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ABSTRACT— Activated carbon adsorption has been widely used as an alternative environmental treatment
to reduce metal ions, but it is less effective against heavy metals and other pollutants, including organic and
inorganic compounds. Surface modification is required to increase the adsorption of activated carbon. To
build up the information related to adsorption power of activated carbon modification, this study evaluated
the theme relevant to adsorption of activated carbon modification using keywords "activated carbon" and
"surface modification" as the data input. The database utilized for bibliometric analysis in this study was from
Scopus with the help of VOSviewer software for network visualization of authorship, countries, citations,
affiliations, and keywords. The analysis was carried out on February 3, 2022. The author limited the data by
its year from 2013 to 2020 and the result was 262 documents. The results portrayed that the publication of
activated carbon modification has been highly rocketing in the last eight years, specifically from 2019 to 2021.
China is the leading country in activated carbon modification research, which results in the highest
publications, most cited authors, and affiliations. Additionally, Elsevier is a publisher with the most top
publications in producing activated carbon modification research articles. The keyword analysis showed that
the studies related to activated carbon modification were mostly concentrated on characteristics of activated
carbon, surface characteristics, adsorption, and environmental treatment. This bibliometric analysis study
presented the relevant information on the surface modification of activated carbon to boost dangerous
pollutant adsorption in the direction of environmental treatment.

KEYWORDS: activated carbon adsorption, environmental treatment, surface modification, bibliometric
analysis

1. INTRODUCTION

Heavy metal is one of the most high-risk water pollutions for organism. Pollution in consequence of heavy
metal is being the global issue that should be solved. The industries such as mining, metallurgy, and chemical
industry utilize heavy metals particularly Copper, Nickel, Lead, and Cadmium [8]. Moreover, industrial
activities such as mining activities produce acid mine drainage containing toxic heavy metal ions such as Fe,
Mn, Cd, Co, Zn and Ni due to the interaction of acid mine drainage with various types of mineral ores [1],
[17], [35]. These heavy metals will accumulate in the environment when discharged as waste that is released
into the waters. High concentrations of heavy metals as a result of their solubility in water can cause problems
for organism, both humans, animals, and plants. The metal content of Pb, Cu, Ni and Ag can incite health
problems in the form of disease to the kidneys [26] Zn and Co metals cause respiratory disorders, while Al
and Fe metals can cause liver disease.

Several methods have been applied to eliminate heavy metals from wastewater using different mechanisms,
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such as adsorption using activated carbon as an adsorbent. Activated carbon is a solid material with high
carbon content, has a large pore volume, a reactive surface, and a large contact surface, so it is very effective
as an adsorbent [4], [39]. Absorption can be carried out for diverse purposes, including absorbing unwanted
dyes, removing pollutants contained in wastewater [39] such as factory waste [36], and waste from mining
activities [37]. Furthermore, they absorb harmful gases in exhaust gases from fuel combustion. Activated
carbon is widely used as an adsorbent in both gas and liquid phases because of its easy operation, abundant
availability, simple regeneration process, and good adsorption capacity [34]. Activated carbon has been
synthesized from various carbon sources such as biomass, which includes palm shells [45], tamarind seeds
[28], coconut shells [22], bamboo waste Y. J. Zhang et al., 2014, coffee grounds Pagalan et al., 2019) and
low-rank coals such as sub-bituminous [27] and lignite [20], [9].

2. Methods

Various modification techniques have been used to increase the adsorption capacity of activated carbon for
heavy metal ions. Modifications can be in the form of physical modifications or chemical modifications.
Kharrazi activated carbon modification from lignocellulosic waste through physical activation using thermal
stress and obtained an increase in adsorption for Cr and Pb of 51.14 and 160.48%, respectively [18]. The same
thing was done by Macas-Garca to increase the adsorption of Cu ions [24]. Kasnejad introducing nitrogen
functional groups to the surface of activated carbon to remove Cu ions from wastewater using HNO3 [15] and
Kazeem impregnating Al to activated carbon to increase the acidic and alkaline sites of the activated carbon
surface [16] are two examples of chemical modifications. Queiroz activated carbon modification with nitric
acid to increase the uptake of heavy metal ions [31]. Research on the surface modification of activated carbon
with surfactants such as sodium dodecyl sulfate (SDS) and ethyl trimethyl ammonium bromide (CTAB) has
been carried out by [2]. The positively charged metal ions can be increased by using surfactants, especially
anionic surfactants, because the negative charge on the activated carbon surface increases with the addition
of surfactants [13].

The Scopus database was searched for articles, and the results were divided into three phases (Figure 1):
(PHASE 1). It was related to search criteria definition for identifying the notes in the Scopus database and
notes perfection, which was taken from the data collecting phase. In Phase 2, the documents were exported to
VOSviewer software for bibliometric analysis based on publication, author, country, affiliation, publisher,
and citation (data visualization phase): and (PHASE 3) the data analysis for identifying the main theme
discussed in the developed study related to activated carbon modification.

BIBLIOMETRIC ANALYSIS STAGES

PHASE2 PHASE 3

PHASE 1 DATA VISUALIZATION DATA ANALYSIS
DATA COLLECTION

* Article, abstract and keywords = Export and analysis data: VosViewer, ‘ S flasdtyil il e nion ot custlts
“<A CTIVATED CARBON" AND Open Refining. Tablean * Literature review and future

“SURFACE MODIFICATION™ * Bibliometric analysis and information ‘ perspective of activated carbon

* Database: SCOPUS. Document type: Ve
Journal article. period 2013-2021_

\
Figure 1 depicts the methodology phase, main steps, and analysis criteria used in this study.

Bibliometric analysis was referred to the research methodology used in library and information studies that
used quantitative analysis and statistics methods to figure out the article distribution pattern for the given topic
[11], delineate the article distribution pattern, ensure the authors’ influence, affiliation, co-authors, or journal
regionally [19], which aids in the identification of research trends, current issues, and new dynamics in
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multidisciplinary studies, country, and author [1]. Documents used in this study were taken from the Scous
database platform, which is recognized as an ideal database for bibliometric analysis. The Scopus database
covers information published in indexed journals from multidisciplinary studies. The search was conducted
on February 3, 2022, with the inputted keywords being "Activated Carbon™ and "Surface Modification". The
data was restricted to the years 2013 to 2021 in order to obtain a more comprehensive result of publication
data. In this study, the used literature was also limited to article journals, and after processing through Open
Refine, the document results were 262. The final data was deployed for co-authorship and co-occurrence
analysis. As a result, it may result in a network of author, country, and keyword.

The VOSviewer software (Version 1.6.17, Leiden University, Netherlands) was developed by Nees Jan Van
Eck and Ludo Waltman, researchers from CWTS Leiden University. VOSviewer is a computer program
provided freely which is helpful for creating and observing bibliometric networks. Unlike other computer
programs commonly used for bibliometrics mapping, VOSviewer prioritizes graphic representation from
bibliometric networks. The VOSviewer functionality is worthwhile to figure out the huge bibliometrics map
with a simple interpretation [41]. In the process of VOSviewer, it is important to comprehend the terminology
used by the software. The map which was created, visualized, and explored was using VOSviewer, followed
by items. The map which was created, visualized, and explored was using VOSviewer, followed by items.
"The items" are the profound objects. Those items might be publications, researchers, or others. A link is a
connection or link between two items. The link examples are: bibliographic links among publications; authors’
links among authors; co-authorship; and co-occurrence [42]. A link is a connection or link between two items.
The link examples are: bibliographic links among publications; authors’ links among authors; co-authorship;
and co-occurrence. This bibliography is essential to identify the most cited article, influential author, impactful
journal, powerful affiliations, and prominent countries in the study platform. This study also determined the
citation total of a publication [6].

3. Results

As previously stated, the Scopus database found 262 publications on "surface activated carbon modification™
for the period 2013 to 2021. The number of search publications showed an increasing trend in the mentioned
period (Figure 2). The analysis reveals that between 2013 and 2019 there was a slow growth in the number of
related activated carbon publications, and from 2020 that number increased quite rapidly, rocketing from 29
(2020) to 48 (2021). One of the explanations for this phenomenon is that between 2019 and 2021, a COVID-
19 pandemic occurred that hit all countries in the world. As a consequence, the number of research projects
since 2019 has stagnated. Moreover, there has been no increase in publication, with 48 publications for 2
years.
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Figure 2. Quantitative distribution of publications of activated carbon surface modification studies, 2013 to
2021

According to the author analysis, by filtering 10 authors per document, of the 1022 authors, 909 met the
threshold of one minimum document and one minimum citation, which consisted of seven clusters. The result

was portrayed in figure 3.
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Figure 3. The distribution of the clusters of the authors of the article on the modification of activated carbon
consisted of 7 clusters

8152


https://www.kansaiuniversityreports.com/

@3&%@ ISSN: 04532198

FSSN- 04532198 Volume 65, Issue 04, April, 2023

Count of authors and citations

Count of Author

50

40

20

20

18

2012 2013

16

weight<Citations>
48 48 119
400
600
722

score<Citations>
|
31 119 722

27
25

20

2014 2015 2016 2017 2018 2019 2020 2021 2022

Year

Figure 4. Citation total per year

Of the 262 authors, the top three authors were Li X, et al. with 148 citations; lhsanullah, et al. with 146
citations; and Heidari A, with 139 citations. Figure 5 shows the top ten authors with the highest citations.
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Figure 5. The top ten authors with the highest number of citations

From those top ten authors with the highest citations, it could be seen that the top title is in figure 6, and the
discussed topic in each title has been explained through table 1.

