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chemicals with dangerous qualities

Abstract— Literature studies on industrial waste
management have been broadly reported within the last the usage of

decade. Most studies reported various disciplines, however
chemical industry waste treatment studies are limited. This
research points to supplying and analyzing a diagram
investigating chemical industrial waste treatment from
2013 to 2023. This report is vital in supporting progress in
economical chemical mechanical waste treatment in the
future, through the interpretation of various studies from
the Taylor & Francis Online database. This report utilized
a Systematic Literature Review (SLR) with a PRISMA
flowchart which presented inclusion activity and data
search results. Of the 613 articles with 12 sub-fields, 135
articles were selected and then analyzed to obtain 33
articles. As a result, 22 articles met the inclusion criteria
and were preferred for this report. It resulted that the
research articles on chemical industrial waste treatment
were significantly reported although for a few time, there
are no articles published. The most cited journal article
was published in 2013 with a total citation of 77. Those
most cited articles provide information that the most
popular research method is green synthesis which has a
positive outcome. In the years ahead, various aspects and
article types need to be analyzed as well as take a longer
period to research published articles.

Keywords— SLR; Chemical Industrial; Waste Treatment

I. INTRODUCTION

In addition to the hazards associated with the outcomes of
industrial operations, the chemical sector is one of those that
has a significant risk of workplace accidents that might result
in serious injuries or even death [1]. Extreme circumstances

(flammability, explosiveness, and toxicity) are the causes of
this high risk [2]. Because of this, occupational health and
safety in the chemical sector are crucial for all parties
involved, including workers, the local community, and
society at large [3]. Training to increase the competency of
human resources in the chemical industry is necessary since
human factors like work safety culture, awareness, and
emergency readiness are typically linked to the primary
causes of accidents in the sector [4]. As a result, the chemical
industry requires competent individuals who can acquire
skills in line with industry demands, particularly in
sustainable industry.

Because the chemical industry contributes significantly to
the use of energy and raw materials derived from fossil fuels,
it necessitates modifications to environmental conservation
initiatives, which is why sustainability programs are
necessary in this sector [5]. The production process and the
environmental effects that follow, including industrial waste,
have a very strong tie with the chemical industry. Numerous
wastes are often produced by chemical industrial operations,
which might be squandered every minute and are impacted
by several factors, including Both external and internal
factors—such as weather variations, standards and
regulations, geological conditions, industry types, industrial
practices, and on-site technology—have an impact on the
kind and amount of waste produced by industrial processes

[6].

This is a serious issue as industrial waste can contain
toxins, particulates, and other substances that are bad for the
environment, animals, and people [7]. Inadequate waste
management techniques, direct waste release into the
environment, ignorance, issues with industrial design, and a
lack of funding for waste management can all contribute to
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this [8]. In waste management strategies that are now being
evaluated to promote sustainable industries, these aspects
might be highlighted as both restrictions and problems.
Consequently, data on various research on waste
management or standard treatment is required, particularly in
the context of the chemical sector.

Studies on the management or treatment of industrial
waste have been discovered and dispersed among some
fields, but there are currently few that focus on the waste
treatment of the chemical industry. Based on previous
research of 46 publications published between 2000 and 2023
on trash treatment for environmental and economic
sustainability reveals that waste treatment practices enable
sustainable resource management, including reducing energy
use [9]. To create a sustainable industry, previous research on
a review of 78 scientific publications on waste management
and the circular economy from 2012 to 2022 demonstrates
how these practices can support the development of
environmental ecosystems to meet the UN 2030 agenda's
sustainable development goals [10].

Therefore, the goal of this research is to perform a
literature review that can offer and evaluate a variety of
studies on the treatment of chemical industrial waste during
the past ten years. By interpreting different study references
across time, this is done to promote the development of
chemical industrial waste treatment in a sustainable future.

Numerous papers are thought to be pertinent to this
investigation, such as the 2023 Systematic Literature Review
(SLR) on Reverse Logistics (RL) e-waste management by Ni,
Zhigin et al., which included analysis, an overview, and a
research agenda for the future. According to the findings of
this study, six primary research criteria on e-waste RL can be
found from 162 English-language journal articles published
between 1998 and 2021 that were retrieved from Scopus data
sources, specifically 1) e-waste laws and policies, 2) barriers,
critical success factors, and solutions, 3) RL e-waste network
design decisions, 4) RL e-waste system evaluation and
framework, 5) consumer e-waste return behavior, and 6)
technology-based RL e-waste innovations. Based on these six
research criteria, a conceptual framework for RL e-waste
management is constructed, and it has also been able to
discuss the limitations and research gaps of each criterion.
The proposal of a more thorough future research agenda,
including the creation of 13 research criteria, concludes [11].

