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ABSTRACT

Wood is a precious natural resource used in many human activities, including construction and furnishing

of building interiors. However, wood decomposes due to a variety of wood decay fungi species, including

brown rot, white rot or soft rot fungi, inorganic elements, moisture, and weathering. Therefore, a variety of

wood preservation techniques have been developed to lengthen the service life of wood, lowering replacement

costs, and enabling wood to be used more efectively in numerous applications. A bibliometric analysis

of 4153 Scopus papers on wood preservatives, including biocide use of wood vinegar and oil palm wood

vinegar, was conducted. The data was visualised using VOSviewer, analysed using Harzing’s Publish or

Perish, and evaluated inMicrosoft Excel for frequency of occurrences. This paper analysed wood preservative

research and development over time by categorising papers by title, country of origin, publishing institution,

and publication citation patterns. This review highlighted the most important research participants and

suggested that wood preservatives are extensively used and have had a signicant impact on the number o

articles published in regions such as Europe and Asia. These ndings extend to emerging patterns and issues

in terms of publication frequency, journal impact factor, collaborative patterns, and research components,

which supplement the scarce global wood preservative trends literature.
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INTRODUCTION

Wood is a signicant biomaterial due to its durability
and versatility (Pędzik et al., 2021). Its exibility has
resulted in its widespread use in elds as diverse
as architecture, interior design, transportation, and
decoration. Its adaptability has led to its extensive
use in a wide variety o structural, architectural,
aesthetic, and decorative applications, as well as
in automobiles and ships (Lazim et al., 2020). This
has led to a rise in demand or its consumption,
which is largely attributable to the increase in global
population, despite resulting in a corresponding
decline in orest-covered regions around the world
(Chen et al., 2020).

According to the wood products global market
report, 2022 orecasts, the value o the global wood
products market will increase rom USD696.78

billion in 2022 to USD748.01 billion in 2023, at a
compound annual growth rate (CAGR) o 7.4%.
In addition, the Russia-Ukraine war aected the
chances o the global economy recovering rom
the COVID-19 pandemic. The war between these
two nations has resulted in economic sanctions
on multiple nations, a spike in commodity prices,
and supply chain disruptions, resulting in ination
across goods and services and aecting many
global markets. Despite that, the wood products
market is projected to reach USD964.41 billion by
2027 at a CAGR o 6.6% (Wood Products Global
Market Report, 2022).

In contrast to plastics, wood has signicant
limitations such as dimensional instability and lack
o durability due to high carbohydrate content in
parenchymal cells (Mohamad Amini et al., 2019;
Zhang et al., 2018). Furthermore, sincewood contains
cell walls, porous and hygroscopic by nature, it is
extremely vulnerable to biological degradation by
termites, ungi, and insects (Sun et al., 2022; Yan et al.,
2021). As a result, there will be economic losses and
negative eects on the environment. Biodegradable
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wood, an engineered wood product manuactured
rom natural wood bres and biodegradable resins
has a low carbon ootprint and is recyclable besides
its biodegradability properties (Cai et al., 2020).
Wood-plastic composites (WPCs) are a greener
option to traditional wood products like lumber
and plywood, which have a negative eect on
the environment and contribute to deorestation
(Lee et al., 2020). One o the main advantages o
biodegradable wood in the urniture industry is
its longevity. Due to its strength and resistance to
deterioration, it is an ideal urniture as it will not be
damaged by moisture, ungus, or insects (Pour et al.,
2021).

The cell wall components owood are composed
o hemicelluloses, cellulose, and lignin. Meanwhile,
parenchyma cells serve primarily as storage
organelles or macromolecules like starch, pectin,
simple sugars, atty acids, and proteins. They are
responsible or the structural qualities o wood, but
microorganisms, particularly ungi and bacteria,
can rapidly degrade them (Martín and López, 2023).
Under certain environmental circumstances, such as
moisture content above 20%, oxygen availability, and
a temperature range o 15°C - 45°C, wood becomes
susceptible to ungal inestation (Broda, 2020).
Traditionally, wood-decay ungi have been classied
into threemaingroups;white-rot,brown-rotandsot-
rot ungi. The white-rot basidiomycetes are capable
o breaking down the cell wall (polysaccharides and
lignin). It can either degrade all wood components
at once or specialise in degrading either lignin or
polysaccharides. One o the most harmul types
o wood-decay is caused by the brown-rot ungi,
which is also a basidiomycete, the second category
o wood-decaying organisms that can metabolise
cell wall polysaccharides. Additionally, the third
category o wood-rotting ungi consists o the
ascomycete sot-rot ungi, which can degrade both
cell wall polysaccharides and lignin (Nadali et al.,
2021). Thereore, it is necessary to lessen wood’s
hygroscopicity, enhance its dimensional stability
and avoid attacks rom biological organisms that
cause decay by using wood preservatives.

Wood preservatives are chemical substances
used in various wood preservation treatments to
protect wood rom insects and ungi. The dierent
types o preservatives, such as oil-borne, water-
borne, and organic solvent-borne preservatives,
can be identied by the solvents in which they
are dissolved. Dierent characteristics and
chemical properties distinguish each preservative
(Teng et al., 2018). Oil-borne preservatives, which
include pentachlorophenol (PCP) and creosote,
are generally reerred to as heavy-duty organic
preservatives. These preservatives can withstand
high temperatures and chemicals without breaking
down, and they are also resistant to leaching
since they are insoluble in water (Khademibami

and Bobadilha, 2022). However, these oil-based
preservatives make the treated wood appear dark
brown and produce a strong odour. They typically
cause harm to both people and the environment.
Thus, oil-borne preservatives are oten only used in
outdoor applications, such as poles and train lines
where there is no risk to human contact and limited
eects on the environment (Ahmed et al., 2020).

Typically, water-borne preservatives are among
the least expensive options available to consumers,
and this may be their greatest advantage.
Nevertheless, their biggest drawback is that they
requently cause the treated wood to swell i it is
already porous, as the water in the preservatives
is absorbed into the wood. Many water-based
preservatives, such as chromated copper arsenate
(CCA), alkaline copper quaternary, and copper
azole, have copper or a copper-based molecule as
their primary active ingredient (Liu et al., 2021). The
primary chemical compound used in producing
a water-borne preservative is CCA. However,
many o them have been restricted rom use due
to environmental and health concerns due to the
presence o arsenic in CCA, which is toxic to aquatic
lie and can cause cancer inhumansdue to their being
easily absorbed by the human body (Lin et al., 2009),
necessitating the development o substitute wood
protection agents and techniques based on non-
toxic natural products. Despite their eectiveness
as ungicides, it was recently discovered that these
chemical compounds are carcinogenic and contain
immunotoxins that can cause skin cancer (Smith and
Consulting, 2020).

