfoliation 755
6 montmorillonite 2206 16  polymers 707
7 composites 1674 17  degradation 664
8 clay nanocomposites 1440 18 films 628
9 polymer 1309 19  performance 620
10 silicate 1221 20 dispersion 583

nanocomposites

3.3. Research Developments In Clay-Based Polymeric
Nanocomposite Production

The scientific publications research database was classified by the keyword and search title. Figure 2
shows the relationship between the terms in the polymeric clay-based nanocomposite theme whose
terms are connected by networks or lines. Figure 2 shows the clusters of each of the research fields
investigated. Figure 2 shows that the VOSviewer search database has been sorted by keyword and search
title.

3.4. Research Developments In The Clay-Based Polymeric
Nanocomposite Organization

For this study, 5,898 research organizations were selected. For a better analysis, a minimum of 15 articles
published per organization was limited, and the VOSviewer system selected 395 organizations through
publications, as shown in Fig. 3.

For a better understanding of the scenarios of article productions about clay-based nanocomposite
polymeric, the 10 research institutions that stood out in publications during the period from 1991 to 2021
were analyzed, Table lll.

Table lll - Top 10 of the institutions that carried out the most publications between 1991 and 2021.
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Organization Documents Citations
Chinese Academy of Sciences 399 15706
Indian Institutes of Technology 335 10007
Islamic Azad University 259 4369
AmirKabir University of Technology 240 4905
Iran Polymer and Petrochemical Institute 209 3675
SiChuan University 201 6982
Monash University 190 9305
Inha University 168 6727
Beijing University of Chemical Technology 155 5385

3.5. Research Developments In The Clay-Based Polymeric
Nanocomposites Countries

For data analysis was limited to a minimum of 25 publications by countries, VosWiever selected a total
of 106 countries, and among them were found 79 connections between their publications

The Table IV presents the 10 countries who published the most articles between 1991 and 2021 on clay-
based polymeric nanocomposites. VosViewes were selected through 106 countries for the analysis.

Table IV - top 10 with countries with the highest number of publications
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Country Documents Citations
3052 91436

USA 2333 150612
India 1501 36769
Iran 1198 23724
South Korea 994 36449
ltaly 698 25348
France 687 23443
Brazil 667 11617
Germany 572 21129
Australia 543 27455

4. Conclusion

This work aims to carry out a bibliometric study of the clay-based polymeric nanocomposite, combining
mapping analysis with the VOSviewer software. The resulting data is the result of filtering by the keyword
"clay, nanocomposite and polymers".

The bibliographic data used in this study refer to areas, titles, keywords and abstracts. From the search
results, 14,786 related articles published in the period 1991 to 2021 are obtained. Research shows that
the number of articles dealing with clay-based polymeric nanocomposites has increased since 1991.

Search using the keyword "clay-based polymeric nanocomposites" to create 9 clusters with different
numbers in each cluster; obtain information on the keywords used in the articles and funding
organizations, and also create a map of research institutions that carry out these studies.
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Graphs

Graph 1 is available in the Supplementary Files section
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Figure 1

Network Visualization of polymeric nanocomposites based on clay, production by keyword.
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Figure 2

Network visualization of clay nanomaterial, production by authors.

Page 13/15



payar“r univ
univ tabriz
G

nathilan univ
. )
univ ':ktand - . 1
univ ottawa
.n i king sauc!miv % riga tech univ
bepena el indian inst ghem technol banaras kindu univ
cent inst plast engn & technol
natl res ctr
cairo univ
g& VOSviewer

Figure 3

Network visualization of clay-based polymeric nanocomposites, production by research institutions, from
1991 to 2021.
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Figure 4

Country connection map, VOSviewer.
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