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INTRODUCTION

Progress in understanding various types of materials is a sign of progress in the field
of technology. As an example; use of silicon materials; these materials boost a trillion-
dollar industry; aiding communicationsin allareas, from auxiliary equipment to space
telemetry. The problems that occur are not merely technical problems but include
various things. Another example, to make an automobile possible, there must be steel
or other materials. This shows that human life is always related to material needs such
as transportation, housing, clothing, communication and so on(Pandey et al., 2018).

Materials can be defined as raw materials processed by industry and can be obtained
from local purchases, imports, or self-processing(Luo et al., 2022). In general, we must
understand the difference between materials science and materials engineering.
Materials science focuses on research on the relationship between the structure and
function of a material as well as synthesizing new materials which can then be used by
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the discipline of materials engineering. Engineering materials focuses on designing
systems using previously discovered materials(callister JR & Rethwisch, 2020).

As technology develops, there is research that introduces the latest technology, using
nano particle materials. Nano particles have a very small size with a high surface area.
So it is able to make it stronger and more reactive compared to materials that are not
nano-sized particles. Nanomaterials have been used for many cases in the oil and gas
industry, one of which has succeeded in proving that nanosilica injection can have an
impact on increasing oil recovery in low porosity and low permeability
reservoirs.(Mursyidah, Adi Novriansyah, Novia Rita, 2015). The latest research
introduces two-dimensional Graphene Oxide (GO) nanomaterials made from graphite
by introducing CO covalent bonds. (Dimiev & Tour, 2014).

Graphene is a type of nano-sized material that has unique properties and many
advantages, so it has been widely used in various applications(Cahyani, 2018)one of
which is in the world of o0il and gas. Graphene or graphene is the thinnest, strongest
and best new material in the world today which is formed from one layer of carbon
atoms which has a hexagonal structure resembling a honeycomb. (Aziz & Tjahjono,
2022).

Graphene Oxide can optimize bonds and form composites with cement and is also able
to spread into micro pores, this shows great potential to increase the degree of
hydration, strength, ductility and durability of cement concrete(Peng et al., 2019).

Graphene Oxide can be obtained from several sources, one of the requirements for a
material that can be used as a source of graphene oxide is that it has a high carbon
content. Generally, palm oil or graphite in pencils can be used as a source to obtain
graphene oxide. The choice of graphite as the basic material for pencils was because
when graphene was first discovered it was from the carbon atoms of pencil graphite
by Andre Geim and Konstantin Novoselov in 2004 using masking tape, namely the
scotch tape method. Pencils contain 65% garphite, 35% clay and high levels of wax,
resin and polymer binders(David et al., 2017). Meanwhile, palm oil shells were chosen
as the GO production material because they have a large carbon content and low ash
content(Mehlin et al., 2006).

Severalexamples of research on the use of graphene oxidenanomaterialsare presented
in Table 1.

Table 1 Some Examplesin Graphene Oxide Research

No. Title Objective Results Reference
1 Production The aim of thisresearchis  After synthesis, the presence of  (Linetal,

of to produce compositesby  graphene was found to change 2023)

Graphene/I  decorating flake-shaped grain morphology from elongated

norganic graphene oxide with needles to polyhedral shapes. It was

Matrix CuWO4 2H20 found that, although the CuiWO4 2H20

Composites  nanoparticles with a particles used were nanosized, the

through the diameter of 8 nm and sintering conditions did not reduce the

Sintering of then matrix to a pure matrix. metal; The

Graphene synthesized to form the sintered composite was found to have a

Oxide Flakes final form. mixed phase with copper tungstate and

Decorated copper oxide. Raman spectroscopy

with shows that graphene oxide becomes

CuWO4 2H2 hydrogenated during the sintering

(@) process as aresult of the reduction of the

Nanoparticle hydrogen atmosphere used.

S
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No. Title Objective Results Reference

2 Reduced The aim of this study isto  Environmentally friendly preparationof  (Manikanda
graphene provide a brief guide for rGO isa new researchfield in graphene n & Lee,
oxide: researchers seeking up- technology that is cost-effective and 2023)
biofabricatio to-date information on sustainableinits procedures. Due to the
n and the properties, uniform particle size of rGO, this smart
environment production and nanomaterial has wide applications,
al applications of rGO, with  including in metal ion and pollutant
applications  special attention to rGO sensing and adsorption, photocatalysis,

applications in water optoelectric devices, medical diagnosis,
purification and and drug delivery.
biomedical fields

3  Graphene This study aims to Theresultsshowed that GO could be used (Dayana
oxide-based  investigate the toimmobilize enzymes. It is possibleto  Priyadharshi
nanomaterial characteristics, immobilize enzymes with various nietal.,
s for the preparationmethods,and characteristics on graphene oxide-based 2022)
treatment of characterization substrates without compromising their
pollutants in  processes of GO. Removal ~functionality, thus developing a new
the aquatic of contaminants from environmental remediation platform
environment wastewater has recently that utilizes nanoscale biocatalysts.