Table 1. The article title with the highest citations

No Author Year Title Purpose and finding Reference
1 Li X., | 2020 | Adsorption materials for | Review of the materials used for the | [21]

Zhang L., volatile organic | adsorption of volatile organic compounds

Yang Z, compounds (VOCs) and | (VOCs) and the factors controlling the VOC

Wang P., the key factors for VOCs | adsorption process.

Yan Y., adsorption process: A | Average specific surface area, pore volume

Ran J. review and VOC adsorption capacity of adsorbent:
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metal organic framework (MOFs) >
activated carbon (AC) > hyper crosslinked
polymer resin (HPR) > zeolite. The
mechanism of VOC adsorption in the
adsorbent includes electrostatic attraction,
interactions between polar VOCs and
hydrophilic sites, interactions between non-
polar VOCs and hydrophobic sites, and
partitioning on non-carbonized sites. The
adsorption  capacity  increases  with
increasing specific surface area, pore
volume, and surface chemical functional
groups and decreasing pore size. The
micropore volume (size <0.7 nm) controlled
the VOC adsorption.

Ilhsanullah, | 2015 | Adsorptive removal of | Comprehensive study of the adsorption | [12]
Al-Khaldi cadmium(Il) ions from | characteristics of cadmium (I1) on modified
F.A, liquid phase using acid | structures, such as
Abusharkh modified carbon-based | carbon  nanotubes  (CNTs),  carbon
B., Khaled adsorbents nanofibers (CNFs), activated carbon (AC),
M., Atieh and fly ash (FA). Maximum adsorption
M.A., capacity of
Nasser The modified adsorbent was observed to be
M.S., Laoui 2.02 mg/g, 1.98 mg/g, 1.22 mg/g and 1.58
T., Saleh mg/g, for CNT, AC, CNF
T.A, and FA, as obtained from the Langmuir
Agarwal S., isotherm model. It was determined that the
Tyagi I, surface modification
Gupta V.K. CNT, CNF, and AC increased their
adsorption efficiency.
This modified material is quite promising
for use in water purification processes
Heidari A., | 2014 | Evaluation of CO2 | Eucalyptus wood is used to produce | [10]
Younesi H., adsorption with | activated carbon  through  chemical
Rashidi A., eucalyptus wood based | activation with H3PO4 as an adsorbent for
Ghoreyshi activated carbon | CO2 adsorption. The results showed that the
AA. modified by ammonia | modification of activated carbon at a high
solution through heat | temperature increased the BET surface area
treatment and micropore volume. The results showed
that physical parameters such as surface
area, lower pore diameter, and larger
micropore volume of carbon samples
showed an influence on the amount of CO2
adsorbed. The CO2 adsorption capacity
achieved by the modified carbon was 3.22
mmol/g at 1 bar and 303 K, which is more
than  pure carbon (2.9  mmol/g).
Thermodynamic parameters indicate that the
adsorption process is spontaneous and
exothermic, and the dominant mechanism
for CO2 adsorption is physisorption.
Oh W.-D., | 2015 | Performance of magnetic | A magnetic activated carbon composite | [30]
Lua S.-K, activated carbon | (CuFe204/AC, MACC) was prepared by the
Dong Z, composite as | co-precipitation-calcination method. The
Lim T.-T. peroxymonosulfate performance of MACC was evaluated as a

activator and regenerable
adsorbent via sulfate
radical-mediated
oxidation processes

catalyst and an adsorbent which can be
regenerated through the activation of
peroxymonosulfate (PMS, Oxone®) for the
removal of methylene blue (MB). The
optimum CuFe204/AC w/w ratio is 1:1.5,
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giving excellent performance and can be
reused for at least 3 cycles. The presence of
common inorganic ions, namely Cl-and
NO3-, did not have a significant effect on
MB degradation, but humic acid decreased
the MB degradation rate. As a regenerating
adsorbent, a negligible difference in
regeneration efficiency was observed when
higher doses of Oxone® were used, but
better efficiency was obtained at lower
MACC loadings. The factors that inhibit the
complete  MACC regeneration are the
irreversibility of MB adsorption and the
modification of the AC surface by PMS, so
that it is less favorable for subsequent MB
adsorption. The regeneration rate increases
linearly as the Oxone®: MACC ratio
increases. MACC has the potential to
function as a catalyst for PMS activation and
regenerating adsorbents.

Modification

enhance CO2 adsorption. The results
showed that the modified activated carbon
had a high surface area of 2511 m2/g, a large
micropore volume of 1.16 cm3/g, and a high
nitrogen content of 7.21% by weight. High
CO2 adsorption of 7.19 and 5.05 mmol/g at
0 and 25 °C was achieved for the AC-KOH-
N sample due to its well-developed
micropore structure and abundant basic
nitrogen-containing  functionality.  The
thermodynamic parameters showed that the
physical adsorption and chemical adsorption
mechanisms for CO2 adsorption were
present in the AC-KOH-N sample. AC-
KOH-N samples also showed good
selectivity for CO2/N2 and fast adsorption
kinetics, which were easily regenerated with
superior cyclic stability after several cycles.
These results indicate that the obtained
biomass-based  activated carbon s
promising for CO2 capture.

Senthil 2018 | Treatment of dye | This work describes the biosorption of | [33]
Kumar P., wastewater using an | bronze green dye from an aquatic system by
Varjani ultrasonic aided | nano-valence iron-coated activated carbon
SJ, nanoparticle stacked | (NZVI-AC), which was prepared by a dual
Suganya S. activated carbon: Kinetic | surface modification strategy. NZVI-AC
and isotherm modelling showed efficient performance in dye
biosorption properties. Experimental
variables such as time, pH, dye
concentration, temperature, and dose of
biosorbent affect Langmuir's adsorption
capacity of 187.3 mg/g. The current
biosorption system is best described by
pseudo-first-order kinetics.
Zhang C., | 2016 | Enhancement of CO2 | A new biomass-based carbon material was | [46]
Song W, Capture on Biomass- | successfully  prepared  from  black
Ma Q., Xie Based Carbon from Black | grasshoppers by chemically activating KOH
L., Zhang Locust by KOH | in combination with surface modification by
X., Guo H. Activation and Ammonia | heat treatment with ammonia solution to
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Lu H.P., Li
Z.A., Gascé
G., Méndez
A., ShenY.,
Paz-
Ferreiro J.

2018

Use of magnetic biochars
for the immobilization of
heavy metals in a multi-
contaminated soil

Modified biochar, such as magnetic biochar,
is analyzed to remove inorganic pollutants.
Magnetic and conventional biochar were
prepared from two raw materials (poultry
waste and eucalyptus) at temperatures of
300 and 500 °C. Sequential extraction
procedures have been carried out for heavy
metal speciation and phytotoxicity tests
using rice. Acid-soluble Cd in PLB-
modified soil was 8 to 10% lower than in
control polluted soil. This figure is 27 to
29% for acid-soluble Zn and 59 to 63% for
acid-soluble  Cu. In  some  cases,
discrepancies were found between the heavy
metal fractionation in samples treated with
magnetic and conventional biochar. Plant
biomass was not affected by most
treatments, but increased by 32% in
treatments containing magnetic poultry litter
biochar. Our study shows that careful choice
of raw materials is critical to the successful
containment of heavy metals in multi-
contaminated mining area soils. In the case
of this study, the choice of the right raw
material (in the case of this study, poultry
litter vs. eucalyptus) is more decisive with
respect to pollutant mobility than changing
the pyrolysis temperature or modifying
surface properties through magnetization.
However, surface modification through
magnetization can have a significant impact
on crop yields and offer a comparative
advantage in the management of some
degraded landscapes.

[23]

Zhang X,
Gu P., Li
X., Zhang

2017

Efficient adsorption of

radioactive iodide ion
from simulated
wastewater by  nano
Cu20/Cu activated

carbon modification

The Nano Cu20/Cu modified activated
carbon composite (nano Cu20/Cu-C) was
synthesized by a hydrothermal method to
adsorb iodide ions (I) from radioactive
waste. The composite showed excellent
adsorption performance, which was due to
the synergistic effect of nano Cu20/Cu and
activated carbon. Based on the Langmuir
isotherm, the maximum adsorption capacity
of | by nanoCu20/Cu-C was 41.2 mg/g,
which was significantly higher than that of
pure nanoCu20 and activated carbon.
Adsorption is only affected by pH and other
interfering ions.

[47]

Cao H.,
Xing L.,
Wu G., Xie
Y., Shi S,
Zhang Y.,
Minakata
D.,
Crittenden
J.C.

