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Dear Scientists and Researchers,

We are pleased to present you with the first issue of 2025. In this issue of GreenTech -
Journal of Green Technology and Environment, we bring you scientific studies on environ-
mentally friendly technologies, sustainable materials and applications aimed at minimizing
environmental impacts. The original research and compilations in this issue bring together
innovative approaches to sustainability in different disciplines.

The issue opens with a compilation article titled “Green Human Resources: Strate-
gies for a Sustainable Future” written by Serap Kaymakci. The article comprehensively
examines the role of green human resources management in environmentally friendly in-
stitutional transformation and shows how basic human resources functions such as recruit-
ment, training and performance evaluation can be transformed with a green vision.

In the study titled “Comparison of Color Parameters in Lotofa, Zebrano, Sapele,
Ekaba, and Ash Woods Applied with Synthetic-Based Furniture Varnish” prepared on
wood surface aesthetics and coating technologies, the effects of synthetic varnish applica-
tions on color parameters on five different wood species were meticulously examined. The
research provides important contributions on how aesthetic criteria can be supported with
engineering data in the furniture industry.

The article “Air Pollution Estimation and Trends in Mainz (2017-2022): A Case
Study” by Sahar Gerandanesh et al. provides an original methodological contribution to air
quality monitoring at the urban scale by presenting a comparative analysis of PMz2.5 partic-
ulate matter concentrations with satellite and ground sensor data. The annual air pollution
trends in the city of Mainz and the effects of the pandemic period are evaluated in detail in
the study.

The review article titled “Biomass Carbonization, Briquetting and Briquette Char-
acterization: A Review” on biomass energy and circular economy systematically addresses
the conversion processes of biomass resources in fuel briquette production. Current litera-
ture on the potential of biomass resources to sustainable energy, carbonization techniques
and physical properties of briquettes has been compiled and a solid basis has been estab-
lished for future research.

The issue ends with the study by Fatih Tuncay Efe and colleagues titled “Determina-
tion of Selected Surface Properties of Keranji (Dialium indum L.) Wood Treated with
Antique and Cinnamon Natural Wood Oils”. This article evaluates the changes in color,
brightness and whiteness index of keranji wood treated with environmentally friendly nat-
ural oils, combines traditional preservation techniques with modern analyses and suggests
ecological alternatives for the wood industry.

The articles in this issue are the product of a vision that supports environmental aware-
ness with scientific data and encourages innovative and sustainable solutions. We would
like to thank all our authors and referees and wish our readers an inspiring reading experi-
ence.
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Review Article

Green Human Resources: Strategies for a Sustainable Future

Serap Kaymakac1 »*

' Kastamonu University, Kastamonu Vocational School, Department of Human Resources Management, 37150,
Kastamonu/Tirkiye

* Correspondence: ssaroglu@kastamonu.edu.tr

Abstract: The analysis of the consequences of the Industrial Revolution, which affected various aspects globally
including the economy, society and the environment starting with the late 18th century in England, has been in
the limelight for quite some time. The exploitation of fossil fuels caused Global warming and greenhouse gases
degeneration. Other than that, large scale farming practices that involve the application of heavy pesticides have
worsened the situation. The environmental degradation that originated in this time period became the subject of
scientific investigation in the twentieth century. Green Human Resource Management (GHRM) is a progressively
management principles that embodies all import corporate social responsibility in offering Human Resources Ser-
vices to the organization. GHRM transforms conventional HR functions, like, recruiting, training, evaluating per-
formance etc, into green variants in a bid to recruit eco-friendly personnel and prepare them for achieving organ-
izational environmental objectives. These actions assist corporations in meeting their obligations towards the ex-
ternal environment and in achieving their corporate social responsibility (CSR) objectives. The successful applica-
tion of GHRM strategies allows organizations to reach their sustainability objectives, achieve the competitive ad-
vantage, and generate economic benefits. Employee eco-centrism and effectiveness of the management of GHRM
strategies, as practice underpinned by use of information technology. Therefore, the aim of this study is to provide

information about green human resources in the context of global climate change, sustainability and future trends.

Keywords: human resources; green; sustainable

Yegsil Insan Kaynaklar: Siirdiiriilebilir Gelecek Icin Stratejiler
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Oz: Sanayi Devrimi'nin 18. yiizyilin sonlarinda Ingiltere'de baglamasiyla, diinya genelinde ekonomi, toplum ve
gevre alanlarinda koklii degisiklikler yasanmisgtir. Fosil yakitlarin yaygin kullanimi, sera gazlarinin artmasina ve
kiiresel 1sinmaya yol agmustir. Ayrica, ormanlarin yok edilmesi ve tarimda kullanilan kimyasallar ¢evresel etkileri
daha da arttirmistir. Bu dénemde baglayan gevresel sorunlar, 20. ylizyilda bilimsel aragtirmalarin odak noktas:
haline gelmistir. Yesil insan Kaynaklar1 Yonetimi (GHRM), gevresel hedefleri ve siirdiiriilebilirligi organizasyonla-
rin insan kaynaklari siireglerine entegre eden bir yonetim anlayigidir. GHRM, gevre bilincine sahip ¢aliganlar istih-
dam etmek, onlar1 ¢evre dostu uygulamalar konusunda egitmek ve ¢evre hedeflerine ulagmalarini saglamak ama-
cryla ige alim, egitim ve performans degerlendirme gibi geleneksel insan kaynaklar1 uygulamalarin yesil bir gerge-
vede yeniden sekillendirmektedir. Bu uygulamalar, sirketlerin ¢evresel sorumluluklarini yerine getirmelerine ve
kurumsal sosyal sorumluluk (CSR) hedeflerini gerceklestirmelerine yardimci olmaktadir. GHRM stratejilerinin ba-
saril1 bir sekilde uygulanmasi, organizasyonlarin siirdiiriilebilirlik hedeflerine ulasmalarini saglar, rekabet avantaji
kazandirir ve ekonomik faydalar saglamaktadir. Dijitallesme sayesinde, ¢evre dostu ¢alisanlara ulasmak ve GHRM
uygulamalarini daha verimli hale getirmek miimkiindiir. Bundan dolay1 bu ¢alismanin amaci kiiresel iklim degi-

sikligi, sirdtirtlebilirlik ve gelecekteki egilimler baglaminda yesil insan kaynaklar: hakkinda bilgi saglamaktir.

Anahtar Kelimeler: insan kaynaklars; yesil; siirdiiriilebilir gelecek
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1. Introduction

The climate system has settled into and still continues to keep that trend of the changes
seen in the 4.5 billion years of time passed since the creation of the Earth, which is just
about the beginning of the earth. The Industrial Revolution, a turning point that originated
in England towards the end of the 18th century and eventually spread all over the world,
radically altered the three pillars of economy, society, and environment. The revolution,
from agricultural to industrial societies, demonstrates the production techniques transfor-
mation. The result was that large-scale production, the establishment of factories, new di-
visions of labor, rapid population growth, and the movement of the countryside to the city
were the initial steps. In this period, technology such as mechanical machines and steam
power production processes were made more efficient, as well as causing big changes in
human life (Driga & Drigas, 2019).

Along with the Industrial Revolution, fossil fuels-particularly coal and later oil-were
very much more abundant and used more. The release of these energy sources into the at-
mosphere, compared to the traditional ones, increased carbon di oxide and other green-
house gases significantly. Furthermore, the forests were destroyed to a large extent during
this period; forest areas were cleared for new agricultural fields and industrial facilities. This,
in turn, accelerated the global warming process by increasing the concentration of carbon
in the atmosphere (Wang and Azam, 2024)

Changes in agricultural practices have also been an important driving force. The inno-
vations in agriculture and the introduction of machines increased invasion of natural space
to give rise to production. The chemicals used in fertilizers and pesticides poisoned the en-
vironment and caused the soil to be low and thus affected the ecosystem. Moreover, in ad-
dition to the use of coal-based steam locomotives, newly established transportation net-
works contributed considerably to global CO2 emissions. Besides, by growing cities, the
demand for more energy and natural resources happened, therefore the environmental load
increased (Fuglie et al., 2024).

These environmental effects, developed by the Industrial Revolution, began to be sub-
jects of study for scientists in the late 19th century. Nevertheless, these effects only became
more explicit during the 20th century. Increasing greenhouse gas emissions and environ-
mental degradation began to attack the problem of the mid-2oth-century global warming
as a great issue facing the humanity.

Green human resource management refers to the systematic, planned and professional
execution of an organization’s traditional human resource practices with environmental
goals and objectives (Jong & Yusoff, 2016). From this perspective, it can be defined as a part
of sustainable human resource management to meet the requirements related to environ-
mental sustainability. These practices can benefit organizations that become ‘green and
good enough’ (Martinez-del-Rio et al., 2012; Elahi et al., 2020). When the concept of sus-
tainability is analyzed.

Green human resources have come to the agenda as a result of the environmental re-
sponsibility activities carried out by businesses in Europe and America after the 2000s and
have started to be studied by researchers. In the literature, there are studies that address
the links, scope and functions of green human resources management with sustainability
(Ahmad, 2015; Tang et al. 2018). Therefore, the aim of this study is to provide information
about green human resources in the context of global climate change, sustainability and
future trends.

2. Basic Components of Green Human Resources

In recent decades, green human resource management (HRM) has gained great rele-
vance as the society is in consensus that if not alleviated, the global warming menace will
cause a great threat to life. Therefore, carrying out all activities in a green way has become
a demand. In recent years the concern over the issues of global warming has increased be-
cause it is based on the fact that if it is not controlled, it will most certainly affect all aspects
of life. Consequently, there is a pressing importance to adopt green practices in every field.
Green Human Resource Management is the transformation of functional areas of human
resource management such as job description and analysis, recruitment, selection, training,
performance evaluation and rewards into the context of environmental concerns centered
around by community (Jabbour et al, 2010: Jabbour et al, 2016). As stated by Uslu and Kedikli
(2017), green-HRM in this case means making each member aware of and sensitive to the
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environmental behavior and programs every organizational member is trained on, and their
participation in green and environmental programs is facilitated. Thus green-HRM while
concerned with the creation of green workers is aimed more at ensuring that the company
achieves its environmental targets through enhancing sustainability at this juncture.

Green HR policies are quite significant and even play a major role in recruiting. It goes
without saying that the hiring process is one of the most important yet delicate phases for
any organization as it defines the period’s accomplishments. It comes with a perfect oppor-
tunity of picking the right individuals and fitting them into the existing organizational
structures and processes. Green employment policies are very important for a number of
reasons. Economically friendly policies with respect to the employment of new hires affect
the very goals of the organization. Environmentally responsible employees are not only
good at practicing environmental policing but they also take the companies sustainability
policies in collective and active manner when they are recruited to work for such firms.
Hiring awareness on environmental issues is also one key aspect in the strategies being em-
ployed by companies to reduce their carbon footprints. Moreover, this situation also helps
to enhance the corporate social dimension of a company. People and societies would rather
do business with companies that are respectful of the environment. This has a positive im-
pact on the society’s perception of the particular business. Enrolling professionals with en-
vironmental beliefs help in advocating for the environmental stewardship of the company
as well as in advancing the enlightenment of the public on such issues. Firms that adopt
green HR strategies are seen as more environmentally responsible and are thus a more pre-
ferred brand within their sectors. This helps in attracting Other socially responsible em-
ployment options and most importantly generation Z as they are the green generation. Sus-
tainability and green strategies create opportunities for firms to differentiate themselves. In
addition to other environmentally conscientious job prospects, this helps draw in Genera-
tion Z, the environmentally conscious generation. Green practices and sustainability give
businesses a competitive edge.

3. Green HR Integration with Sustainability Goals

Green Human Resource Management (GHRM) seeks to enhance the human resource
practices in organizations towards environmental issues and in turn include such practices
in the organizational culture. This encompasses green recruitment where organizations
seek candidates who are committed and aware of environmental concerns and green train-
ing and development programs that provide the personnel with the knowledge and skills
necessary to embrace trends and initiatives on sustainability (Malik et al., 2020; Swarnala-
tha, 2020). Many research works have been done on this topic. Duvnjak and Kohont, for
instance, demonstrate the significance of human resource management in enhancing sus-
tainability by noting that sustainable HRM practices do not focus purely on financial results
and include social and environmental aspects as well (Duvnjak & Kohont, 2021).

GHRM practices involve more than just hiring and skill building. It extends to perfor-
mance management systems that include sustainability components. This allows for the
evaluation of all workers towards environmental objectives and rewarding them for green
efforts (Napathorn, 2021; Hasan, 2022). Empirical evidence supports the fact that such inte-
grated practices not only enhance their environmental performance but also inspire and
motivate employees as they believe their effort is for the greater good (Swarnalatha, 2020;
Chaudhary, 2019). In addition, HR professionals are key to the establishment of corporate
environmental culture in any organization. They should be viewed and function as a strate-
gic partner by lobbying for environmental issues to be incorporated in all HR systems and
most importantly, promoting the idea of sustainability as an organizational ethos (Yong &
Yusliza, 2016; Mehta & Chugan, 2015).

The success of GHRM practices would solely rely on the devotion of the top manage-
ment and coherence of the practices with the strategy of the organization. The Resource-
Based View (RBV) theory endorsed by Yusliza and others shows that GHRM practices help
organizations strategize toward gaining a competitive advantage (Yusliza et al., 2017). This
further strategy coherence is supported by Kramar’s sustainability model that insists on the
need for strategic human resource management (SHRM) policy to produce profit, social and
environmental benefits at the same time (Kramar, 2022). In this case therefore, the organi-
zations should not only embrace the GHRM practices but also have the practices incorpo-
rated into the strategic scope of the whole organization.

Kaymakey, S. GreenTech 2025, 3(1). https://doi.org/10.5281/zenodo.15345428. 3 of 6
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4. Identifying and Implementing Green HR Strategies within the Framework
of Sustainability

The increasing adoption of Green Human Resource Management (GHRM) strategies
is appreciated as a significant blue print for sustainability in organizations. GHRM includes
a set of practices that are concerned with human resource strategies and policies imple-
mented towards the environment or sustainability. In addition to reducing the carbon foot-
prints of the organizations, these strategies also help in retaining and engaging the employ-
ees improving organizational efficacy.

One of the core aspects of GHRM, however, is Green Orientation in different HR prac-
tices, viz., Recruitment, Training & Development, Appraisal, and Employee Relations. For
example, prospective hires are encouraged to examine the so-called “green recruitment.”
This is a recruitment strategy that wales to hire people who are ‘aware’ of sustainable issues
in their employment (Sabapathy et al., 2023). This is crucial because sustainability principles
are trained to the whole agency’s staff so that they all gravitate towards the organization’s
green overall objectives (Shahriari & Hassanpoor, 2019). Refresher courses on environmen-
tal issues and green values for employees help them in continuing with such activities which
in turn boosts their job satisfaction and organizational loyalty (Sarada, 2022).

GHRM practices have been proven to positively impact an organization's sustainability
by increasing employee motivation and retention. The positive relationship between green
HRM and employee engagement is evidenced by studies showing that turnover rates are
lower and employee morale is higher in organizations that implement green approaches
(Shahriari & Hassanpoor, 2019; Westerman & Nafees, 2021). In addition, the implementation
of GHRM has been associated with the creation of a green organizational culture, which is
a requisite for the successful execution of sustainable strategies (Harris & Tregidga, 2012).
This type of culture encourages the acquisition of employees with pro-environmental atti-
tudes while helping in keeping those employees who are willing to work towards the sus-
tainability of the organization (Ali et al., 2021).

Integrating HR strategies with sustainability objectives is essential to sustaining the
long-term success of the organization. Previous studies indicate that the organizations that
successfully manage to embed GHRM into their strategic agenda tend to be competitive,
more so because their image and efficiency is improved (Dwivedi et al., 20-21; Longoni &
Cagliano, 2016). For instance, those companies that implement sustainability-oriented HR
strategies have been found to attract more positive responses from consumers and other
stakeholders, enhancing their competitive advantage (Opatha & Arulrajah, 2014). Further-
more, GHRM practices bring economic benefits by reducing costs associated with waste
management and maximization of resource use, thus promoting the sustainability of the
organization (Sarada, 2022; Elziny, 2019). Traditional Human Resource Management prac-
tices have been influenced by the rapid concerns on green practices that have brought about
changes in the GHRM. In order to encourage environmental sustainability within an organ-
ization, it is necessary to implement the GHRM among the employees and their activities.
GHRM involves recruitment of employees and staffing which are primary functions of
GHRM functions. Traditional Human Resource Management methods have been affected
by the rapid concerns on vertical integration practices around GHRM debris. Human Re-
source Management in a Green Way and one of the newest- Global Human Resource Man-
agement is a branch of a modern organizational life.

5. Innovative Practices and Technological Developments in The Field of Green
Human Resources

Training and development are part of GHRM as well. Green training programs prepare
the employees with the skills and know-how to implement sustainable actions in their po-
sitions. Research shows that companies where green training is practiced do not only build
the employee skills but also improve the performance of the company as a whole (Nisar et
al.,, 2023). In addition, the building of green skills is of high importance to help create a
workforce that is concerned with sustainability since such employees can actively partici-
pate in the turbocharging of sustainability measures (Napathorn, 2021). A GHRM focus
means that training on environmental impacts and responsibility is of strategic value as
such programs show the potential for decrease of unwanted negative impacts such as pol-
lution, resource depletion and the likes (Sathasivam et al., 2021). GHRM systems incorpo-
rate the performance management systems which focus on the evaluation and rewarding of
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employees upontheir sustainability efforts if any. This includes the introduction of green
performance indicators such as, iclusive and organizational targets for environmental per-
formance (Jamil, 2023). By the use of these performance measures, the behavior encourag-
ing towards environmental protection can be promoted to employees, which is very essen-
tial if the organization is to achieve the sustainability goals (Saeed et al., 2018). In addition,
it has been noted that integrating green goals in the performance management system has
a positive impact on the organizational sustainability commitment of the employees
(KishanVarma, 2019).

Technology is, however, an equally important factor that accounts for the changes in
GHRM practices over time. The digital technologies and applications in recruitment, train-
ing and performance management among others are expected to simplify and improve the
GHRM processes. For example, a study done by Vochin et al. (2023) suggested that, the use
of the internet for recruitment of individuals with an environmentally friendly culture also
known as green recruitment expands the markets of green job applicants. In the same line
of thought, it is possible to create an internet-based training program that teaches green
skills and avoids the emissions associated with face-to-face training (Hossen et al., 2018).
Hence, it can be said that the changes one meets in GHRM thanks to new practices and
technologies are very important for companies that wish to improve their sustainability re-
sults. Thus, integrating green initiatives in recruitment, training and performance manage-
ment will enable organizations develop a productive workforce who are also environmental
champions. These initiatives are also underpinned by the rapid evaporation of the technol-
ogy gap in the global arena which enables organizations to work towards their sustainability
objectives.

6. Conclusions

In view of the ever-increasing effects of global warming, environmental change has
greatly spurred the operations of organizations, antisocial behavior being one of them. One
of the means of fulfilling these sustainability ambitions is Strategic Green Human Resource
Management (GHRM). The importance of GHRM is in the fact that it helps an organization
build an ethical environment by integrating the issue of the environment in the already
existing human resources activities. Activities like green recruitment, training and perfor-
mance management, increase the employees' environmental consciousness and at the same
time encourage and motivate them to take part in the sustainability initiatives geared to-
wards. The social objectives of the organizations include, but are not limited to, the corpo-
rate social responsibility (CSR) practices which they consider, alongside the economic sus-
tainability practices, easier to achieve by practicing green HR policies. Indeed, the recent
inclination towards HR digitalization has improved the organization’s ability to attract the
eco-centric employees, thereby enhancing the efficiency of GHRM. On a final note, GHRM
is much needed today, more than it has ever been in the history of mankind looking at the
fact that being environmentally sustainable is a competitive advantage and leads to the
growth of any business in the long run. Implementation of GHRM policies will be necessary
in for the sustained growth of the organization without compromising on its environmental
and economic goals.