Furthermore, according to Chen, Xiaowei, et al.'s 2023
Systematic Literature Review (SLR) on sustainable supply
chain management in the leather industry, which involved
analyzing 61 journal articles published between 1992 and
2022 using data from Web of Science and Scopus, five
criteria were found: criteria for the practices, drivers,
obstacles, supporters, and outcomes of sustainable supply
chain governance in the leather industry environment [12].
Furthermore, this study creates a conceptual framework that
allows for the integration of each criterion and generates
recommendations and management consequences for the
future.

Three liquid waste focus areas—sources and composition
of construction liquid waste; construction liquid waste control
methods; and construction liquid waste management—were
identified from the results of the analysis of 49 journal
articles published between 1992 and 2022 in a study by
Karunasena, Gayani et al. in 2023 regarding Systematic
Literature Review (SLR) on liquid waste management in the
construction sector using the PRISMA method (preferred
reporting items for systematic reviews and meta-analysis),
Bibliometric tools, and VOSviewer [13]. Although the study
found a lack of integration between effluent management
research and research on water pollution at construction sites,
it was still able to highlight the current state of construction
effluent management research and identify the need for future
studies into the implementation of efficient and effective
effluent management practices in construction projects.

Last but not least, according to research done in 2022 by
Vieira, Octavia et al. on the Systematic Literature Review
(SLR) on the conversion of plastic waste into valuable
Graphene-2D-based materials, out of the 142 journal articles
on the Scopus data source that are included in research on
Graphene-2D-based materials, only 12 articles (9.2%) were
examined overall. It was then determined that the synthesis of
a monolayer, multiple layers, and multi-layers (including
flash graphene) was accomplished using four distinct
synthesis methodologies: (i) plastic breaking down thermally
right on top of a metal surface; (ii) thermal breakdown of
plastic first, followed by ball milling and microwave
sintering; (iii) thermal breakdown followed by the release of
hydrocarbon gas, which is then fed into a Chemical Vapour
Deposition (CVD) system with a metal substrate; and (iv)
Flash Joule Heating (FJH) [14].

This research is relevant to the field of study and the
methodology employed in the literature study, specifically
the study of waste treatment through literature studies using
the Systematic Literature Review (SLR) with the PRISMA
method (preferred reporting items for systematic reviews and
meta-analysis), according to the findings of several studies
mentioned above. This study differs from earlier research in
that no literature reviews on waste management in the
chemical sector have been conducted in the past ten years.
The analytic methods and inclusion criteria employed in this
study also varied from one another. The research conducted
on the treatment of chemical industrial waste throughout the
past ten years, from 2013 to 2023, will be examined and
summarized in this paper.

Il. METHOD
A. Research Design

The purpose of this research's Systematic Literature Review
(SLR) is to find, categorize, and explain study findings by the
inclusion criteria [15]. Additionally, the PRISMA (preferred
reporting items for systematic reviews and meta-analyses) flow
chart, which may display the inclusion and exclusion activities
of the data search results, was employed in this study's
selection method [16]. The distribution of journal articles
published annually, The distribution of journal article citations
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annually, and Research methodologies and findings are among
the factors under analysis. These variables are categorized to
see the trend of waste management in the chemical industry in
the last 10 years.

B. Inclusion Criteria

The Taylor & Francis Online database was used for the
search, and several inclusion criteria were set, including the
requirement that research journal articles published within the
last ten years, from January 2013 to July 2023, contain the
search term "Chemical Industrial Waste Treatment" in the title,
abstract, or keywords. The journal article section in the
Engineering & Technology sector, with the Chemical
Engineering subfield and the Industrial Chemistry topic, was
then the only one chosen. Furthermore, only English-language,
open-access journal papers were chosen. The analysis did not
include conference proceedings, books or portions of books, or
preview pieces.