2014

Promoting  effect of
nitration modification on
activated carbon in the
catalytic ozonation of
oxalic acid

This study modifies commercial activated
carbon (AC) by the nitration or amination
methods and analyzes the effects of texture
and chemical properties on the ability of AC
samples to destroy oxalic acid (OA) using
ozone. The level of OA degradation in the
nitrated and amination AC samples
increased by 38.5% and 9.6%, respectively.
The adsorption capacity of AC samples did
not increase after modification, but the rate
of decomposition of ozone in solution
increased. The surface area of AC decreased

[5]
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significantly after nitration due to the entry
of micropores, and some of the larger pores
were blocked by the modified functional
groups. The pHpzc values and Boehm
titration results showed that nitration
increased AC acidity. X-ray photoelectron
spectroscopy (XPS) and temperature
programmed desorption (TPD) results
confirmed that -NO2 and acid oxygenated
groups were simultaneously grafted onto
AC during nitration. Meanwhile, the -NO2
group is completely reduced to NH2 and the
carboxylate group is partially reduced
during amination. The base group (NH2 and
possibly a pyron group) increases the
catalytic activity of the aminated AC
sample, and the increased activity of the
nitrated AC material is mainly due to the
acid-oxygenated surface groups.

10 | Mahurin 2014 | Enhanced CO2/N2 | The aim of this study was to modify the | [25]
S.M,, selectivity in amidoxime- | hierarchical porous carbon framework by
Gorka J., modified porous carbon | using amidoxime functional groups through
Nelson grafting for selective capture and removal of
K.M., carbon dioxide from the combustion stream.
Mayes The measured ideal CO2/N2 selectivity
R.T., Dai S. values for amidoxime grafted carbon were

significantly higher than for pure porous
carbon, with an increase of 65%. The overall
CO2 capacity decreased slightly for
activated carbon from 4.97 mmol g-1to 4.24
mmol g-1 after surface modification due to
the reduction of the total surface area. The
isosteric heat of adsorption increased after
the incorporation of amidoxime, which
showed an increase in the interaction of CO2
with the sorbent. The total capacity was
reproducible and stable after several
adsorption/desorption cycles without loss of
capacity, indicating that modification with
amidoxime groups is a potential method to
increase carbon capture.

Figure 6 shows the semantic network of documents issued by countries. The filter used in visualization with
VOSviewer is a maximum of 10 countries per document, with a minimum of 1 document and 1 citation per
country. There are 52 countries that produce 343 articles. As seen in the distribution, the People's Republic of
China is the country that publishes the most articles on activated carbon modification with the production of
91 documents (25.5%), followed by India with 32 documents (9.3%) and South Korea with 30 documents
(8.7%). It appears that the three countries producing the highest number of articles on activated carbon
modification are countries in the Asian region. However, China occupies the top position with a much larger
percentage compared to India and South Korea. It is because, apart from China's having the largest population,
it also has abundant reserves of raw materials for making activated carbon, such as coal and wood.
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Figure 6. Article distribution based on countries

In terms of research centers involved in the study, with a maximum of 10 affiliated institutions per document,
a minimum of one document and one citation per affiliated Institution, this study identified 520 institutions
participating in publications on surface modification of activated carbon. The top ten institutions with the
largest number of published documents on the topic of hierarchically structured activated carbon surface
modification was explained in the Tree Map of Figure 6. Size and color represent separate numerical
dimensions of the data. The Faculty of Environmental Science and Engineering, Kunming University of
Science and Technology, China, is the affiliated institution with the most documents (3 documents). The top
ten affiliate data is presented in Figure 7.

Top ten affiliations

Faculty of Environmental Science and Engineering, Kunming University of | Graduate School of Science and Actinium Chemical  Actinium Chemical
Science and Technology, Kunming, 650500, ¢ ; Faculty of Chemical Engineering, Chiba University, 1-33 Research Institute, Research Institute,
Engineering, Kunming University of Science and Technology, Kunming, Yayoichg, Inag= ku, Chiba, 2638522, Via Casilina 1626A, Via Casilina 1626A,
650500, China Japan; Graduata School of Engineering,  JLT DA 1A Rome, Italy;

Chiba University, 1.33 Yayol cho, della della
Inage ku, Chiba, 263 8522, Japan; Safety R{77"H Tuscia,
and Health Organization, Chiba ipartis di ipartis i
University, 1-33 Yayoi-cho, Inage-ku, Scienze Ecologiche  Scienze Ecologiche
Chiba, 263-8522, Japan @ Biologiche, @ Biologliche,
Viterbo, Italy; Viterbo, Italy;
Laboratory of Laboratory of
b
Physical-Chemistry
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Cantor for Electrochemical Enginoering, Dopartment of Chamical and QSAR,
Enginearing, University of South Caroling, Columbia, SC 29208, United
g Actinium Chemical Research Institute, : Beijing Key
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Wastes, National
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Advanced Institute of Technology, Siipnca anl
Suwon, Gyeonggi, 16678, South Korea; Technology, China
Energy Lab, Samsung Advanced Institute University of
of Technology, Suwon, Gyeonggi, 16678, Geosciences,
South Korea; Department of Civiland Beijing, 100083,
Environmental Engineering, Pusan China; State Key

National University, Busan, 46241, South

Figure 7. Top ten affiliations producing articles related to surface modification of activated carbon

Another crucial aspect to analyze is the number of journal citations to identify key areas of research involving
activated carbon surface modification. The documents obtained in this study were published by 35 well-known
publishers. For the top ten publishers who publish the most articles on the surface modification of activated
carbon (Figure 7). In Figure 8, the publishers with the highest number of articles on activated carbon are
Elsevier BV, followed by Elsevier Ltd.
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Figure 8. Top ten publisher with the highest number of articles in activated carbon surface modification

To verify the scope and main theme of the studies related to activated carbon surface modification, it is
important to analyze deeply every document and extract its main keywords. This analysis is fundamental to
ponder the trends of the prominent themes and identify the hotspot which is probably interesting as further
research, development, and innovation. The keywords analysis linked with activated carbon surface
modification consisted of 2.823 keywords. In contrast, after tightening the keywords, the author resulted 220
keywords divided into five clusters (figure 9).
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Figure 8. Network visualization of keywords based on total link strength

The keywords obtained were classified into five clusters. The main keywords that were highlighted the most
throughout the network in this cluster were in cluster 1, which focused on "activated carbon," which is closely
related to scanning electron microscopy, chemical modification, pore structure, micro porosity, adsorption
behavior, and specific capacitance. In cluster 2, the term that stands out is "adsorption”. The main words in
this cluster are related to adsorption mechanisms, such as activated carbon treatment, isotherm adsorption,
and adsorbent. In cluster 3, the highlighted term is "surface modification", which is closely related to the
keywords surface treatment, activated carbon modification, surface properties, functional group, and catalytic
activity. In cluster 4, terms related to environmental problems appear more often, such as activated carbon
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treatment, water pollution, and waste water management. Finally, in cluster 5, the most prominent term is
"chemical modification,” followed by surface property and article.

According to keywords that often appear in the five clusters, several studies elucidate a close relationship
between keywords. Scanning electron microscopy is often used to see changes in the surface morphology of
activated carbon and activated carbon that has undergone modifications on its surface. This surface
morphology can show the nature of its porosity and pore structure. Is the activated carbon included in the
micropore, mesopore, or macropore? The nature and structure of these pores will affect the adsorption
behavior as well as the adsorption capacity [29], [36]. Activated carbon adsorption is an activated carbon
treatment method to absorb dyes, metal ions, and also anions contained in liquid waste. In addition, activated
carbon adsorption can also be used in gas absorption, both to absorb toxic gases and to store hydrogen gas.
Isothermal adsorption studies using the Langmuir or Freundlich models are frequently used to determine the
adsorption capacity of activated carbon [14], [40], [44]. For high valence metals, activated carbon can often
not be absorbed optimally. Hence, it is necessary to modify the surface of the activated carbon to increase its
absorption. The purpose of the modification to the surface is to change the nature and structure of the surface
of the activated carbon so that it has more active groups. Surface treatment in the activated carbon modification
process is strongly influenced by surface properties, such as functional groups and catalytic activity [3], [38].
Activated carbon treatment is an alternative that can be used in environmental treatment, such as water
treatment and waste water management [7], [32], [43].

4. Discussion

This work has shown that surface modification of activated carbon has been widely carried out to increase the
adsorption capacity of activated carbon, and the number of documents published is increasing every year. In
contrast to the bibliometric analysis conducted by [19], which emphasizes the modification of adsorbents with
ionic liquids to absorb organic pollutants, the bibliometric analysis conducted by Salam, 2019 which
emphasizes the application of modified activated carbon to improve water quality, the bibliometric analysis
conducted by [2], which emphasizes the adsorption of arsenic metal in drinking water, the bibliometric
analysis in this research has a wider scope in terms of the application of modified activated carbon, including
the adsorption of volatile organic compounds [3], adsorption of Cd metal ions [12], CO2 gas adsorption [10],
[46] adsorption of color and wastewater treatment [33] heavy metal adsorption [4], and radioactive iodide ion
adsorption [5]

This bibliometric analysis provides benefits in the form of a reference for researchers who will conduct
research on the surface modification of activated carbon as well as its application as an adsorbent. This is
important because surface modification of activated carbon can increase adsorption capacity by increasing
specific surface area, pore volume, and surface chemical functional groups and decreasing pore size [3], [47],
[25]. In addition, it also provides a reference on the thermodynamic aspects of the surface modification of
activated carbon, which shows whether the adsorption process is spontaneous and exothermic and how the
dominant mechanism is physisorption or chemisorption [10].

Future perspectives for the problem of surface modification of activated carbon will continue to develop.
Therefore, therefore an up-to-date bibliometric analysis is needed with an analysis time span of several years
to come.