Funding: This research received no external funding.
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Oz: Bu calismada, lotofa (Sterculia Rhinopetala), zebrano (Microberlinia brazzavillensis), sapelli (Entand-
rophragma cylindricum), ekaba / ekop (Tetraberlinia bifoliolata Haum.) ve adi giirgen (Carpinus betulus L.) odun-
larmna ait deney &rneklerinin yiizeylerine sentetik bazli mobilya vernigi uygulanmig olunup, meydana gelen renk
parametrelerindeki degisimler karsilagtirilmigtir. Biitiin agag tiirlerine vernik uygulanmasi ile kontrol 6rneklerine
kiyasla L* ve h° degerlerinde azalislar tespit edilirken, a* parametresinde artig belirlenmistir. Renk formiillerine
gére AE* degerleri zebrano odunu i¢in 20.88, ekaba odunu i¢in 12.60, lotofa odunu i¢in 10.98, sapelli odunu i¢in
9.71 ve adi giirgen odunu i¢in 7.85 olarak hesaplanmigtir. Ekaba ve adi giirgen odunlarinda C* ve b* degerlerinde
artiglar elde edilmigtir. Sapelli odununda ise C* ve b* degerlerinde azaliglar goriilmustiir. Lotofa ve zebrano odun-
larma bakildiginda, C* parametresinde artislar tespit edilirken, b* degerlerinde azaliglar bulunmustur. Biitiin var-
yans analizleri anlaml olarak bulunmustur. Yapilan sentetik bazli mobilya vernik uygulamast ile biittin renk para-

metrelerinde degisimler belirlenmistir.
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Abstract: In this study, synthetic-based furniture varnish was applied to the surfaces of test specimens made from
lotofa (Sterculia rhinopetala), zebrano (Microberlinia brazzavillensis), sapele (Entandrophragma cylindricum), ek-
aba / ekop (Tetraberlinia bifoliolata Haum.), and common hornbeam (Carpinus betulus L.) woods, and the result-
ing changes in colour parameters were compared. With the application of varnish to all wood species, decreases
in L* and h° values were detected compared to the control samples, while an increase in a* parameter was observed.
According to the color formulas, the AE* values were calculated as 20.88 for zebrawood, 12.60 for ekaba wood,
10.98 for lotofa wood, 9.71 for sapele wood, and 7.85 for common beech wood. In ekaba and common beech woods,
increases in C* and b* values were obtained. However, in sapele wood, decreases in C* and b* values were observed.
When looking at lotofa and zebrawood, increases in the C* parameter was detected, while decreases in b* values
were found. All variance analyses were found to be significant. With the application of synthetic-based furniture

varnish, changes were observed in all colour parameters.
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1. Girig

Ahsap, insan i¢in her zaman vazgeg¢ilmez bir malzeme olmustur; toprakla birlikte, en
eski kullanilan malzemedir. Ahgabin kullanimi, zaman i¢inde gesitli ve farkli sekillerde ol-
mustur; nesne yapiminda, enerji kaynag: olarak veya ingaatta kullanilmistir. Ahgabin inga-
atta kullanimi, ¢ok eski zamanlara kadar uzanir (Merlin ve ark., 2018). Diger malzemelere
kiyasla, ahsap, deseni, diigiimleri ve rengi gibi estetik 6zellikleriyle belirli 6zelliklere sahip
olmaktadir (Broman, 2000; Cecchini, 2014).

Ahsap, insaat ve dekorasyon amaglari i¢in olaganiistii bir malzeme olmaya devam et-
mektedir. Ahsabin renginin, damarlarinin ve dokusunun zarafetini ve goriintimiinii sergile-
mek, dogal tirtinlere olan genel egilimi desteklemektedir. Ahsabin dogal gtizelligini vurgu-
lamak ve korumak icin seffaf veya yar1 seffaf tist ylizey koruma sivilar: tasarlanmistir. Bu
gortiniimiin, nihai trtiniin kullanim 6mrii boyunca korunabilmesi igin st ylizey koruma
sivilari sistemlerinin yiiksek performans ve dayaniklilik géstermesi zorunludur (Schaller ve
Rogez, 2007).

Ahsap ylizeyinin hazirlanmasi, bitirme islemi 6ncesinde 6nemli bir siirectir ve st yii-
zey koruma sivilarinin yiizey 6zellikleri (renk, parlaklik ve piiriizliiliik) tizerinde oldugu iist
yiizey koruma sivilarinin alt tabakaya yapismasi iizerinde de biiyiik bir etkiye sahiptir. Ge-
nellikle bu iglem planyalama, yiiz frezeleme ve zimparalama gibi yontemlerle yapilabilmek-
tedir (De Hernandez ve Cool, 2008).

Bir¢ok insan ahsap igin st ylizey koruma sivilari secerken en ¢ok goriiniimii 6nemse-
mektedir. Ancak teknik agidan bakildiginda, dig mekanda kullanilan ahsap i¢in koruma en
o6nemli unsurken, i¢ mekanda kullanilan ahsap i¢in temizlenebilir bir yiizey saglamak daha
onemli olmaktadir. Ust yiizey koruma sivilar1 kullanilarak hava kosullarina karst koruma
saglanmasina ragmen, lst ylizey koruma sivilari altindaki ahsabin bozulmasi tamamen 6n-
lenemese de daha yavas bir hizla devam etmektedir. Genellikle ahsap bozulmasi, agirlik
kaybi dl¢timleri, renk 6l¢timleri, mekanik testler, FT-IR spektroskopisi, optik ve elektron
mikroskobu gibi yontemlerle incelenmistir (Francesca Lionetto ve ark., 2012). Farkli yap1
desenlerinin cesitliligi, radyal ve tegetsel yonlerde en yaygin uzunlamasina ol¢iimlerden
elde edilebilmektedir (Csanady ve ark., 2015).

Ust yiizey koruma sivilari, seffaf ve opak olarak ikiye ayrilabilir. Seffaf iist yiizey koruma
stvilari genellikle ahsap ve ahsap dekorasyon malzemelerinin yiizeyinde kullanilir. Seffaf tist
yuizey koruma sivilari, ahsap dokusunun estetik 6zelliklerini korumanin yani sira, dis etken-
lere kars1 direng¢ gosterme yetenegini de artirabilmektedir. Ancak st ytizey koruma sivilari
ve ahsap, her ikisi de yiiksek polimer malzemeler kategorisine girdiginden, 151k, 1s1 veya su
gibi cevresel faktorler nedeniyle kolayca bozunabilmektedir. Bu durum, st ylizey koruma
sivilarina ait filminin ve kaplanan malzemenin solmasina neden olarak, dekoratif perfor-
mansi ve malzemelerin kullanim émriini olumsuz etkileyebilmektedir (Guo ve ark., 2009;
Liu ve ark., 2012).

Vernik tirtinlerinin temel iglevi, iiriinii korozyondan, asinmadan, kirden ve giinegin ult-
raviyole 1ginlar tarafindan gerceklestirilen foto-termik bozulmalardan korumaktir. Ancak
zamanla, nihai kullanicilarin ilgisi giderek daha fazla, 6zellikle yapr uygulamalarinda, tri-
niin estetik gériiniimiiniin korunmasi veya iyilestirilmesine yonelmistir (Camerano, 2021).

Geleneksel vernikler regine ve kurutma yaglarinin karisimlarindan olusur, ancak ¢ogu
artik modifiye edilmis alkid regineleri kullanir. Poliiiretan vernikler cesitli yiizeyler sunar.
Mat, saten veya parlak ve su veya solvent bazli sistemlerle formiile edilmektedir. Dis mekan
ahsap isciligi icin tercih edilen solvent bazl: sistemler, potansiyel olarak 8o mikrometreye
kadar ulagan kalinliklarla daha sert ve daha dayanikli Gst ylizey koruma sivilari tiretmekte-
dir. Bu tirtinler genellikle ahsabin dogal goriiniimiinii korumak, zenginlestirmek veya renk-
lendirmek i¢in kullanilir. Formiilasyonlar genellikle ahsab1 ultraviyole 15181n zararh etkile-
rinden korumak i¢in filtreleme maddeleri icermektedir (Lyons, 2012).

Tiim dogal ve sentetik vernikler, zamanla oksidasyon nedeniyle diisiik polariteli ¢6zii-
clilerde daha az ¢6ziinebilir hale gelir. Ancak, sentetik vernikler ¢apraz baglanma olgusu
nedeniyle de daha az ¢6ziinebilir hale gelebilmektedir. Cogu sentetik vernik, yiizlerce tek-
rarlayan birimden olugan uzun zincirli polimerik yapilardan olusmaktadir. Bu uzun zincir-
ler kimyasal olarak baglanirsa, polimer baslangigta ¢6ziinebildigi ¢oziiciilerde nihayetinde
¢6ziinmez hale gelmektedir. Capraz baglarin sayisi nispeten disiik oldugunda, polimer uy-
gun ¢oziici ile sisirilerek ve ardindan mekanik olarak ¢ikarilarak ¢ikarilabilmektedir (Lo-
max ve Fisher, 1990).
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Verniklerde sertlesme siireci ¢ok dnemlidir. Ciinkii bu stireg, farkl bilegenlerin dagil-
mis halde bulundugu bir sividan, altindaki yiizeyi iist yiizey koruma sivilari ve koruma isle-
vini yerine getirecek ve istenen mekanik 6zelliklere ulasacak kati ve sert bir film olusturul-
masina olanak taninmaktadir (Pallotta, 2019).

Ahsap i¢in st ylizey koruma sivilari sicakliga duyarl tonlar kullanilmaktadir. Tonerin
tepki sicakligina isitilip sogutulduktan sonra, kaplanmig malzemenin rengi renksiz bir
forma doniisecek ya da ¢ok renkli bir fenomen gézlemlenecektir. Renk solarken, ahsap rengi
ton eklenmemis ahsaba benzer hale gelmektedir. Seffaf vernik uygulandiginda, renk degi-
simi gecikmeli olarak ortaya ¢ikmaktadir (Zhu ve ark., 2017; 2018; Hu ve ark., 2020).

Literatiirde farkli agac tiirlerine ait odunlar tizerinde ¢esitli vernik tiirlerinin uygulan-
dig1 bildirilmigtir [sipo ve maun (Ayata ve ark., 2024a), limon, karagam, kotibé, iroko ve
Malta erigi (Ulay ve ark., 2025), ceviz, paulownia, ak¢aaga¢, Amerikan beyaz mesesi, Avrupa
melezi, Afrika mahonu, kiiglik yaprakli thlamur, Avrupa disbudak (Mitan ve ark., 2019), ya-
lanci akasya (Ayata ve ark., 2024b), kizilagac ve hus (Bekhta ve ark., 2022), isve¢ gami (Ayata
ve Bal, 2024), kizilaga¢ (Salca ve ark., 2021), rubber, keranji, niové, keruing ve berangan
(Camlibel ve Ayata, 2024), sarigam (Liu ve ark., 2012), mersawa, sucupira, bilinga, dogu ¢1-
nari ve doussié (Peker ark., 2025)]. Ama literatiirde zebrano, ekaba, lotofa, sapelli ve adi
giirgen odunlarina sentetik bazli mobilya verniginin uygulanmadigi gorilmistir.

Bu c¢alismada, zebrano (Microberlinia brazzavillensis), ekaba / ekop (Tetraberlinia bi-
foliolata Haum.), lotofa (Sterculia Rhinopetala), sapelli (Entandrophragma cylindricum) ve
adi giirgen (Carpinus betulus L.) odunlarina uygulanmis sentetik bazli mobilya vernigi kat-
manlarinda elde edilen renk parametreleri arastirilistir. Bu ¢aligma, farkl agag tiirlerinde
sentetik bazli mobilya vernigi uygulamasinin renk parametreleri tizerindeki etkilerini ince-
lemek amaciyla gerceklestirilmistir. Ahsap malzemelerin goriintimi, genellikle renk degi-
simleri ve yiizey o6zellikleriyle sekillenir. Ancak, her agac tiirii farkli kimyasal bilesenler ve
yapisal o6zelliklere sahip oldugundan, vernik uygulamalar: bu tiirlere gore degisen renk et-
kileri yaratabilir. Bu nedenle, farkli agac tiirlerinde, 6zellikle zebrano, ekaba, lotofa, sapelli
ve adi giirgen gibi tiirlerde vernik uygulamalarinin renk parametrelerine olan etkilerini an-
lamak 6nemlidir. Bu tiir ¢alismalar, mobilya ve dekorasyon sekt6riinde kullanilan ahsap
malzemelerin estetik 6zelliklerini iyilestirmek adina 6nemli bilgiler sunar. Vernik uygula-
malarinin hangi agac tiirlerinde nasil renk degisimlerine neden oldugu, tasarimcilarin ve
dreticilerin daha bilingli secimler yapmalarina olanak saglar. Sonug¢ olarak, bu arastirma,
vernik uygulamalarinin estetik acidan nasil daha etkili kullanilabilecegine dair degerli bil-
giler sunarak, daha kaliteli ve estetik agidan tatmin edici ahgap tritinlerin tiretilmesine kat-
kida bulunacaktir.

2. Materyal ve Metot

2.1. Materyal

Caligmada, lotofa (Sterculia Rhinopetala), zebrano (Microberlinia brazzavillensis), sa-
pelli (Entandrophragma cylindricum), ekaba - ekop (Tetraberlinia bifoliolata Haum.) ve adi
glirgen (Carpinus betulus L.) odunlarina ait deney 6rnekleri 100 mm x 100 mm x 20 mm
boyutlarinda hazirlanmigtir. Numune sayisi 10’ar tane olmaktadir. Daha sonra, bu numune-
ler izerinde 20+2°C ile %65 bagil nemde olacak sekilde iklimlendirme uygulamalar: yapil-
mustir (ISO 554, 1976).

Aragtirmada 6zel bir firmaya ait olan sentetik bazli mobilya vernigi (renksiz, kati
madde miktari: %4810, 6zgil agirlik: 0.9o+1 gr/cm3) satin alinma yontemiyle elde edilmis-
tir.

2.2. Metot

Bir titresim zimpara makinesi ve 80, 100, 120 kum zimparalarin kullanilmasi ile ahsap
malzeme yiizeylerinde zimparalama islemleri gerceklestirilmistir.

Verniklenmis olan ahsap malzemelere ait yiizeyler kir, zzimpara tozu ve yagdan arindi-
rilmistir. Ahsap malzemeye ait ylizeyin nemli, 1slak olmamasina 6zen gosterilmistir. Ytizey-
lere 2 kat uygulama bir fir¢a yardimiyla ger¢eklestirilmistir (uygulama alani: 10-12 m?/1t, ku-
ruma siiresi: toz tutmama kurumasi 8 saat, sert kuruma 24 saat). Uygulamada firma 6neri-
leri dogrultusunda uygulama yapilmistir. Vernikleme iglemi, ASTM D3023-98 (2017) stan-
dardina uygun sekilde gerceklestirilmistir.
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Renk, maddenin kendine 6zgii bir 6zelligi olmay1p, 15181n neden oldugu ve gézlemcinin
go6zii ve beyni tarafindan iglenen algisal bir olgunun etkisidir. Objektif 6l¢timdi i¢in, bir nes-
neyi veya aydinlaticiyr aydinlatan 1gik miktarinin belirtilmesi gerekir. Kroma degeri (C*)
merkezde sifirdir ve merkezden uzaklastik¢a artar. Renk tonu agist (h°) tamim geregi +a*
yar1 ekseninden baglar; 0”de kirmizi, go®de sar, 180”de yesil ve 270”de mavi vardir (Cecc-
hini, 2014). AC*: kroma kismi1 veya doygunluk farki ve AH*: ton boliimii veya golge farki
olarak agiklanmigtir (Lange, 1999).

Renk degisimleri, CS-10 (CHN Spec, Cin) [CIE 10° standart gézlemci; CIE D65 151k kay-
nagi, aydinlatma sistemi: 8/d (8°/daginik aydinlatma)] cihazi kullanilarak 6l¢tilmiigtiir
(ASTM D 2244-3, 2007). Renk 6l¢imleri her zaman numune iizerinde igaretlenen ayni nok-
talarda gerceklestirilmis olunup, 10’ar 6l¢iim alinarak yapilmigtir. Ayrica diger parametre-
lere ait tanimlamalarda Tablo 1'de sunulmustur (Lange, 1999).

Tablo1. Aa* AL% Ab*ve AC* degerlerine ait tanimanalar (Lange, 1999).

Poaitif sonugicin Parametre (izerinde referansa gire elde edilen durunda Negatif sonug igin
Doha agk < ALF > Deha koyu
Deha kirma < AS* > Daha yesil
Daha san < Ab* > Daha mavi
Daha net, daha parlak < AC > Mat, daha bulanik
AE* kiyaslama kriterleri (DIN 5033, 1979) Tablo 2’de verilmistir.
Tablo2 Hde edilen AF*igin karglastima kriterleri (IN5033, 1979).
Toplamrenk farki (AF) Giirsel rerk puani fark Teplamrenkfark (A%) Giirsel renk puani farla
02 Aglanamaz 30ile 60 Gok belirgin
02ile05 Cok zayif 60ile120 Giilii
05ile15 Zayf >120 ok giicli

15ile30 Belirgin

Asagidaki formiiller ile toplam renk farkliliklarina ait sonuclar belirlenmistir.

C* = [(a*)* + (b*)*]°> @

h° = arctan (b*/a*) (2)

AC* = (C*iglem gormiis deney rnegi - C*iglem gormemis deney drnegi) (3)
Aa* = (a*iglem gormiis deney drnegi - @ iglem gdrmemis deney drnegi) (4)
AL* = (L*iglem gormiis deney rnegi - L¥iglem gérmemis deney drnegi) (5)
Ab* = (b¥islem gormiis deney drnegi - D*islem gérmemis deney drnegi) (6)
AH* = [(AE*)* - (AL*)* - (AC¥)*]°5 (7)

AE* = [(AL*)* + (Aa*)* + (Ab*)*]°s (3)

Bir istatistik programu ile standart sapmalari, maksimum ve minimum degerleri, orta-
lama degerleri, homojenlik gruplari, varyans analizleri ve yiizde (%) degisim oranlar1 hesap-
lanmustir.
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3. Bulgular ve Tartisma

L* parametresi i¢in belirlenmis olan varyans analizi sonuglar1 Tablo 3’de verilmistir. L*
degeri i¢in; agag tiirii (A), vernik uygulama (B) ve etkilegim (AB) anlamli olarak bulunmus-
tur (Tablo 3).

Tablo3. £ paranretresine ait varyans analizi sonuglan.

VaryansKaynaia KorelerToplam  SerbestlikDereces  Ortalama Kare FDeeri as0.05 (% anlani))
Aac tiri (3 3215428 4 803857 625903 0.000¢
Vernik uyguiaa (B 2832581 1 2832581 205518 0.000*
Bkilesim (4B 520038 4 130010 101229 0.000*
Hita 115588 % 1284
Toplam 213377384 100
Diizettilris toplam 6683636 %9

L* degerlerine ait sonuglar Tablo 4'de sunulmaktadir. Sentetik bazli mobilya vernigi
uygulamasi sonucunda, ¢aligmada yer alan tiim agag tiirlerinin L* (agiklik) degerlerinde
azalma meydana gelmistir. Lotofa agacinda L* degeri vernik uygulanmadan dnce 53.31 iken,
vernik uygulandiktan sonra 43.42'ye diismiis ve bu degisim %18.55 oraninda gergeklesmistir.
Zebrano agacinda ise L* degeri 61.31'den 42.00’ye diismiig, bu da %31.50 ile en yiiksek renk
acikligr kaybi olarak dikkat ¢cekmistir. Sapelli agacinda 47.86 olan L* degeri, vernik sonrasi
38.32'ye inmis ve %19.93'lik bir azalma meydana gelmistir. Ekaba agacinda L* degeri
59.99'dan 51.36’ya diiserek %14.39 oraninda bir azalma gostermistir. Adi giirgen ise en az
degisimi gosteren tiir olmus; 62.35 olan L* degeri vernik sonrasi 56.50’ye diismiis ve degisim
orani %9.38 olarak gerceklesmistir. Bu veriler, vernik uygulamasinin her agac tiirtinde yii-
zeyin daha koyu gériinmesine neden oldugunu ortaya koymaktadir. Ozellikle Zebrano gibi
tirlerde renk degisimi oldukga belirgin olurken, Adi giirgen gibi tiirlerde bu etki daha sinirh
kalmistir (Tablo 4).