C. Data Analysis

"Chemical Industrial Waste Treatment” was the search
keyword used to find relevant journal articles. To make sure the
papers were pertinent to the study's goals, the researcher
personally determined each article's title, abstract, and
keywords. Only articles from the Engineering & Technology
sector, namely the Chemical Engineering subfield and the
Industrial Chemistry topic, were used as examples for this
study. There were 613 items in 12 subfields based on the
original search. After choosing one of the subfields, Chemical
Engineering, the researcher was able to narrow down the
results to 135 journal articles covering 14 different topics. To
analyze the waste treatment in the chemical industry during the
past ten years, the author selected the more specialized topic of
industrial chemistry. The author then examined and double-
checked all the papers to make sure the target journal articles
fulfilled the requirements and that there were no duplicates
after obtaining 33 journal articles. The abstracts and complete
texts were reviewed before the final papers were chosen for
review. Eleven articles were eventually removed after sorting
through the data since they did not relate to the subject under
analysis.

Every article was reviewed in full text as part of the
selection process. The relevance of the manuscript to the main
research issue of whether the article satisfied the inclusion
criteria had to be reviewed to provide an accurate and thorough
systematic review. An independent assessment was carried out
if there was any uncertainty regarding whether the material
satisfied the requirements for inclusion. 22 articles in all were
chosen for examination after meeting the inclusion criteria. The
following Prism diagram illustrates the article selection
process's flow.
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FIGURE I. Journal Article Selection Flow

I11. RESULTS AND DISCUSSION

Three sections present the findings of the Systematic
Literature Review (SLR) analysis of journal articles published
in the Taylor & Francis Online database between 2013 and
2023: the distribution of journal article publications annually,
the distribution of journal article citations annually, and the
research methods and findings pertaining to chemical or
industrial waste treatment.

a.  Distribution of Journal Article Publication per Year

Figure 2 below displays the first variable in our analysis,
which is the distribution of journal article articles on chemical
or industrial waste treatment from January 2013 to July 2023.
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FIGURE II. Distribution Of Journal Article
Publications Per Year

The number of publications has increased during the last
ten years, from January 2013 to July 2023, according to the
findings of the annual publication distribution analysis. With 11
journal papers, 2022 had the most publications on chemical
industrial waste treatment. 2023 had the second-highest number
with 6, while 2013 had the fewest with 5. Nevertheless, there
were no journal articles published between 2014 and 2021. The
Green Chemistry Letters and Reviews publication was the
source of every article acquired during the previous ten years.
This explains why there aren't many journal papers on
industrial waste treatment. It may be because of the way the
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articles were chosen or because they were chosen based on the
study's inclusion criteria.

Researchers and practitioners can better grasp the future
directions of Chemical Industrial Waste Treatment research
thanks to this study's effective presentation of a thorough
review of earlier literature studies. Despite a temporal lag that
indicates no papers were published between 2014 and 2021, the
analysis's findings make it evident that the number of
publications has significantly increased over the last ten years.
The results of a literature review on waste treatment using life
cycle assessment of active alkaline materials on 246 journal
articles in Scopus data sources from 2000 to 2022, which
revealed a sharp rise in the number of article publications from
year to year, are consistent with this finding regarding the
increase in publications [17]. Because it is thought to be able to
give the most recent references pertaining to safe and
sustainable industrial waste treatment systems, waste
management has emerged as a research trend, particularly in
the chemical sector. Additionally, this trend in the advancement
of industrial waste treatment research is in line with the United
Nations Environment Program's recommendations to avoid,
reduce, reuse, recycle, recover, treat, and dispose of waste in
order to minimize the amount of waste that ends up in landfills
[18]. As a result, it is anticipated that the number of
publications on waste treatment, particularly in the chemical
sector, would rise sharply annually.

b.  Distribution of Journal Article Citation Counts by
Year

The 22 journal articles that were examined yielded the third
variable of the distribution of journal article citations annually;
the findings are shown in Figure 3 below
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FIGURE 3. Distribution Of Journal Article Citations
Per Year

According to the findings of the analysis of the distribution
of journal article citations annually for the last ten years, from
2013 to 2023, in the journal Green Chemistry Letters and
Reviews, the year 2013 had the most citations, totaling 77,
distributed among five journal articles, each of which received
25 citations, 19 citations, 19 citations, 7 citations, and 7
citations. With a total of 30 citations distributed over seven
journal articles, the next-highest number of citations occurred
in 2022, with each publication receiving 15 citations, 6
citations, 3 citations, 2 citations, 1 citation, and 1 citation.

The research findings of Yanga, Jinming, et al. (2013)
about clean procedures for the synthesis of 1,4-

dihydropyridines through the Hantzsch reaction in water, with a
total of 25 citations, ranked first among the seven journal
articles that were sorted according to the five rankings of the
highest number of citations. The next rank had 19 citations in 2
journal articles in 2013, including one by Aerrya, Swati et al.
on chemoselective acetylation of amines and thiols using
dispersed Ni nanoparticles and another by Abdul, Ebtesam et
al. on green methodology in organic synthesis; recent
developments in the laboratory.