5. Conclusions
This study reports a bibliometric analysis of 262 publications extracted from the Scopus database, which
focuses on activated carbon modification. This study presented information related to publication sources,
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articles, authors, affiliated institutions, publishers, countries, and the most cited themes on modified activated
carbon. The results illustrated that in the last 8 years, publications on the surface modification of activated
carbon increased significantly, especially between 2019 and 2021. The analysis related to the authors showed
that the authors with the highest number of citations were Li X et al. with 148 citations, lhsanullah et al. with
146 citations, and Heidari A with 139 citations. Meanwhile, the analysis of affiliated institutions shows that
the Faculty of Environmental Science and Engineering, Kunming University of Science and Technology,
China, is the affiliated institution with the most documents. Elsevier BV and Elsevier Ltd are the publishers
who publish the most articles on activated carbon. The countries that publish the most articles on activated
carbon modification include the People's Republic of China, India, and South Korea, with the percentages of
publications being 25.5%, 9.3%, and 8.7%, respectively. Studies on modified activated carbon mostly focus
on the characterization of activated carbon, surface properties, adsorption, and environmental treatment based
on the results of keyword analysis. The bibliometric analysis in this study provides relevant information about
the surface modification of activated carbon to increase the absorption of harmful metals in environmental
treatment.
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ABSTRACT— Activated carbon adsorption has been widely used as an alternative environmental treatment
to reduce metal ions, but it is less effective against heavy metals and other pollutants, including organic and
inorganic compounds. Surface modification is required to increase the adsorption of activated carbon. To
build up the information related to adsorption power of activated carbon modification, this study evaluated
the theme relevant to adsorption of activated carbon modification using keywords "activated carbon" and
"surface modification" as the data input. The database utilized for bibliometric analysis in this study was from
Scopus with the help of VOSviewer software for network visualization of authorship, countries, citations,
affiliations, and keywords. The analysis was carried out on February 3, 2022. The author limited the data by
its year from 2013 to 2020 and the result was 262 documents. The results portrayed that the publication of
activated carbon modification has been highly rocketing in the last eight years, specifically from 2019 to 2021.
China is the leading country in activated carbon modification research, which results in the highest
publications, most cited authors. and affiliations. Additionally, Elsevier is a publisher with the most top
publications in producing activated carbon modification research articles. The keyword analysis showed that
the studies related to activated carbon modification were mostly concentrated on characteristics of activated
carbon, surface characteristics, adS(ntion. and environmental treatment. This bibliometric analysis study
presented the relevant information on the surface modification of activated carbon to boost dangerous
pollutant adsorption in the direction of environmental treatment.

KEYWORDS: activated carbon adsorption, environmental treatment, surface modification, bibliometric
analysis

1. INTRODUCTION

Heavy metal is one of the most high-risk water pollutions for organism. Pollution in consequence of heavy
metal is being the global issue that should be solved. The industries such as mining, metallurgy, and chemical
industry utilize heavy metals particularly Copper, Nickel, Lead, and Cadmium [8]. Moreover, industrial
activities such as mining activities produce acid mine drainage containing toxic heavy metal ions such as Fe,
Mn, Cd, Co, Zn and Ni due to the interaction of acid mine drainage with various types of mineral ores [1],
[17], [35]. These heavy metals will accumulate in the environment when discharged as waste that is released
into the waters. High concentrations of heavy metals as a result of their solubility in water can cause problems
for organism, both humans, animals, and plants. The metal content of Pb, Cu, Ni and Ag can incite health
problems in the form of disease to the kidneys [26] Zn and Co metals cause respiratory disorders, while Al
and Fe metals can cause liver disease.

Several methods have been applied to eliminate heavy metals from wastewater using different mechanisms,
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such as adsorption using activated carbon as an adsorbent. Activated carbon is a solid material with high
carbon content, has a large pore volume, a reactive surface, and a large contact surface, so it is very effective
as an adsorbent [4], [39]. Absorption can be carried out for diverse purposes, including absorbing unwanted
dyes, removing pollutants contained in wastewater [39] such as factory waste [36], and waste from mining
activities [37]. Furthermore, they absorb harmful gases in exhaust gases from fuel combustion. Activated
carbon is widely used as an adsorbent in both gas and liquid phases because ofeasy operation, abundant
availability, simple regeneration process. and good adsorption capacity [34]. Activated carbon has been
synthesized from various carbon sources such as biomass, which includes palm shells [45], tamarind seeds
[28], coconut shells [22], bamboo waste Y. J. Zhang et al., 2014, coffee grounds Pagalan et al., 2019) and
low-rank coals such as sub-bituminous [27] and lignite [20], [9].

Methods

garious modification techniques have been used to increase the adsorption capacity of activated carbon for
heavy m@l ions. Modifications can be in the form of physical modifications or chemical modifications.
Kharrazi activated carbon modification from lignocellulosic waste through physical activation using thermal
stress and obtained an increase in adsorption for Cr and Pb of 51.14 and 160.48%, respectively [18]. The same
thing was done by Macas-Garca to increase the adsorption of Cu ions [24]. Kasnejad introducing nitrogen
functional groups to the surface of activated cgon to remove Cu ions from wastewater using HNO3 [15] and
Kazeem impregnating Al to activated carbon to increase the acidic and alkaline sites of the activated carbon
surface [16] are two examples of chemical modifications. ng’nz activated carbon modification with nitric
acid to increase the uptake of heavy metal ions [31]. Research on the surface modification of activated carbon
with surfactants such as sodium dodecyl sulfate (SDS) and ethyl trimethyl ammonium bromide (CTAB) has
been carried out by [2]. The positively charged 1ntal ions can be increased by using surfactants, especially
anionic surfactants, because the negative charge on the activated carbon surface increases with the addition
of surfactants [13].

The Scopus database was searched for articles, and the results were divided into three phases (Figure 1):
(PHASE 1). It was related to search criteria definition for identifying the notes in the Scopus database and
notes perfection, which was taken from the data collecting phase. In Phase 2, the documents were exported to
VOSviewer software for bibliometric analysis based on publication, author, country, affiliation, publisher,
and citation (data visualization phase): and (PHASE 3) the data analysis for identifying the main theme
discussed in the developed study related to activated carbon modification.

BIBLIOMETRIC ANALYSIS STAGES

PHASE? PHASE3

PHASE 1 DATA VISUALIZATION DATA ANALYSIS
DATA COLLECTION
* Article. absract andkeywords | *Export andanalysis data: VosViewer, | * Analysis and discussion of results
““ACTIVATED CARBON™ AND Open Refuing, Tableau * Literatre review and fumre
“SURFACE MODIFICATION™ * Bibliometric analysis and information perspective of activated carbon
* Database: SCOPUS, Document type: visuakrazen.
Journal aricle, period 2013-2021

Figure 1 depicts the methodology phase. main steps, and analysis criteria used in this study.

Bibliometric analysis was referred to the research methodology used in library and information studies that
used quantitative analysis and statistics methods to figure out the article distribution pattern for the given topic
[11], delineate the article distribution pattern, ensure the authors” influence, affiliation, co-authors, or journal
regionally [19], which aids in the identification of research trends, current issues, and new dynamics in
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multidisciplinary studies, country, and author [1]. Documents usedg this study were taken from the Scous
database platform, which is recognized as an ideal database for bibliometric analysis. The Scopus database
covers information published in indexed journals from multidisciplinary studies. The search was conducted
on February 3, 2022, with the inputted keywords being "Activated Carbon" and "Surface Modification". The
data was restricted to the years 2013 to 2021 in order to obtain a more comprehensive result of publication
data. In this study. the used literature was also limited to article journals, and after processing through Open
Refine, the document results were 262. The final data was deployed for co-authorship and co-occurrence
analysis. As a result, it may result in a network of author, country, and keyword.

The VOSviewer software (Version 1.6.17, Leiden University, Netherlands) was developed by Nees Jan Van
Eck and Ludo Waltman, researchers from CWTS Leiden University. VOSviewer is a computer program
provided freely which is helpful for creating and observing bibliometric networks. Unlike other computer
programs commonly used for bibliometrics mapping, VOSviewer prioritizes graphic representation from
bibliometric networks. The VOSviewer functionality is worthwhile to figure out the huge bibliometrics map
with a simple interpretation [41]. In the process of VOSviewer, it is important to comprehend the terminology
used by the software. The map which was created, visualized, and explored was using VOSviewer, followed
by items. The map which was created, visualized, and explored was using VOSviewer, followed by items.
"The items" are the profound objects. Those items might be publications, researchers, or others. A link is a
connection or link between two items. The link examples are: bibliographic links among publications; authors’
links among authors; co-authorship; and co-occurrence [42]. A link is a connection or link between two items.
The link examples are: bibliographic links among publications; authors” links among authors; co-authorship;
and co-occurrence. This bibliography is essential to identify the most cited article, influential author, impactful
journal, powerful affiliations, and prominent countries in the study platform. This study also determined the
citation total of a publication [6].