Despite their useulness in extending the lie
o wood products, wood preservatives can have
various environmental impacts. Certain wood
preservatives can leach into the soil and water,
causing contamination. Both aquatic and terrestrial
ecosystems may be harmed by this contamination
(Chang et al., 2015). Wood preservatives can
potentially seep into groundwater, thereby having
a harmul eect on both human health and aquatic
lie. They may also be introduced into nearby
streams, rivers, and other water bodies, which can
be toxic to aquatic lie, harming sh, insects, and
other organisms in the ecosystem (Engwall et al.,
1999). In addition, airborne particles and volatile
organic compounds (VOCs) may be generated while
applying wood preservatives, which could have an
impact on air quality, have implications or human
health and may contribute to smog ormation
(Bahmani and Schmidt, 2018).

A study was conducted by Lebow et al. (2002)
to determine the CCA, ammoniacal copper zinc
arsenate (ACZA), ammoniacal copper quat (ACQ-B),
and copper dimethyldithiocarbamate (CDDC)
treated wood leaching into surrounding water and
soil, as well as their eects to the environment.
Based on their study, the soil and sediments in the
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wetland areas were contaminated by these our
dierent types o treated wood. In general, higher
concentrations were ound in soil due to the greater
mobility o these leached components compared to
sediments. Meanwhile, the levels o preservative
components ound in sediments did not appear to
have any negative eects on the number or variety
o aquatic invertebrates. Furthermore, in Brazil,
traditional treatments based on CCAand chromated
copper borate (CCB) are the most utilised. Even
though this type o treatment causes undesirable
wood colour changes, and presents risks to the
environment and human health, they have a
signicantly better perormance rom wood treated
with alternative copper-based preservatives than
that o CCA-treated wood (Hingston et al., 2001).

Despite itspurpose inpreservingwoodproducts,
the usage owoodpreservatives raises various saety
concerns. Many wood preservatives contain toxic
chemicals, such as arsenic, creosote, PCP, and CCA
(Bayatkashkoli et al., 2017). Workers involved in the
manuacturing, application, or disposal o treated
wood may be exposed to these toxic chemicals, and
prolonged or high-level exposure can lead to serious
health issues. Additionally, wood preservatives
can cause skin and eye irritation when they come
in contact. Skin contact with these substances over
time may cause dermatitis and other skin problems.
Redness, discomort, and even permanent damage
to the eyes can happen rom accidental eye contact
(Broda, 2020).

Furthermore, breathing in dust and VOCs
while applying wood preservatives can irritate the
respiratory system and cause breathing problems.
This could lead to mild respiratory symptoms
like coughing or more serious cases like wheezing
(Aguayo et al., 2022). Chemicals used as wood
preservatives can be toxic and, in extreme situations,
causepoisoning i consumedor inhaled. It is essential
to ollow saety protocols and use appropriate
protective gear and ventilation to reduce the risk
o exposure (Jin et al., 2020). Besides, they must
educate and remain up-to-date on pertinent rules
and guidelines to maintain regulatory compliance
and reduce saety risks. They must also adhere to
disposal regulations and utilise approved disposal
methods or treated wood products (Adhikari and
Ozarska, 2018).Moreover, there are health and saety
concerns associated with the nal disposal o treated
wood products. Improper disposal techniques
or the treated wood may lead to groundwater
contamination while burning it will emit dangerous
chemicals into the atmosphere. Thereore, to reduce
these risks, proper disposal procedures are required.
Rules and regulations aimed at saeguarding the
environment and public health may apply to the
use o specic wood preservatives (Meena, 2022).
To address these saety concerns, the use o proper
personal protective equipment (PPE) is crucial

when handling wood preservatives (Bernard Eah,
2015).

Future directions in wood preservatives will
likely be aected by environmental concerns,
regulatory changes, and technological advances
(Freeman et al., 2003). To increase the efciency
o wood preservatives, nanoscale additives and
coatings are being developed. These advances
in technology can improve the eectiveness o
wood preservatives, making them more resistant
to decay and insect inestations (Pařil et al., 2017).
Alternative wood preservation techniques like
heat treatment, acetylation, and ururylation
are all being investigated by researchers. These
treatments modiy the wood’s properties to make it
naturally resistant to decay and insects. By altering
its natural characteristics, these treatments provide
resistance against insects and rot (Sandberg et al.,
2017). This will encourage the industry to develop
and implement more environmentally riendly
solutions. Technological advancements in testing
methodologies will enable manuacturers to better
analyse the durability o treated wood, resulting
in the development o more eective preservation
systems. The trend o procuring wood in a
sustainable and accountable manner will continue
to increase. This includes encouraging the use o
recycledwoodandutilising only certiedwood rom
sustainably managed orests. As consumers become
more aware o the impact o their decisions on the
environment, there will be a greater emphasis on
educating the public about the advantages o using
preserved wood and the proper disposal o treated
wood products. These trends reect ongoing eorts
to maintain a balance between the preservation
o wood products and environmental and saety
concerns. It is crucial or the wood preservation
industry to adapt and innovate in response to these
changing trends.

Various eorts, including the use o
alternative, eco-riendly wood preservatives,
improved application and disposal techniques,
and the establishment o treated wood recycling
programmes, can be implemented to minimise
these environmental impacts (Cai et al., 2020). To
eliminate the use o toxic metallic preservatives,
organic solvent-borne preservatives like triazoles
and pyrethroids have been developed. These
types o preservatives are non-volatile, odourless,
non-toxic, and hypoallergenic; thus, they are
utilised or indoor applications (Petrič et al., 2000).
Combining antioxidants and metal chelators
with organic solvent-borne preservatives can
increase the efcacy and water dispensability o
the biocides. However, the relatively high price
o organic solvents and emulsiers restricts their
use, so the majority o relevant industrial acilities
continue to support water-based ormulations
(Broda, 2020).
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Currently, a wide range o techniques are
being researched in depth or eco-riendly wood
protection that are naturally ormed, such as
wood extractives, plant extracts, or biomass
(Teacă et al., 2019). Since wood-degrading ungi
can only grow in the presence o water, it is best
to prevent their growth by keeping the wood dry
with hydrophobic materials like plant oils and
natural resins (Calegari et al., 2017). Wood can be
preserved in another way by embedding organic
substances with biocidal properties into its
structure. The more cutting-edge approach uses
biological control agents, which are microscopic
organisms such as other ungi and bacteria that
compete with wood-decaying ungi (Barbero-
lópez et al., 2021).