The journal article by Yina, Xi-Tao et al. in 2022 about
high-performance  Sr-doped  active  porous  LaFeOs
semiconductors made using the sol-gel process had the next-
highest number of citations, which came to 15. The next
highest number of citations, seven, were found in two separate
articles published in 2013. One of these articles was by
Chaskara, Atul et al. and discussed the practical and effective
synthesis of 1-aryl-1H,3H-thiazolo[3,4-a]benzimidazole using
sodium hydrogen sulfate and silica as a heterogeneous catalyst,
while the other was by Sriniyasa B. et al. and described the
green and effective PEG-600-mediated tandem synthesis of N-
substituted-2-styrylquinazolin-4-1. The journal article by
Abdel, Reda, et al. in 2022 about the green synthesis of
heterocyclic  polyol systems of zinc sulfide-organic
nanoparticles as environmentally friendly anti-corrosion and
anti-bacterial corrosion inhibitors for steel in acidic
environments had the most citations (6), ranking fifth.

Future researchers may be able to produce more thorough
and comprehensive research throughout the year, as the
variation in the number of journal article citations per year
raises concerns about the continued lack of authors interested in
discussing waste treatment and conducting additional research,
particularly in the chemical industry.

c.  Research Methods and Findings

The fourth component relates to study findings and
methodologies. Out of the 33 journal papers that were chosen,
22 were deemed eligible for analysis. A humber of publications
in the top 5 rankings with the most citations were then chosen
to provide further details about the study findings and
methodology. Table 1 below displays the information from the
22 journal papers that were examined.
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TABLE | JOURNAL ARTICLE ANALYSIS RESULTS
Mo, The Amnthors Title Year Citation Anthor's Conntry of Orizin
1 Jmming Varza, Chenning Tansh, lizojiae Yanga, Cumwed A clean procedurs for the synthesis of 1.4- 13 5 The People’s Fepublic of China
Qianband Dong Fang[19] dihydropyridines via Hantzsch reaction in
wabar
b Ebtesam Abdul Aziz Hafeza, Baleh Mokammed Al- Creen methodologies in orzanic synthesis: 13 12 Egypt and EKonvait
Aouzawib, Moustafa Sherief Mowstafab, Emal Tsef recent developments in our laboratoriss
Sadekcand Mokamed Hilmy Elnazdi[20]
3 Swatl Aserrya, Ajest Eumara, Amit Sagenaa, Amab Dieband Chempzelective acetylation of amines amd 13 12 India, Cohmmbda, 2md the United
Subho Mozumdar{21] thiols nzing monodisperzed Mi-nasoparticles States of America
4 3i-Tao Yina, Huz Huoangl, ie-Li Xieh, Daveod Destanc, Jing Hiph-performance vizible-light active 3r- X 13 The People’s Fepublic of China
Lid, Ying Lina, Niao-hiing Tama, Hiao-Chon Gaoa, Wahab doped parons LaFe0:. :emiconductor prepared and Pakiztan
Al Shabeend Nizo-Guang Ma[I12] via zol-gel method
3 Al Chaskara, Vika: Padalkark, Kiran Phetangareh, Santosh | An effident and practical synthesis of 1-aryvl- 13 7 Italy, Fepablic of China
Takalzecand Ealiyappan Murnzan[23] 1H,3H-thiazolo[3,4-2]benzimidarnle uskng (Taiwar), and India
zilica-supparted sodium hydrogen sulfate as a
heteropenecus catalyst
[ B. Srimivasza Feddy, A. Maida, and P. K. Crubey[24] PEG-600-mediated, sreen, and efficient, 13 T India
tandem symtheses of M-substiieted-2-styryl
quinazroline-4- ones
T Feda Abdel Hamesda b, Mohamad Faridea, b, hobamad Green synthesi: of mine sulfide nanoparticles- M [ Szudi Arabia and Egypt
Obmana b, Bader Huwaimelb,c, Saedah Al-Mbyawid, arganic heterocyclic polyol system as aco-
Abmed Shamroukhe, Freah Alshammaryf Enas Aljuhanizamd friendly anti-correston and amti-bacterial
Metwally Abdallak[25] carrazion inhibitar for stesl in acidic
eavironment
g Janzam Lakshmidevia, Bandameeda Famesh Waidea, Satya A waste valorization strategy for the synthesiz M 3 Indiz, Cmar, and halzy=ia
Eumar Avulab, Anjoy Majhic, Poh Wai Chiad,e, Ahmed Al- of phenals fromhetero)ary] boronic acids