recent become a focus of Doping and co-doping of GO with
trends and attention for GO-based various heterogeneous semiconductor-
perspectives  materials. based metal oxides are included in a
-areview brief strategy to improve the efficiency
of GO. Materials with high band gaps
are also explored as possible
immobilizers, which shift the absorption
threshold to the visible range and
increase photoactivity. For water
treatment applications, graphene-based
nanomaterials are used in Fenton
reactions, photocatalysis, ozonation,
photo electrocatalysis, photo-Fenton,
and the combination of photon-Fenton
and photocatalysis. Nanoparticles made
from GO increase the efficiency of
composite materials when used for their
intended applications. As a result of the
analysis, prospects and improvements
become clear, especially in terms of
improving GO-based  wastewater
treatment technology.

4 Advances in This article aims to This article concludes the future (Obayomi et
graphene discuss recent advances prospects by focusing on the al., 2022)
oxide based relatedto graphene oxide opportunities associated with
nanobiocatal synthesis, enzyme multifaceted nanobiocatalysts
ytic immobilization methods,
technology development of
for graphene-based carriers
wastewater for enzyme
treatment immobilization, and

applications of graphene-
based nanobiocatalysts in
environmental
remediation.
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No. Title Objective Results Reference
5 Advances of This research aims to The majority of graphene or reduced (Joshi &
graphene remove heavy metal ions graphene oxide nanocomposite  Gururani,
oxide based and synthetic dyes based materials can remove or degrade more 2022)
nanocompos on adsorption from than 90% of heavy metal ions and dye
ite materials aqueousmedia,as wellas pollutants from wastewater.
in the photodegradation of dyes
treatment of using efficientadsorbents
wastewater  or photocatalysts such as
containing graphene-based
heavy metal nanocomposite materials,
ions and which  have many
dyes benefits, including cost

effectiveness, application
in large-scale operations,
efficiency, and utilization.
return.

In general, many studies show that graphene oxide has many applications in
environmental chemistry, such as research conducted byDayana Priyadharshini et al,
2022; Joshi & Gururani, 2022; Manikandan & Lee, 2023; Obayomi et al., 2022In fact, the
use of graphene oxide can also be useful in other fields such as the materials field. One
concrete example can be answered with graphene which was discovered by Geim and
Novoselov which has good mechanical properties, thermal and electrical
resistance.(Singh Chauhan & Mishra, 2011), its good performance as a polymer
reinforcing material(Babak et al., 2014), which has a layer thickness of approximately
1.1 £0.2 nm(Schniepp et al.,2006)and has a resistivity value of 10-6 Qcm(Neuberger et
al., 2018). Mangadlao, Cao, & Advincula, 2015 also stated that graphene oxide has a
function as an additive for drilling cement. Currently graphene is the newest, thinnest,
strongest and superior material in the world(Aziz & Tjahjono, 2022), the strength of
graphene exceeds that of steel(Syakir et al., 2015), so that it has attracted the attention
of many researchers, especially when it can be used for concrete, GO has the potential
to also be studied in drilling cement. Apart from that, in the study conducted by (Taha
& Lee, 2015)It was found that graphene oxide also has the potential as an additive for
fluid loss control and reducing heat from drilling bits. According to his research, GO
is able to control the filtration loss of drilling fluid because the morphology of GO has
ahexagonal poreshapeso that when added to drillingmud, thefiltrate will be retained
in the GO hexagonal pores.

This research aims to present bibliometric analysis which can be useful for mapping
ongoing research topics and trends, especially in the topic of the use of graphene oxide
in the materials field, so that it is hoped that it can help further research that will be
carried out. Based on several previous studies contained in table 2, it can be seen that
the novelty of this article is that there is a more specific in-depth study of the topic
regarding the use and application of graphene oxide, especially in the materials field.
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Table 2. Previous Research on Bibliometric Analysis

No Title Topic Discussion Ref
1 A bibliometric analysis of In this article, we chose paper containing (Xianget al.,
graphenein acetaminophen  graphene and acetaminophen. 2022)
detection: Current status, Bibliometrics was wused to analyze
development, and future relationships and trends among these
directions papers. The results show that this topic

has developed rapidly since 2009. Among
them, the detection of acetaminophen by
graphene-based electrochemical sensors
is the most important direction.