Tablo4 £ degerlerine ait sonuclar.
A tiiri idem Otalama  Degisimoran (%) Hdjenlikgrubu Sandart ssppme Mnimum Milainum Varyasyon katsayia
Ladfa Vemiklenmemis 5331 185 E 215 5094 55.719 403
Verniklennis 4342 ! H 117 £41.96 4557 269
Vemiklenmemis 6131 B 178 57.64 6301 290
Boao\idenis 4200 (3130 | 094 4031 JRES 225
. Vemikenmemis 4786 G 017 4147 4806 036
el idens. 38 11558 N 041 3766 3877 1.06
Vemikdenmemis  59.99 C 098 5874 61.34 163
Baba Vemiklennis 51.36 L1439 F 089 49.84 5248 173
Adi di Vemikdenmemis 6235 938 A 053 61.09 63.02 085
g Vermiklennis 56.50 L9 D 0.77 55.20 57129 136

a* parametresi icin belirlenmis olan varyans analizi sonuglar1 Tablo 3’de verilmistir. a*
parametresi i¢in aga¢ tlird (A), vernik uygulama (B) ve etkilesim (AB) anlaml olarak elde
edilmistir (Tablo 5).

Tablo5. a* parametresine ait varyans analizi sonuglan.

Varyans Kaynadl Kareler Toplam Serbestlik Derecesi Otalama Kare FDegeri a<005 (* anlamli)
Adac tirii () 822930 4 205733 T14154 0.000*
Vernik uygulama (B 553.237 1 553.237 2081.784 0.000*
Bkilesm (2B 181.346 4 45337 170597 0.000*
Hita 23918 90 0.266
Toplam 17491.975 100
Dizeltilmis toplam 1581.432 9

a* degerlerine ait sonuglar Tablo 6'da gosterilmektedir. Verilen tablo, sentetik bazli
mobilya vernigi uygulanmig ve uygulanmamus farkli agag tiirlerinde a* (kirmizi-yesil renk
ekseni) parametresindeki degisimi gostermektedir. a* degerinin artmasi, yiizeyin kirmizi
tonlarinin arttigini, yani rengin daha sicak ve kirmiziya yakin bir hale geldigini ifade eder.
Sentetik bazli mobilya vernigi uygulamasi sonucunda, tiim agac tiirlerinde a* degeri artmig-
tir. Bu durum, vernigin ahsap yiizeylerde kirmizimsi tonlar1 belirginlestirdigini géstermek-
tedir. Lotofa agacinda a* degeri vernik uygulanmadan 6nce 11.46 iken, vernik uygulamasi
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sonrasi 16.21°e yiikselmis ve bu da %41.45 oraninda bir artigla sonuglanmistir. Zebrano aga-
cinda ise a* degeri 7.85'ten 15.66’ya ¢ikarak %99.49 gibi oldukga yliksek bir artis gostermis-
tir. Bu, vernik uygulamasinin Zebrano agacinda kirmizilik tonunu neredeyse iki katina ¢i-
kardigini gostermektedir. Sapelli agacinda 11.13 olan a* degeri, vernik uygulamasiyla birlikte
11.80’e yiikselmis ve sadece %6.02 oraninda sinurlt bir artis meydana gelmistir. Ekaba aga-
cinda ise a* degeri 13.63'ten 21.02'ye gikarak %s54.22'lik bir artig gostermistir. Adi giirgen
agacinda ise 7.24 olan a* degeri, vernik sonrasi 10.15’e yiikselmis ve %40.19 oraninda bir artis
gergeklegmigtir (Tablo 6).

Tablob. a* degerlerine ait sonuglar.
Adac tirli iem Qtalame  Degigmaran (%) Homgienlik grubu Standart sspme Mnimum Meksimum  Varyasyon katsaya

Latdfa Vemikdenmemis 1146 QLS B 030 1.05 1.83 262
Vemiklennis 1621 T4l B 045 1551 1698 28l
Vemiklenmemis 7.85 H 035 729 828 A
Boao\ikenis 1566 194 c 037 1515 1628 23%
. Vemiklenmemis n3 F 025 10.83 n7s 221
Sapell Vemiklennis 11.80 1602 E 031 1.36 1219 265
Vemikdenmemis 1363 D 1.09 1252 15.70 797
Baba Vemiklennis 2.02 15422 A 074 19.73 2231 351
. Vemiklenmemis 724 P 023 690 752 32
Ad grg Vermiklennis 1015 14019 G 041 9.66 1091 401

b* parametresi i¢in belirlenmis olan varyans analizi sonuclar1 Tablo 7'de gdsterilmisgtir.
b* parametresi i¢in agag tiiri (A), vernik uygulama (B) ve etkilesim (AB) anlamli olarak tes-

pit edilmistir (Tablo 7).

Tablo7. b* parametresine ait varyans analizi sonuglan.

VaryansKaynaiy KarelerToplam  SerbedllikDereced  Otdlama Kare F Deferi <005 (* anlant))
Asac tirti (8 396002 4 99,001 247180 0.000%
Vernik uygularre (B 33639 1 38639 9%.A4TI 0.000*
Bkilegim (29 230400 4 57,600 143813 0.000*
Hata 36047 % 0401
Toplam 4315439 100
Diizeltilris toplam 701.088 %

b* degerlerine ait sonuglar Tablo 8'de verilmistir.

Tablo8 b* degerlerine ait sonuclar.
A tiiri idem Otalama Degisimoran (%) Hdjenlikgrubu Sandart ssppme Mninum Milainum Varyasyon katsayia

Latdfa Vemikdenmemis 2038 240 D 040 19.65 2092 198
Vemiklennis 19.89 ! D 116 1867 2.75 58]
Vemikdenmemis  21.47 C 082 2002 221 382
Boao\ikenis 1998 L694 D 097 1839 238 485
. Vemikenmemis 1828 E 030 17.82 1865 1.66
el e 1667 188 P 031 1623 17.00 183
Vemikdenmemis 2098 C 063 2030 2212 30
Baba Vemiklennis 2643 12598 A 041 2581 2695 154
. Vemiklenmemis 1881 E 035 1811 19.28 1.85
Ad grg \Vemiklennis 2317 12318 B 017 2284 2343 07

Sentetik bazli mobilya vernigi uygulamasi sonrasinda, b* degerleri baz1 agag tiirlerinde
artarken bazilarinda diisiis gostermistir. Bu durum, vernigin agac tiiriine bagh olarak ytize-
yin sar1 tonlarini ya daha belirgin hale getirdigini ya da baskiladigini géstermektedir. Lotofa
agacinda b* degeri vernik oncesi 20.38 iken, uygulama sonrasi 19.89 seviyesine gerileyerek
9%2.40 oraninda hafif bir azalma sergilemistir. Zebrano’da ise b* degeri 21.47'den 19.98’e diig-
mis ve bu distis %6.94 seviyesinde gerceklesmigtir. Sapelli agacinda da benzer bir egilim
gozlemlenmis; 18.28 olan b* degeri, vernik uygulamasiyla birlikte 16.67’ye inmis ve %8.81
oraninda azalma kaydedilmistir. Bu (¢ tiirde, vernik uygulamas: yiizeydeki sar1 tonlar1 bir
miktar geri planda birakmustir. Ote yandan ekaba agacinda b* degeri 20.98'den 26.43’e yiik-
selerek %25.98 oraninda dikkat gekici bir artig gostermistir. Adi glirgen agacinda da benzer
sekilde, vernik oncesi 18.81 olan b* degeri 23.17'ye ¢ikmis ve %23.18 oraninda yiikselmisgtir.
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Bu iki tiirde vernik, yiizeye daha sicak ve sariya yakin bir ton kazandirmistir. Genel olarak
degerlendirildiginde, vernik uygulamasinin agag tiiriine gore farkl etkiler yarattigs; baz tiir-
lerde sariig1 artirirken, bazilarinda ise azaltici bir rol oynadig: anlagilmaktadir. Bu degis-
kenlik, dekoratif uygulamalarda istenen tonlara ulasmak adina malzeme se¢iminde dikkate
alinmalidir (Tablo 8).

C* parametresi i¢in belirlenmis olan varyans analizi sonuclar1 Tablo 9’da sunulmakta-
dir. C* parametresi icin agag tiirti (A), vernik uygulama (B) ve etkilesim (AB) anlaml olarak
bulunmustur (Tablo 9).

Tablo9. C* pararretresine ait varyans analizi sonuglan.

VaryansKaynaiy KaclerToplan  SerbestlikDereces  Ortalama Kare F Deseri a=<0.05 (* anlanty)
Apctiri (3 801198 4 20029 454901 0.000°
Vernik uygulaa (B 314282 1 314282 13767 0.000¢
Bkilesim (A 262781 4 65695 14920 0.000*
Hata 39628 %0 0440
Toplam 60649766 100
Dizeltilristoplam 1417888 %9

C* degerlerine ait sonuglar Tablo 10’da verilmistir. Lotofa agacinda C* degeri vernik-
lenmemis durumda 23.39 iken, vernik uygulamasiyla birlikte 25.67’ye yiikselmis ve %9.75’lik
bir artig géstermistir. Bu durum, vernik uygulamasinin Lotofa agacindaki renk doygunlu-
gunu artirdigini, yani daha canli bir renk elde edildigini gostermektedir. Zebrano agacinda
ise C* degeri verniklenmemis halde 22.86 iken, vernik uygulamasi sonrasinda 25.39’a gikarak
%11.07'lik bir artis kaydetmistir. Bu artis, Zebrano'nun renginin daha doygun hale geldigini
ve daha etkileyici bir gériinim kazandigini gostermektedir. Sapelli agacinda ise C* degeri
21.39'dan 20.43’e diiserek %4.49’luk bir azalma gostermistir. Bu, vernik uygulamasinin Sa-
pelli'nin renk doygunlugunu bir miktar azalttigini ve daha mat bir gériintim ortaya ¢ikardi-
gin1 ifade eder. Ekaba agacinda ise oldukga dikkat ¢ekici bir artis goriilmektedir; 25.03 olan
C* degeri, vernik sonrasinda 33.77'ye ¢ikarak %34.92’lik bir artig gostermigtir. Bu, vernik uy-
gulamasinin ekaba agacindaki renk yogunlugunu oldukea belirgin sekilde artirdigini ve aga-
cin renginin ¢ok daha canli ve zengin hale geldigini ortaya koymaktadir. Adi giirgen aga-
cinda ise 20.16 olan C* degeri vernik sonrasi 25.30’a gikarak %25.50’lik bir artig gostermistir.
Bu da vernik uygulamasinin Adi giirgenin rengini daha doygun ve parlak hale getirdigini
gostermektedir. Sonug olarak, vernik uygulamasinin ¢ogu agac tiiriinde renk doygunlugunu
artirdig1 g6zlemlenmistir (Tablo 10).

Tablo10. C* degerlerine ait sonuclar.

Adac tirli iem Qtalame  Degigmaran (%) Homgienlik grubu Standart ssppme Mnimum Meksimum  Varyasyon katsaya

e VemiKlenemis 2339 o5 C 024 2% 288 102

Vemikenmis 2567 1% B 02 %59 2 359

Vemiklenmeris 2286 C 085 232 2375 3T

Boao\ikenis 2539 o B 093 2417 287 365

_ Vemikenmemis | 2139 D 024 2098 272 m

el idenmis 2043 L4 E 017 202 2079 085

Vemiklenmeris 2503 B 110 238 2113 440

Bab  \ikenmis 3377 13492 % 060 29 U4 7

A ciroen VETiKeTTETS 2016 2550 [ 039 1938 2070 19

N \mikenris 2530 1 B 030 %85 2585 18

h° parametresine ait hesaplanmis olan varyans analizi sonuglar1 Tablo 11'de verilmistir.
h° parametresi i¢in, aga¢ tiirii (A), vernik uygulama (B) ve etkilesim (AB) anlamli olarak
bulunmustur (Tablo 11).

Tablo11. h° paranretresine ait varyans analizi sonuglan.

Varyans Kaynas KarelerToplam  SerbeslikDereces  Ortalama Kare F Deseri a=<0.05 (* anlanty)
Apctiri (3 BB6%8 4 580.925 501.739 0.000°
Vernik uygulae (B 1594085 1 1594085 1376797 0.000¢
Bkilesim (A 781.907 4 195.477 168831 0.000¢
Hata 104204 %0 1158
Toplam 353319.378 100
Dizettilristoplam 4803.894 %9
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h° degerlerine ait sonuclar Tablo 12’de gosterilmektedir. Vernik uygulamasinin, gesitli
agac tlrlerinin h° parametresi tizerindeki etkisi incelendiginde, her tiirde belirgin bir
azalma gozlemlenmistir. Lotofa agacinda verniklenmis ylizeyin h° degeri, verniklenmemis
ylizeye kiyasla %16.26 oraninda azalarak 60.64'ten 50.78'e diismiistiir. Zebrano agacinda ise
bu azalma daha belirgindir, %25.80'lik bir diislisle 69.91'den 51.87'ye gerilemistir. Sapelli
agacinda, vernik uygulamasi h° degerini %6.83 oraninda dustirerek 58.71'den 54.70'e indir-
migtir. Ekaba agacinda da benzer sekilde %9.68'lik bir azalma yasanmis ve h° degeri
57.03'ten 51.51'e gerilemistir. Adi glirgen agacinda ise en dustik azalma g6zlemlenmis olup,
%3.63'ltik bir diistisle 68.86'dan 66.36'ya inmistir. Genel olarak, vernik uygulamasi tiim aga¢
ttrlerinde h° parametresinde bir azalmaya neden olmustur (Tablo 12).

Tablo12 h° degerlerine ait sonuclar.

A tiiri idem Otalama Degisimoran (%) Hdjenlikgrubu Sandart ssppme Mnimum Milainum Varyasyon katsayia

g, VemiKenemis 6064 2% D 109 5898 6202 79

Vemikenmis 5078 ! o 186 824 7B 367

Vemikenmenis 6991 A 057 6910 08 082

2o\ ikenis 5187 |80 H 104 95 529 200

 Vemikenmemis 5871 E 075 5120 5986 128

Spelli -\ e 5470 1683 G 13 8% 5604 206

Vemikenmeris 57,03 F 138 5A6h 5878 202

Bad  \ridenmis 5151 1968 H 10 1959 5316 195

e, VEmMKenTETs 6385 " B 049 6815 6965 o7

M \ormikenmis 6436 ! c 07 6B 613 110

Bu galismada kullanilan vernik ile segilen ahsap malzemelere ait renk parametrelerinde
degisimler elde edilmistir. Calisma amacina ulagmustir. Literatiirde farkli agac tiirlerine ait
odunlar {izerinde gesitli vernik tiirlerinin uygulanmasi sorasinda farkli renk parametreleri-
nin elde edildigi bildirilmistir [sipo ve maun (Ayata ve ark., 2024a), yalanci akasya (Ayata ve
ark., 2024b), Isvec camu (Ayata ve Bal, 2024), rubber, keranji, niové, keruing ve berangan
(Camlibel ve Ayata, 2024)].

Ulay ve ark., (2025) tarafindan yapilan aragtirmada, sentetik bazli mobilya vernigi
(renksiz ve parlak) asagidaki agag tiirlerine iki katman halinde fir¢a ile uygulanmisgtir: limon,
karacam, kotibé, iroko ve Malta erigi. Verniklenmis ve verniklenmemis yiizeylerin renk pa-
rametreleri karsilastirilmistir. Renk parametreleri i¢in yapilan varyans analizi, agag tiird,
vernik uygulamasi ve bunlarin etkilegsimlerinin anlaml etkiler yarattigini gostermigtir. AE*
degerleri, renk formiillerine gore en diisiikten en yiiksege siralandiginda su sekilde dizilmis-
tir: limon, karacam, kotibé, Malta erigi ve iroko. Vernik uygulamasindan sonra, tim agag
tlrlerinde L* degerlerinde azalma g6zlemlenirken, b* ve C* degerlerinde artiglar tespit edil-
mistir. Karagam agacinda ise a* ve h° degerlerinde artiglar meydana gelmistir. Ayrica, iroko,
kusburnu ve kotibé agaglarinda a* parametresinde artis gozlemlenirken, h° degerlerinde
azalma yaganmigtir. Genel olarak, vernik uygulamasi aga¢ malzemelerinde renk degisiklik-
lerine yol agmusgtir.

Peker ve ark., (2025) tarafindan yapilan arastirmada, sentetik bazli mobilya vernigi uy-
gulanmis dogu ¢inari, doussié, mersawa, bilinga ve sucupira odunlarinda L* ve h° paramet-
relerinde azalmalar bulunurken, a* parametresinde artiglar elde edilmistir. Doussié, sucu-
pira ve bilinga odunlarinda vernik uygulamalari ile b* ve C* parametrelerinde azaliglar elde
edilirken, dogu ¢inarinda ise artiglar goriilmiistiir. Mersawa odununda vernik uygulamasi
ile b* parametresinde azalis tespit edilirken, C* parametresinde artig gorilmustiir.

Farkl recine seffaf Gist ylizey koruma sivilari, Gist ylizey koruma sivilarinin kalinligina
bagli olarak yansima 6zelliklerini degistirebildigi bildirilmistir (Csanady ve ark., 2015).

Acik gbzeneklerin, 6rnegin lif lumenlerinin (igne yapraklilar) ve damar gézeneklerinin
(sert yapraklilar) varhigi, 151810 dagilmasina yol acar ve bu da L* degerinin artmasina neden
olur. Ancak vernik uygulamasi, bu gézeneklerin bir kismini, odunun kirilma indisiyle ben-
zer bir maddelerle doldurur. Bu, 151k dagilmasini azaltir. Sonug olarak, L* degeri diiser ve
odun daha zengin bir renkte goriiniir. Diger bir deyisle, daha fazla recine odun yiizeyine
yakin gozenekleri doldurdugunda, a* ve b* degerlerinin sifirdan daha uzak olacagina dair
genel bir egilim olacaktir, ¢linkii 151k dagilmasi azalir (Ulay ve ark., 2025).

Vernik katmanlarinin yapisal 6zellikleri, tiretiminde kullanilan bilesenlere bagl olarak
degisiklik gosterebilir. Ozellikle, ana baglayicilar ve katman olusumuna katki saglayan diger
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bilesenlerin tiirii ve miktari, bu farkliliklarin ortaya ¢ikmasinda biiyiik rol oynamaktadir
(Sénmez, 1989).

Toplam renk farkliliklarina ait sonuglar Tablo 13’te gosterilmektedir. AE* degerleri zeb-
rano odunu i¢in 20.88, ekaba odunu i¢in 12.60, lotofa odunu igin 10.98, sapelli odunu i¢in
9.71 ve adi glirgen odunu i¢in 7.85 olarak bulunmustur. Biitiin AL* degerleri negatif (daha
koyu) ve Aa* degerleri ise pozitif (daha kirmiz1) olarak hesaplanmigtir. AC* degerleri sapelli
ahgabinda negatif (mat, daha bulanik) olarak tespit edilirken, diger biitiin ahgap tiirlerinde
pozitif (daha net, daha parlak) olarak bulunmustur. Ab* degerlerine bakildiginda ise, lotofa,
sapelli ve zebrano odunlarinda negatif (daha mavi) olarak elde edilirken, ekaba ve adi giir-
gen odununda porzitif (daha sar1) olarak tespit edilmistir. Renk kriterleri (DIN 5033, 1979)
i¢in verilen tabloyla sonuglar kiyaslandiginda, zebrano ve ekaba odunlarinda “gok giiglii (>
12.00)” kriteri ve lotofa, sapelli ve adi giirgen odunlarinda ise “gii¢lii (6.0 ila 12.0)” kriteri elde
edilmigtir (Tablo 13).

Tablo13 Toplamrenk farkliiklanna ait sonuclar.

Rectiti AL v, D AC AA AP Rerkheiterteri (ONG033,1979)
Zrao 93 78 9 23 75 208
Haba 88 1 545 875 21 1260 Qok gl 61200
Lotdfa Y Y 419 1098
Sopell 9% 06 a4 0% 14 97 o
Mdgigen 585 291 436 514 10 785 Giilii 60ila120)

4. Sonuclar ve Oneriler

Bu ¢aligmada, farkli agac tiirlerinde sentetik bazli mobilya vernigi uygulamasinin renk
parametreleri tizerindeki etkileri degerlendirilmistir. Agag tiirlerine ve verniklenmis / ver-
niklenmemis durumlarina gore elde edilen sonuglar su sekilde yorumlanabilir:

Lotofa: Vernik uygulanmayan bu agag tiiriinde L* degeri oldukea yliksekken, vernik
uygulamasi sonrasi bu deger belirgin sekilde diigmiistiir. Bu, vernigin renk tonunu koyulas-
tirdigina isaret eder. a* parametresi, vernik uygulamas ile artarken, b* degeri hafif bir
azalma gostermektedir. C* parametresi ve h° degeri ise vernik uygulamasi sonrasinda belir-
gin bir artis gostermistir. Bu, vernigin agacin renk doygunlugunu artirdigi ve tonlarin zen-
ginlestigi anlamina gelir.