Harraziband Eatta Venkateswariu[26] u:ingz pomesranate pesl ash extract
o Ashleizh May=mitha, Maesm 5 Mianband Sohel Fana[17] Development of conductive temtile fabnc M 2 The Unried Kingdom
using Plackett-Burman optimized green
synthesized silver nanoparticle: and m
situpalvmenzed polypyrrole
10 Ludivine Visira-5ellzia, Mercedes Quintanaa, Ousmans Green HPLC quantification methed of iyl 2 France
Didoph, Olivier Mercierc, Sebastien Tamita, Mawal lamivodine, Zidovudine, amd nevirapine with
Faimib, Alazsan Eab, Beneit hMamitaand bane-Tosephe identification of related substances in tablets
Galmier[28]
11 Amandine I Flourat, Mouar Zeaiter, Erwan Vallee, V. P. A sustainable preparative-acale chemo- ¥ 1 France
Thish Mzuver, Sami Fadiallakand Floreat Allxis[29] enzymatic synikesis of §-ydrogy-5.7-
dimethogy-2-naphthaoic acid (DAY from
sinapic acid
12 Furana Ku.d].iﬂc_ui‘un, h{art:u-_ Stzhorskoyh, R_adln Michalkoiac, Wiechanochemical synthesis of mdokyl iyl 1 Slonrakiz
Maria Vilkovaaand Matej Ealaz[30] chalcones with amtipreliferative activity
13 Mazudulla Ehan, Azmat Ali Ehan, Aiman Panreen, Kim Mitigating the growth of plant pathogenic I3 [1] India
Min, Wirendra Fomar Vadae, Azhar 17, Ehan &Mahboob bacterium, fimsi, and nematodes by nsing
Alam[31] plant-mediated synthesis of copper oxide
nanoparticles (Cul MNPs)
14 | Marcia & A da Cruza, Joy M. Omwamersa, Nanhorsg Chena, Solvent-fres synthesiz of photohminescsnt 1023 [1] Sweden, Germany, Switzerland,
Ejim Eeeleb, aksym Yaremac, Serhiy Budoykd, Adam carbon nanoparticles from linin-derived and Aunstria
Elabona,band Brune V. ML Fodrigoes [3I] mannmers 23 feedstock
15 Viswanathan Sukumara, Saravanan Chinmesamya, Hemanth Method development and validation of I3 [1] India
Eunmar Chandulumband Seetharaman Fathinam[33] Atorvastatin, Ezstimibe andFenofibrate using
BR-HPLZ along with their forced degradation
studies and presnness Emcﬁlmg
1§ | Maveenarani Dharuman, Earunanidhi Santhana Lakshmi and | Envirormental benign BP-HPFLC method for 013 [1] India
Mlanikandan Erizhnan[34] the simultansous estimation of anti-
brypertensive drugs wsms analytical guality by
desizn
17 Jeazica Pichler, Fosa Mariz Edera, Luka: Widdera, Markos | MMoving towards green lobrication: wibological JLTRE] 1] Austria
Vargaa, Martma Marchetti-Deschmannband Marcella behavior and chemical characterization of
Franscher{33] spent coffee grounds O
18 Ihrahim Earumea, Simon Bhambaa, Mosa: Eigozih, Alice Ome-pot remeval of pharmaceuticals and toxic 23 [1] Uganda
Nazbatangic, ]z harg Z. T. Mukasadand Solomon Yiga[3 ) heavy metzls from water using merogel-
immaobilized quartzbanana peels-activated
carbon
12 Cristina Elazquez-Barbadilloa,c, Juar Francisco Gonzaleza, Benign synthesiz of therapeatic agents: N [1] Spain, Italy, and France
Andrea Porcheddub, David Virieugc, Jose Carlos domine synthesiz of unsymmetrical 1,4-diaryl-
Menendezaamd Evelina Colacine[37] 1,4-dibydropyridines in the ball-mill
20 Diavide Blasia, Devide Meztoa, Pietro Cotusnoa, Cosima D Eevealing the effects of the ball milling NN [1] [taly and the United States of
Calvanoa, Marco Lo Prestibemd Gianluca M. Farinola[38] pretreatment on the sthanolzolviractionation America
of lignin from walnut and pistachio shells
31 Torge Gomez-Carpintero, Clara Cabrero, Juan Daminge A sequential multistep process for the folly N [1] Spain
Sanchez, Tuan Francisco Ganzalez and ToseCarlos mechanochemical, one-pot synthesis of the
Menendez{30] antiepilaptic dmg rufiramida
12 | Moses O. Alfredab,c, Chidinma G. Olonmunizolaa, Temidayo | Sunlizht-driven photocatzbytic mmeralization N [1] Erazil and Migeria
T. Cryetundeb, Peter Darea, Faguoel B Z. Vilelad, Andrea de of antibiotic chemical and sslected enteric
Camargod, Wumdeen A Oladojae, Martins 0. Omorogieah, | bacteria in water via zinc tangstate-imprinted
COhmmide D). Olokamnia f, Artur defezns Motheocand kaolinite
Emmarmel I. Umsabonah[440]