Additionally, wood vinegar (WV) is a liquid
by-product o biomass pyrolysis used to produce
biouels and biochar through the downstream
processes o condensation and gas/vapour
separation. WV typically consists o over 80%
water and a wide variety o organic compounds,
including acids, phenols, and alcohols. Its organic
components have been ound to aect microbial
activities, making it useul as an antibacterial
agent, pesticide, and antioxidant (Zhang et al.,
2019). For instance, Desvita et al. (2022) aimed to
determine the antimicrobial activity o cocoa pod
shell-derived WV. WV was ound to be eective in
preventing the spread o two potentially harmul
microorganisms, Candida albicans and Aspergillus
niger. The diameter o the microbial growth
inhibition zone increased with WV concentration,
suggesting that WV made rom cocoa pod shells
has antimicrobial characteristics. Jung et al. (2016)
investigated the ungal inhibitory eect o wood
blocks with WV. According to the ndings, a
concentration o 0.30 g/mL o WV protected the
wood against white rot and brown rot ungi.
Since WV inhibited the growth and spread o
mycelia, it preserved the wood rom deterioration
by preventing cell wall erosion and thinning.
Furthermore, the degree o weight loss reected
how eectively the body repelled the ungal
inection.

Oil palm WV, produced by carbonising oil
palm lignocellulosic materials (e.g., oil palm trunk
and oil palm kernel shell), primarily comprises
phenolic and acetic acid compounds that exhibit
signicant antiungal properties (Arifn et al.,
2017). For years, special attention has been given
to this biomass pyrolysis product to increase
the economic viability while contributing to
the reduction o the environmental pollution
arising rom oil palm lignocellulosic by-product
accumulation and open eld burning (Oramahi et
al., 2019). Lee et al. (2022) proved that WV which
is also known as pyroligneous acid could be used
as a wood preservative or the renewable timber

species that are currently in demand despite their
lower durability against biodegradation. In the
study, rubberwood was protected rom decay
and mould when treated with 50% rubberwood
wood vinegar (RWWV) and 30% oil palm
trunk wood vinegar (OPTWV). Consequently,
OPTWV indicated better biological durability
compared to RWWV. Thereore, additional
research conrming the new role o WV as an
antibiological wood preservative will elevate
the green value and serviceability o one o the
woods.

Despite the increasingpopularityo sustainable
wood preservatives and a wide range o potential
uses, there is a signicant research gap in the
orm o insufcient systematic and quantitative
analyses. Thus, our primary objective is to
bridge this gap by conducting a comprehensive
bibliometric analysis, which will provide a
holistic view o the wood preservatives research
landscape. Bibliometric analysis is extensively
used since it permits precise measurement and
analysis o the papers indexed in an investigative
database (Donthu et al., 2021; Moral-muñoz et
al., 2020). Earlier, Li et al. (2022) conducted a
bibliometric review entitled “Wood decay ungi:
an analysis o worldwide research” by using the
Web o Science (WOS) Core Collection to perorm
a literature review. This study summarised the
current research landscape, highlighted leading
research centres, journals, authors, and academic
communities, and elucidated the most imperative
research questions search rom 1913 to 2020. This
review presented the current state o research,
identiedsignicant institutions, journals,authors,
and academic communities, and elucidated the
most relevant areas o current research. Since then,
research on wood preservatives has advanced
substantially, and it is essential to stay updated on
the most recent literary developments. This study
conducted a bibliometric analysis o published
wood preservatives research rom 1909 to 2024
to determine the breadth and depth o scholarly
work on wood preservatives. Additionally, three
undamental research questions were addressed.
First, how is the study o wood preservatives
evolving and progressing? Second, what are
the most prevalent research topics concerning
wood preservatives? Third, who and what
are the leading researchers and institutions
in terms o wood preservative publication
output?

In the next sections o this study, the research
methods, evolution, and distribution o published
studies per year, sources, document categories,
and document languages were detailed. Keyword
requency and co-occurrences, among the most
prominent subjects o interest to scholars, were
also emphasised.
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MATERIALS ANDMETHODS

In this work, the assessment o wood preservatives
in wood deterioration research was the centre o
the research complement with WV and oil palm
WV as the applicable wood preservatives. These
bibliometric study materials were analysed using
the Scopus database (Muhuri et al., 2019). There
was more than 27 100 active titles in Scopus, 7000
publishers, 84 million documents, 17.6 million
author proles, 249 000 books, 80 000 institutional
proles, and 1.8 billion citations. This database was
chosen because o its comprehensive coverage o
scientic research around the world and its status
as one o the most important data repositories in
the eld (Mansour et al., 2022). Scopus is thereore
recommended as a good database or extracting
content relating to the topic o this study.

Keywords were used to identiy the relevant
documents. ‘Wood preservatives’, ‘wood vinegar’
and ‘oil palm wood vinegar’ were used as keywords
to locate article titles and abstracts in the Scopus
database. This search was conducted on 17th

March 2023, using specied documents published
rom 1909 until 2024. A total o 4162 new papers
appeared as a result. Ater the documents were

urther screened, and 9 types o erratum documents
were omitted, the nal number o Scopus-retrieved
documents was down to 4153. In addition, the
standard protocol o the Preerred Reporting
Items or Systematic Reviews and Meta-analyses
(PRISMA) statement was applied to the review o
articles, as depicted in a owchart (Figure 1). Thus,
this paper gained conormance by adhering to the
PRISMA protocol’s detailed procedures (Maier,
2021).

The number o publications indexed by the
repository was determined and analysed through
bibliometric analysis or this study (Moral-muñoz et
al., 2020). This analysis, which is based on statistical
data, is used in archives and records to identiy
publication trends within a particular eld or body
o literature (Eck and Waltman, 2010). To provide
comprehensive answers to the research questions, a
number o methods were used to collect data. The
requency and percentage o each publication were
calculated using Microsot Excel 2019 along with
the necessary graphs and charts. The bibliometric
linkages and visualisation were generated using
VOSviewer (version 1.6.18), and the citation metrics
were calculated using Harzing’s Publish and Perish
sotware version 8.6.4198.8332.

Figure 1. Schematic in accordance with the PRISMA declaration.
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RESULTS AND DISCUSSION

The Advancement and Development of Wood
Preservatives Research

To respond to the rst research question (How
the study o wood preservatives is developing and
moving orward?), the ollowing discussions were
included: (a) annual number o published studies;
(b) sources and document types; (c) source titles;
and (d) document languages.