Zebrano: bu agag tiiriinde vernik uygulanmamis durumda daha agik ve sar1 tonlar go-
riliirken, vernik sonrasi bu tonlar kirmizimsi ve kahverengimsi renklere kaymaktadir. L*
degeri 6nemli bir azalma gosterirken, a* ve C* degerlerinde artis yasanmistir. Bu degisiklik,
vernigin agacin dogal rengini daha koyu ve doygun hale getirdigini gostermektedir.

Sapelli: Bu agaca ait odunlarina vernik uygulamasi L* degerinde 6nemli bir diisiigse ne-
den olurken, diger renk parametrelerinde kiiciik degisiklikler gézlemlenmistir. a* paramet-
resi hafif bir artig gosterse de, genel olarak vernik uygulamasinin bu tiirde belirgin bir renk
degisimi yaratmadig1 sdylenebilir. Bununla birlikte, renk tonunun daha derin ve zenginles-
tigi gortlmektedir.

Ekaba: Bu agac tiiriinde vernik uygulandiktan sonra L* degeri diigserken, a* ve C* para-
metrelerinde belirgin bir artig yasanmugtir. b* degeri ise hafif bir artis gosterilmigtir. h° pa-
rametresi de vernik uygulamasi ile birlikte diismiistiir. Bu, vernigin agacin daha zengin,
koyu ve canli renklere biiriinmesine neden oldugunu gostermektedir.

Adi glirgen: Bu agag tiiriinde ise vernik uygulamasi, L* degerini disiiriirken, a* ve b*
parametrelerinde belirgin artiglar goriilmektedir. Bu da vernigin, agacin daha sicak ve derin
renk tonlarina doniismesine neden oldugunu gosteriyor. C* parametresi ve h® degeri de ver-
nik sonrasi artmig, bu da agacin rengindeki doygunlugun arttigini ve daha zengin bir gorsel
etki sagladigini ortaya koymaktadir.

Vernik uygulamalari, genellikle agacin dogal renk tonlarini koyulastirir ve daha derin
renk tonlari elde edilir.

Yiizey sertligi ve dayanikliligini test etmek i¢in asinma direnci ve siirtiinme testleri kul-
lanilabilir. Is1 dayaniklilig: testleri ile sicakliga kars: direng, kimyasal dayaniklilik testleri ile
asidik ve alkali ¢6zeltilere karsi direng l¢tilmelidir. Ayrica, su ve yag dayaniklilig: testleri
ile sivilara kars: diren¢ degerlendirilmeli ve nem emme testleri ile nemli ortamlara kars:
dayaniklilik test edilmelidir.
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Abstract: Air pollution is a pressing global environmental challenge, with PM2.5 (particulate matter with a
diameter of less than 2.5 micrometers) being recognized as one of the most hazardous pollutants to human health.
Prolonged exposure to PM2.5 has been linked to respiratory diseases, cardiovascular conditions, and premature
mortality. It has been shown that 99% of the world population is exposed daily to pollutant concentrations
exceeding the World Health Organization’s recommended safe levels. This study compares PMz2.5 levels measured
by satellite data from the Atmospheric Composition Analysis Group at Washington University in St. Louis with
ground-based measurements from the Sensor Community initiative using SDSon sensors deployed in Mainz,
Germany. In addition, we investigated whether Mainz has achieved a positive trend in reducing PMz2.5
concentrations and assessed how well the city complies with WHO standards. Our results indicate that: (a) satellite
measurements consistently record higher PM2.5 values than ground-based sensors, (b) Mainz has experienced a
decreasing trend in PM2.5 levels in recent years, although some of this reduction may be attributed to pandemic-

related lockdowns, and (c) pollution levels in Mainz remain significantly above WHO guideline limits.
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Mainz Sehrinde Hava Kirliligi Tahmini ve Egilimleri (2017-
2022): Bir Vaka Calismasi

Oz: Hava kirliligi, PM2.5'in (¢ap1 2,5 mikrometreden kiiciik partikiil madde) insan saglg1 icin en tehlikeli kirleti-
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1. Introduction

Air pollution comprises a complex mixture of airborne substances that pose risks to
environmental quality and human health. Among these, fine particulate matter (PM.s) has
gained special attention due to its capacity to penetrate deep into the respiratory tract,
potentially causing a variety of adverse health outcomes including cardiovascular disease,
respiratory disorders, and premature death. The World Health Organization (WHO)
revised its air quality guidelines in 2021, setting the annual PM..s exposure limit at 5 pg/m?
due to growing evidence of its health impacts (WHO, 2021).

While global efforts to monitor and mitigate PM.s levels have increased, localized
assessments remain essential for designing effective policy interventions. The city of Mainz,
situated in the federal state of Rheinland-Pfalz in Germany, presents a unique case due to
its urban-industrial environment, its proximity to high-traffic areas, and the availability of
both official and citizen-led monitoring networks. This study capitalizes on these resources
to assess local pollution dynamics through the comparison of satellite- and ground-based
PM..s data sources.

Previous research has highlighted the benefits and drawbacks of both ground-based
and satellite-based air quality monitoring. Ground sensors offer real-time, high-resolution
data at specific locations but often suffer from limited spatial coverage and variability due
to maintenance or calibration issues (Microcontrollers Lab, 2024). In contrast, satellite-
based monitoring provides broader spatial information, yet struggles to capture localized
pollution fluctuations due to lower spatial resolution and atmospheric interference (Hsu et
al., 2019; Wang et al., 2020).

The central objectives of this study are to investigate the differences between these
data sources in measuring PM. s levels in Mainz and to examine whether a significant trend
in air quality improvement is evident over the observed time period. By applying robust
statistical methods and spatial matching techniques, the study contributes to a more
nuanced understanding of air quality monitoring and offers valuable insights for future
environmental policy design.

2. Theory

2.1. Particulate Matter and Health

Particulate matter, particularly PM.s, refers to fine particles that are less than 2.5
micrometers in diameter. These particles are significant due to their small size, which allows
them to penetrate deep into the respiratory system and enter the bloodstream, causing
severe health effects such as respiratory diseases, heart conditions, and even premature
death (Mushtaq et al., 2019). PM.s originates primarily from combustion processes,
including emissions from vehicles, industrial facilities, power plants, and natural sources
like wildfires and dust storms (Xue et al., 2019). Due to their health implications, PM. 5 levels
are closely monitored globally (Brook et al, 2010; Mushtaq et al, 2024). The WHO (2021)
sharpened their guidelines considerably in 2021 and has now established a maximum of 5
pg/m? as the threshold for damage to human health, based on widespread evidence of the
link between exposure and adverse health outcomes.

2.2. PM2.5 Sensing
2.2.1. Ground-based sensors

Ground-based sensors offer real-time measurements of air quality at localized points,
providing detailed data on specific areas. Their reliance on fixed locations and potential
calibration issues may introduce challenges in data accuracy. Despite these limitations,
ground sensors contribute valuable information for urban air quality monitoring. Mushtaq
(Mushtaq et al, 2024) discussed the comparison between satellite and ground-based
measurements for PM.s and other pollutants, emphasizing the importance of evaluating
the accuracy of each method in the context of their health implications, arguing that sensors
could have a value for detecting local hotspots (Wang et al., 2020). An example of the lower
grade SDSou1 sensor is shown in Figure 1.
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Figure 1. SD011 PMes Sensor. Source: Mcrocontrollers Lab (2024).

2.2.2. Satellite observations

Satellite-based measurements, like those provided by the Atmospheric Composition
Analysis Group at Washington University in St. Louis (Shen et al., 2024), offer a broader,
regional perspective on PM.s pollution levels. Satellites capture a vast array of data,
providing a global overview of air quality trends and regional pollution patterns. The
measurement method is based on air dispersion, and remote and displayed in (Figure 2).

!onliﬂol-ﬁ ‘

Figure 2 Renote Sensing. Copied with a OC-BY license from (Handschuh et al,, 2023).

However, the spatial resolution of satellite measurements is typically lower compared
to higher grade ground sensors, which can result in less precise data when assessing small-
scale local pollution (Hsu et al, 2019). Additionally, satellite data may not capture transient
pollution events or localized emissions (Wang et al, 2020).

2.3. Geospatial Alignment

To compare the effectiveness of satellite and sensor data, it is crucial to align both data
sources spatially. Geospatial alignment ensures that satellite data points are compared to
the nearest sensor locations, enabling meaningful comparisons. Additionally, temporal
alignment is necessary, as satellite data may be available on a monthly or annual basis, while
sensor data can provide more frequent, real-time readings. In this study, the KDTree
method was employed to achieve precise spatial alignment between satellite and ground-
based measurements (Xue et al, 2019).

KDTree is a spatial data structure used for organizing points in a k-dimensional space,
allowing for fast nearest-neighbor searches (Bentley, 1975). This method is particularly use-
ful when handling large geospatial datasets, such as air pollution measurements, where pre-
cise location matching is required. The KDTree (K-dimensional tree) is a space-partitioning
data structure that is widely utilized in various contexts, including nearest neighbor
searches, range searches, and multi-dimensional data indexing. It organizes points in a k-
dimensional space efficiently by recursively dividing the space into two half-spaces, allow-
ing for faster queries than a naive linear search.

A KDTree is constructed by recursively dividing the data points along one of the k
dimensions. The basic algorithm for building a KDTree involves selecting a dimension (of-
ten cyclically) and a pivot point (typically the median of the chosen dimension). This pivot
acts as the boundary between points that will reside in the left subtree and those that will
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go into the right subtree The construction process can be summarized in the following
steps:
e  Choose the dimension to split by, based on the depth of the node in the tree;

e  Sort the points based on the selected dimension;

e  Select the median point from the sorted list to minimize the number of comparisons
in future searches.

e  Recursively apply the same process to the left and right subsets of points
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Figure 3. KDTree AlgarithmProcedures. Copied with a OC-BY 4.0 License from (Anzola et al,, 2018).

This recursive approach results in a binary tree structure where each node represents
a point in k-dimensional space, with the left child containing points less than the parent
node in the selected dimension and the right child containing points greater than or equal
to the parent (Bentley, 1975). Searching in a KDTree can be performed efficiently for nearest
neighbors and range queries. For nearest neighbor searches, the algorithm starts at the root
of the tree and traverses down to the leaves while maintaining a list of potential nearest
neighbors. Upon reaching a leaf node, the distance to the point is calculated. The algorithm
then backtracks and checks the other branches of the tree, utilizing a bounding box defined
by the current nearest neighbor distance to prune unnecessary searches (Baspinar, 2020).

The main advantage of using KDTree is its speed in performing multidimensional
searches, commonly achieving average-case complexities of O(log n) for both nearest neigh-
bor queries and range queries. This efficiency makes it particularly well-suited for applica-
tions such as computer graphics, machine learning, and spatial databases (Shapiro, 2018).
However, KDTree has several limitations. Its performance can degrade in high-dimensional
spaces — commonly referred to as the "curse of dimensionality” — where the tree becomes
less efficient, leading to average-case complexities approaching O(n) (Liu, 2018). In addi-
tion, the construction of the KDTree itself can be time-consuming for very large datasets
due to the need to sort points at each split.

KDTree finds extensive application in various domains, including computer vision, ro-
botics, and geographic information systems. In computer vision, KDTree is often employed
to accelerate image retrieval processes through efficient image feature indexing (Szeliski,
2010). In robotics, it aids in motion planning and obstacle avoidance by enabling fast spatial
queries in dynamic environments (Kuffner & LaValle, 2000).

3. Methods

3.1. Data Sources

Satellite observations provide estimates of the PMz2.5 distribution across large geo-
graphical regions. The “Atmospheric Composition Analysis Group at Washington Univer-
sity in St. Louis (WUSTL, 2025)” generates high-resolution data (x 0.0 from a combination
of satellites, ground-based monitors and deep learning appraches as shown in Figure 4.
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Figure 4 Washington University S Louis ACAG System (AUSTL, 2025).

3.1.1. Sensor communily

Ground-based PM2.5 measurements were obtained using SDSou sensors deployed by
volunteers in Mainz, Germany, as part of the citizen science initiative sensor.community
(sensor.community, 2025). These sensors provide real-time measurements of PM2.5 and
PMio concentrations, uploaded to the public web site daily.

3.1.2. Official city data
The state (bundesland) Rheinland-Pfalz provides public access to particulate matter

via their central emission net infrastructure. Rheinland-Pfalz State Environmental Agency's
PM2.5 data (ZIMEN; 2023). The city uses sensors of the type shown in Figure 8.

4. Results

4.1. Geographical Alignment
The proximities of studied sensor and satellite points are seen in Figure 5 and Table 1.

Measurement Points Map
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Fgure 5. Locations of satellite and sensor paints by the KDIree algarithm
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Table1. Thisis a table. Tables should be placed in the main text near to the first time they are cited

Longitude Nearest Satellite Point (at, Llon) Distance (k)
8240 (L9.975, 8:245) 038
8246 (50,005, 8.245) 013
8182 (49.985, 8185) 0.40
8298 (49.975,8295) 0.40
8260 (50,005, 8.255) 066
8268 (49.955, 8.265) 037
82719 (49.965, 8.275) 027
82713 (49.985, 8.275) 031
8265 (50,005, 8:265) 015
8184 (49.995, 8185) 013

The observed distances had a mean of 0,32 km (standard deviation 0.2 km). All points
are depicted on the overview map of Mainz in Figure 6.
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Hgure 4. Locations of satellite and sensor paints by the KDTree algorithm

4.2. PM2.5 Results by Measurement Source

Two of the sensors were discarded due to unreliable results, and (Table 2) presents the
recorded total average of all monthly measurements at the corresponding locations.

Table 2 Tatal average of monthly measurements.

SensorID Satellite Sensor Difference

803 103 83 20
10701 104 46 58
21886 91 37 55
2372 99 33 66
26656 100 71 30
47739 100 37 63
48807 96 73 22
772200 106 80 20

The applied two sample Mann Whitney test revealed a mean difference of 4.16 mi-
crograms per cubic meter (Satellite: 9.91, Sensor 5.75) and a p value < 0.001. The discrepan-
cies between the satellite and sensor are further illustrated by the line graphs of the monthly
averages of three randomly chosen points out of the eight locations in Table 3.
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Table 3. Graphical conrparison of satellite vs. sensor measurements.
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4.3. Comparison to City Official Sources

The state (bundesland) Rheinland-Pfalz, where Mainz is located, provides public
access to pollution data measured at a number of points as shown in Figure 7.However, only
two of these stations ("Mainz Zitadelle" and "Mainz Parcusstrafe”) specifically measure
PM. s concentrations. These stations are highlighted in red on the map (Figure 7).
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Fgure 7. Amap of the city sensor stations.

At the two locations where PM2.5 is measured, the city has utilized a sensor of the type
shown in Figure 8.

Figure 8. Particulate monitor nmodel SHARPS030 (Thermo Fisher Scientific Inc., 2018).

We show the yearly average from all three measurement sources in (Table 4).

Table 4 Yearly average PM25 (ug/ii).
Year Satellite Gty Sensr
2017 96 129 9.0
2018 100 127 9.0
2019 84 n2 99
2020 101 100 105
2021 ns5 107 99
2022 122 105 80
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4.4. Pollution Trends

A regression model was fitted for the yearly means of each of the satellite locations.
This table shows the coefficients of the sensors in Mainz. The data used is the air pollution

PM2.5 from the period 2017 to 2022 as measured by the satellite system.

Regression sensor ID

Yearly avg PM2.5 value

2017 2018 2019 2020 2021
Year

Fgure 9. Aregression analysis on air pollution PM2.5 between the period of 2017 and 2022

2022

Sensor ID

8030

107010
218860
237120
266560
477390
488070
668160
772200
834870

This figure illustrates the decline in PM. 5 air pollution in Mainz, based on the statistical
analysis presented in Table 5. The trend exhibits an almost linear decrease in air pollution
levels, with the exception of 2020. The significant drop in 2020 can likely be attributed to

the impact of the COVID-19 pandemic.

Table 5. Reducing air pallution PM2.5 between 2017 to 2022

Data Paint (sensor.community ID) Soope / (microg/n fyear) PValue
803 =051 0107
10701 -0.488 ong
21886 -0.440 0.0527
2372 -0.489 0130
26656 -0521 ong
47739 -04871 omn3
48807 -0518 0108
66816 -0470 0155
T72200 -0428 0238
834870 -0474 0107

4.5. Levels Compared to WHO Safe Thresholds

The histogram of the recorded yearly mean values from every satellite station (10 points

over six years) is shown in Figure 10.

Histogram yearly average between 2017 and 2022

Frequency

r T T T T
o 9 10 11 12

PM2.5 Average / (microg/m3)

Fgure 10. Hstogramof recorded PM2.5 measurements all satellite paints.
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It was noted that the range of the yearly average concentration was 8.1 - 12.7 g/m3 or
that in other words all points had levels at least 60 % above what the WHO deems as safe.
In the final year, only three out of ten stations even had a level below twice the WHO
guidelines.

5. Discussion

The comparison between satellite-derived and ground-based PM.s measurements
demonstrates a consistent pattern: satellite data typically reports higher concentrations
than those recorded by ground-level sensors. This discrepancy, while statistically significant
according to the Mann-Whitney U test, is not uniform across all time periods or
measurement locations. Such variation implies that localized environmental conditions—
including microclimatic effects, traffic density, and land use—play an important role in
modulating air quality and can affect the performance and readings of different
measurement systems. One primary source of variation arises from methodological
differences in data collection. Ground-based sensors, such as those used in the Sensor
Community initiative, provide high-frequency, localized measurements. These sensors are
highly sensitive to immediate pollution sources such as road traffic, construction sites, or
nearby industrial activity. However, their readings can be affected by environmental
variables like temperature and humidity, as well as inconsistencies in device calibration and
maintenance. The relatively low cost and simplicity of these sensors—while valuable for
citizen science—also limit their technical precision.

In contrast, satellite-based measurements, such as those from the Atmospheric
Composition Analysis Group, offer consistent regional coverage and incorporate
sophisticated algorithms to estimate surface-level PM. s from aerosol optical depth. These
measurements inherently smooth out short-term or hyper-local pollution events due to
their larger spatial footprint. Consequently, while satellites may more accurately reflect
regional air quality trends, they are less responsive to acute local variations. This
fundamental difference in resolution and methodology is likely a major contributor to the
observed disparities between the datasets. Interestingly, comparisons with official data
from the Rheinland-Pfalz State Environmental Agency revealed stronger alignment with
satellite-derived values than with data from individual ground sensors. This may reflect the
standardized maintenance and calibration of official stations, making them more
compatible with the generalized estimates provided by satellite platforms. Some sensor
locations exhibited strong correlation with satellite values, while others displayed weak or
inconsistent relationships. These differences further support the hypothesis that
environmental context, sensor placement, and maintenance quality significantly influence
measurement agreement.

The linear regression analysis conducted on annual PM.s averages across all
measurement systems indicated a modest but clear downward trend in pollution levels,
with an average annual reduction of approximately 0.5 pg/m?3. These findings align with
regional reports and suggest that local air quality has improved, potentially due to enhanced
environmental regulations and the temporary decline in emissions during COVID-19
lockdowns. It matches similar findings where a falling trend has been observed in Europe
(Aas et al., 2024).

Despite some positive trends, the persistent exceedance of WHO's recommended PM. 5
limits across all data sources underscores a critical public health concern. The results
suggest that current mitigation efforts are insufficient to achieve safe air quality levels in
Mainz. In light of this, the implementation of stronger regulatory frameworks and long-
term urban planning strategies is imperative. It should have a very high sense of urgency
given that exposure to PM2.5 has been estimated to cause as much as 3 % of all deaths in
Germany (Hahad et al., 2024) Finally, the study emphasizes the value of hybrid monitoring
approaches that integrate satellite data with ground-level sensor observations and
meteorological inputs. Such models, as demonstrated in previous studies (Wang et al.,
2020), can substantially improve the spatial and temporal resolution of air quality estimates
and provide a more accurate foundation for public health decision-making and
environmental policy design.
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6. Conclusions

This study provides a comprehensive assessment of PM.s concentrations in Mainz
from 2017 to 2022 by comparing satellite, citizen sensor, and official measurement systems.
The findings show a general decline in PM. 5 levels over time, but all measurements continue
to exceed WHO guidelines. Discrepancies between data sources highlight the strengths and
limitations of each method and emphasize the need for hybrid approaches that integrate
multiple data streams. Future research should focus on enhancing data harmonization and
improving the resolution of both satellite and ground-based monitoring to better capture
the complex spatial and temporal dynamics of urban air pollution.