Of the 22 journal papers on chemical industry waste
treatment published in the Green Chemistry Letters and
Reviews journal, the analysis table above indicates that there
are five top rankings for the quantity of journal article citations,
which are attained by articles 1 through 7 According to journal
article number 1, the research method used is the synthesis of
1,4-dihydropyridine through a one-pot Hantzsch reaction in
aqueous media without the use of catalysts and/or organic
solvents. The research findings are in the form of designing a
new, clean, and efficient procedure for the synthesis of 1,4-
dihydropyridine through a one-pot Hantzsch reaction with a
satisfactory yield of 86-96%. The advantages include avoiding
leakage and minimizing emissions, high performance and
efficiency that can be recycled, and the potential to apply green
synthesis [19].

According to research methods related to the development
of environmentally friendly methods for the synthesis of
polyfunctional heteroaromatic substances, as shown in Article
2, our new green methodology has been able to produce a large
number of polyfunctional aromatic substances in a highly
efficient manner, with fewer risks than traditional preparative
methods and at a lower cost [20].

As can be seen in article number 3, the research method is
the effective use of Ni nanoparticles to catalyze the acetylation
of various amines and thiols under environmental conditions at
room temperature. The research findings indicate that Ni
nanoparticles are an effective catalyst for the acetylation of
thiols and aliphatic and aromatic amines, meaning that this
method is very quick, can be used instead of costly reagents
and high temperatures, and can produce better results [21].

Using the sol-gel method to create Sr-doped porous
LaFeO3 samples, as described in Article 4, the research
findings indicate that -OH species are the predominant
intermediate oxidants involved in the oxidation of 2,4-DCP and
RhB when compared to optimized samples. This research could
open up a new avenue for environmental remediation based on
LaFeO3 semiconductors [22].

The research method used in article number 5 involves the
use of heterogeneous catalysts and multicomponent reactions to
synthesize 1-aryl-1H,3H-thiazolo[3,4-a]benzimidazole
derivatives through condensation reactions of aromatic
aldehydes, 2-mercaptoacetic acid, and o-phenylenediamine
using NaHSO4xSiO2 as catalysts. The results of the study
show that sodium hydrogen sulfate (NaHSO4xSiO2) supported
by silica can effectively catalyze the reaction of three
components, including aromatic aldehydes, 2-mercaptoacetic
acid, and components of o-phenylenediamine, to form 1-aryl-
1H, 3H-thiazole, which corresponds to [3,4-a]benzimidazole.
This catalyst is unquestionably affordable, eco-friendly, and
effective in a variety of conditions [23].

The study methodology, as demonstrated in article number
6, is the green and effective tandem synthesis of N-substituted-
2-styrylquinazoli-nones by polyethylene glycol (PEG)-
mediated analysis. This study's conclusions indicate that it has
effectively created a mild, effective, and practical tandem
synthesis of N-substituted-2-styryl-4(3H)-quinazolinones (5a I)
in PEG-600 using two different pathways (1235 or 1245) [24].

The green synthesis, characterization, and assessment of
zinc sulfide nanoparticles (ZnS) via chemical precipitation
technique is the research methodology employed in article
number 7. Here, zinc sulfide nanoparticles were made by the
chemical precipitation approach using a sensitizer made of
heterocyclic polyvinyl alcohol (PVA). According to the study
findings in this journal article, adding PVA and PEG as organic
polyol materials enhances the zinc sulfide nanoparticles'
adsorption and inhibitory capabilities on the steel surface [25].