3. Results

As previously stated, the Scca;s database found 262 publications on "surface activated carbon modification"
for the period 2013 to 2021. The number of search publications shofed an increasing trend in the mentioned
period (Figure 2). The analysis reveals that between 2013 and 2019 there was a slow growth in the number of
related activated carbon publications, and from 2020 that number increased quite rapidly, rocketing from 29
(2020) to 48 (2021). One of the explanations for this phenomenon is that between 2019 and 2021, a COVID-
19 pandemic occurred that hit all countries in the world. As a consequence, the number of research projects
since 2019 has stagnated. Moreover, there has been no increase in publication, with 48 publications for 2
years.
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Figure 2. Quantitative distribution of publications of activated carbon surface modification studies, 2013 to
2021

According to the author analysis, by filtering 10 authors per document, of the 1022 authors, 909 met the
threshold of one minimum document and one minimum citation, which consisted of seven clusters. The result

was portrayed in figure 3.
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Figure 3. The distribution of the clusters of the authors of the article on the modification of activated carbon
consisted of 7 clusters
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Figure 4. Citation total per year

Of the 262 authors, the top three authors were Li X, et al. with 148 citations; Ihsanullah, et al. with 146
citations; and Heidari A, with 139 citations. Figure 5 shows the top ten authors with the highest citations.
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Figure 5. The top ten authors with the highest number of citations

From those top ten authors with the highest citations, it could be seen that the top title is in figure 6, and the
discussed topic in each title has been explained through table 1.

Table 1. The article title with the highest citations

No | [Author Year | [ Title Purpose and finding Reference
| Li X., | 2020 | Adsorption materials for | Review of the materials used for the | [21]

Zhang L., volatile organic adsorptja of volatile organic compounds

Yang Z, compounds (VOCs) and | (VOCs) and the factors controlling the VOC

Wang P., the key factors for VOCs | adsorption process.

Yan X, adsorption process: A | Average specific surface area, pore volume

Ran J. review and VOC adsorption capacity of adsorbent:

8153




Suliestyah, I. P. Sari and B. C. Suudi, 2023

Technology Reports of Kansai University

metal organic  framework (MOFs) >
activated aabon (AC) > hyper crosslinked
polymer resin (HPR) > zeolite. The
mechanism of VOC adsorption in the
adsorbent includes electrostatic attraction,
interactions between polar VOCs and
hydrophilic sites, interactions between non-
polar VOCs and hydrophobic sites, and
partitioning on non-carbonized sites. The
adsorption @apelcily increases  with
increasing  specific  surface area, pore
volume, and surface chemical functional
groups and decr@ing pore size. The
micropore volume (size <0.7 nm) controlled
the VOC adsorption.

2 Thsanullah, | 2015 | Adsorptive removal of | Comprehensive study of the adsorption | [12]
Al-Khaldi cadmium(Il) ions from | characteristics of cadmium (II) on modified
FA, liquid phase using acid | structures, such as
Abusharkh modified carbon-based | carbon nanotubes (CNTs), carbon
B., Khaled adsorbents nanofibers (CNFs), activated carbon (AC),
M., Atieh and fly ash (FA). Maximum adsorption
M.A., capacity of
Nasser The modified adsorbent was observed to be
M.S., Laoui 202 mgfg, 1.98 mg/g, 1.22 mg/g and 1.58
T., Saleh mg/g, for CNT, AC, CNF
T.A., and FA, as obtained from the Langmuir
Agarwal S., isotherm model. It was determined that the
Tyagi L., surface modification
Gupta VK. CNT, CNF, and AC increased their

adsorption efficiency.
This modified material is quite promising
n use in water purification processes

3 Heidari A., | 2014 | Evaluation of CO2 | Eucalyptus wood is used to produce | [10]
Younesi H., adsorption with | activated  carbon  through  chemical
Rashidi A., eucalyptus wood based | activation with ]ﬂPOf-l as an adsorbent for
Ghoreyshi activated carbon | CO2 adsorption. The results showed that the
AA modified by ammonia | modification of activated carbon at a high

solution through heat | temperature increased the BET surface area

treatment and micropore volume. The results showed
that physical parameters such as surface
area, lower pore diameter, and larger
micropore volume of carbon samples
showed an influence on the amounﬂf CcOo2
adsorbed. The CO2 adsorption capacity
achieved by the modified carbon was 3.22
mmol/g at 1 bar and 303 K, which is more
than pure carbon (29 rra)lf’ ).
Thermod ynamic parameters indicate that the
adsorption process is spontancous and
exothermic, and the dominant mechanism
for n]2 adsorption is physisorption.

4 Oh W.-D., | 2015 | Performance of magnetic | A magnetic activated carbon composite | [30]
Lua S.-K, activated carbon | (CuFe204/AC, MACC) was prepared by the
Dong Z., composite as | co-precipitation-calcination method. The
Lim T.-T. peroxymonosulfate performance of MACC was evaluated as a

activator and regenerable
adsorbent  via  sulfate
radical-mediated
oxidation processes

catalyst and an adsorbent which can be
regenerated through the
pemxylmnos'ale (PMS, Oxone®) for the
removal of methylene blue (MB). The
optimum CuFe204/AC w/w ratio is 1:1.5,

activation of

8154




B EEEY

ISSN: 04532198
Volume 65, Issue 04, April, 2023

giving excellent performance and can be
reused for at least 3 cycles. The presence of
common inorganic ions, namely Cl-and
NO3-, did not have a significant effect on
MB degradation, but humic acid decreased
the MB degradation rate. As a regenerating
adsorbent, a negligible difference in
regeneration efficiency was observed when
higher doses of Oxone® were used, but
better efficiency was obtained at lower
MACC loadings. The factors that inhibit the
complete MACC regeneration are the
irreversibility of l\n adsorption and the
modification of the AC surface by PMS, so
that it is Ieﬂavorabie for subsequent MB
adsorption. The regeneration rate increases
linearly as the Oxone®: MACC ratio
increases. MACC has the potential to
function as a catalyst for PMS activation and
regenerating ildS(}l'bCl]lSa

showed that the modified activated carbon
had a high surface areaof 2511 m2/g, a large
micropore volume of 1.16 cm3/g, and 48igh
nitrogen content of 7.21% by weight. Eligh
CO2 adsorption of 7.19 and 5.05 mmol/g at
0 and 25 °C was achieved for the AC-KOH-
N sample due to its well-developed
micropore structure and abundant basic
nitrogen-containing  functionality.  The
thermodynamic parameters showed that the
physical adsorption and chemical adsorption
mechanisms for CO2 adsorption were
present in the AC-KOH-N sample. AC-
KOH-N samples also showed good
selectivity for CO2/N2 and fast adsorption
kinetics, which were easily regenerated with
superior cyclic stability after several cycles.
These results indicate that the obtained
biomass-based  activated  carbon s
promising for CO2 capture.

Senthil 2018 | Treatment of dye | This work describes the biosorption of | [33]
Kumar P., wastewater  using  an | bronze green dye from an aquatic system by
Varjani ultrasonic aided | nano-valence iron-coated activated carbon
S.T., nanoparticle stacked | (NZVI-AC), which was pmpamday a dual
Suganya S. activated carbon: Kinetic | surface modification strategy. NZVI-AC
and isotherm modelling showed efficient performance in dye
biosorption properties.  Experimental
variables such as time, pH, dye
concentration, temperature, and dose of
biosorbent affect Langmuir's adsorption
capacity of 1873 mg/g. The current
biosorption system is best described by
pseudofBst-order kinetics.
Zhang C., | 2016 | Enhancement of CO2 | A new biomass-based carbon material was | [46]
Song W., Capture on Biomass- | successfully  prepared from black
Ma Q., Xie Based Carbon from Black | grasshoppers by chemically activating KOH
L., Zhang Locust by KOH | incombination with surface modification by
X.,Guo H. Activation and Ammonia | heat treatment with ammonia solution to
Modification enhance CO2 adsorption. The results
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Lu HP., Li
Z.A., Gasco
G., Méndez
A, ShenY.,
Paz-
Ferreiro I.

2018

Use of magnetic biochars
for the immobilization of
heavy metals in a multi-
contaminated soil

Modified biochar, such as magnetic biochar,
emell yzed to remove inorganic pollutants.
Magnetic and conventional biochar were
prepared from two raw materials (poultry
waste and eucalyptus) at temperatures of
300 and 500 °C. Sequential extraction
procedures have been carried out for heavy
metal speciation and phytotoxicity tests
using rice. Eid-soluble Cd in PLB-
modified soil was 8 to 10% lower than in
control polluted soil. This figure is 27 to
29% for acid-soluble Zn and 59 to 63% for
acid-soluble Cu. In  some  cases,
discrepancies were found between the heavy
metal fractionation in samples treated with
magnetic and conventional biochar. Plant
biomass was not affected by most
treatments, but increased by 32% in
treatments containing magnetic poultry litter
biochar. Our study shows that carﬂl choice
of raw materials is critical to the successful
containment of heavy metals in multi-
contaminated mining area soils. In the case
of this stay, the choice of the right raw
material (in the case of this study, poultry
litter vs. eucalyptus) is more decisive with
respect to pollutant mobility than changing
the pyrolysis temperature or modifying
surface properties through magnetization.
However, surface modification through
magnetization can have a significant impact
on crop yields and offer a comparative
advantage in the management of some
degraded landscapes.

[23]

Zhang X.,
Gu P. Li
X., Zhang
G.