Annual number o published studies.
Detailed statistics on annual publications o wood
preservatives (rom 1909 to 2024), wood vinegar
(rom 1993 to 2023) and oil palm wood vinegar
(rom 2017 to 2023) research are shown in Figure 2.
The highest number o publications was received
or 2020 (161, wood preservatives), 2022 (60, wood
vinegar) and 2023 (3, oil palm wood vinegar).
Less than 100 papers on wood preservatives were
documented in the Scopus database or papers
published between 1929 and 2004, while all papers
on wood vinegar and oil palm wood vinegar were
less than 100. The number o publications varied
rom 2005 to 2022, due to the increased interest
in wood preservatives. This analysis was done
immediately at the end oMarch 2023, even though
therewere only 30 articles up to that time o the year.
The total quantity o documents or the year had
yet to be disclosed. The Scopus database also noted
that a journal had publications arranged up to 2024
and the number o documents released in prior
years 1909-1971 was less than 20. Total publications
were rising, although with a uctuating tendency.
The annual total document revealed the language
o documents published in wood preservative
publications, the types o documents, the most

popular source titles, and the sources or wood
preservative research.

Sources and document types. The document
types were dierentiated into 12 dierent categories
(Table 1).More thanhalo thepublications romthose
three titles (wood preservative, wood vinegar and
oil palm wood vinegar) were categorised as articles,
accounting or 2943, 378 and 5 (79.18%, 88.11% and
55.56%), conerence papers 374, 35 and 3 (10.06%,
8.16% and 33.33%), and review accounting 206, 8 and
0 (5.54%, 1.86% and 0). Other orms o publications,
such as book chapters, notes, books, short surveys,
letters, conerence reviews, and reports made up less
than 5% o the total publications. The least requent
document type, accounting or 1 document, was
note and conerence review or the wood vinegar
title.

Sources Titles

Research papers were classied into seven
primary source types, with journal documents
comprised o 3043, 383, and six documents (81.87%,
89.28% and 66.67%) being the largest source type,
while conerence proceedings with 237, 27 and
3 documents, respectively (6.38%, 6.29% and
33.33%) coming in second. Trade journals, which
accounted or 5.38% and 0.70% (200 and 3 papers)
o all publications, also contributed signicantly
(Table 2). Papers that made up less than 5.00% o
total publications were books (n=115 and 3, 3.09%
and 0.70%), book series (n=109 and 12, 2.93% and
2.80%), reports (n=11, 0.30%), and undened (n=2
and 1.0, 0.05% and 0.23%). Once the document and
source types were established, the most requently
published language was analysed to determine its
prevalence.

Figure 2. Annual totals or publications.
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TABLE 1. TYPES OF DOCUMENTS

No. Types of documents Total publications (%)

1 2 3 1 2 3

1 Article 2943 378 5 79.18 88.11 55.56

2 Conerence paper 374 35 3 10.06 8.16 33.33

3 Review 206 8 0 5.54 1.86 0

4 Book chapter 108 3 0 2.91 0.7 0

5 Note 22 1 0 0.59 0.23 0

6 Book 14 0 0 0.38 0 0

7 Short survey 12 0 0 0.32 0 0

8 Letter 11 0 0 0.30 0 0

9 Conerence review 10 1 0 0.27 0.23 0

10 Report 9 0 0 0.24 0 0

11 Erratum 5 3 1 0.13 0.70 11.11

12 Editorial 3 14 0 0.08 0 0

Note: 1 - wood preservative; 2 - wood vinegar and 3 - oil palm wood vinegar.

TABLE 2. SOURCES TYPE

Sources type
Total publication (%)

1 2 3 1 2 3

Journal 3 043 383 6 81.87 89.28 66.67

Conerence proceeding 237 27 3 6.38 6.29 33.33

Trade journal 200 3 0 5.38 0.7 0.00

Book 115 3 0 3.09 0.7 0.00

Book series 109 12 0 2.93 2.8 0.00

Report 11 0 0 0.30 0.00 0.00

Undened 2 1 0 0.05 0.23 0.00

Note: 1 - wood preservative; 2 - wood vinegar and 3 - oil palm wood vinegar.

Languages of Documents

Wood preservatives, WV and oil palm WV
research papers were produced in a total o
25, six and single languages, respectively, with
English being the most prominent (82%-100%)
ollowed by Chinese (15.12%) and German (5.78%)
(Figure 3). The remainder o the materials
were translated into other languages namely
Portuguese, Japanese, Korean, Spanish, French,
Turkish, Polish, Russian, Finnish, Croatian, Dutch,
Italian, Danish, Estonian, Moldavian, Moldovan,
Persian, Romanian, Serbian, Slovak, Swedish, and
Ukrainian. Ater determining the current language
trends, the subject area was the nal identier o
the present trend.

Key Areas of Wood Preservative Research

The second research question was to identiy
the most prevalent themes in wood preservatives
research in terms o (a) major subject areas, and (b)
keyword requency.

Subject area. Documents were categorised according
to their subject area (Table 3) in which it was
ound that materials science accounted or more
than 37.07% (n = 1378) o the total papers, and
agricultural and biological Sciences accounted or
a considerable proportion (n = 1362; 36.64%) while
less than 30% o all publications were in the elds o
chemical engineering, chemistry, engineering, and
environmental science. Meanwhile, biochemistry,
computer science, earth and planetary sciences,
energy, immunology and microbiology, medicine,
pharmacology, toxicology and pharmaceutics,
physicsandastronomy,andsocial sciences, accounted
or less than 10% o total publications. Arts and
humanities, business, Management and accounting,
decision sciences, dentistry, economics, econometrics
and nance, health proessions, mathematics,
multidisciplinary, neuroscience, nursing, psychology,
and veterinary accounted or less than 1% o the
total publications. Ater ascertaining the trend and
inuence o publications in wood preservatives
research, the most requently used keywords in
wood preservatives studies were analysed.
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TABLE 3. SUBJECT AREA

Subject areas Total publications (%)

1 2 3 1 2 3

Agricultural and Biological Sciences 1 362 170 2 36.64 39.63 22.22

Arts and Humanities 23 0 0 0.62 0.00 0.00

Biochemistry, Genetics and Molecular Biology 195 49 1 5.25 11.42 11.11

Business, Management and Accounting 34 4 0 0.91 0.93 0.00

Chemical Engineering 401 0 0 10.79 0.00 0.00

Chemistry 506 54 0 13.61 12.59 0.00

Computer Science 37 9 0 1.00 2.10 0.00

Decision Sciences 1 0 0 0.03 0.00 0.00

Dentistry 2 0 0 0.05 0.00 0.00

Earth and Planetary Sciences 79 22 1 2.13 5.13 11.11

Economics, Econometrics and Finance 12 2 0 0.32 0.47 0.00

Energy 85 78 0 2.29 0.00 0.00

Engineering 767 62 1 20.63 0.00 11.11

Environmental Sciences 890 119 2 23.94 0.00 22.22

Health Proessions 7 2 0 0.19 0.47 0.00

Immunology and Microbiology 169 0 0 4.55 0.00 0.00

Materials Science 1 378 34 2 37.07 7.93 22.22

Mathematics 17 3 0 0.46 0.70 0.00

Medicine 306 22 0 8.23 5.13 0.00

Multidisciplinary 36 13 2 0.97 3.03 22.22

Neuroscience 6 1 0 0.16 0.232 0.00

Nursing 4 2 0 0.11 0.47 0.00

Pharmacology, Toxicology and Pharmaceutics 125 0 0 3.36 0.00 0.00

Physics and Astronomy 146 0 1 3.93 0.00 11.11

Psychology 1 0 0 0.03 0.00 0.00

Social Sciences 38 7 0 1.02 1.63 0.00

Veterinary 16 11 0 0.43 2.56 0.00

Undened 2 0 0 0.05 0.00 0.00

Note: 1- wood preservative; 2 - wood vinegar and 3 - oil palm wood vinegar.