2 Nanomaterials for treating reviews nanomaterials that are reported (Zhao etal.,
emerging contaminants in to remove emerging contaminants via 2018)
water by adsorptionand adsorption and/or photocatalysis, and
photocatalysis: Systematic their removal capacities, mechanisms, and
review and bibliometric influencing  factors are  discussed.
analysis Meanwhile, a large-scale bibliometric

analysis was conducted on the emerging
trends of contaminants, nanoadsorbents,
nanophotocatalysts, and related research
topics from the literature during 1998-

2017.
3 Graphene on Dentistry: A This bibliometric analysis reveals the (Erding, 2023)
Bibliometricand progress and trends of graphene research
Scientometric Analysis in dentistry and the extensive

collaboration between authors, countries,
and institutions. The findings of this
research may help inspire researchers to
plan new research and collaborate in the

field of graphene.
4  Bibliometric Analysis of Aims to examine the development of (Indriati &
Hydrogels from Graphene hydrogel research from graphene oxide = Nandiyanto,
Oxide Nanoparticles Using nanoparticles published on Google 2023)

the VOSviewer Application ~ Scholar from 2013 to 2022 (September)
through a bibliometric computational
analysis approach using the Publish or
Perish and VOSviewer applications.

RESEARCH METHODOLOGY

Data Acquisition
The application used to get the required data is Publish or Perish. This application
facilitates the acquisition of literature review data based on selected topics. The
VOSviewer application is used to make it easier to map data visually. This application
provides three visual data results: network visualization, density visualization, and
overlay visualization. In creating bibliometric maps using the VOSviewer application,
the frequency of keywordsincluded in themap is mentioned atleast three times in one
article. If there are words that are not relevant, they will be removed from the map.
The desired data can be obtained by the following steps:
1. The processof searchingand sorting data using the Publish or Perish application
with the Google Scholar database,
2. Bibliometric data processing can be done with Microsoft Excel,
3. The process of mapping bibliometric data can be done with the VOSviewer
application,
4. Computational analysis.
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The data presented in this article was obtained from journal publications indexed in
Google Scholar spanning the years2017 to2023. There are two types of data files taken,
namely (.ris) and (*.csv) formats. The file format (.ris) is used for visual data processing
using the VOSviewer application with mind map results, and the file format (*.csv) is
used for statistical data processing using the Microsoft Excel application with statistical
graphic results.

Data analysis

The data analysis process is performance analysis and bibliometric analysis.
Performance analysis was carried out using Publish or Perish and Microsoft Excel,
while bibliometric analysis used the VOSviewer application. Both parts were carried
out on the same day and time to reduce error factors in data acquisition and analysis.
Analysis of the work was carried out by processing files (*.cvs) in Microsoft Excel,
including data on the number of citations, author's name, article title, year of
publication, journal name, publisher's name, h-index value, and article number
relevant to the theme over a period of years. Use of the Microsoft Excel application to
create graphs and tables based on data presented by Publish or Perish (number of
publications per year). Bibliometric analysis is assisted by the VOSviewer application
which processes data from files (.ris); This application synthesizes data and then
creates a bibliometric network that can describe keywords from various relevant
articles.

RESULT AND DISCUSSION

Publication Trends

In Figure 1, data is presented regarding the findings of articles that have been
published on Google Scholar from 2017 to 2023. There are 200 articles related to the
analysis of the potential use of graphene oxide. From Figure 1, it can be concluded that
the publication trend regarding graphene oxide has fluctuated or there has been an
increase and decrease over the last 6 years. The highest publication was in 2022 with
38 publications (19%). The lowest publication will be in 2023 (until September) with 15
publications. The largest increase in publications occurred from 2021 to 2022 with an
increase of 11 publications. The largest decline in publications occurred in 2022 and
2023 with a decline in publications of 23 publications.
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Figure 1. Number Of Documents Published for The Keyword “Graphene Oxide”

Top Articles Documents by Citations

Article documents with more than 100 citations consist of 28 documents. The top 10
documents with the most citations are presented in detail in table 3. The most
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frequently cited article is “Graphene and Graphene Oxide as Nanomaterials for
Medicine and Biology Application” with 396 in 2018 with 396 citations.