2017

Efficient adsorption of
radioactive iodide ion
from simulated
wastewater by  nano
Cu20/Cu activated

carbon modification

The Nano Cu2O/Cu modified activated
carbon composite (nano Cu20/Cu-C) was
synthesized by a hydrothermal method to
adsorb iodide ions (I) from radioactive
waste. The composite showed excellent
adsorption performance, which was due to
the synergistic effect of nano Cu20/Cu and
activated carbon. Based on the Langmuir
isotherm, the maximum adsorption capacity
of 1 by nanoCu20/Cu-C was 412 mg/g,
which was significantly higher than that of
pure nanoCu20 and activated carbon.
Adsorption is only affected by pH and other
mterfering ions.

[47]

Cao H.,
Xing L.,
Wu G., Xie
Y., Shi §,,
Zhang Y.,
Minakata
D.,
Crittenden
EE.

2014

Promoting  effect of
nitration modification on
activated carbon in the
catalytic ozonation of
oxalic acid

This study m()diﬁesn:mmercial activated
carbon (AC) by the nitration or amination
methods and analyzes the effects of texture
and chemical properties on the ability of AC
samples to destroy oxalic acid (OA) using
ozone. The level of OA degradation in the
nitrated and amination AC  samples
increased by 38.5% and 9.6%, respectively.
The adsorption capacity of AC samples did
not increase after modification, but the rate
of decomposition of ozone in solution
increased. The surface area of AC decreased

[51
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significantly after nitration due to the entry
of micropores, and some of the larger pores
were blocked by the modified functional
groups. The pHpze values and Boehm
titration results showed that nitration
increased AC acidity. X-ray photoelectron
spectroscopy  (XPS) and temperature
programmed desorption (TPD) results
confirmed that -NO2 and acid oxygenated
groups were simultaneously grafted onto
AC during nitration. Meanwhile, the -NO2
group is completely reduced to NH2 and the
carboxylate group is partially reduced
during amination. The base group (NH2 a]
possibly a pyron group) increases the
catalytic activity of the aminated AC
sample, and the increased activity of the
nitrated AC material is mainly due to the
acid-oxygenated surface groups.

10 | Mahurin
S.M.,
Gorka 1.,
Nelson
K.M.,
Mayes
R.T.. Dai S.

2014

Enhanced CO2/N2
selectivity in amidoxime-
modified porous carbon

The aim of this study was to modify the
hierarchical porous carbon framework by
using amidcnme functional groups through
grafting for selective capture and removal of
carbon dioxide from the combustion stream.
The measured ideal CO2/N2 selectivity
values for amidoxime grafted carbon were
significantly higher than for pure porous
carbon, with an increase of 65%. The overall
CO2 capacity decreased slightly for
activated carbon from 4.97 mmol g-1 to 4.24
mmol g-1 after surface modification due to
the reduction of the total surface area. The
isosteric heat of adsorption increased after
the incorporation of and()ximc, which
showed an increase in the interaction of CO2
with the sorbent. The total capacity was
reproducible and stable after several
adsorption/desorption cycles without loss of
capacity, indicating that modification with
amidoxime groups is a potential method to
increase carbon capture.

[25]

Figure 6 shows the semantic network of documents issued by countries. The filter used in visualization with

VOSviewer is a maximum of 10 countries per document, wa a minimum of 1 document and 1 citation per
country. There are 52 countries that produce 343 articles. As seen in the distribution, thggPeople’s Republic of
China is the country that publishes the most articles on activated carbon modification with the production of
91 documents (25.5%), followed by India with 32 documents (9.3%) and South Korea with 30 documents
(8.7%). It appears that the three countries producing the highest number of articles on activated carbon

modification are countries in the Asian region. However, China occupies the top position with a much larger

percentage compared to India and South Korea. It is because, apart from China's having the largest population,

it also has abundant reserves of raw materials for making activated carbon, such as coal and wood.
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Figure 6. Article distribution based on countries

In terms of research centers involved in the study, with a maximum of 10 aftiliated institutions per document,
a minimum of one document and one citation per affiliated Institution, this study identi§pd 520 institutions
participating in publications on surface modification of activated carbon. The top ten institutions with the
largest number of published documents on the topic of hierBhically structured activated carbon surface
modification was explained in the Tree Map of Figure 6. Size and color represent separate numerical
dimensions of the data. The Faculty of Environmental Science and Engineering, Kunming University of
Science and Technology. China, is the affiliated institution with the most documents (3 documents). The top
ten affiliate data is presented in Figure 7.

Top ten affiliations

ot | Gradunty Sehood af Sc
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und Hmalth Organization, C
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Engineering, University of South Carolina, Cofumbia, SC 28200, United
Statms

Dagrartrnunt of Chumical Engirmariig, S38 Collagn of Loginesring,
Ehwnres, B933110, India

Figure 7. Top ten affiliations producing articles related to surface modification of activated carbon

Another crucial aspect to analyze is theumber of journal citations to identify key areas of research involving
activated carbon surface modification. The documents obtained in thiggtudy were published by 35 well-known
publishers. For the top ten publishers who publish the most articles on the surface modification of activated
carbon (Figure 7). In Figure 8, the publishers with the highest number of articles on activated carbon are
Elsevier BV, followed by Elsevier Ltd.
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Figure 8. Top ten publisher with the highest number of articles in activated carbon surface modification

To verify the scope and main the& of the studies related to activated carbon surface modification, it is
important to analyze deeply every document and extract its main keywords. This analysis is fundamental to
ponder the trends of the prominent themes and identify the hotspot which is probably interesting as further
research, development, and innovation. The keywords analysis linked with activated carbon surface
modification consisted of 2.823 keywords. In contrast, after tightening the keywords, the author resulted 220
keywords divided into five clusters (figure 9).

Figure 8. Network visualization of keywords based on total link strength

The keywords obtained were classified into five clusters. The main keywords that were highlighted the most
throughout the network in this cluster were in cluster 1, which focused on "activated carbon," which is closely
related to scanning electron micmsapy, chemical modification, pore structure, micro porosity, adsorption
behavior, and specific capacitance. In cluster 2, the term that stands out is "adsorption". The main words in
this cluster are related to adsorption mechanisms, such as activated carbon treatment, isotherm adsorption,
and adsorbent. In cluster 3. the highlighted term is "surface modification", which is closely related to the
keyworcaurface treatment, activated carbon modification, surface properties, functional group, and catalytic
activity. In cluster 4, terms related to environmental problems appear more often, such as activated carbon
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treatment, water pollution, and waste water management. Finally, in cluster 5, the most prominent term is
"chemical modification," followed by surface property and article.

According to keywords that often appear in the five clusters, several studies elucidate a close relationship
between keywords. Scanning electron microscopy is often used to see changes in the surface morphology of
activated carbon and activated carbon that has undergone modificnons on its surface. This surface
morphology can show the nature of its porosity and pore structure. Is the activated carbon included in the
micropore, mesopore, or macropore? The nature and structure of these pores will affect the adsorption
behavior as well as the adsorption capacity [29], [36]. Activated carbon adsorption is an activated carbon
treatment method to absorb dyes, metal ions, and also anions contained in liquid waste. In addition, activated
carbon adsorption can also be used in gas absorption, both to absorb toxic gases and tggstore hydrogen gas.
Isothermal adsorption studies using the Langmuir or Freundlich models are frequently used to determine the
adsorption capacity of activated carbon [ 14], [40], [44]. For high valence metals, activated carbon can often
not be absorbed optimally. Hence, it is necessary to modify the surface of the activated carbon to increase its
absorption. The purpose of the modification to the surface is to change the nature and structure of the surface
of the activated carbon so that it has more active groups. Surface treatment in the activated carbon modification
process is strongly influenced by surface properties, such as functional groups and catalytic activity [3], [38].
Activated carbon treatment is an alternative that can be used in environmental treatment, such as water
treatment and waste water management [7], [32], [43].

4. Discussion

This work has shown that surface modification of activated carbon has been widely carried out to increase the
adsorption capacity of activated carbon, and the number of documents published is increasing every year. In
contrast to the bibliometric analysis conducted by [19], which emphasizes the modification of adsorbents with
ionic liquids to absorb organic pollutants, the bibliometric analysis conducted by Salam, 2019 which
emphasizes the application of modified activated carbon to improve water quality, the bibliometric analysis
conducted by [2], which emphasizes the adsorption of arsenic metal in drinking water, the bibliometric
analysis in this research has a wider scope in terms of the application of modified activated carbon, including
the adsorption of volatile organic compounds [3], adsorption of Cd metal ions [12], CO2 gas adsorption [10],
[46] adsorption of color and wastewater treatment [33] heavy metal adsorption [4], and radioactive iodide ion
adsorption [5]

This bibliometric analysis provides benefits in the form of a reference for researchers who will conduct
research on the suﬁce modification of activated carbon as well as its application as an adsorbent. This is

portant because surface modification of activated carbon can increase adsorption capacity by increasing
specific surface area, pore volume, and surface chemical functional groups ancuecreasing pore size [3], [47],
[25]. In addition, it also provides a reference on the thermodynamic aspects of the surface modification of
activated carbon, which shows whether the adsorption process is spontaneous and exothermic and how the
dominant mechanism is physisorption or chemisorption [10].

Future perspectives for the problem of surface modification of activated carbon will continue to develop.
Therefore, therefore an up-to-date bibliometric analysis is needed with an analysis time span of several years
to come.