Author Contributions: Conceptualization, H.L.; methodology, S.D. and F.T.; software, all.; valida-
tion, H.L.; formal analysis, S.D. and F.T.; investigation, all.; resources, H.L.; data curation, S.D. and
F.T.; writing—original draft preparation, all.; writing—review and editing, all; visualization, S.D. and
F.T.; supervision, H.L.; project administration, H.L.; funding acquisition, none. All authors have read
and agreed to the published version of the manuscript.

Funding: The project was funded by the Federal Ministry for Education and Research (BMBF) with
the grant number 03ZU120212.

Conflicts of Interest: The authors declare no conflict of interest.

References

Aas, W., Fagerli, H., Alastuey, A., Cavalli, F., Degorska, A., Feigenspan, S., Brenna, H., Glif3, J., Heinesen, D., Christoph Hueglin, Adéla
Holubova, Jean-Luc Jaffrezo, Mortier, A., Marijana Murovec, Jean-Philippe Putaud, Riidige, J., Simpson, D., Solberg, S., Tsyro, S.
and Kjetil Torseth (2024). Trends in Air Pollution in Europe, 2000-2019. Aerosol and Air Quality Research, 24, pp.230237-230237.
doi:https://doi.org/10.4209/aaqr.230237.

Anzola, J., Pascual, J., Tarazona, G., & Gonzélez Crespo, R. (2018). A clustering WSN routing protocol based on k-d tree algorithm.
Sensors (Basel, Switzerland), 18(9), 2899. https://doi.org/10.3390/518092899.

Bentley, J. L. (1975). Multidimensional binary search trees used for associative searching. Communications of the ACM, 18(9), 509-517.
https://doi.org/10.1145/361002.361007.

Brook, R. D., Rajagopalan, S., Pope, C. A., Brook, J. R., Bhatnagar, A., Diez-Roux, A. V., Holguin, F., Hong, Y., Luepker, R. V., Mittleman,
M. A,, Peters, A., Siscovick, D., Smith, S. C., Whitsel, L., & Kaufman, J. D. (2010). Particulate matter air pollution and cardiovascular
disease: An update to the scientific statement from the American Heart Association. Circulation, 121(21), 2331-2378.
https://doi.org/10.1161/CIR.obo13e3181dbecer.

Hahad, O., Lelieveld, J., Al-Kindji, S., Schmitt, V. H., Hobohm, L., Keller, K., R66sli, M., Kuntic, M., & Daiber, A. (2024). Burden of disease
in Germany attributed to ambient particulate matter pollution. Herz. https://doi.org/10.1007/s00059-024-05269-8.

Handschubh, ]., Erbertseder, T., & Baier, F. (2023). Systematic evaluation of four satellite AOD datasets for estimating PM2.5 using a
random forest approach. Remote Sensing, 15(8), 2064. https://doi.org/10.3390/1515082064.

Hsu, N. C,, Tsay, S. C., King, M. D., Herman, J. R., Holben, B. N., Eck, T. F., Smirnov, A., Chatenet, B., & Procureur, J. (2019). Enhancing
satellite-derived PM2.5 estimations. Remote Sensing of Environment, 227, 312-324. https://doi.org/10.1016/j.rse.2019.04.019.
Krittanawong, C., Qadeer, Y. K., Hayes, R. B., Wang, Z., Thurston, G. D., Viranj, S. S., & Lavie, C. J. (2023). PM2.5 and cardiovascular
diseases: State-of-the-art review. International Journal of Cardiology. Cardiovascular Risk and Prevention, 19, 200217.

https://doi.org/10.1016/j.ijcrp.2023.200217.

Microcontrollers Lab. (2024). Nova PM SDSou Dust Sensor - Pinout, Working & Interfacing. Retrieved from https://microcontrollers-
lab.com/nova-pm-sdsoi-dust-sensor-pinout-working-interfacing-datasheet/

Mushtagq, Z., Shah, A., & Younis, M. S. (2024). Satellite or ground-based measurements for air pollutants. Environmental Monitoring
and Assessment, 196(4). https://doi.org/10.1007/510661-024-12462-Z.

Rheinland-Pfalz State Environmental Agency. (2023). PM2.5 Pollution Trends in Mainz. Retrieved from https://www.lfu.rlp.de.

Shen, S., Li, C., van Donkelaar, A., Jacobs, N., Wang, C., & Martin, R. V. (2024). Enhancing global estimation of fine particulate matter
concentrations by including geophysical a priori information in deep learning. ACS ES&T Air, 1(5), 332-345.
https://doi.org/10.1021/acsestair.3c00054.

Sensor Community. (2024). Sensor.community | Build your own sensor and join the worldwide civic tech network. Retrieved from
https://sensor.community.

Thermo Fisher Scientific Inc. (2018). Model 5030i SHARP instruction manual. Retrieved from https://assets.thermofisher.com/TFS-
Assets/CAD/manuals/epm-model-5030i-sharp-manual-en.pdf.

Washington University in St. Louis (WUSTL). (2022). Atmospheric Composition Analysis Group. Retrieved from https://si-
tes.wustl.edu/acag.

World Health Organization. (2021). Air quality guidelines. Retrieved from https://www.who.int/publications/i/item/9789240034228.

Wang, Y., Li, L., Chen, X., Liu, Y., & Zhang, Q. (2020). A hybrid model for improving PM2.5 concentration estimation. Atmospheric
Environment, 223, 17290. https://doi.org/10.1016/j.atmosenv.2020.117290.

Xue, T., Zheng, Y., Geng, G., & He, K. (2019). Evaluation of PM2.5 concentrations derived from satellite-based aerosol optical depth over
China. Environmental Research, 173, 476-486. https://doi.org/10.1016/j.envres.2019.03.06.

Gerandanesh, S. et al. GreenTech 2025, 3(1). https://doi.org/10.5281/zenodo.15441950. 28 of 29



Air Pollution Estimation and Trends in Mainz (2017-2022): A Case Study 29 of 29

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of Journal of Green Technology and Environment, and/or the editor(s). Journal of Green Technology

and Environment, and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods,
instructions or products referred to in the content.

Gerandanesh, S. et al. GreenTech 2025, 3(1). https://doi.org/10.5281/zenodo.15441950. 29 of 29



JOURDAL of GREEDN TECHNOLOGY and €NVIRONDIMENT

Review Article

Biomass Carbonization, Briquetting and Briquette Characteriza-

tion: A Review

Munashe Maposa *

Tapiwa Nancy Madziwa*

, Marko Chigondo ", Charles Rashama **¥, Delroy Nyadenga ",
, Placxedes Sigauke >

and Charis Gratitude 3

! Manicaland State University of Applied Sciences, Faculty of Engineering, Department of Chemical and Pro-
cessing Engineering, Fern Hill Campus, Mutare/Zimbabwe

2 University of South Africa, Christian de Wet and Pioneer Avenue, Private Bag X6, Florida, 1710, Johannesburg/
South Africa

3 Research and Innovation, Midlands State University, Gweru/Zimbabwe

Correspondence: munashe.maposa@staff.msuas.ac.zw

Abstract: Briquetting is a contemporary means of converting waste biomass into a high calorific value solid fuel
through densification of biomass-binder mixture. The process of briquetting is carried out in different ways de-
pending on the type of biomass, binder or desired properties of the briquettes, the economic value and heating
efficiency of the biomass as a fuel. This review paper aims at demonstrating the research achievements attained so
far in the use of various forms and sources of biomass, the different binders and binder formulations, biomass
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Oz: Briketleme, biyokiitle-baglayici karisimimnin yogunlagtiriimasi yoluyla atik biyokiitleyi yiiksek kalorifik degere
sahip kati yakita doniistiirmenin giincel bir yoludur. Briketleme islemi, biyokiitlenin, baglayicinin veya briketlerin
istenen ozelliklerinin tiiriine, biyokiitlenin yakit olarak ekonomik degerine ve 1sitma verimliligine bagl olarak
farkh sekillerde gergeklestirilir. Bu derleme makale, ¢esitli biyokiitle formlarinin ve kaynaklariin kullaniminda,
farkll baglayicilarda ve baglayic1 formiilasyonlarinda, biyokiitle karbonizasyonunda, briketleme tekniklerinde ve
briketlerin niteliklerini incelemek i¢in kullanilan karakterizasyon yontemlerinde bugiine kadar elde edilen aras-
tirma basarilarini gostermeyi amaglamaktadir. Diinya enerji krizini ¢6zmek i¢in biyokiitle geri déniisimiiniin ge-
lecegi giincel bir konudur. Biyokiitlenin yakit briketlerine dénistiiriilmesi, baz1 biyokiitle ve baglayicr tiirlerinin
mevsimsel dogas1 géz 6niine alindiginda, aragtirmanin odak noktasini ham maddelerin bulunabilirligi ve yenile-

nebilir dogasina yoneltmesi durumunda siirdiirilebilir bir ¢aba olabilir.

Anahtar Kelimeler: biyokiitle; baglayic; briket; karbonizasyon; karakterizasyon
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1. Introduction

Biomass, especially waste by-products originating from timber industry are generated
at a high rate, especially in countries where such industries are economically important like
Zimbabwe. Recently, more and more attention has focused on utilizing saw dust potential
from timber industries as resources for fuel production owing to both composition and
abundance, achievement of sustainable energy for heating applications, reduction of envi-
ronmental impact, creation of bio-economies, reduction of over reliance on fossil fuels, im-
provement of quality of rural and urban life as well as production of several biofuels (Pellera
et al. 2021; Obi et al. 2022). On the other hand, the using wood as a fuel either directly or for
making charcoal has exhausted national forest resource as exploitation far surpasses refor-
estation and growth rate. There necessitates diversity on energy resources by incorporating
sawdust as domestic fuel and a lot of work has been done in that regard (Obi et al. 2022;
Rotich, 1998).

Direct combustion of sawdust yields little energy as sawdust tends to hold high mois-
ture in its loose natural state, nonuniform and poor feeding into gasifiers and boilers and
has low bulk density leading to poor combustion efficiency (Obi et al. 2022; Olugbade et al.
2019). A further approach will be to densify the sawdust into briquettes to improve its han-
dling, transport, and combustion characteristics and provides a favourable economic option
for saw-millers to dispose of the environmentally hazardous. Many studies have been re-
ported in this regard where several binders have been tested in the production of briquettes
from different biomass; rice husk/cassava peel gel, rice husk/banana peel, maize cob/cas-
sava peel gel, maize cob/banana peel, groundnut shell/cassava peel gel, groundnut shell/ba-
nana peel, sugarcane bagasse/cassava peel gel, sugarcane bagasse/banana peel with encour-
aging bulk densities calorific values and other properties (Idah, & Mopah, 2013). Neverthe-
less, burning of sawdust briquettes does not eliminate air pollution, has low heating value,
high ash and mineral content as well as inadequately improved combustion efficiency bri-
quettes hence the need for an alternative approach (Ghani et al. 2014; Rotich, 1998). One
such approach is carbonization prior briquetting and limited studies are available on this
(Ghani et al. 2014).

Most studies have mainly focused on direct briquetting of biomass, characterization
and evaluation for relative density, shatter index, ignition time, burning rate, yield and prox-
imate analysis, ultimate analysis, specific surface area and bulk density as so on. Combus-
tion, liquefaction, gasification and pyrolysis are the thermochemical technologies available
for converting sawdust into fuel products with pyrolysis being preferred for large scale en-
ergy conversion of biomass into solid fuel (Ghani et al. 2014). This carbonization technology
depends on pyrolysis of feedstock to produce bio-char which is then bound into a solid fuel
using a binding agent and subsequently briquetted by casting and pressing. Carbonization
of biomass, followed by briquetting of the charcoal with a binder would be the most attrac-
tive alternative for energy utilization of sawdust to improve its calorific value and combus-
tion properties (Rotich, 1998). Justifiably, during the utilization carbonization there would
be low emissions of the oxides of the combustible elements, biomass can also be densified
into pellets, logs or briquettes to improve its handling, transport, and combustion charac-
teristics as a domestic fuel. Despite some studies on carbonization and briquette production
and utilization, there is ample scope for further study and attention.

2. Sources of Biomass for Carbonization

Biomass refers to carbon based complex polymers derived from animal and plant re-
mains. It is also composed of a mixture of organic molecules containing hydrogen, oxygen,
and also small quantities of other atoms (Suryaningsih et al. 2017). The constituents of bio-
mass are carbohydrates, lignin, starch, proteins and lipids and their compositions vary de-
pending upon the geographical condition and source (Thomas et al. 2019). Typical sources
of biomass include agricultural and industrial residues, animal wastes, wood wastes, energy
crops, municipal solid waste, bagasse, sawdust, waste paper, waste from food processing,
bio-solids, aquatic plants and algae (Ighalo et al. 2021).

In general, biomass as a source of fuel is densified by briquetting in order to increase
the energy content per unit volume. The biomass may be carbonized before briquetting or
be briquetted without carbonization. Yank et al. (2015) used rice husk and bran to produce
briquettes, without carbonizing the biomass. Thulu et al. (2016) produced briquettes from
a blend of raw banana peels and sawdust as binder. Setter et al. (2020) produced briquettes
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from sugarcane bagasse and kraft lignin, with the lignin improving the properties of the
briquettes. A proximate analysis documented by Promdee et al. (2017) showed that the fixed
carbon content of rice husk is 18.88 % and that of bagasse is 5.86 %, thus this biomass has
the potential to be carbonized.

A lot of research work has been done on production of activated carbon from biomass.
Prior to producing activated carbon, the biomass is carbonized. Activated carbon has been
synthesised from coconut shell (Promdee et al. 2017), Jatropha curcas fruit pericarp and seed
coat (Okeola et al. 2012). Waste tea was utilized by Gurten et al. (2012) in the production of
activated carbon. Mahat, & Shamsudin (2019) produced carbon quantum dots from oil palm
empty fruit bunches.

Charcoal briquettes were produced from residues of banana peels, sugar cane bagasse,
coconut husks and rattan waste by Bot et al. The resulting briquettes had satisfactory phys-
icochemical properties (Bot et al. 2021). In other developing countries, various types of waste
have been used in order to develop biomass briquettes such as wheat straw, rice straw and
husk, waste paper and a mixture of coconut husk and maize cob. Other materials can be
used like banana leaves, rice straw and rice ban, coffee residues and eucalyptus leaves (Bot
et al. 2021). Lubwama, & Yiga (2018) developed briquettes from carbonized rice husk and
coffee husk using cassava starch and clay as binders. Briquettes produced from rice husk
and coffee husk by Lubwama, & Yiga (2018) showed a higher fixed carbon content and lower
volatile matter than those produced from banana peels, sugar cane bagasse, coconut husk
and rattan waste by Bot et al. (2021). These findings show that carbon content of briquettes
vary depending on the type of biomass used and this in turn affects the properties of bri-
quettes.

Wheat straw, maize straw and rice straw was carbonized before briquetting by (Guo et
al. 2020) with part of their study being on pollutant emission reduction during combustion
of the charcoal briquettes. Suryaningsih et al. (2017) did a comparison of charcoal briquettes
made from coconut husk, sawdust from acacia tree, rice husk and coffee husk using tapioca
starch as binder. The observed calorific for carbonized sawdust obtained in their research
is 4 247 cal/g, which approximately 18 MJ/kg. Mopoung, & Udeye (2016) produced charcoal
briquettes from banana peels and banana bunch using clay as a binder. The banana peel
charcoal briquette exhibited a higher calorific value than that obtained by Bot et al. (2021)
maybe due to_differences in briquetting pressure, which affects the energy density of the
fuel. Wu et al. (2018) investigated the properties of briquettes made from cotton stalk and
wood sawdust. In this study, the biomass was pretreated by dry torrefaction and hydrother-
mal process and then briquetted prior to carbonization. The calorific value of the charcoal
briquette from sawdust that underwent the hydrothermal pretreatment process of approx-
imately 30 MJ/kg (Wu et al. 2018) is significantly higher than that obtained by Suryaningsih
et al. (2017) apparently due to the thermal pretreatment process. Akowuah et al. (2012) did
a physico-chemical analysis of sawdust charcoal briquettes produced in Kumasi, Ghana.
They concluded that the briquettes met the recommended briquette characteristics.

3. Carbonization Techniques

The terms “slow pyrolysis” and “carbonization” are often used interchangeably, how-
ever slow pyrolysis can be considered a broader term, which covers both carbonization (i.e.,
pyrolysis of biomass into highly carbonaceous, charcoal-like material) as well as torrefaction
(i.e., a low temperature pyrolysis process that serves as a pretreatment process) (Basu, 2013).
Similarly, “char” refers to any solid product obtained from slow pyrolysis, whereas “charcoal”
refers to the char obtained from carbonization and with intended use as a fuel. Carboniza-
tion is the oldest form of pyrolysis known to humankind for the production of charcoal from
woody biomass (Antal, & Grenli, 2003).

The characteristic feature by which carbonization differs from other, dry thermochem-
ical conversion techniques is the heating time being significantly longer than the pyrolysis
reaction time (Basu, 2013). It is often carried out in an oxygen-limited rather than an oxygen-
free environment. The limited amount of oxygen serves to partially combust the biomass
(fuel), thus providing the required heat for the pyrolysis reactions to take place (Ronsse et
al., 2013). In addition, certain carbonization processes, such as the flash carbonization pro-
cess as described by Antal et al. (2003) are carried out at elevated pressures (up to 1 MPa).
Process equipment for carbonization ranges from simplistic kilns (which are still used
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where manual labor is cheap) toward complex and highly automated processes such as con-
tinuously operating retorts.

Hydrothermal carbonization (HTC) is considered an attractive and constantly expand-
ing eco-friendly methodology for thermochemical processing of different types of biomass
in energy, carbonaceous materials, structured hybrids, and other chemical products and
method for converting lignocellulosic biomass into different value-added products (Fang et
al. 2018; Kumar et al. 2018).

The hydrothermal carbonization (HTC) is a thermochemical conversion process that
occurs in hot water (subcritical) and produces gases, liquids, and solids fractions. Among
the many biomass conversion technologies, the advantage of hydrothermal carbonization
is that wet biomass with a water content of 70-9o % by weight can be converted without
prior drying (Kruse, & Dahmen, 2018). The main product is hydrochar (solid fraction) with
great applications in the agricultural, medicinal, environmental, energy, etc. (Fang et al.
2018; Heidari et al. 2018; Kambo, & Dutta, 2015). However, liquid (water-soluble) and gase-
ous (mainly CO.) by-products are also produced (Heidari et al. 2018; Kambo, & Dutta, 2015;
Liu et al. 2018). The method has been proving versatile to obtain various products from
different types of biomass, using lower temperatures and reactional conditions lighter com-
pared to other thermal conversion processes (Gallifuoco et al. 2017), thus being considered
an eco-friendly methodology. Although described with a sustainable methodology, hydro-
thermal carbonization needs to overcome some challenges to fit clean production pro-
cesses.

One of the main problems associated with hydrothermal carbonization concerns the
excessive use of water during the process. Considering that one of the greatest challenges
facing humanity today is the shortage of drinking water, due to the degradation of aquatic
environments and the constant irregular discharges of contaminants from various sources
(Anumol et al. 2016; Sophia, & Lima, 2018), the process faces a double challenge to adapt to
the processes of clean production. Initially, it is necessary to create alternatives for reducing
excessive water expenditure. It is important to give an appropriate destination to the aque-
ous fraction originated after hydrothermal treatment. An alternative that has been pre-
sented to reduce the mentioned problems concerns the recirculation of process water (Chen
et al. 2018; Kambo et al. 2018).

The variables involved in (HTC) include temperature which is one of the main variables
in (HTC) which significantly influences the biomass conversion process from the degrada-
tion of the structural components. This process occurs due to the breaking of the chemical
bonds of the biomass structural components, which occurs by the joint action of hydrother-
mal reactions as a consequence of the temperature (Zhang et al. 2019). The higher the tem-
perature, the higher the carbonization and the more intense will be the dehydration and
decarboxylation reactions. This occurs in a relatively slow reaction process. Current publi-
cations report responses in processes occurring in a time interval between 30 min and 12 hr
(Chen et al. 2017), and residence times of 1 and 2 hr are the most used. In addition, to yield,
the textural features such as surface area and porous structure of the produced hydrochars
are also exposed to the significant effects of residence time. This deficiency is due in large
part to the low specific surface areas observed in the hydrochar because of the weak porous
structure established. In this respect, the specific surface areas observed are generally at-
tributed to the external surface area. Another parameter which is less discussed in the HTC
literature are the catalysts. The use of catalysts has the drive of accelerating reaction rates,
modifying or adapting the reaction path and acting on the biomass decomposition. Studies
show that the use of catalysts reduces the activation energy in the hydrolysis of biomass,
and at the same time, favors the production of high-oxygenated functional groups, even in
biomass with high lignin content, low temperatures and lower reaction periods.