Table 4. Top 10 Graphene Oxide quotes and publications

No Quote Author Title Year Journal Source Publisher
Source
1 396 Priyadarshini Graphene and graphene 2018 Journal of Springer
et al. oxide as nanomaterials for Nanostructures
medicine and  biology
applications
2 365 Liu et al. Graphene oxide-based 2019 Environmental Elsevier
materials  for  efficient Pollution
removal of heavy metal ions
from aqueous solutions: A
review
3 351 Ayyaru & Application of sulfonic acid 2017 Journal of Elsevier
Ahn group functionalized Membrane
graphene oxide to improve Science
hydrophilicity, permeability,
and antifouling of PVDF
nanocomposite
ultrafiltration membranes
4 309 Velusamy et A review on heavy metal 2021 The chemical Wiley
al. ions and containing dyes record Online
removal through graphene Library
oxide-based adsorption
strategies for textile
wastewater treatment
5 308 JY Lim et al. Recent trends in the 2018 Journal of Elsevier
synthesis of graphene and Industrial
graphene oxide-based
nanomaterials for removal of
heavy metals — Areview
6 278 Zhang et al. Graphene oxide quantum 2017 ACS Applied ACS
dots incorporated into a thin Materials Publications
film nanocomposite
membrane with high flux
and antifouling properties
for low-pressure
nanofiltration
7 270 Liu et al. Enhanced X-ray photon 2018 Solarenergy Elsevier
response in solution- materials
synthesized CsPbBr3
nanoparticles wrapped by
reduced graphene oxide
8 252 Yang etal. Long-term antibacterial 2019 Journal of Elsevier
stable reduced graphene Colloids
oxide nanocomposites
loaded with cuprous oxide
nanoparticles
9 235 Pourhashem  Investigating the effect of 2017 Surface and Elsevier
etal. SiO2-graphene oxide hybrid coating
as inorganic nanofiller on technology
corrosion protection
properties of epoxy coatings
10 204 Yousufi etal.  Anti-bacterial activity of 2017 Materials Elsevier
graphene oxide as a new Science

weapon nanomaterial to
combat multidrug-resistance
bacteria
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Vosviewer Visualization Analysis of Authors with Graphene Oxide Research

A visualization of the authors' activity in graphene oxide research is shown in Figure
2. A total of 1400 authors participated in research on graphene oxide. A total of 77
authors are related to research regarding the use and application of graphene oxide in
the materials field. The authors who have the most documents are Liu, Zhang, and
Wang, represented by a larger circle size than the others. All research is related to each
other.
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Figure 2. Author's Visualization Analysis with Graphene Oxide Research

Topic Analysis Visualization using Vosviewer

VOSviewer can display bibliometric maps in three different ways: network
visualization, overlay visualization, and density visualization (Nandiyanto et al., 2023).
Each cluster is represented by a colorful circle. The size of the circle is proportional to
the number of times the keyword appears in the title and abstract. As a result, the size
of letters and circles is determined by the frequency with which they appear. The more
frequently a keyword appears, the larger the font and circle size(Donthuet al., 2021).

Mapping data obtained using the VOSviewer application resulted in 52 searches
divided into 9 clusters, namely:

1. Cluster 1 (red): 3D graphene, characterization, discovery, graphene research,
graphene synthesis, high quality graphene, porous graphene, potential
application, product, recent development, research

2. Cluster 2 (green): 2D material, advance, conductivity, dimensional material,
functionalized graphene, opportunity, prospect, role

3. Cluster 3 (blue): Form, graphene family, graphene nanomaterial, graphene
layer, performance, rgo

4. Cluster 4 (yellow): dispersion, graphene layer, layer, mechanical property,
paper, short review

5. Cluster 5 (purple): bilayer graphene, electronic property, gnr, graphene

nanoribbon, twisted bilayer graphene

Cluster 6 (cyan): addition, comprehensive review, gqd, graphene quantum dot

7. Cluster 7 (orange): plasmon graphene, plasmonic graphene, surface graphene,
single layer graphene

o
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8. Cluster 8 (Brown): Chemical, graphene oxide, work

9. Cluster 9 (Pink) CVD graphene, researcher, substrate
Size, color, and cluster each provide a different meaning when using VOSviewer. The
more prominent a circle is, the more relevant the correlation between keywords, title
and abstract of anarticle. Figure 3 shows the clusters for the research topic areas. From
this image, it can be seen that several topics are still rarely discussed so that this could
be an opportunity for continuous development for each of these topics.
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Figure 3. Network Visualization Analysis

Figure 4 shows an overlay visualization between time and related research. The
resulting image is more or less the same as network visualization, only different in
terms of color. The colors indicate different time periods. In figure 4 the applicable time
rangeis 2017 to 2023. From this figure we can also assess trends on related topics for
further research.
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Figure 4. Overlay Visualization Analysis

Figure 5 shows a visualization of the frequency of research. The yellower and larger
the visible area, the more often the word appears in research. In Figure 5 you can see
the words graphene layer, graphene quantum dot, graphene research, graphene layer,
and graphene oxide in bright yellow.
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Figure 5. Density Visualization of Graphene Oxide Application for Materials

CONCLUSION

The results of the bibliometric analysis for research trends in the potential and
application of graphene oxide in the materials sector experienced fluctuating numbers
from year to year during the period 2017 to 2023. Research in 2023 still has the
possibility to increase because it only counts until September. Research in the field of
graphene oxide is very important to carry out considering that the applications of
graphene oxide are very broad and the potential it has is very large.
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