Figure 3. Languages used for publications.
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Frequency of Keywords

The undamental concept o keyword analysis
is that the author’s keywords adequately reect
the article’s subject area (Donthu et al., 2021).
Table 4 summarises 20 o the most requently used
keywords in wood preservatives (WV) and oil palm
WV studies. The data urther revealed that wood
preservation was the keyword most associated with
wood preservatives (n = 1071; 28.81%) ollowed by
wood with 1005 o total publications (27.04%). Other
keywords that appeared more than 100 times were
wood preservatives, article, protective coatings,
copper, ungi, leaching, nonhuman, wood products,
human, wood protecting agent, decay (organic),
controlled study, timber, pentachlorophenol, priority
journal, preservative, arsenic, chromated copper
arsenate, chromium. Ater conducting a keywords
analysis, the analysis on the title wasmade to urther
understand the prevalent themes.

Meanwhile, orWV and oil palmWV, there were
the same keywords such as wood vinegar (257 and
5), acetic acid (163 and 2) and pyrolysis (100 and 2)
were ound in both search titles. This is speculated
due to limited research and countries involved in

oil palm wood vinegar production. Figure 4 is a
network visualisation o the most requently used
words and phrases. When two related keywords
appear in the same article, it suggests that the two
subjects are related (Nordin et al., 2022). To address
the second research question, the keyword and co-
occurrence analysis eatures o VOSviewer were
utilised. VOSviewer is a sotware application or
constructing and visualising bibliometric networks
and mapping each article’s assigned keywords. The
colour, circle size, ont size, and line thickness o
connecting lines signiy associations between other
terms (Eck and Waltman, 2010).

Keywords that are requently assigned the same
colour are requently clustered together. Based on the
authors’ keywords, 10 clusters including 323 items
in the wood preservatives research were generated.
The gure indicated that wood preservatives, PCP,
biodegradation PCDD, indoor air, biocide, pesticide,
and nanotechnology have similar colours, indicating
that these terms are closely related and requently
appear together. The primary keywords supplied in
the search query were wood preservatives, article,
protective coatings, copper, and ungi were among
the most oten occurring (> 10%) terms.

TABLE 4. TOP 20 KEYWORDS

No.
Keywords

Wood preservatives WV Oil palm WV

1 Wood preservation 1,071 Wood vinegar 257 Wood vinegar 5

2 Wood 1,005 Acetic acid 163 Palm oil 3

3 Wood preservatives 643 Wood 133 Acetic acid 2

4 Article 577 Wood Vinegars 102 Pyrolysis 2

5 Protective coatings 576 Pyrolysis 100 Pyrolysis temperature 2

6 Copper 475 Vinegar 78 Agriculture 1

7 Fungi 420 Article 61 Anti Termites 1

8 Leaching 311 Biomass 60 Anti-ungal activity 1

9 Nonhuman 262 Charcoal 53 Antiungal activity 1

10 Wood Products 262 Nonhuman 44 Antioxidant enzymes 1

11 Human 232 Biochar 43 Antitermite activity 1

12 Wood protecting agent 231 Phenols 37 Bioactive compounds 1

13 Decay (Organic) 222 Unclassied drug 37 Biolm 1

14 Controlled study 204 PH 36 Biological tests 1

15 Timber 201 Pyroligneous acid 35 Biostimulants 1

16 Pentachlorophenol 197 Controlled study 32 Carbendazim 1

17 Priority journal 197 Methanol 32 Central composite designs 1

18 Preservative 189 Carbonisation 28 Compost 1

19 Arsenic 188 Ketones 27 Coptotermes formosanus 1

20 Chromated copper arsenate 178 Animals 24 Drought stress 1
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Figure 4. Network visualisation map of author’s keywords.

Major Players and Research Collaborations

This section analysed the literature to answer
the third research question, which aimed to
assess international collaboration in the eld o
wood preservatives by looking at (a) publication
counts by country, (b) the most prolic research
institutions, (c) authorship patterns, and (d)
citation requencies.Publication by countries/
countries with the most contributions.
Figure 5 provides a summary o the publications
on wood preservatives or the top 20 countries.
There were 822 research publications in the USA
on the topic o wood preservatives, ollowed by
Germany (307), China (233), and Canada (218).
Less than 200 publications were scattered over
the globe, including Japan, the United Kingdom,
Australia, Turkey, Brazil, India, Sweden, Finland,
France, Poland, South Korea, Slovenia, New
Zealand, Spain, Indonesia, Italy, and Malaysia.
Evidently, wood preservatives are essential
across multiple continents, including North
America, Europe, Asia, Oceania, and South
America.

Although Canada ranked ourth in terms o
total publications, it is imperative to emphasise
that the country has higher total citations
(n = 5384) compared to Germany (n= 4069) and
China (n=2703) with higher total publications
(Figure 5). The number o publications in Asia,
including China, Japan, India, South Korea,
Indonesia, and Malaysia, was competitive, with
China in the lead.