Research trends in the processing of chemical industrial
waste may be seen from the results of the discussion of
different research methodologies and research findings in seven
journal articles that are in the top 5 rankings with the most
citations. The majority of research techniques use green
synthesis, which considers environmental sustainability while
utilizing efficient and successful chemical processes. The
conformance between the experimental aim and the
experimental outcomes may be used to show facts, which
makes the entire study findings favorable. Researchers may
become more interested in studying the chemical industry in
the future as a result, particularly with reference to deeper and
more thorough waste processing

Format the image in the textbox with good resolution, if the
image has a small portion it can be made 2 columns, but if the
image has a large portion can be made 1 column. The image
title is below the image (center-aligned) Bold, Times New
Roman 10pts.

IV. CONCLUSIONS

The following conclusions may be made in light of the
features of research publications on the treatment of chemical
industrial waste:

» Although there is a time lapse between 2014 and 2021,
which indicates that no papers were published, there has been a
notable rise in the amount of publications during the previous
ten years, from 2013 to 2023.

* In 2013, there were five journal papers with a total of 77
citations, which was the most ever. Each publication had 25
citations, 19 citations, 19 citations, 7 citations, and 7 citations.
With 30 citations altogether, distributed among seven journal
articles, the next-highest amount of citations occurred in 2022.
Each publication received 15 citations, 6 citations, 3 citations, 2
citations, 1 citation, and 1 citation.

« This study's research methodology mostly consists of green
synthesis, which utilizes efficient and effective chemical
processes while also considering environmental sustainability.
Since the existence of conformity between the experimental
aim and the experimental results might support the truth, the
total research findings provide favorable outcomes.

This study is only sourced from one database, and the
period taken is limited to only ten years. In addition, the
inclusion criteria used are still limited, so further development
is needed. Regarding recommendations for more research, it is
hoped that they would talk about additional inclusion criteria so
that the literature review yields more thorough findings and
serves as a resource for comprehending current research trends.

170



(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8l

(]

[10]

[11]

[12]

[13]

REFERENCES

S. Garcia Fracaro et al., “Towards design guidelines for virtual reality
training for the chemical industry,” Educ. Chem. Eng., vol. 36, pp. 12—
23,2021, doi: 10.1016/j.ece.2021.01.014.

R. Srinivasan, B. Srinivasan, M. U. Igbal, A. Nemet, and Z. Kravanja,
“Recent developments towards enhancing process safety: Inherent safety
and cognitive engineering,” Comput. Chem. Eng., vol. 128, pp. 364383,
2019, doi: 10.1016/j.compchemeng.2019.05.034.

J. Lee, 1. Cameron, and M. Hassall, “Improving process safety: What
roles for digitalization and industry 4.0?,” Process Saf. Environ. Prot.,
vol. 132, pp. 325-339, 2019, doi: 10.1016/j.psep.2019.10.021.

A. Bhusari, A. Goh, H. Ai, S. Sathanapally, M. Jalal, and R. A. Mentzer,
“Process safety incidents across 14 industries,” Process Saf. Prog., vol.
40, no. 1, pp. 1-9, 2021, doi: 10.1002/prs.12158.

A. Toniato, O. Schilter, and T. Laino, “The Role of Al in Driving the
Sustainability of the Chemical Industry,” Chimia (Aarau)., vol. 77, no. 3,
pp. 144-149, 2023, doi: 10.2533/chimia.2023.144.

J. A. Malik and S. Marathe, Ecological and Health Effects of Building
Materials, no. September. 2021.

P. K. Singh, P. S. Pollution, N. S. Pollution, G. Gases, G. Effect, and O.
L. Depletion, “Principles and Applications of Environmental
Biotechnology for a Sustainable Future,” Princ. Appl. Environ.
Biotechnol. a Sustain. Futur., 2017, doi: 10.1007/978-981-10-1866-4.

S. Belayutham, V. A. Gonzélez, and T. W. Yiu, “A cleaner production-
pollution prevention-based framework for construction site induced
water pollution,” J. Clean. Prod., vol. 135, pp. 1363-1378, 2016, doi:
10.1016/j.jclepro.2016.07.003.

J. A. Silva, “Wastewater Treatment and Reuse for Sustainable Water
Resources Management: A Systematic Literature Review,” Sustain., vol.
15, no. 14, 2023, doi: 10.3390/su151410940.

A. Di Vaio, S. Hasan, R. Palladino, and R. Hassan, “The transition
towards circular economy and waste within accounting and
accountability models: a systematic literature review and conceptual
framework,” Environ. Dev. Sustain., vol. 25, no. 1, pp. 734-810, 2023,
doi: 10.1007/s10668-021-02078-5.