3.1. Factors Affecting Carbonization

Charcoal density and biomass density, or the ratio of dry mass to saturated volume,
have a positive correlation (Assis et al. 2016). Charcoal's tensile modulus, gravimetric yield,
and resistance to parallel compression of charcoal fibers all increase with density
(Moutinho, 2013). Density changes between hardwood and softwood, for instance, are
highly dependent on the species engaged in carbonization (Assis et al. 2016). Temperature
significantly increases density loss. According to the species, the average density loss is 40
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%, with variances ranging from 33 % to 50 % (Chrzazvez et al. 2014). According to labora-
tory experiments, the humidity of charcoal's moisture content has a significant impact on
the particles produced in drum testing (Rousset et al. 2011).

The particle size of the pieces for carbonization is also related to the friability of char-
coal. Larger diameters will be more negatively affected by carbonization process because
the carbonization front will have to shift across the piece as it moves toward the center
(Assis et al. 2016). In wood, the main components are cellulose, hemicellulose and lignin. In
addition to the solid portion, charcoal, condensable and non-condensable gases are pro-
duced during carbonization. The way these precursors interact affects the solid material's
properties (Assis et al. 2016). Consequently, the quantity and arrangement of each compo-
nent have a direct impact on the mechanical characteristics of wood and the quality of the
charcoal that is produced after carbonization. For instance, lignin is technically more stable
and is therefore the primary component that influences the creation of charcoal. Charcoal
formation and mechanical properties are influenced by the quantity and configuration of
its anatomical components, biomass proportions, the ratio of early to late biomass in the
rings and the variations throughout the radius (Chrzazvez et al. 2014).

Klar (1925) emphasized that charcoal preserves the shape and structure of the biomass
it is made from to the point that its look can be utilized to determine where it comes from.
According to Chrzazvez et al. (2014), the porosity of charcoal is directly related to the car-
bonization temperature, the density of the biomass it came from, and the rate of carboni-
zation. The findings of research conducted by de Oliveira et al. (1982) demonstrated how
the carbonization temperature affected the charcoal's compression strength. In an eight-
year-old Eucalyptus grandis, the scientists found that when the temperature rose from 300
to 9oo °C, the charcoal's resistance to compression increased.

The product weight yields (dry wood base) from various wood pyrolysis modes are sig-
nificantly impacted by the heating rate (Assis et al. 2016). The formation of liquids is favored
by fast and intermediate pyrolysis, which happens in a matter of seconds or less. Carboni-
zation, gasification, combustion, and torrefaction can all be seen in the event of slow pyrol-
ysis (10-60 min to days) (Bridgwater, 2012). Lower heating rates may smooth the drying
process and the carbonization gas output, minimizing flaws and cracks in the carbonized
samples (de Oliveira et al. 1982). There is a condensation of volatiles in the solid matrix
when the carbonization process is carried out in reactors under high pressure (Assis et al.
2016). A more stable structure known as secondary charcoal is created when highly reactive
compounds undergo secondary reactions, increasing the fixed carbon content and gravi-
metric solids yield (Manya et al. 2014). According to Assis et al. (2016), high pressures en-
hance heat transference inside the reactor, resulting in more homogeneous charcoal and a
shorter heating time.

4. Binders for Briquette Processing

Binders are extensively used in processing coal and biomass fines into solid fuel bri-
quettes although binderless briquettes with an inferior quality to those having binders have
also been previously produced (Taulbee et al. 2009; Manyuchi et al. 2018; Olugbade et al.
2019). The main role of the binders in briquetting is to ensure that solid particles constitut-
ing the briquette remain strongly bound to each other during processing, transportation
and use of the briquettes. This bonding ensures a consistent briquette density and shape as
well as reducing variability on other important solid fuel characteristics along the supply
chain for customer satisfaction (Borowski et al. 2017). In cases where the biomass undergo-
ing briquetting contains adequate natural binders as part of its chemical composition, it will
not be necessary to add more binders during the briquette processing since an optimal
binder concentration applies for best briquette performance. Higher or lower than optimal
binder concentration in the briquette affects the economics and briquette mechanical per-
formance as well as the briquette heating properties (Zanella et al. 2017). There are many
different materials that have been successfully evaluated as binders for biomass briquette
processing (Rejdak et al. 2020). Properties vary across these binders in terms of binding
effectiveness, quantity required and environmental friendliness. Some binders are more ex-
pensive than others. The choice of a binder for each specific briquetting application is there-
fore dependent on many factors that may be dictated by the material being briquetted, the
briquette end use, the binder properties, etc (Taulbee et al. 2009). It is therefore necessary
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to run laboratory or pilot plant tests as part of binder evaluations for each specific applica-
tion.

4.1. Binders Classification

Binders are classified into organic, inorganic and compound binders. Organic binders
contain mainly carbon and hydrogen atoms while inorganic binders contain substantial
amounts of inorganic elements in their chemical structure. The sub-classifications for both
organic and inorganic binders are depicted in Figure 1 where examples for each binder type
are also displayed. Organic binders are more popular than inorganic ones because of their
strong bonding capabilities but they also present some disadvantages such as high emis-
sions generation. The detailed list of advantages and disadvantages of using any binder type
in briquetting are spelt out in Figure 1. Most of these extreme disadvantages specific to in-
organic or organic binders are addressed by blending different ratios of inorganic and or-
ganic binders to produce what are termed compounded/blended binders.

Binders

Inorganic

Compound

Biomass

Gaod thermal stability

. Gaod mechanical
T=r pitch and properties

Fatroleum High Bonding strength
Bitumen High water resistance

Environmental
Protection

bentonite

residues = Lower
combustion

efficiency

*  Low pallution

= High impact resistance - = Subur capture =  Highash content
= High abrasion resistance - capacity =  Low calorific

=  Good binding effect - =  Strong adhesian w_ilue's _

= Highly shundant = Low waker resistance *  Good hydraphilicty || = High prices

_— T s (@)= .
Fgure 1. Bnder types and exanples induding their advantages and disadvantages

4.2. Binder Selection Factors

The key considerations in choosing a binder for briquetting and the significance of the
factor are reported in Table 1. Some factors may be more important than others depending
on the end use of the briquette. As previously stated in this review, desired binder properties
can be formulated from blending two or more binders. This strategy can also be used to
address unfavourable binder characteristics.
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Table1. Factors affecting the chaice of binders used in biomass briquetting

Bnder Factor Significance of the factar in briquetting production References
Abinder dffering strang bonding tends to have better me-
chanical properties hence generate lessfines and is there-
fore desirable than a binder with weak bonding properties

Desired bonding strength (Naude 2015)

If briquettes are to be used indoors, undesirable odours ar
unhealthy fumes introduced into briquettes by using certain
binders especially those ariginating fromfossil sources
should be avoided through binder selection o cherrical addi-
tions.

Hfect on errissions generation (Qlugbade et al. 2019)

Some binders alter the nisture retaining capacity of bri-
quettes, a characteristic that affects mechanical properties

Hfect on moisture hence starability of briquettes

(Aransicla et al. 2019)

Certain bindersincrease or decrease the calarific value of
the briquette. Further binder effects can be introduced on the

Eifect on fon performence bum rate of the briquette.

(Olugbade et al. 2019)

Environmental protection types of inorganic binders are
nrore favorable in stringent environmental conditions These
have sulphur retaining capacity. Despite price and bonding
benefits fromorganic binders that may be discouraging on
pollution grounds.

Hfect on environmental friendliness (Zhang et al. 2018)

The carbon foatprint, econorric and social inpacts of sourc-
ing a binder contribute towards the briquette's sustainability
Sustainability ranking hence the binder chaices espedially in societies (Salah and B-Haggar 2007)
where sustainability issues are highly valued

The binder price which adds to the briquette costs affect

Econorrics and availability binder chaices for business it (Adeleke et al. 2019)

4.3. The Future of Binders in Briquetting Process

More research work is required towards the formulation of a wider spectrum and ad-
vanced performing compound binders. These formulations must be based on locally avail-
able resources. If such research efforts address most of the binder selection factors, then
these formulations will form a basis to guide local strategies for briquetting binder choices
in future. If a reputable database of biomasses compatible with certain compound binders
could be developed with the support of empirical evidence, it will act as a driver for pro-
moting briquetting technology as a cleaner fuel processing route for the globally abundant
biomass. There are still several on-going debates on binding mechanisms and this area is
still open for more research.

5. Briquetting Techniques

Briquetting is a densification technique involving the use of high pressure to compact
loose biomass so as to increase the density of biomass residues. Briquetting techniques may
vary depending on whether a binder has been used or not, the compaction methods used
and also whether the biomass is carbonized prior to briquetting or after briquetting. Bri-
quetting process can be done with or without the use of binders (Ajimotokan et al. 2019;
Yang et al. 2016). Briquetting without binder can be of economic value since it lowers the
cost of processing of briquettes but may require high compaction pressure for biomass den-
sification (Yang et al. 2016; Papin et al. 2015). Low to moderate densification pressures are
necessary during binder-based briquetting because higher pressures beyond 5.0 MPa may
result in the collapse of cell walls of the biomass (Olorunnisola, 2004).

Binders give the briquettes some plastic deformation and act as cement between bio-
mass particles (Papin et al. 2015).The purpose of densification or compaction of material
biomass is to reduce the bulk so that transportation becomes easier and cheaper, increase
energy density by squeezing out moisture during compaction, obtain a homogeneous prod-
uct with the same physical properties, ensure uniformity in terms of energy quantity per
unit mass of feedstock, create a highly cohesive fuel material from loose particulate material
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that is otherwise difficult to process and also to increase particles’ shutter resistance during
transportation, handling and storage (Olorunnisola, 2004).

Sotannde et al. (2010) carried out batch experiments on production sawdust bri-
quetting. In each batch, 100 g of dried sawdust was mixed thoroughly with either cassava
starch or gum arabic as binders to obtain a uniform mixture. The sawdust-binder mixture
was hand loaded into the PVC pipe that served as a mold and covered at both ends with the
wooden disk before compacting at a pressure of 10.70 kg-cm-2 using a press. The mixture
was kept under pressure of the press for 5 minutes (Olorunnisola, 2004) to consolidate the
shape and size of the briquettes by perhaps preventing spring back effect (Ajimotokan,
2019). Sawdust was briquetted without carbonization perhaps as a way of reducing the cost
of production although the briquettes will have a lot of smoke and ashy during combustion,
contributing to pollution. Uncarbonized briquetting may require a thorough cost benefit
analysis since the products can contribute to pollution during combustion and the high
compaction pressure required can make the process expensive and hence unsustainable.

Emerhi (20m) also briquetted uncarbonized sawdust using a hand pressing machine.
The sawdust was first sun dried to reduce the moisture content to just about 12 %. Different
proportions of binding agents were added to the mixtures before feeding them into a hand
press machine where high pressure was applied to form the briquettes. The pressing method
is almost similar to the use of screw press machine reported by Akowuah et al. (2012) and
Aina et al. (2009) in production of quality briquettes with no other additives or binder.

Lela et al. (2015) also reported on the use of a special experimental rig for uncarbonized
briquette production which consisted of a mold, punch and pressing plate. The bores in the
mold were 38.6 mm in diameter and a height of 110 mm. Cardboard/sawdust mixture was
used as the biomass. The mixture was loaded into the bores and compressed in the rig using
a minimum compressing force of about 100 kN to obtain briquettes with satisfactory
strength or mechanical properties (Lela et al. 2015). The benefit of both binder and biomass
used is that they are both factory wastes which become part of clean up system and a re-
newable energy source.

Biomass can be carbonized first before briquetting as was reported by Ofori, & Akoto
(2020) in their work on carbonized cocoa pod husks. The biomass was ground and sieved
with a mesh size of <2 mm. 400 g of carbonized, sieved cocoa pod husks was thoroughly
mixed with starch gel made from cassava in the ratio of 4 kg to 1 L to form a paste. The paste
was then loaded into a metallic extrusion briquetting press where it was compacted into
briquettes. Sieving was done perhaps to achieve smaller particle size which can effectively
pack together during compaction (Yaman et al. 2001).

Stolarski et al. (2013) reported on the production of briquettes from agricultural and
forest biomass using a specially designed briquetting machine. Separate biomass of each
type, as well as their mixtures of different proportions were briquetted using a Polish piston-
briquetting machine BT86M (WAMAG, Walbrzych). The main components of the device
were a horizontal crank-and-piston briquetting press, a briquetting unit consisting of a bri-
quetting bush, a pre-forming bush, a piston and a two-part clamping bush with a pneumat-
ically adjustable clamping pressure component. The device had also a material feeding-
compacting worm unit and a briquette conveyor, 5 m long, on which the briquette thermal
and strength stabilization took place. The device also had a storage and dispensing con-
tainer, a cyclone for automated pneumatic transport of material and a control cabinet (Aina
et al. 2009). The machine was fitted with three electric motors to make the process auto-
matic (Stolarski et al. 2013). The machine is a multi-component and complex one which can
be ideal for bulky and large-scale commercial production of carbonized and uncarbonized
briquettes in an automated way so as to increase consistence in the quality and properties
of the briquettes.

Lignite fines as a biomass were reported by Tosun (2007). The biomass was mixed with
each magnesia and gypsum as binders to produce different types of briquettes. The mixture
of lignite, water and binder was poured into cylindrical iron molds and kept in the chamber
at ambient temperature for 2 days to allow setting. No compaction was reported because
these binders have a tendency of solidifying in water as a way of binding the particles. The
uniqueness of the technique is on the use of inorganic substances to bind biomass and the
ability of the briquettes to dry into a hard combustible solid without compaction. Test on
compression strength and water resistance were measured for both types of briquettes. It
was found that the compression strength of magnesia bonded briquettes reached 8oo N at
20 % magnesia content when compared to gypsum bonded lignite briquettes which had a
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compression strength of 300 N at 10 % gypsum content (Tosun, 2007). This method of bri-
quetting cannot meet commercial standards due to the long setting time which delays the
production line.

3.1. Briquetting Machines

Briquetting machines come in various shapes, sizes and applying different mechanisms
of compaction. They can be broadly classified into three categories namely screw presses,
piston presses and roller presses.

3.1.1. Screw presses

Material to be briquetted is continuously fed to a screw which forces the material to a
cylindrical die. The briquette is formed as the material is compacted in the die and then
exits at the other end of the die. Screw presses can be applied for high pressure compaction
as well as for low pressure compaction. For high pressure compaction, heat is added to the
die to facilitate lignin flow, with lignin acting as the binder. For low pressure compaction,
no heat is added to the die and the material is often mixed with an external binder prior to
feeding to the screw conveyer (Oladeji, 2015).

3.1.2. Piston presses

Piston presses are operated in a discontinuous, stroke mode, where material is added
in a cylinder and then compressed by a reciprocating piston into a slightly tapering die.
Frictional forces heat the material as it is being compressed in the die, facilitating the flow
of lignin which binds the material. The briquettes produced exit at the other end of the die.
Piston presses are classified according to the mechanism used to drive the piston. Mechan-
ical piston presses use an electric motor geared down through a belt coupling whilst hy-
draulic piston presses transmit energy from the electric motor using a high-pressure hy-
draulic system (Marreiro et al. 2021; Oladeji, 2015).

3.1.3. Roller presses

Material is fed continuously through a gap between two rotating cylindrical rollers.
The rollers rotate horizontally, in opposite directions and on parallel axes. As the material
is forced through the gap, it is compressed and simultaneously agglomerated to form bri-
quettes that come out at the opposite side (Dinesha et al. 2018; Kpalo et al. 2020). Table 2
shows the advantages and disadvantages of each briquetting machine type.

Table 2 Advantages and disadvantages of briquetting machines.

Type of machine Advantages DOisadvantages References
- The briquette making is continuous
- The briquettes fromscrew presses are often denser

and stronger than those produced by piston presses -Wear of contact parts are high (Oladeji, 2015)
Screwpress - Briquettes produced are usually homogeneous. - They are assodiated with higher meintenance costs  (Kpalo et al. 2020)
- Screw presses usually process meterial with very than piston presses (Kapelyushin, 2023)

lownisture content, between 4 and 8 %.
- They require low capital costs

- Piston presses can process material with a higher (Kpaloet al. 2020)
noisture content, usually ranging from10to15 % - Hoh level of maintenance is required
Piston press - The wear of contact partsislow - Briquettes produced are usually non-honogeneous (Marreiroet al. 2021)
- The power consunption rates are lower thanthase - The briquette making process is nat continuous: .
associated with screw presses (Oladsji, 2015)
- Briquette meking process is continuous
Rilerpress Roller presses can process naterial with a higher - The briquettes produced are usually non-homogene- (Dinesha et al. 2018)
moisture content, ustally ranging from10to15 % ous (Kpaloet al. 2020)

- The wear of contact partsis low
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3.2. Current Briquetting Techniques Versus Energy Demands

The world population and industrial technology are fast growing, increasing the vol-
ume of waste and the demand for energy. The conversion of organic waste into fuel bri-
quettes can augment the current energy infrastructures as well as offering a means of waste
management. Robust automated briquetting techniques have to be developed to increase
output so as to meet the ever-increasing energy demand as well as to prevent accumulation
of waste. This will go a long way in creating significant economic value to waste material
and conserving forests which are being exploited for firewood. Currently there is a very big
energy deficit which calls for tremendous research in the possible ways of enhancing bri-
quetting productivity from different forms of biomass. The future of biomass densification
as a sustainable energy solution depends on the universal research approach in dealing with
diversified forms of waste and the successes in large scale production.

6. Characterization of Briquettes

Different characterization methods can be carried out on briquette samples to get an
insight of their properties. The properties of the briquettes determine the performance qual-
ities of the briquettes. The purpose of characterization is to obtain proximate and ultimate
qualities or information on the briquettes. Ultimate analysis provides elemental composi-
tion of the briquettes while proximate analysis gives other general properties of a fuel like
ashy content, moisture content, volatile matter content etc. Thermogravimetric analysis
(TGA), Fourier Transform Infrared Spectroscopy (FTIR), Scanning electron microscopy
(SEM) and X-Ray diffraction (XRD) are of critical importance in understanding the struc-
tural, chemical and thermal performance of the briquette.

6.1. Thermogravimetric Analysis (TGA)

Thermogravimetric analysis (TGA) helps to understand the combustion behavior of
the briquette by revealing the thermal decomposition stages of the samples. In the first
stage, mass loss is due to dehydration, which is equivalent to the removal of moisture con-
tent. Occasionally, it is accompanied by the loss of extremely minute quantities of volatile
substances. It results in a mass loss of 5.7 % and is initiated at 30 °C and ends at 150 °C. The
next stage is regarded as the primary stage of reaction during combustion. It involves burn-
ing of volatile materials produced when cellulose and hemicellulose break down. A temper-
ature range of 150 to 345 °C is suitable for this thermal degradation, which accounts for 48.79
% of the mass loss. The third stage, which requires temperatures between 345 and 510 °C
accounts for a mass loss of 33.88 %, is brought on by the char that remained after the sam-
ples were devolatilized (Liu et al. 2021). Typical rice husk briquettes exhibited a mass loss
associated with moisture that is valued at 9.25 % leaf, 10.27 % pseudostem and 7.94 % rice
husk. Briquettes ignited at temperature 180 °C. The briquettes' peak temperature during
their burning profile was established as 280 °C for banana leaf, as 276 °C for banana pseu-
dostem, and as 315 °C for rice husk (de Oliveira Maia et al. 2018). Nyakuma et al. (2014)
inferred that the decomposition of Empty Fruit Bunch briquettes happens in four stages:
drying (A), heating (B), devolatilization (C), and char aggregation (D).