Main Institutions

Analyses were conducted on the current status
o the leading wood preservatives research centres.
The top 20 most prolic institutions and their total
number o publications are shown in Table 5. USA
Forest Products Laboratory was ranked rst in terms
o publication volume, ollowed by Mississippi
State University and Oregon State University. The
top 10 institutes conducting wood preservatives
research included ve in the United States, two each
in Canada, New Zealand, and Germany, as well as
one each in Slovenia, Japan, Australia, Brazil, Hong
Kong, China, and Turkey.
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TABLE 5. MOST ACTIVE INSTITUTIONS

Institution TP % Country NCP TC C/P C/CP H g

USDAForest Products Laboratory 172 4.63 US 158 2 962 17.22 18.75 30 48

Mississippi State University 86 2.31 US 8 56 0.65 7.00 5 7

Oregon State University 85 2.29 US 9 80 0.94 8.89 6 8

USDA Forest Service 75 2.02 US 9 59 0.79 6.56 4 7

Univerza v Ljubljani 63 1.69 Slovenia 59 788 12.51 13.36 17 24

United States Department o
Agriculture

50 1.35 US 44 767 15.34 17.43 15 26

Kyoto University 44 1.18 Japan 41 835 18.98 20.37 18 27

Commonwealth Scientic and
Industrial Research Organization

44 1.18 Australia 42 442 10.05 10.52 12 19

The University o British Columbia 41 1.10 Canada 40 900 21.95 22.50 17 29

University o Toronto 41 1.10 Canada 39 465 11.34 11.92 13 18

SCION 38 1.02 New Zealand 31 321 8.45 10.35 10 17

Bundesorschungsanstalt ur
Forst Und Holzwirtschat

37 1.00 Germany 29 342 9.24 11.79 11 17

Federal Institute or Materials
Research and Testing Berlin

37 1.00 Germany 31 286 7.73 9.23 8 15

Universidade de São Paulo 35 0.94 Brazil 28 240 6.86 8.57 8 14

University o Florida 34 0.91 Hong Kong 31 977 28.74 31.52 19 31

College o Forest Resources 34 0.91 New Zealand 31 543 15.97 17.52 12 22

Northeast Forestry University 33 0.89 China 24 192 5.82 8.00 9 12

Michigan State University 32 0.86 US 30 491 15.34 16.37 13 21

Sveriges lantbruksuniversitet 30 0.81 Sweden 30 658 21.93 21.93 15 25

Karadeniz Technical University 28 0.75 Turkey 26 824 29.43 31.69 17 26

Michigan Technological University 27 0.73 US 23 600 22.22 26.09 11 23

Figure 5. Total publications and total citations based on geographical location.
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TABLE 5. MOST ACTIVE INSTITUTIONS (continued)

Institution TP % Country NCP TC C/P C/CP h g

USDA orest products laboratory 172 4.63 US 158 2962 17.22 18.75 30 48

Mississippi state university 86 2.31 US 8 56 0.65 7.00 5 7

Oregon state university 85 2.29 US 9 80 0.94 8.89 6 8

USDA orest service 75 2.02 US 9 59 0.79 6.56 4 7

Univerza v ljubljani 63 1.69 Slovenia 59 788 12.51 13.36 17 24

United states department o
agriculture

50 1.35 US 44 767 15.34 17.43 15 26

Kyoto University 44 1.18 Japan 41 835 18.98 20.37 18 27

Commonwealth Scientic and
Industrial Research Organization

44 1.18 Australia 42 442 10.05 10.52 12 19

The University o British Columbia 41 1.10 Canada 40 900 21.95 22.50 17 29

University o Toronto 41 1.10 Canada 39 465 11.34 11.92 13 18

SCION 38 1.02 New Zealand 31 321 8.45 10.35 10 17

Bundesorschungsanstalt ur
Forst Und Holzwirtschat

37 1.00 Germany 29 342 9.24 11.79 11 17

Federal Institute or Materials
Research and Testing Berlin

37 1.00 Germany 31 286 7.73 9.23 8 15

Universidade de São Paulo 35 0.94 Brazil 28 240 6.86 8.57 8 14

University o Florida 34 0.91 Hong Kong 31 977 28.74 31.52 19 31

College o Forest Resources 34 0.91 New Zealand 31 543 15.97 17.52 12 22

Northeast Forestry University 33 0.89 China 24 192 5.82 8.00 9 12

Michigan State University 32 0.86 US 30 491 15.34 16.37 13 21

Sveriges lantbruksuniversitet 30 0.81 Sweden 30 658 21.93 21.93 15 25

Karadeniz Technical University 28 0.75 Turkey 26 824 29.43 31.69 17 26

Michigan Technological University 27 0.73 US 23 600 22.22 26.09 11 23

Note: TP - total number o publications; NCP - number o cited publications; TC - total citations; C/P - average citations per
publication;C/CP - average citations per cited publication; h - h-index; g - g-index.

Authorship Analysis

In addition to analysing the current state o
collaboration, this section also elucidated the
most productive authors writing about wood
preservatives. Twenty one o the prominent authors
with at least 18 publications in the area o wood
processing were Morrell, J J; Humar, M; Nicholas,
D D; Cooper, P A; Zelinka, S L; Kartal, S N; Anon
Schultz, TP; Pizzi, A; Imamura, Y; Pohleven, F;
Ruddick, J N R; Barnes, H M; Militz, H; Kamdem, D
P; Schwarze, F W M R.; Gjovik, L R; Lesar, B; Paes,
J B; Clausen, C A and Tascioglu, C (Table 6). Six o
the authors were rom the United States, indicating
that the country produced productive authors in
the eld o wood preservatives research. In terms
o the number o total citations, Pizzi, A was rated
rst with 1039 citations ollowed by Clausen, C A
(774) and Nicholas, D D (733). There was a total o

154 authors contributing more than 3719 articles on
wood preservative.

The current study employed VOSviewer or
co-author analysis to urther examine the authors’
collaboration (Figure 6). The study was based
on the act that signicant numbers o authors
were cited at least once in a single article about
wood preservatives and were calculated using the
ractional countingmethod. Specic qualities such as
colour, circle size, text size, and thickness enhanced
the writers’ relationship. Associated authors were
listed sequentially, as shown by the same colour. For
example, the gure suggested that Nicholas, D D;
Schultz, T P; Barnes, H M and Zelinka, S L; Xue, W;
Kennepohl, P and Ruddick worked closely together.
In addition, Nicholas, D D; Schultz, T P; Barnes,
H M appeared to have had an equivalent strong
collaboration with colleagues rom other regions in
the world, including Canada and Slovenia.
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Figure 7 depicts the network visualisationmap o
the associated nation o the authors. Only countries
with multiple articles cited were considered. The
data suggested that the United States played a
crucial role in international collaboration with tight
connections to China, Japan and Germany; whereas
Uruguay had links with Turkey, France and Japan.
Next, the third research question emphasised the
topic o citation.

Citation Analysis

Table 7 gives an overview o reerences to
research on wood preservatives rom the Scopus
database. A total o 5389 citations were recorded
or 3717 publications published during 115 years
(1909-2024), which equates to an average o 485.87
citations per year.