Z. Ni, H. K. Chan, and Z. Tan, “Systematic literature review of reverse
logistics for e-waste: overview, analysis, and future research agenda,”
Int. J. Logist. Res. Appl., 2021, doi: 10.1080/13675567.2021.1993159.

X. Chen, L. Xu, Z. Ren, F. Jia, and Y. Yu, “Sustainable supply chain
management in the leather industry: a systematic literature review,” Int.
J. Logist. Res. Appl, vol. 0, no. 0, pp. 1-41, 2022, doi:
10.1080/13675567.2022.2104233.

G. Karunasena et al., “Liquid waste management in the construction
sector: a systematic literature review,” Int. J. Constr. Manag., vol. 0, no.
0, pp. 1-11, 2023, doi: 10.1080/15623599.2023.2211416.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

O. Vieira, R. S. Ribeiro, J. L. Diaz de Tuesta, H. T. Gomes, and A. M. T.
Silva, “A systematic literature review on the conversion of plastic wastes
into valuable 2D graphene-based materials,” Chem. Eng. J., vol. 428,
2022, doi: 10.1016/j.cej.2021.131399.

J. Higgins and S. Green, Cochrane Handbook for Systematic Reviews of
Interventions. San Francisco: Wiley-BlackWell, 2008.

E. Stovold, D. Beecher, R. Foxlee, and A. Noel-Storr, “Study flow
diagrams in Cochrane systematic review updates: An adapted PRISMA
flow diagram,” Syst. Rev., vol. 3, no. 1, pp. 1-5, 2014, doi:
10.1186/2046-4053-3-54.

M. Nikravan, R. Firdous, and D. Stephan, “Life cycle assessment of
alkali-activated materials: a systematic literature review,” Low-carbon
Mater. Green Constr., vol. 1, no. 1, pp. 1-24, 2023, doi: 10.1007/s44242-
023-00014-6.

S. F. Clarke, W. Nawaz, C. Skelhorn, and A. Amato, “Towards a more
sustainable waste management in Qatar: Retrofitting mindsets and
changing behaviours,” QScience Connect, vol. 2017, no. 1, 2017, doi:
10.5339/connect.2017.qgbc.4.

J. Yang, C. Jiang, J. Yang, C. Qian, D. Fang, and P. Taylor, “A clean
procedure for the synthesis of 1 , 4- dihydropyridines via Hantzsch
reaction in water,” Green Chem. Lett. Rev., vol. 8253, 2013, doi:
10.1080/17518253.2013.781686.

E. Abdul et al., “Green methodologies in organic synthesis: recent
developments in our laboratories,” Green Chem. Lett. Rev., vol. 8253,
2013, doi: 10.1080/17518253.2012.740078.

S. Aerry, A. Kumar, A. Saxena, A. De, and S. Mozumdar,
“Chemoselective acetylation of amines and thiols using monodispersed
Ni-nanoparticles,” Green Chem. Lett. Rev., vol. 8253, 2013, doi:
10.1080/17518253.2012.737029.

X. Yin et al., “High-performance visible-light active Sr-doped porous
LaFeO 3 semiconductor prepared via sol — gel method,” Green Chem.
Lett. Rev., 2022, doi: 10.1080/17518253.2022.2112093.

A. Chaskar, V. Padalkar, K. Phatangare, and S. Takale, “An efficient and
practical synthesis of 1- silica-supported sodium hydrogen sulfate as a
heterogeneous catalyst,” Green Chem. Lett. Rev., vol. 8253, 2013, doi:
10.1080/17518253.2012.739209. Trans. Roy. Soc. London, vol. A247,
pp. 529-551, April 1955. (references)

B. S. Reddy, A. Naidu, and P. K. Dubey, “PEG-600-Mediated, Green
and Efficient, Tandem Syntheses of N-subtituted-2-styrylquinazolin-4-
ones,” Green Chem. Lett. Rev.,, vol. 8253, 2013, doi:
10.1080/17518253.2012.742142.

R. A. Hameed et al., “Green synthesis of zinc sulfide nanoparticles-
organic heterocyclic polyol system as eco-friendly anti corrosion and
anti-bacterial corrosion inhibitor for steel in acidic environment,” Green
Chem. Lett. Rev., 2022, doi: 10.1080/17518253.2022.2141585.

171



	I. INTRODUCTION
	II. METHOD
	III. RESULTS AND DISCUSSION
	IV. CONCLUSIONS
	REFERENCES