6.2. Fourier Transform Infra-red Spectroscopy (FTIR)

Fourier Transform Infrared Spectroscopy (FTIR) analyzes the chemical composition of
binders or carbonization products. Briquettes from bagasse charcoal showed a number of
distinct peaks at particular wavelengths, including the CO groups at 1050-1300 cm-1, the C
= C alkenes groups at 1610-1680 c¢m-1, and the C-H alkane group at 2850-2970 cm-1. The
wavelength at which the CO2 C = O group is presently active is 2991.59 cm-1 (Veeresh, &
Narayana, 2012). Because they can form hydrogen interactions, oxygen-containing func-
tional groups, like the carboxyl group (1740-1650 cm-1), have a significant impact on
strength (Sun et al. 2014). Bands forming in the 3700 and 2300 cm-1regions, could be related
to CO2 and H20, respectively (de Oliveira et al. 2017).
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6.3. Scanning electron microscope (SEM)

Scanning electron microscopy (SEM) allows observation of the surface morphology of
the briquette and the distribution of binders among the particles. Charcoal briquettes
demonstrated a consistent morphology and distribution along with the ongoing presence
of pores (de Oliveira et al. 2017). Particles covered in a layer of natural binders, as evidenced
by the SEM images of the briquettes and under light microscopy, these coatings looked to
be glassy or white sugar-like coatings on the particles, and significant accumulation of these
binding components are seen where the particles joined (Kaliyan, & Morey, 2010).

6.4. X-ray Diffraction (XRD)

X-Ray Diffraction (XRD) allows the identification of the mineral structures that con-
stitute the ash content. The XRD spectrum analysis results demonstrate that the sample
forms a soft peak in the 20 °© - 30 © spectra, suggesting that it is amorphous (Rahman et al.,
2021). Peak increases in intensity until 1000 at a frequency of 20 pm, after which it somewhat
decreases as ash is formed by partial dissolution. According to Raju et al. (2014), the minerals
found in cocopeat briquette are called fizelyite (Ags Pbi4 Sb2 S48) and anorthite (Ca Al Siz2
08). The peak intensifies until 2600 at a resolution of 4 cm-1, at which point it somewhat
diminishes as ash from partial dissolution forms (Raju et al. 2014).

6.5. Proximate Analysis And Heating Values for Different Briquettes

Table 3 is a brief summary of research studies on proximate analysis and high heating
values of briquettes. The volatile matter content of briquettes, which is correlated with the
energy released during combustion, is a crucial factor in briquette combustion. Fuels with
higher volatility will burn more quickly because they are more reactive and readily flamma-
ble (Fernandes et al. 2013) and will volatilize and burn as gas in combustion chambers due
to the high volatile matter content.

Table 3. Research studies on proximate analysis and high heating values of briquettes

Type of Bricuette \olatileMstter (5)  AehContent O%)  Moisture Content (%) HY Mg References
Com straw briquette 69.65 884 1020 1679 (Liuet al. 2021)
Sawdust 5459 1030 157 - (Rajuet al. 2014)
Badamleaves 4730 15.80 1820 - (Rajuet al. 2014)
Cocopest 5355 9.80 1865 - (Rajuet al. 2014)
Rice husk 3438 3005 790 1857 (Deshannavar et al. 2018)
Rice husk 6820 1610 1267 1517 (Feng et al. 2006)
Dryleaves 7450 2550 1030 1024 (Kaur et al. 2017)
Palmkemel shell 7650 270 350 - (Sunu et al. 2023)
Com cob 7380 390 410 - (Sunuet al. 2023)
Sawdust 70.60 320 590 - (Sunuet al. 2023)
Rice husk 6710 680 550 - (Sunuet al. 2023)
Bhgasse 2890 1099 510 1044 (PallavikVet al. 2013)
Coffee husk 2300 1310 350 n.39 (PallaviHVet al. 2013)
Rice straw 70.00 10.00 800 1633 (Jittabut, 2015)
Sugarcane leaves 6800 10.00 7.00 16.43 (Jittabut, 2015)
Rice straw 6859 1868 - 1357 (Talukdar et al. 2014)
Waste wood charcoal 19.83 15.83 267 3052 (Shiferawet al. 2017)
Charcoal briquettes 16.67 833 833 19.24 (Hasan et al. 2017)

With a moisture content of 10 %, briquettes are suitable for burning (Liu et al. 2021)
and a high-quality and stable briquette should have a moisture content of 5 % to 10 %
(Oyelaran 2015; Pallavi et al. 2013). Ash content represents the proportion of impurities that
will not burn both during and following combustion. Briquettes of low ash content are ap-
propriate for thermal use and fuel's calorific value typically decreases as its ash content in-
creases. High heating value of at least 15 KJ/kg is adequate to generate the heat needed for
small-scale industrial applications and domestic cooking.
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7- Conclusions

Various researches on briquette formation from biomass seem to share the same con-
clusion that biomass is a sustainable economic value addition process as well as a viable
means of waste management. Different types of biomass have been researched on using
different binders, biomass-binder ratios and densification methods producing briquettes of
different performance qualities. Carbonized biomass briquettes have high carbon content,
heating efficiency, low ash content and volatile matter but they are associated with high
costs of production when compared to the uncarbonized type. High energy pressing during
compaction or densification remains key to briquette formation because it ensures easy
handling and transport as well as high calorific values for the briquettes. Biomass-binder
ratios differ from one biomass to another due to compatibility issues. Instead of allowing
organic solid waste to pile up around industrial sites causing environmental and health haz-
ards, the waste seems to have found a value chain mechanism which can augment the avail-
able energy supplies for industries and homes. More research needs to be done to come up
with briquette formulations which are cost effective in their production but with very high
calorific values to run thermal power stations for the increasing demand of electricity. The
future of coal as a source of power in thermal power stations is bleak because of its non-
renewable and polluting nature. Biomass briquettes are the future source of hope for ther-
mal energy. However, if the process of converting biomass into fuel briquettes is to become
a sustainable energy source for the future, it's more imperative to focus on localized pro-
cesses which exploit the available forms of waste or raw material within homes and indus-
tries so as to prevent accumulation of waste. Researchers should also focus on viability stud-
ies such as cost-benefit analysis as well as making briquette formation process automated
for mass production in order to meet the ever-increasing demand of energy as well as pre-
venting piling up of organic waste in homes, municipalities and industries.
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Oz: Bu calismada, keranji (Dialium indum L.) odununun, antik ve tar¢inh dogal ahsap yaglari ile muamele edilerek,
yiizey ozelliklerindeki degisiklikler incelenmistir. Farkli yag tiirlerinin, odunun renk parametreleri, parlaklik ve
beyazlik indeksi tizerindeki etkileri 6l¢tilmiistiir. Yapilan testler sonucunda, her iki yag tiiriiniin de ahsap ytize-
yinde belirgin degisikliklere yol actig1 gézlemlenmistir. Uygulanan her iki yag tiriiyle h°, C* b* ve L* degerlerinin
azaldi@y, a* degerlerinin ise arttig1 gorillmastiir. AE* degerleri, antik yag uygulamast ile 16.62, targinli yag uygula-
mast ile ise 1.60 olarak elde edilmistir. Beyazlik indeksi degerlerinde ise her iki yag tiirti de diisiis gostermistir.
Elde edilen sonuglar, ahsap ytizeylerine uygulanan dogal yaglarin, ahsabin estetik ve fiziksel 6zelliklerini nasil et-
kileyebilecegi hakkinda 6nemli bilgiler sunmaktadir. Ayrica, ¢evre dostu ve siirdiiriilebilir malzeme kullanimi agi-
sindan bu tiir dogal yaglarin potansiyeli vurgulanmistir. Bu ¢alisma, gelecekte yapilacak aragtirmalara katk: sagla-
masinin yani sira, ahsap isleme endiistrisinde estetik ve fonksiyonel 6zellikleri gelistirmeye yonelik ¢evre dostu
alternatif yiizey islemlerine de 151k tutmaktadir.

Anahtar Kelimeler: kranji agaci; antika yag; tar¢in yags; renk parametreleri; parlaklik; beyazlik indeksi
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Wood Oils

Abstract: In this study, the surface property changes of keranji (Dialium indum L.) wood treated with antique
and cinnamon natural wood oils were investigated. The effects of different oil types on the wood’s color parame-
ters, brightness, and whiteness index were measured. The results of the tests showed that both oil types caused
significant changes on the wood surface. It was observed that the h°, C* b*, and L* values decreased, while the a*
value increased with the application of both oils. The AE* values were 16.62 for the antique oil application and
11.60 for the cinnamon oil application. Both oil types also caused a decrease in whiteness index values. The results
provide important insights into how the application of natural oils on wood surfaces can affect the aesthetic and
physical properties of the wood. Additionally, the potential of these natural oils is emphasized in terms of envi-
ronmentally friendly and sustainable material usage. This study serves as a fundamental source for future research
and offers new alternatives for more efficient and aesthetically pleasing surface treatments in the wood processing

industry.
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1. Girig

Keranji (Dialium indum L.), Endonezya’ya 6zgi bir bitki tiirii olup 6zellikle Aceh ve
bazi diger bolgelerde dogal olarak bulunmaktadir. Aceh halki bu meyveyi genellikle
“Seuradi” olarak adlandirmaktadir. Keranji, genellikle Agustos ile Aralik aylar1 arasinda ha-
sat edilen mevsimlik bir bitkidir (Faizah, 2020).

Dogal habitatinda, deniz seviyesinden 1.200 metreye kadar olan yiiksekliklerde, bozul-
mamus karisik dipterokarp ve alt-montan tropikal ormanlarda bulunmaktadir. Genellikle
yamaclarda ve kumlu ila killi topraklarda, ancak ayn1 zamanda ultrabazik ve kirectas: tize-
rinde de yer almaktadir. ikincil ormanlarda, genellikle bozulma éncesi kalan bir agag olarak
bulunmaktadir. lyi drene edilmis, organik madde agisindan zengin verimli topraklarda ve
nemli golgeli ortamlarda veya kismi golgede iyi biiyimektedir. Aga¢ hem verimli hem de
verimsiz topraklara tolerans gostermektedir (Lim, 2012).

Agac, 43 metreye kadar uzayabilen uzun ve ince bir yapiya sahiptir. Biiyiik, ince kok
destekleri ve 95 cm ¢apinda silindirik bir govdesi, yogun ve kompakt bir taci vardir. Yara-
landiginda kirmizi regine salgilayan, piiriizsiizden kaba yapiya degisen gri kabugu bulun-
maktadir. Dis odunu sarimsi renktedir (Lim, 2012).

Keranji meyvesi misket gseklinde olup, kabugu siyah renkte sert, meyve eti turuncu
veya siyah renkte olan, eksi tath bir tada ve agik kahverengi sert bir tohuma sahiptir (Osman
ve ark., 2018).

Bu agactan elde edilen odun, ev ve tekne yapiminda, cetvel, yag presleri, disliler, tom-
ruk tagimada kullanilan kizaklar ve alet saplar tiretiminde kullanilmaktadir (Lim, 2012).

Agac, ozellikle iyi drene edilmis topraga sahip muson bolgelerinde, tropikal bolgelere
iyl uyum saglar. Hem verimli hem de verimsiz topraklara tolerans gostermektedir. Agac,
ozellikle kiiglikken, oldukgca golge toleransh olma egilimindedir. Meyve vermeye baglamasi
genellikle yavas olabilir; yerel ciftciler, bu siirenin 15-17 yil oldugunu belirtmektedir (Sub-
hadrabandhu, 2001).

Bir agacin 40 yildan fazla bir siire aldig1 bilinirken, agik hava tuvaleti yakinindaki azot
acisindan zengin toprakta dikilen iki diger agac, sadece 5 y1l iginde meyve vermeye basla-
mugtir. Bu meyve agaci, Baklagiller (Leguminosae) familyasina aittir. Aga¢, Tayland'in giineyi
ile Malezya’da yabani olarak bulunmaktadir. Tayland’da “yee” ve Malezya’'da “keranji” olarak
bilinmektedir. Meyve, tad1 itibariyla biraz demirhindiyi andiran karakteristik bir lezzete sa-
hiptir. Bu nedenle Ingilizce’de “velvet tamarind” (kadife demirhindi) olarak adlandirilmak-
tadir (Subhadrabandhu, 2001). Bu bitki, toprakta bulunan bazi bakterilerle simbiyotik bir
iligki gelistirir. Bu bakteriler, koklerde nodiller olusturarak atmosferdeki azotu sabitlerler.
Sabitlenen azotun bir kismi, bitkinin gelisimi i¢in kullanilirken, geri kalan kismi ¢evredeki
diger bitkiler tarafindan da faydalanilabilir (Huxley ve Griffiths, 1992).

Keranji ahgsabinda radyal yonde daralma %2.30, teget yonde daralma %3.70 (Jayamani
ve ark., 2020) olarak bulunmustur.

Literatiirde gesitli agac tiirlerine farkli 6zellikte koruyucu yaglarin uygulandig: bildiril-
migtir (Peker ve ark., 2024, 2025; Ayata ve ark., 2024; Ulay ve Ayata, 2024). Ama literatiirde
keranji odununda herhangi bir koruyucu yagin uygulanmadig: belirlenmistir.

Bu ¢aligmada, antik ve tar¢inh dogal yaglarin keranji (Dialium indum L.) odunu ytize-
yindeki etkileri incelenmistir. Yapilan deneysel olctimlerle, bu yaglarin ahsap yiizeyinin
renk, parlaklik ve beyazlik indeksi gibi fiziksel ve estetik 6zellikler izerindeki degisimleri
belirlenmistir. Calismada, her iki yagin da odunun renk parametrelerini ve ylizey parlaklik
seviyelerini nasil etkiledigi, ayrica beyazlik indeksindeki degisimler ayrintili olarak ele alin-
mustir. Bu tiir bir caligma, ahsap ylizeylerinin estetik ve fiziksel 6zelliklerinin iyilegtirilmesi
amaaiyla yapilmaktadir. Ahsap malzemelerin dogal yaglarla islenmesi hem estetik agidan
hem de korunma agisindan énemli degisiklikler yaratabilir. Ozellikle antik ve tar¢inli yag-
larin ahsap ylizeyi tizerindeki etkilerinin incelenmesi, bu yaglarin rengini, parlaklik ve be-
yazlik indeksini nasil degistirdigini anlamak adina kritik bir 6neme sahiptir. Ahsap, dogal
yapist geregi cevresel faktorlere karsi duyarh bir malzemedir; dolayisiyla, ylizey modifikas-
yonu ile ahsabin estetik 6zelliklerinin yani sira dayanikliligi da artirilabilir. Ayrica, dogal
yaglar kullanilarak yapilan bu tiir caligmalar, ¢evre dostu ve stirdiiriilebilir alternatiflerin
gelistirilmesine katki saglar. Dogal yaglar, sentetik malzemelere kiyasla daha ¢evre dostu
secenekler sunarak, ahsap endistrisinde dogaya zarar vermeyen malzeme kullanimini teg-
vik eder. Sonug olarak, bu ¢aligma, ahsap yiizeylerindeki renk, parlaklik ve beyazlik degi-
simlerini inceleyerek hem endiistriyel uygulamalar i¢cin hem de bilimsel literatiirdeki bos-
luklar1 doldurmak amaciyla 6nemli bilgiler sunmaktadir.
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2. Materyal ve Metot

2.1. Materyaller

Keranji (Dialium indum L.) odunlari, ¢aligmada kullanilmak tizere 100 mm x 100 mm x 20
mm boyutlarinda hazirlanmistir. Numuneler, deneysel uygulamalardan 6nce, 20 + 2 °C si-
caklikta ve %65 bagil nem ortaminda iklimlendirilmigtir (ISO 554, 1976). Calismada kulla-
nilan targinlt dogal ahsap yag1 ve antik ahsap yagi, satin alma yoluyla temin edilmistir. Uy-
gulamalarda kullanilan tistiipti (bez pargasi) de ayni sekilde satin alinarak elde edilmistir.

2.2. Metot

Ahsap ytizeyler, titresimli bir zimpara makinesi ve farkli zimpara tiirleri (8o, 120 ve 150 nu-
mara) kullanilarak zimparalanmigtir. Zimparalama isleminin ardindan, tozdan temizlenen
ahgap ytizeyler, tstiipii ile dairesel hareketlerle uygulanarak, yaglarin siiriilmesi islemi ger-
ceklestirilmistir.

Whiteness Meter BDY-1 cihazinin kullanilmasi beyazlik indeksi (WTI*) degerleri belirlenmis-
tir (ASTM E313-15€1, 2015). Parlaklik, bir yiizeyin 15181 yansitma yetenegini tamimlayan bir
optik olgudur. Bir nesnenin parlakligini 6l¢me ihtiyaci, estetik bir mesele olup, goriintim
6nemli bir rol oynamaktadir. Parlaklik, yiizeyin 6zellikleri, aydinlatma tiirii ve gézlemci gibi
cesitli faktorlere baglhidir. Bir gozlemciye bagh olarak degisen bu sensor gézlem nedeniyle,
bu varyasyonlara karsi dayanikli yontemlere bagvurmak gereklidir. Farkli parlaklik derece-
leri vardir. Yansima agisi, aydinlatma agisina esit olan yiizeyler parlak yiizeyler olarak kabul
edilmektedir (Sousa, 2008). Parlaklik testleri, ETB-0833 model gloss meter cihazinda ii¢
farkli agida (20°, 60° ve 85°) liflere dik ve paralel yonlerde olacak sekilde yapilmigtir (ISO
2813, 1994). Renk parametreleri, CS-10 (CHN Spec, Cin) (ASTM D 2244-3, 2007) cihaz1 kul-
lanilarak 6l¢tilmustiir. Asagidaki formiiller ile toplam renk farkliliklart belirlenmistir.

C* = [(a*)* + (b*)*]°> @

h° = arctan (b*/a*) (2)

AC* = (C*iglem gormiis deney rneti - C*iglem gérmemis deney drnegi) (3)
Aa* = (a*iglem gormiis deney drnegi - @ iglem gdrmemis deney drnegi) (4)
AL* = (L*iglem gormiis deney rnegi - L¥iglem gérmemis deney drnegi) (5)
Ab* = (b¥islem gormiis deney drnegi - D*islem gérmemis deney drnegi) (6)
AH* = [(AE*)* - (AL*)* - (AC¥)*]°5 (7)

AE* = [(AL*)* + (Aa*)* + (Ab*)*]°s (3)

Cividini ve ark., (2007) tarafindan verilen AE* degerleri [gortinmez fark (0.2 < AE*), kii¢clik
fark (0.2 < AE* < 2), diisiik kaliteli ekranda goriinen renk farki (2 < AE* < 3), orta kalite
ekranla goriilebilen renk fark: (3 < AE* < 6), yiiksek renk farki (6 < AE* < 12) ve farkli renk
(AE* > 12)] ile galigmadaki sonuglar kiyaslanmigtir. Aa*, AC*, Ab* ve AL* tamimlamalar1
(Lange, 1999) Tablo 1’de sunulmustur.
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Tablo1. Ad; A C, A5 ve A L* degerlerine ait tanimlanalar (Lange, 1999).

Test Pegitif durunnda Negetif durunda

Ad Referanstan daha san Referanstan daha mavi
AC Referanstan daha net, daha parlak Referanstan daha bulanik, et
ABF Referanstan daha kirmz Referanstan daha yesil
AL Referanstan daha agik Referanstan daha koyu

2.3. Istatistiksel Analiz

Bir istatistiksel yazilim ve calismaya ait 6l¢ciim verileri kullanilarak, minimum ve maksimum
ortalama degerler, homojenlik gruplari, 6l¢im sonuglari, varyans analizleri, standart sap-
malar ve yiizde (%) degisim oranlar1 hesaplanmusgtir.

3. Bulgular ve Tartisma

Varyans analizi sonuglart Tablo 2’de sunulmugtur. Yag tira faktori 120°de parlaklik
degeri anlamsiz olarak bulunurken, diger biitiin testler tizerinde yag tiirii faktori anlaml
sonuclar elde edilmistir (Tablo 2).

Tablo2 /* paranretresine ait varyans analizi sonuglan.