TABLE 7. WOOD PRESERVATIVES RESEARCH CITATIONS
METRICS

Metric

Total papers 3 717

Total citations 55 389

Number o years 115

Citations per year 485.87

Citations per paper 14.9

Authors per paper 3.29

h-index 84

g-index 142

Table 8 presents an overview o the 10 most
oten cited research articles on the subject o wood
preservatives, ranked by the number o times each
documentwas cited. “WoodModication: Chemical,
Thermal and Other Processes” by C.A.S. Hill was
the most cited publication with 1361 citations (Hill,
2006). The second and thirdpublications,whichwere
both released in 2011 and 2005, were research articles
entitled “Plant growth promoting rhizobacteria
and endophytes accelerate phytoremediation o
metallierous soils,” written by Ma et al. (2011) and
totalling 776 citations while Holley and Patel (2005)
articles entitled “Improvement o shel-lie and
saety o perishable oods by plant essential oils and
smoke antimicrobials”.

Sources Titles

Additionally, studies on wood preservatives
have been published in a number o journals,
conerences, and books. Table 9 indicates that the
most active source title was considered based on
the total number o articles published under each
source title. “Forest Products Journal” had themost
signicant (242) ollowed by “Holzorschung”
(193). Although “International Biodeterioration
and Biodegradation” had ewer total publications
(n = 80), it proved to be one o the leaders in
total citations (n = 2057). Other top sources
titles included Holz Als Roh Und Werksto,
Bioresources, International Biodeterioration and
Biodegradation, Wood Science and Technology,
Chemosphere, Holz Als Roh Und Werksto
European Journal o Wood and Wood Industries,
Wood and Fiber Science, European Journal o
Wood and Wood Products.

TABLE 8. MOST CITED PUBLICATIONS

No. Authors Title Year TC C/Y

1 Hill, C A S (Hill, 2006) Wood modication: Chemical, thermal, and other
processes

2006 1 362 80.12

2. Ma, Y; Prasad, M N V; Rajkumar, M; Freitas,
H (Ma et al., 2011)

Plant growth promoting rhizobacteria and
endophytes accelerate phytoremediation o
metallierous soils.

2011 776 64.67

3 Holley, R A; Patel, D (Holley and Patel, 2005) Improvement o shel-lie and saety o perishable
oods by plant essential oils and smoke antimicrobials

2005 761 42.28

Figure 7. Network visualisation map of the co-authors by country for wood preservatives research.
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TABLE 9. MOST ACTIVE SOURCE TITLES

Sources title TP TC

Forest Products Journal 242 2 610

Holzorschung 193 2 966

Holz Als Roh Und Werksto 104 749

Bioresources 84 1 043

International Biodeterioration and
Biodegradation

80 2 057

Wood Science and Technology 68 1 230

Chemosphere 54 1 491

Holz Als Roh Und Werksto European
Journal oWood and Wood Industries

47 171

Wood and Fiber Science 45 465

European Journal oWood andWood Products 44 515

Note: TP = total number o publications; TC = total citations.

Figure 8 depicts a visualisation o a term co-
occurrence network, based on the title and abstract
elds, with at least 15 items. The width o the node
shows the item’s weight, while the thickness o the
connecting line reects the item’s connection strength.
When words are displayed in the same colour, they
are more likely to appear together. Framework,
efcacy, competency, substance, perspective, policy,
and implementation, or instance,were tightly related
and regularly co-occur in the diagram, as were other
terms represented in red.

In recent years, there has been a prolieration
o research on wood preservatives, with WV
serving as one o the bio-wood preservatives,
across a wide range o disciplines. The research on
oil palm WV, on the other hand, has only recently
begun to emerge ater making its debut in 2017
with one paper and currently three papers in 2023.
The purpose o this paper was to integrate and

assess all current studies, to explain the identied
contradictions in the literature, and to provide
directions or capacity-related subjects. The data
indicated that research on the topic has increased in
the past 18 years. More papers published showed
that the research stream was not stagnant, as it
ollowed a route o evaluation and incorporated
new approaches.

Studies on WV and oil palm WV are currently
taking place not just in North America, China and
Indonesia but also in many other parts o the world
due to their special qualities, and they have been
translated into more than 20 dierent languages.
Thus, a 115- year bibliometric analysis o the
Scopus-indexed literature on wood preservatives
published rom 1909 to 17th March 2023 was
conducted.

The data collected in response to these inquiries
was analysed using several key rameworks.
In response to the rst research question, two
studies ound that in 1909, publications on wood
preservatives began, and by 1912, “A new wood
preservative” was published in Industrial and
Engineering Chemistry. For WV, the studies began
in 1949 with ‘On the Utilisation o Furural obtained
rom Cooking o Bamboo stalks withWood Vinegar’
published in Nihon Ringakkai Shi/Journal o the
Japanese Forestry Society and ‘On the pulp-making
process o bamboo by the wood vinegar and paper-
making tests o these pulps in The Journal o The
Japanese Forestry Society. The studies on oil palm
WV were only conducted in a ew nations which
included Indonesia, Malaysia, Ghana, Japan, and
Thailand, because these nations are the main
producers o palm oil. In addition, Japan has a
comprehensive plan or the utilisation o biomass or
energy production through its Biomass Nippon Plan
Policy, which was adopted in 2002 and encompasses
the use o palm kernel shells (PKS). Moreover, Japan
also has numerous research collaborations with
South East Asian countries (Pambudi et al., 2017).

TABLE 8. MOST CITED PUBLICATIONS (continued)

No. Authors Title Year TC C/Y

4 Pointing, S B (Pointing, 2001) Feasibility o bioremediation by white-rot ungi 2001 698 31.73

5 Baldrian, P (Baldrian, 2003) Interactions o heavy metals with white-rot ungi 2003 555 27.75

6 Sophia A., C., Lima, E C (Sophia A and
Lima, 2018)

Removal o emerging contaminants rom the
environment by adsorption

2018 512 102.4

7 Barceloux, D G; Barceloux, D (Barceloux and
Barceloux, 1999)

Chromium 1999 505 21.04

8 Wang, S; Mulligan, C N (Wang and
Mulligan, 2006)

Occurrence o arsenic contamination in Canada:
Sources, behaviour and distribution

2006 485 28.53

9 Seidler, A; Hellenbrand, W; Robra, B-P;
Vieregge, P; Nischan, P; Joerg, J; Oertel, W
H; Ulm, G; Schneider, E (Seidler et al., 1996)

Possible environmental, occupational, and other
etiologic actors or Parkinson’s disease: A case-
control study in Germany

1996 403 14.93

10 Hingston, J A; Collins, C D; Murphy, R J;
Lester, J N (Hingston et al., 2001)

Leaching o chromated copper arsenate wood
preservatives: A review

2001 293 13.32
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The rst article published in 2017 appeared in the
Indian Journal o Experimental Biology, entitled
‘Optimisation o pyroligneous acid production rom
palm kernel shell and its potential antibacterial and
antibiolm activities’.