5. Conclusions
This study reports a bibliometric analysis of 262 publications extracted from the Scopus database, which
focuses on activated carbon modification. This study presented information related to publication sources,
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articles, authors, affiliated institutions, publishers, countries, and theaﬂst cited themes on modified activated
carbon. The results illustrated that in the last 8 years, publications on the surface modification of activated
carbon increased significantly, especially between 2019 and 2021. The analysis related to the authors showed
that the authors with the highest number of citations were Li X et al. with 148 citations, Thsanullah et al. with
146 citations, and Heidari A with 139 citations. Meanwhile, the analysis of affiliated institutions shows that
the Faculty of Environmental Science and Engineering, Kunming University of Science and Technology,
China, is the affiliated institution with the most documents. Elsevier BV and Elsevier Ltd are the publishers
who publish the most articles on activated carbon. The countries that publish the most articles on activated
carbon modification include the People's Republic of China, India, and South Korea, with the percentages of
publications being 25.5%, 9.3%, and 8.7%, respectively. Studies on modified activated carbon mostly focus
on the characterization of activated carbon, surface properties, adsorption, and environmental treatment based
the results of keyword analysis. The bibliometric analysis in this study provides relevant information about
the surface modification of activated carbon to increase the absorption of harmful metals in environmental
treatment.

6. References

[1] Akinpelu, E. A, Ntwampe, S. K. O.. Fosso-Kankeu, E., Nchu, F., & Angadam. J. O. (2021). Performance
of microbial community dominated by Bacillus spp. in acid mine drainage remediation systems: A focus on
the high removal efficiency of S042-; Al3+, Cd2+, Cu2+, Mn2+, Pb2+, and Sr2+. Heliyon, 7(6).
https://doi.org/10.1016/j.heliyon.2021.e07241

[2] Anbia, M., & Amirmahmoodi, S. (2016). Removal of Hg (II) and Mn (II) from aqueous solution using
nanoporous carbon impregnated with surfactants. Arabian Journal of Chemistry, 9, S319-S325.
https://doi.org/10.1016/j.arabjc.2011.04.004

[3] Bhatnagar, A., Hogland, W., Marques, M., & Sillanpdd, M. (2013). An overview of the modification
methods of activated carbon for its water treatment applications. In Chemical Engineering Journal (Vol. 219,
pp- 499-511). https://doi.org/10.1016/j.cej.2012.12.038

[4] Bu, J., Loh, G., Gwie, C. G., Dewiyanti, S., Tasrif, M., & Borgna, A. (2011). Desulfurization of diesel
fuels by selective adsorption on activated carbons: Competitive adsorption of polycyclic aromatic sulfur
heterocycles and polycyclic aromatic hydrocarbons. Chemical Engineering Journal, 166(1), 207-217.
https://doi.org/10.1016/j.cej.2010.10.063

[5] Cao, H., Xing,L., Wu,G., Xie, Y., Shi, S., Zhang, Y., Minakata, D., & Crittenden, J. C. (2014). Promoting
effect of nitration modification on activated carbon in the catalytic ozonation of oxalic acid. Applied Catalysis
B: Environmental, 146, 169-176. https://doi.org/10.1016/j.apcatb.2013.05.006

[6] Ding,X.,& Yang, Z. (2020). Knowledge mapping of platform research: a visual analysis using VOSviewer
and CiteSpace. Electronic Commerce Research, [10(Emle), 454-463. https://doi.org/10.1007/s10660-020-
09410-7

[7] Durdn-Jiménez, G., Herndndez-Montoya, V., Montes-Morédn, M. A., Bonilla-Petriciolet, A., & Rangel-
Vizquez, N. A.(2014). Adsorption of dyes with different molecular properties on activated carbons prepared
from lignocellulosic wastes by Taguchi method. Microporous and Mesoporous Materials, 199, 99-107.
https://doi.org/10.1016/j.micromeso.2014.08.013

8161




Suliestyah, I. P. Sari and B. C. Suudi, 2023 Technology Reports of Kansai University

[8] Gutwinski, P., Cema, G., Ziembinska-Buczynska, A., Wyszynska, K., & Surmacz-Gérska, J. (2021).
Long-term effect of heavy metals Cr(Ill). Zn(II), Cd(II), Cu(I), Ni(II), Pb(Il) on the anammox process
performance. Journal of Water Process Engineering, 39. https://doi.org/10.1016/j.jwpe.2020.101668

[9] Hardianti, S., Arita Rachman, S., & E.H., H. (2017). Characterization of Activated Carbon from Coal and
Its Application as Adsorbent on Mine Acid Water Treatment. Indonesian Journal of Fundamental and Applied
Chemistry, 2(2), 34-38. https://doi.org/10.24845/ijfac.v2.i2.34

[10] Heidari, A., Younesi, H., Rashidi, A., & Ghoreyshi, A. A. (2014). Evaluation of CO2 adsorption with
eucalyptus wood based activated carbon modified by ammonia solution through heat treatment. Chemical
Engineering Journal, 254, 503-513. https://doi.org/10.1016/j.cej.2014.06.004

[11]Hu,J.,Ma,Y..Zhang. L., Gan,F., & Ho. Y. (2010). Science of the Total Environment A historical review
and bibliometric analysis of research on lead in drinking water fi eld from 1991 to 2007. Science of the Total
Environment, The, 408(7), 1738—1744. https://doi.org/10.1016/j.scitotenv.2009.12.038

[12] Thsanullah, Al-Khaldi, F. A., Abusharkh, B., Khaled, M., Atich, M. A., Nasser, M. S., Laoui, T., Saleh,
T. A., Agarwal, S., Tyagi, 1., & Gupta, V. K. (2015). Adsorptive removal of cadmium(Il) ions from liquid
phase using acid modified carbon-based adsorbents. Journal of Molecular Liquids, 204, 255-263.
https://doi.org/10.1016/j.molliq.2015.01.033

[13] Karnjanakom, S., & Maneechakr, P. (2019a). Adsorption behaviors and capacities of Cr(VI) onto
environmentally activated carbon modified by cationic (HDTMA and DDAB) surfactants. Journal of
Molecular Structure, 1186, 80-90. https://doi.org/10.1016/j.molstruc.2019.03.022

[14] Karnjanakom, S., & Maneechakr, P. (2019b). Adsorption behaviors and capacities of Cr(VI) onto
environmentally activated carbon modified by cationic (HDTMA and DDAB) surfactants. Journal of
Molecular Structure, 1186, 80-90. https://doi.org/10.1016/j.molstruc.2019.03.022

[15] Kasnejad, M. H., Esfandiari, A., Kaghazchi, T., & Asasian, N. (2012). Effect of pre-oxidation for
introduction of nitrogen containing functional groups into the structure of activated carbons and its influence
on Cu (IlI) adsorption. Journal of the Taiwan Institute of Chemical Engineers, 43(5). 736-740.
https://doi.org/10.1016/.jtice.2012.02.006

[16] Kazeem, T. S., Lateef, S. A., Ganiyu, S. A., Qamaruddin, M., Tanimu, A., Sulaiman, K. O., Sajid Jillani,
S. M., & Alhooshani, K. (2018). Aluminium-modified activated carbon as efficient adsorbent for cleaning of
cationic dye in wastewater. Journal  of  Cleaner  Production, 205, 303-312.
https://doi.org/10.1016/j.jclepro.2018.09.114

[17] Kefeni, K. K., Msagati, T. A. M., & Mamba, B. B. (2017). Acid mine drainage: Prevention, treatment
options, and resource recovery: A review. Journal of Cleaner Production, 151, 475-493.
https://doi.org/10.1016/j.jclepro.2017.03.082

[ 18] Kharrazi, S. M., Mirghaffari. N., Dastgerdi, M. M., & Soleimani, M. (2020). A novel post-modification
of powdered activated carbon prepared from lignocellulosic waste through thermal tension treatment to
enhance the porosity and heavy metals adsorption. Powder Technology, 366, 358-368.
https://doi.org/10.1016/).powtec.2020.01.065

8162




TREKH ISSN: 04532198
P | §SS N 04532198 Volume 65, Issue 04, April, 2023

[19] Lawal, . A., Klink, M., Ndungu, P., & Moodley, B. (2019). Brief bibliometric analysis of “ionic liquid”
applications and its review as a substitute for common adsorbent modifier for the adsorption of organic
pollutants. Environmental Research. https:/doi.org/10.1016/j.envres.2019.05.005

[20] Li, L., Wang, X., Wang, S., Cao, Z., Wu, Z., Wang, H., Gao, Y., & Liu, J. (2016). Activated Carbon
Prepared from Lignite as Supercapacitor Electrode Materials. Electroanalysis. 28(1), 243-248.
https://doi.org/10.1002/elan.201500532

[21]Li.X.,Zhang, L., Yang, Z., Wang,P., Yan, Y., & Ran, J. (2020). Adsorption materials for volatile organic
compounds (VOCs) and the key factors for VOCs adsorption process: A review. Separation and Purification
Technology, 235. https://doi.org/10.1016/j.seppur.2019.116213

[22] Liang, Q.. Liu, Y., Chen, M., Ma, L., Yang, B., Li, L., & Liu, Q. (2020). Optimized preparation of
activated carbon from coconut shell and municipal sludge. Materials Chemistry and Physics, 241 (July 2019).
https://doi.org/10.1016/j.matchemphys.2019.122327

[23] Lu,H.P.,Li,Z. A.,Gasc6,G., Méndez, A., Shen, Y ., & Paz-Ferreiro,J. (2018). Use of magnetic biochars
for the immobilization of heavy metals in a multi-contaminated soil. Science of the Total Environment, 622—
623, 892-899. https://doi.org/10.1016/j.scitotenv.2017.12.056

[24] Macias-Garcia, A., Gémez Corzo, M., Alfaro Dominguez, M., Alexandre Franco, M., & Martinez
Naharro, J. (2017). Study of the adsorption and electroadsorption process of Cu (II) ions within thermally and
chemically modified activated carbon. Journal of Hazardous Materials, 328, 46-55.
https://doi.org/10.1016/j.jhazmat.2016.11.036

[25] Mahurin, S. M., Gérka, J., Nelson, K. M., Mayes, R. T., & Dai, S. (2014). Enhanced CO2/N2 selectivity
in amidoxime-modified porous carbon. Carbon, 67, 457-464. https://doi.org/10.1016/).carbon.2013.10.018

[26] Micheline, G., Rachida, C., Céline, M., Gaby, K., Rachid, A., & Petru, J. (2019). Levels of Pb, Cd, Hg
and As in Fishery Products from the Eastern Mediterranean and Human Health Risk Assessment due to their
Consumption. International ~ Journal of  Environmental Research, 13(3),  443-455.
https://doi.org/10.1007/s41742-019-00185-w

[27] Monika, L., & Suprapto. S. (2011). Production of activated carbon from subbituminous coal using rotary
kiln and cyclone burner. Indonesian Mining Journal, 14(1), 30-37.