\Varyans Kaynag Test KarelerToplam  SerbestlikDorecess Qrtalamakare  FDegeri 0<0.05 (% anlanrl))

Iskdilik (2 1052070 2 526035 26347TTI 0.000*
Kirma (&) renk tonu 17614 2 8807 34163 0.000*
San (4 renk tonu 393717 2 196.859 1067.284 0.000*
Krama (0) 170538 2 85269 250625 0.000*
Ton (#) ags 251097 2 1128548 1097.585 0.000*

g 120°de parlaklik 0,000 2 0.000
,E, L607de parlaklik 1841 2 0920 138535 0.000*
> 185°de parlaklik 0744 2 0372 10.207 0.000*
|| 20°de parlakiik 0.09% 2 0048 81.000 0.000*
[| 60°de partakik 0419 2 0208 47100 0.000*
|| 857 de partakiik 823 2 1621 7573 0.000*
Beyazlik indeksi (L) 40248 2 20124 565.988 0000
Boyazlik indeksi (]| ) 174368 2 T3.684 1308861 0.000*

Bu veriler, keranji odununun beyazlik indeksi (WI*) tizerine antik ve tar¢inh yaglarin
etkilerini gostermektedir (Tablo 3). Olgiimler, yiizeyin dik aciyla (1) ve paralel aciyla (||)
yapilan beyazlik indeksi degerleriyle degerlendirilmigtir. WI* L (dik a¢1) 6l¢iimii sonuglarina
gore, kontrol grubu 7.08 degerinde bir beyazlik indeksi gosterirken, antik yag uygulanan
ylizey bu degeri %39.83 oraninda bir diisiisle 4.26’ya indirgemistir. Tar¢inli yag uygulanan
yiizeyde ise beyazlik indeksi %23.73 azalmis ve 5.40’a gerilemistir. Bu, her iki yagin da odu-
nun yiizeyindeki beyazlik seviyesini azalttigini, ancak antik yagin bu etkiyi daha belirgin
sekilde gosterdigini ortaya koymaktadir. WI*|| (paralel ag1) 8l¢iimii agisindan bakildiginda,
kontrol grubu 5.34 degerinde bir beyazlik indeksi degerine sahipken, antik yag uygulanan
ylzey %92.51 oraninda bir diistisle 0.40’a gerilemistir. Tar¢inli yag uygulanan ytizey ise be-
yazlik indeksinde %82.771ik bir azalma gostererek 0.92'ye diismustiir. Bu sonuclar, antik
yagin ylizeyde beyazlik seviyesini ¢ok daha fazla azalttigini, tar¢inli yagin ise beyazlik kay-
bini daha az seviyede tuttugunu gostermektedir. Genel olarak, her iki yag da odunun be-
yazlik indeksini azaltmisg, ancak antik yag daha giiclii bir etki yaparak beyazlik seviyesini
belirgin sekilde digiirmistir (Tablo 3).

Tablo3 Beyazlikindeksi (/) degerlerine ait dlclimsonuglan.
Tes  YagTuli  Mnimm Misimum  Otalave  Deism@®) HnojenlikGubu  VaryasynKatsapa~ Standart Sspma

Kotro. 680 730 7.08 - ~ 345 024
W) Atk 420 440 426 13983 c* 198 008
Targinl 520 570 540 1B73 B 370 020
Kot 490 570 534 - & 724 039
WH(||)  Antik 030 050 040 19252 c* 257 009
Targnll 080 1.00 092 18277 B n.23 010
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Calismada, keranji (Dialium indum L.) odununun yiizey 6zellikleri {izerine antik ve tar-
cinli dogal ahgap yaglarinin etkisi incelenmistir. Renk 6l¢timleri, parlaklik ve beyazlik in-
deksi verileri kullanilarak, her iki yagin uygulandig1 odun yiizeylerindeki degisiklikler kar-
silastirnlmistir. Elde edilen bulgulara gore, antika ve targinli yaglarin her ikisi de odunun
renk parametrelerinde belirgin degisikliklere yol agmistir. Bu sonuglar Tablo 4'de verilmek-
tedir (Tablo 4).

L* (1s1khilik) degeri tizerinde yapilan 6l¢timler, her iki yagin da yiizeyi koyulagtirdigini
gostermektedir. Kontrol 6rnegine kiyasla, antik yag uygulanan odun %30.30 oraninda ko-
yulagmuis, tar¢inli yag uygulanan odun ise %21.41 oraninda koyulagmistir. Bu sonug, her iki
yagin da odunun parlaklik seviyesini diisiirdiigiinii, ancak tar¢inli yagin bu etkiyi daha hafif
bir sekilde gosterdigini ortaya koymaktadir (Tablo 4).

a* (kirmizi-yesil ton degisimi) degerine bakildiginda, antik yagin odunun kirmizimsi
tonunu %6.44 oraninda artirdig goriiliirken, tar¢inli yagin etkisi ¢cok daha belirgindir ve
%15.64 oraninda bir artig saglamistir. Bu, targinli yagin ylizeyde daha fazla kirmizi ton olus-
turdugunu ve boylece keranji odununun daha sicak bir renk tonuna biiriindigtinii goster-
mektedir (Tablo 4).

b* (sar1-mavi ton degisimi) parametresi ise her iki yagin da sarimsi tonu belirgin sekilde
azalttigini ortaya koymaktadir. Antik yag, sarilik tonunu %49.05 oraninda, targ¢inl yag ise
%31.47 oraninda azaltmustir. Bu da her iki yagin da yiizeydeki sarims: tonlari silerek daha
soguk, koyu bir renk olusturduklarini géstermektedir (Tablo 4).

Son olarak, C* (doygunluk) ve h° (gélgeleme agis1) parametrelerine baktigimizda, her
iki yagin da ylizeydeki doygunluk ve golgeleme agisini belirgin sekilde distirdiigi goril-
mektedir. Antik yag, C* degerinde %27.13'liikk bir azalma saglarken, tar¢inh yagda bu azalma
%14.05'le daha diisiik kalmistir. Golgeleme agisindaki azalma ise antik yagda %36.75, tarqinl
yagda ise %26.09 olarak 6l¢iilmiistiir (Tablo 4).

Sonug olarak, her iki dogal ahsap yag1 da keranji odununun yiizey 6zelliklerini belirgin
sekilde degistirmistir. Antik yag, koyulagma, kirmizilagma ve sararmada daha ytiksek etkiler
yaratirken, tar¢inli yag ise daha hafif degisimlere yol agmistir. Bu bulgular, her iki yagin da
ahsap ylizeylerinde estetik degisiklikler saglamak i¢in etkili oldugunu, ancak etkilerinin yo-
gunluk agisindan farklilik gosterdigini ortaya koymaktadir (Tablo 4).

Tablo4 Renk parametrelerine ait dglimsonuglan.
Test  YagTuli  Mnimm Misimum  Otalave  Deism®) HnojenlikGrubu  VaryasyonKatsans  Standart Sapme

Kontrol 4606 4134 4656 - A 088 041
r Antik 3182 3297 3245 13030 c 125 040
Targnli 3592 3155 3659 12141 B 1.42 052
Kontrol nmn 1215 1.96 - c* 095 on
a Antik 1201 1375 1273 16.64 B 384 0.49
Targnli 1265 1513 1383 11564 A 5.2 072
Kontrol 1754 1820 17.86 - A 1.06 019
B Antik 827 991 910 149.05 c 5.85 053
Targnli 1.63 1323 1224 131.47 B 395 048
Kontrol 221 282 2.49 - A 072 016
c Antik 1477 1695 15.66 12113 c* 436 068
Targnli 1751 19.69 1847 11405 B 39 073
Kontrol 55.49 56.57 519 - A 073 041
g Antik 3378 37.00 3554 13675 c 245 087
Targnli 39.67 4424 453 12609 B 354 147

* B yilksek sonug, ** Bn diisiik sonug, OlcimSayis: 10

Peker ve ark. (2024) tarafindan yapilan ¢aligmada, igde odununa her iki yag uygulama-
sinin ardindan a* degerlerinde bir artig gézlemlenirken, L*, C*, b*, h° ve her iki yondeki WI*
degerlerinde ise azalmalar tespit edilmistir. L*, C*, b*, h° degerleri ile her iki yondeki WI*
degerlerindeki azalma, antik yag uygulamasinda tar¢inli yaga kiyasla daha belirgin olmusg-
tur.

Ayata ve ark., (2024) tarafindan yapilan ¢alismada, antik ve targinli dogal ahsap yagla-
rinin, lale agacinin 6z ve diri odunlarina uygulanmasi sonrasinda meydana gelen renk para-
metreleri ile WI* degerlerindeki degisimler belirlenmistir. b* ve C* parametrelerinde, antik
yag uygulamasi sonucunda hem 6z hem de diri odunlarda azalislar gézlemlenirken, tar¢inl
ahsap yag1 uygulamasi ile bu parametrelerde artiglar tespit edilmigtir. Her iki yonlt uygula-
malarda, WI*, L* ve h° parametrelerinde azaliglar, buna karsilik a* parametresinde artiglar
kaydedilmistir.
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Peker ve ark., (2025) tarafindan yapilan ¢aligmada, Sibirya ¢ami odununun yiizeylerine
targinli ve antik dogal ahsap yaglar1 uygulandiginda, C*, b* ve h° parametrelerinde antik yag
uygulamasi ile azalmalar, tar¢inli yag uygulamast ile ise artiglar gézlemlenmistir. L* deger-
lerinde, her iki yag uygulamasiyla da azalmalar meydana gelirken, a* degerlerinde her iki
yag uygulamasiyla da artislar tespit edilmigtir. Ayrica, her iki yagin uygulandigi her iki yon-
deki WI* degerlerinde ise azalmalar belirlenmistir.

Ulay ve Ayata (2024) tarafindan yapilan galismada, targinh ve antik dogal ahsap yagla-
rinin uygulanmasinin ardindan, a* degerlerinde farkl etkiler g6zlemlenmistir. Meranti red
odununda antik yag uygulamasiyla artis olurken, dut odununda ise azalma tespit edilmisgtir.
Tarcinh yag uygulamasi ise her iki odun tiirtinde de a* degerlerinde artiglara yol agmusgtir.
b* degerlerinde ise, antik yag uygulamasi azalma gosterirken, targinli yag uygulamasiyla
farkli sonuglar elde edilmistir: meranti red odununda artig, dut odununda ise azalma goz-
lemlenmisgtir. Ayrica, her iki odun tiiriinde de L* ve h® degerlerinde azaliglar tespit edilmis-
tir. Son olarak, tiim WI* degerlerinde azalma egilimi gozlemlenmistir.

Tablo 5’te verilen toplam renk farkliliklarina ait sonuglara bakildiginda her iki yag ile
farkli sonuglarin elde edildigi goriilmektedir. Her iki yag ile yapilan uygulamalarda, AL* de-
gerleri negatif (referansa kiyasla daha koyu) olarak elde edilmistir. AE* degerleri, antik yag
uygulamast ile 16.62, tar¢inli yag uygulamast ile ise 11.60 olarak bulunmustur. AH* degerleri,
antik yag uygulamasi ile 6.57, tarcinli yag uygulamasi ile ise 5.09 olarak tespit edilmistir.
Cividini ve ark. (2007)'ye gore tablo kullanildiginda, renk kategorisi agisindan, tar¢inh yag
uygulamasinda “yliksek renk farki 6 < AE* < 12” kriterine, antik yag uygulamasinda ise “farkli
renk (AE* >12)” kriterine uyulmugtur. Her iki yag uygulamasi ile AC* degerleri negatif (mat,
referansa kiyasla daha bulanik) olarak bulunmustur. Ayrica, Ab* degerleri de her iki yag tiirti
ile negatif (referansa kiyasla daha mavi) olarak belirlenmisgtir. Buna ek olarak, Aa* degerleri
ise her iki yag tiirii ile pozitif (referansa kiyasla daha kirmizi) olarak tespit edilmistir (Tablo
5).

Ayata ve ark. (2024) tarafindan yapilan ¢alismada, antik ve tar¢inli dogal ahsap yagla-
rinin, lale agacinin 6z ve diri odunlarina uygulanmasi sonrasinda elde edilen AE* degerleri,
0z odun i¢in antik ahsap yag1 uygulamasinda 39.57, tar¢inli ahgap yagi uygulamasinda ise
11,40 olarak belirlenmigtir. Diri odun i¢in ise bu degerler, antik ahsap yag1 uygulamasinda
47.19, tar¢inli ahsap yag1 uygulamasinda ise 10.98 olarak tespit edilmistir.

Peker ve ark. (2024) tarafindan yapilan ¢alismada, igde odununa uygulanan antik ve
tar¢inli ahsap yaglarinin renk parametreleri tizerindeki etkileri incelenmistir. Antik yag uy-
gulamasi sonucu AE* degeri 19,48 olarak olgiiliirken, targinli yag uygulamasi ile bu deger
10.53 olarak bulunmustur.

Peker ve ark. (2025) tarafindan yapilan ¢alisgmada, Sibirya ¢ami1 odununun yiizeylerine
uygulanan tar¢inl ve antik dogal ahsap yaglarinin etkisiyle elde edilen AE* degerleri, antik
yag uygulamasinda 22.67, tar¢inli yag uygulamasinda ise 7.99 olarak dl¢tilmiisttr.

Ulay ve Ayata (2024) tarafindan gergeklestirilen ¢aligmada, dut odunu ve meranti red
odunlar Gizerine uygulanan yaglarin etkisiyle elde edilen AE* degerleri, dut odununda antik
yag ile 7.48, tarcinli yag ile ise 7.40 olarak bulunmustur. Buna karsin, meranti red odununda
antik yag uygulamasiyla 18.85, tarqinli yag uygulamasiyla ise 11.52 degeri elde edilmistir.

Tablo5. Toplamrenk farkliiklanna ait sonuglar

YTl AL A AF AC__AH AP Renk defjgtirme kriterleri (Cvidini ve ark, 2007)
Antik 4N 078 876 584 651 16&2 Farkli renk (AZ'>12)
Targnl 997 181 562 302 509 160 Yiksek renk farks 6 <AZ'<12

Yapilan parlaklik 6l¢timleri, antik ve tar¢inli yaglarin keranji odununun yiizey parlak-
lig1 Gizerindeki etkilerini gostermektedir (Tablo 6). 120° parlaklik agisiyla yapilan 6l¢iim-
lerde, her iki yag da ylizeyde herhangi bir parlaklik degisikligi yaratmamustir, yani her iki
yagin da kontrol grubuna etkisi olmamusgtir. Ancak L60° parlaklik agisinda, antik yag, kont-
rol grubuna gore %10.38 oraninda parlaklik kaybina yol agarken, tarcinli yag %u17.92 ora-
ninda parlaklik artis1 saglamistir. Bu, tarcinli yagin ylizeyde parlaklik artiric bir etki yarat-
tigini, antik yagin ise matlastiric bir etki gdsterdigini ortaya koymaktadir. 185° parlaklik
acisinda, antik yag %:16.67 oraninda parlaklik kaybi yaratirken, targinli yag ise %2.78 ora-
ninda bir kayip gostermistir. " 20° parlaklik agisinda her iki yag da yiizeyde biiyiik bir par-
laklik kayb1 yaratmis ve %54.55'lik bir azalma meydana gelmistir. Son olarak, || 60° parlaklik
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acisinda, antik yag %0.87 artis gosterirken, tar¢inli yag %m.30 oraninda parlaklik artis1 sag-
lamistir. || 85° parlaklik agisinda ise, antik yag %32.86’lik bir parlaklik artis1 yaratirken, tar-
cinli yag daha belirgin bir sekilde %49.77'lik bir artig saglamistir. Bu sonuglar, tar¢inli yagin
genellikle parlaklik artis1 saglarken, antik yagin ise yiizeyde parlaklik kaybina yol agtigini
gostermektedir (Tablo 6).

Tablo 6. Parlaklik degjerlerine ait dglimsonuglan.
Te  YagTuli  Mnimum Miksimum Otalame  Defism@%) Hmgenlik Grubu  Varyasyon Katsays Standart Sapme

Kontrol 010 010 010 - A 000 000
120 Adtik 010 010 010 000 A 000 000
Targinl 010 010 010 000 A 000 000
Kotrd 200 221 212 - B 383 008
16 Atk 180 200 190 11038 c 351 007
Targnl 240 240 250 11792 ~ i 009
Kotro. 200 230 216 - ~ 662 014
18 Atk 180 180 180 11616 B* 000 000
Targinl 180 240 210 1278 A 1420 030
Kotrd 020 030 02 - ~ 1917 004
|20 Antik 010 010 010 15455 B* 000 000
Targinl 010 010 010 15455 B* 000 000
Kot 230 230 230 - B* 000 000
|60 Antik 230 240 232 1087 B 182 004
Targnl 240 270 256 1130 & 420 on
Kotro. 400 450 426 - c* 485 021
|8 Antik 470 650 566 13286 B 11.09 063
Targinl 610 670 638 14971 ~ 353 023

* B yilksek sonug, ** Fn diisiik sonug, OlcimSayis: 10

Farkli agag tiirlerinin yapisal ve kimyasal 6zellikleri, yaglarin bu yiizeylere nasil etki
ettigini belirler. Agaclarin emilim kapasitesi, yiizey yapisi ve nem toleransi, uygulanan yagin
etkinligini farklilagtirabilir. Bu nedenle, ayn1 yag ttrii farkli agaclarda degisik estetik ve fi-
ziksel sonuclar dogurur.

4. Sonuclar ve Oneriler

Bu calismada, antik ve tar¢inli dogal yaglarin keranji odunu tizerindeki etkileri ince-
lenmis ve elde edilen sonuclara gore cesitli yiizey degisiklikleri gézlemlenmistir. Yapilan
analizlerde, yaglarin uygulandig: yiizeylerin renk parametrelerinde belirgin degisiklikler
gozlemlenmistir. Beyazlik indeksi degerlerinde, her iki yagin da ahsabin yiizeyindeki beyaz-
lik seviyesini azalttig1 goriilmiistiir. Ozellikle antik yag, yiizeyin daha fazla kararmasina ne-
den olmus ve beyazlik indeksinde biiyiik bir diisiis gostermistir. Her iki yag ttirti de yiizeyin
parlakligini degistirmistir; ancak bu degisikliklerin yogunlugu, kullanilan yag tiiriine bagh
olarak farklilik gostermistir. Tarcinli yag ise, beyazlik kaybini daha diisiik oranda gercekles-
tirmistir. Bunun yan sira, parlaklik degerlerinde de degisiklikler gozlemlenmistir. Her iki
yag tiiri de ylizeydeki parlakligi degistirmis, fakat bu degisikliklerin yogunlugu, kullanilan
yag tlirtine gore farklilik gostermistir. Tar¢inli yag, daha fazla parlaklik artis: saglarken, an-
tik yag ise parlaklik seviyesinde daha az bir degisim meydana getirmistir.

Bu sonuglar, dogal yaglarin, ahsap ylizeyindeki estetik ve fiziksel 6zellikler tizerinde
belirgin etkiler yarattigini ortaya koymaktadir. Antik yag, daha belirgin bir renk degisimi ve
beyazlik kaybina yol acarken, tar¢inl yag yiizeydeki parlakligi artirma konusunda daha et-
kili olmugtur. Ahsap endistrisi ve mobilya treticileri icin, bu tiir yaglarin se¢ciminde, yiize-
yin istenilen estetik 6zelliklerine gore tercihler yapilabilir. Ayrica, bu tiir dogal yaglarin,
cevre dostu alternatifler olarak kullanilabilirligi géz 6niine alindiginda, ahsap isleme en-
dustrisinde daha fazla aragtirma ve uygulama yapilmasi gerektigi s6ylenebilir. Gelecekte ya-
pilacak caligmalar, farkli ahgap tiirleri ve yag tiirlerinin kombinasyonlariyla elde edilebilecek
sonuclar1 daha ayrintili bir gekilde incelemelidir.

Yazar Katkilars: Birden fazla yazarl aragtirma makaleleri i¢in, bireysel katkilarini belirten kisa bir
paragraf saglanmalidir. Asagidaki ifadeler kullanilmahdir “Kavramsallastirma, H.P., F.T.E., U.A. ve
G.U.; metodoloji, F.T.E. ve U.A.; yazilim, A.A., H.P., G.U. ve U.A.; dogrulama, H.P. ve U.A. icerik ana-
lizi, A.A., U.A. ve GU.; arastirma, H.P., U.A. ve G.U.; calisma olanaklari, F.T.E., H.P. ve U.A.; veri dii-
zenleme, H.P. ve UA; yazma—orijinal taslak hazirlama, F.T.E., A.A., H.P. ve UA; yazma—inceleme
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ve diizenleme, H.P., U.A., A.A. ve G.U.; gorsellestirme, U.A.; siipervizyon, H.P., GU. ve U.A.; proje
yonetimi, F.T.E., H.P., U.A. ve G.U.; fon saglama, F.T.E., H.P., A.A., U.A. ve G.U. Tiim yazarlar maka-
lenin yayinlanan versiyonunu okumus ve kabul etmistir.” Yazarlk, calismaya 6nemli 6l¢ctide katkida
bulunan kisilerle sinirli olmalidir.

Fon Destegi: Bu arastirmada herhangi bir dig finansmandan maddi destek alinmamugtir.

Cikar Catismalar:: Yazarlar arasinda herhangi bir ¢ikar catigmasi yoktur.
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