From 1968 to 2018, the number o articles on
wood preservatives and WV has steadily increased.
The growth may be attributable to the publication
entitled “The chemical analysis o copper,
chromium, and arsenic preservative-treated wood”
which detailed the introduction o chemical controls
such as copper, chromium, and arsenic as wood
preservatives. This revealed that experts rom the
United States recognised wood preservatives early
on in their development. In contrast, the increasing
interest inWVcanbe tracedback toa studypublished
in 2018 entitled “Combining biochar, zeolite, and
wood vinegar or composting o pig manure: The
eect on greenhouse gas emission and nitrogen
conservation”. This study examined the impact o
varying concentrations o WV, mixed with biochar
and zeolite, on GHG emissions, nitrogen loss, and
compost maturity, which is increasingly important
as the need or sustainable development goals
(SDG). Despite the late start o research into oil palm
WV, an article entitled “Antiungal and antitermitic
activities o wood vinegar rom oil palm trunk”
(Oramahi et al., 2018) received the most citations in
2018 (46). This demonstrates that interest in oil palm
WV is encouraging given that eliminating biological
damage is one o the key objectives o the wood
protection industry and oil palm WV has benets as
a low-impact technology.

More than 60 papers were published in 1996,
probably because wood preservatives began to
attract signicant attention outside the United
States. It was rst available in European countries
such as Germany, Austria, Sweden, Finland, and the
United Kingdom. However, there was a signicant
decrease in overall citations between 2021 and
2022 (rom 1279 to 203). The decrease could be
attributed to the rise in publications that ocused
on environmentally riendly and sustainable wood
preservation methods. Compared to other orms o
literature, wood preservatives, WV and oil palmWV

were most requently discovered in journal articles.
Top-ranking journals rom prominent English-
language publishers, including Forest Products
Society, Springer Nature, North Carolina University,
Walter de Gruyter, and Elsevier, published the three
most popular source titles. All o these publishers
had a distinguished history and track record in
the publishing industry. The wood preservatives
documentations were likewise mostly written
in English, despite being also published in other
languages.

This article aimed to clariy the most oten
discussed wood preservatives topics among
academics. From the VOSviewer results, it is
possible to see the conclusions rom the analysis
o the keywords, titles, and abstracts. The most
common keywords used by researchers were “wood
preservation,” “wood,” “wood preservatives,”
“wood protection,” and “antiungal activity,”
which denoted the primary subject areas. These
terminologies were closely related to one another
in the eld o wood protectives, showing that they
served a vital purpose and might act as a solid
starting point or more investigations in this eld.
Wood preservation being the main keyword, is
consistent with other ndings in this study, such as
the most cited papers (Table 8) and the most active
source titles (Table 9). These publications were on
wood degradation, wood treated with chemicals
like zinc oxide, and the removal o pollutants such
as copper, chromium, and arsenic rom CCA treated
wood.

Chemicals assessment was, in act, the most
requently cited source in wood preservatives study.
This may help other researchers determine the
prevalent keyword in the wood preservatives study,
which corresponds to the signicance o this topic in
the wood preservatives domain. In response to the
third research question, an examination o countries,
institutions, authors, and citations suggested
that there was a reasonable amount o scientic
collaboration on wood preservatives research
worldwide. Although the wood preservatives
industry was established in the United States,
scientic papers have been widely spread in South

Figure 8. VOSviewer visualisation o a term co-occurrence network based on title and abstract elds.
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America, Europe, Oceania, and Asia. Consequently,
despite its beginnings in the United States, the
ramework has global applicability. This study
ound that most papers on wood preservatives
were published in the United States, indicating
that it was at the oreront o wood preservatives
research at the time. This may be because the United
States began research and publication on wood
preservatives in 1913. In addition, the majority were
in English, German, Chinese, Portuguese, Japanese,
Korean, Spanish, and French. Based on the variety o
languagesused and the situations inwhich theywere
employed, it was anticipated that the publication
rate would also increase. The reputations o the
three American institutions including among the
most active research institutions in the eld owood
preservatives were also indicated.

Wood treatment is the main ocus o wood
preservatives ater an extensive analysis o the
industry’s major players, including leading
researchers and institutions. Publications on wood
treatment generated a lot o attention and citations
rom other academics, and their impact has grown.
It is necessary to analyse research collaboration to
comprehendhowacademicswork together. This can
give insight into clustered research among authors
rom a given region, which can subsequently be
used to rationalise and stimulate new researchers
among authors rom deprived areas. This study
could determine the countries with the most active
research collaborations through co-authorship
analyses. These included the United States, India,
Australia, South Korea, Japan, and Indonesia.
However, collaboration in wood preservatives
research across Arica was limited.

CONCLUSION

Research on wood preservatives was analysed in
terms o its publication history, citation structure,
and central themes, and recommendations or
uture studies are provided. The increase in the
number o publications outside the United States,
such as in Europe, Oceania, and Asia, indicated
that researches on wood preservatives were widely
spread and had a substantial eect. A bibliometric
approach was used in this study to present the
data obtained rom the Scopus database, which
included quantity, quality, and structural map (i.e.,
the number o publications by year, document
types, languages, keyword analysis, most active
source titles, countries with the most contributions
towards wood preservatives research, most active
institutions, number o citations, and citation
metrics). It should be noted that the research was
restricted to the Scopus database and was based
on the desired keywords used in the titles o the
documents. Other signicant and comprehensive

databases that covered wood preservatives, such
as the Web o Science, Google Scholar, and EBSCO
Hosts, were not taken into account in this study.
Thus, the overall results o the wood preservatives
publishing patterns could be limited. In the uture,
researchers may use a variety o databases to
search, sit through, and compare search results
using a variety o keyword terms to determine how
research on wood preservatives varied by study
theme. This study summarises the current state o
knowledge on wood preservatives and provides
inormation on rising journal perormance trends,
collaborative patterns, and research eatures that
support in understanding. Each characteristic
contributed to the expansion o this eld o
study, which could result in new possibilities or
expanding wood technology systems. In addition,
this will aid young researchers in gaining a wider
view o this topic. This study contributes urther
by applying the bibliometric method to enhance
academics’ understanding o the literature on
wood preservatives. The bibliometric method
will continue to be a vital tool or detecting gaps
in any subject or eld. As a result, researchers can
employ the method when reviewing literature on
a particular subject. The results o this study will
help researchers comprehend the reasons behind
the widespread use o wood preservatives in
the elds o materials science, agriculture, and
biological science. They will also provide ideas
or urther research. Due to its widespread use in
wood treatment across the globe and that it is now
well-liked among European nations like Germany,
Sweden, Finland, France, Poland, Slovenia, Spain,
and Italy, which are actively producing publications
related to wood preservatives, wood preservatives
are predicted to continue to be relevant or the
next ten years. This shows that its appeal is
expanding and that it is being usedmore requently
globally.
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