[28] Mopoung, S., Moonsri, P.. Palas, W., & Khumpai, S. (2015). Characterization and Properties of Activated
Carbon Prepared from Tamarind Seeds by KOH Activation for Fe(IlI) Adsorption from Aqueous Solution.
Scientific World Journal, 2015. https:/doi.org/10.1155/2015/415961

[29] Nwaka, D., Tahmasebi, A., Tian, L., & Yu. J. (2016). The effects of pore structure on the behavior of
water in lignite coal and activated carbon. Journal of Colloid and Interface Science, 477, 138-147.
https://doi.org/10.1016/j.jcis.2016.05.048

[30] Oh, W. da, Lua, S. K., Dong, Z., & Lim, T. T. (2015). Performance of magnetic activated carbon
composite as peroxymonosulfate activator and regenerable adsorbent via sulfate radical-mediated oxidation
processes. Journal of Hazardous Materials, 284, 1-9. https://doi.org/10.1016/j.jhazmat.2014.10.042

8163




Suliestyah, I. P. Sari and B. C. Suudi, 2023 Technology Reports of Kansai University

[31] Queiroz, L. S., de Souza, L. K. C., Thomaz, K. T. C., Leite Lima, E. T., da Rocha Filho, G. N., do
Nascimento.L. A. S.,de Oliveira Pires, L. H., Faial . K. do C. F.. & da Costa. C. E. F. (2020). Activated carbon
obtained from amazonian biomass tailings (acai seed): Modification, characterization, and use for removal of

metal ions from water. Journal of Environmental Management, 270.
https://doi.org/10.1016/j.jenvman.2020.1 10868

[32] Salam, K. A. (2019). Assessment of Surfactant Modified Activated Carbon for Improving Water Quality.
Joumnal of Encapsulation and Adsorption Sciences, 09(01), 13—34. https://doi.org/10.4236/jeas.2019.91002

[33] Senthil Kumar, P., Varjani, S.J., & Suganya, S. (2018). Treatment of dye wastewater using an ultrasonic
aided nanoparticle stacked activated carbon: Kinetic and isotherm modelling. Bioresource Technology, 250,
716-722. https://doi.org/10.1016/j.biortech.2017.11.097

[34] Shokry, H., Elkady, M., & Hamad, H. (2019). Nano activated carbon from industrial mine coal as
adsorbents for removal of dye from simulated textile wastewater: Operational parameters and mechanism
study. Journal of Materials Research and Technology, 8(5), 4477-4488.
https://doi.org/10.1016/j.jmrt.2019.07.061

[35] Silva,D., Weber, C., & Oliveira, C. (2021). Neutralization and uptake of pollutant cations from acid mine
drainage (amd) using limestones and zeolites in a pilot-scale passive treatment system. Minerals Engineering,
170. https://doi.org/10.1016/j.mineng.2021.107000

[36] Sriramoju, S. K., Dash, P. S., & Majumdar, S. (2021). Meso-porous activated carbon from lignite waste
and its application in methylene Blue adsorption and coke plant effluent treatment. Journal of Environmental
Chemical Engineering, 9(1), 104784. https://doi.org/10.1016/j.jece.2020.104784

[37] Suliestyah. Novi, P., Jamal, E., & Permata. I. (2020). Treatment of Acid Mine Drainage Experiment using
Coal-Based Activated Carbon. Technology Reports of Kansai University, 62(03), 593-603.

[38] Sultana, M., Rownok, M. H., Sabrin, M., Rahaman, M. H., & Alam, S. M. N. (2022). A review on
experimental chemically modified activated carbon to enhance dye and heavy metals adsorption. In Cleaner
Engineering and Technology (Vol. 6). Elsevier Ltd. https://doi.org/10.1016/j.clet.2021.100382

[39] Sun, Y., Li, H.,Li. G., Gao, B., Yue, Q.. & Li, X. (2016). Characterization and ciprofloxacin adsorption
properties of activated carbons prepared from biomass wastes by H3PO4 activation. BIORESOURCE
TECHNOLOGY . https://doi.org/10.1016/j.biortech.2016.03.047

[40] Tran, T. N., Kim.D.G., & Ko.S. O. (2018). Adsorption Mechanisms of Manganese (II) Ions onto Acid-
treated  Activated Carbon. KSCE Journal of Civil Engineering, 22(10), 3772-3782.
https://doi.org/10.1007/512205-018-1334-6

[41] van Eck,N.J.. & Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric
mapping. Scientometrics, 84(2), 523-538. https://doi.org/10.1007/s11192-009-0146-3

[42] van Eck, N. J., & Waltman, L. (2020). VOSviewer Manual version 1.6.16. Univeristeit Leiden,
November, 1-52.

8164




TREKH ISSN: 04532198
P | §SS N 04532198 Volume 65, Issue 04, April, 2023

[43] Wang, H., Xu,J., Liu, X., & Sheng, L. (2021). Preparation of straw activated carbon and its application
in  wastewater reatment: A review. Journal of Cleaner Production, 283(xxxx), 124671,
https://doi.org/10.1016/] jclepro.2020.124671

[44] Yi, Z., Yao, J., Zhu, M., Chen, H., Wang, F., & Liu, X. (2016). Kinetics, equilibrium, and
thermodynamics investigation on the adsorption of lead(1I) by coal-based activated carbon. SpringerPlus, 5(1).
https://doi.org/10.1186/340064-016-2839-4

[45] Yuliusman et al. (2017). Preparation of Activated Carbon from Palm Shells using KOH and ZnClI2 as the
Activating Agent Preparation of Activated Carbon from Palm Shells using KOH and ZnCI2 as the Activating
Agent. IOP Conference Series: Materials Science and Engineering, 180. https://doi.org/10.1088/1742-
6596/755/1/011001

[46] Zhang, C., Song, W., Ma. Q., Xie. L., Zhang, X., & Guo, H. (2016). Enhancement of CO2 Capture on
Biomass-Based Carbon from Black Locust by KOH Activation and Ammonia Modification. Energy & Fuels,
30(5), 4181-4190. https://doi.org/10.102 1/acs .energyfuels.5b02764

[47] Zhang, X., Gu, P., Li, X., & Zhang, G. (2017). Efficient adsorption of radioactive iodide ion from
simulated wastewater by nano Cu20/Cu modified activated carbon. Chemical Engineering Journal, 322, 129-
139. https://doi.org/10.1016/j.cej.2017.03.102

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0
International License.

8165




TRKU

ORIGINALITY REPORT

24, 23, 23, 2

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

1

www.science.gov

Internet Source

5%

researchbank.rmit.edu.au

Internet Source

3%

e

www.mdpi.com

Internet Source

3%

-~

pubs.acs.org

Internet Source

3%

o

Changming Zhang, Wen Song, Qingliang Ma,
Lijing Xie, Xiaochao Zhang, Hua Guo. "
Enhancement of CO Capture on Biomass-
Based Carbon from Black Locust by KOH
Activation and Ammonia Modification ",
Energy & Fuels, 2016

Publication

2%

Xiuquan Li, Li Zhang, Zhongqing Yang, Peng
Wang, Yunfei Yan, Jingyu Ran. "Adsorption
materials for volatile organic compounds
(VOCs) and the key factors for VOCs

2%



adsorption process: A review", Separation and
Purification Technology, 2020

Publication

=

profdoc.um.ac.ir 2
%

Internet Source

Mariana Mariana, Abdul Khalil H.P.S., E.M. 20/
Mistar, Esam Bashir Yahya, Tata Alfatah, ’
Mohammed Danish, Mousa Amayreh. "Recent
advances in activated carbon modification

techniques for enhanced heavy metal

adsorption", Journal of Water Process

Engineering, 2021

Publication

daneshyari.com 20/
0

Internet Source

Exclude quotes On Exclude matches <75 words

Exclude bibliography On



TRKU

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9

PAGE 10

PAGE 11

PAGE 12

PAGE 13

PAGE 14

PAGE 15

PAGE 16

PAGE 17




