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Properties of biocomposites produced with polypropylene and willow (Salix
babylonica L.) wood/bark

Seyyed Khalil Hosseinihashemi'* 2, Ayoub Eshghi® >, Younes Shirmohammadli?

Abstract

The present study investigates the influence of various components of wood-plastic
composites (WPCs) namely wood (W), inner bark (IB), outer bark (OB), and their varied
percentage mixture on the mechanical behaviour. To achieve this goal, willow W, IB and OB
flours were used as reinforcements at different weight percentages (17%, 27%, and 40%) in
combination with polypropylene (PP) at varying weight percentages (44%, 58%, and 64%)
along with a 2% compatibilizer. These constituents were processed in a twin-screw extruder
with each treatment having a distinct mass proportion of reinforcement to polypropylene.
Subsequently, test samples were fabricated using an injection molding machine from the
obtained pellets. The mechanical properties of the resulting biocomposites were evaluated in
accordance with ASTM standards. It was observed that, the flexural and tensile characteristics
of the WPCs improved by the increasing inner bark content. Based on the findings of this
investigation, a formulation comprising 27% wood, 27% inner bark, 44% polypropylene and
2% compatibilizing agent (W/IB/PP/MAPP) can be recommended where high mechanical
properties are required. However, the other reinforced biocomposites exhibited notably lower
notched impact strength compared to pure polypropylene.

Keywords: Willow wood and bark, mechanical properties, biocomposites, polypropylene

Polipropilen ve sogiit (Salix babylonica L.) odunu/kabugu ile iiretilen
biyokompozitlerin 6zellikleri

Oz

Bu ¢alismada, odun-plastik kompozitlerin OPK'lar) ¢esitli bilesenlerinin, yani odun (O),
ic kabuk (IK), dis kabugun (DK) ve bunlarin cesitli yiizdelerdeki karisimlarmin mekanik
davranig tlizerindeki etkisi arastirildi. Bu amag i¢in, farkl agirlik yiizdelerinde (17%, 27% ve
40%) sogiit O, IK ve DK unlari, degisen agirhik yiizdelerinde (44%, 58%, 40%) ve 64%,
ayrica 2%/'lik bir bagdastirict ve polipropilen (PP) ile kombinasyon halinde takviye olarak
kullanildi. Bu bilesenler ¢ift vidali bir ekstriiderde islendi; her islemde polipropilene gore
farkli bir kiitlesel takviye orani vardi. Daha sonra, elde edilen peletlerden bir enjeksiyon
kaliplama makinesi kullanilarak test numuneleri iiretildi. Elde edilen biyokompozitlerin
mekanik ozellikleri ASTM standartlarma uygun olarak degerlendirildi. I¢ kabuk igeriginin
artmastyla OPK’larinegilme ve ¢ekme Ozelliklerinin arttigi goézlemlendi. Bu arastirmanin
bulgularma dayanarak, yliksek mekanik 6zelliklerin gerekli oldugu durumlarda 27% odun,
27% i¢ kabuk, 44% polipropilen ve 2% uyumlastirict madde (O/IK/PP/MAPP) iceren bir
formiilasyon oOnerilebilir. Bununla birlikte, diger gli¢lendirilmis biyokompozitler, saf
polipropilenle karsilastirildiginda belirgin sekilde daha diisikk centikli darbe dayanimi
sergiledi.

Anahtar kelimeler: Sogiit agaci ve kabugu, mekanik ozellikler, biyokompozitler,
polipropilen
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1 Introduction

Thermoplastic composites benefit greatly from the inclusion of lignocellulosic
materials, which offer several advantageous features such as cost-effectiveness, favourable
mechanical properties, ease of machining and eco-friendliness (Kaboorani et al., 2021). Bark
stands out as one of the most abundant resources at worldwide among the various
lignocellulosic materials. It is usually used as fuel in ovens or landfiller. The bark content can
be variable between 5 to 28% in a tree (Nyikosov, 1985; Kolozs, 2000; Guidi et al., 2008).
The tree's bark protects it from insect damage, weather conditions and fungal infections, and it
also has an important role in protecting wood against fire. Bark decomposes at a slower rate
than wood because of its low nitrogen content in natural settings (Bersenev, 1975).

The innermost layer of the middle lamella in the bark primarily consists of pectin which
makes it more prone to microbial degradation compared to the lignified fibers (Ek et al.,
2009). In the case of willow, the outer bark is predominantly composed of aged phloem
tissues (Panshin and de Zeeuw, 1980) and is relatively thin in younger trees. The
sclerenchyma fibers of willow present significantly greater stiffness and strength compared to
the standard pulp fibers derived from both hardwood and softwood (Dou et al., 2016). The
bark of willow trees, which includes various species within the Salix genus, has been utilized
as an indicator of air pollution in urban areas due to its tendency to accumulate heavy metals
(Sawidis et al., 2011). In addition to its environmental monitoring capabilities, the bark of
willow trees has historically been valued for its robust fibers which were extracted and
employed in ancient times for the production of ropes and fishing nets (Bick, 2012). The
amount of cellulose as an organic compound in the phloem and outer bark is determined to be
relatively low while its amount reaches 40 to 50% in the wood, 18 to 25% in the phloem and
only 3 to 17% in the outer bark (Ugolev, 1986). Han and Shin (2014) also compared the
organic materials of the bark and wood of Salix caprea.

The chemical analysis of the willow bark and wood fibers shows a similar composition
(Doczekalska et al., 2014; Oktaee et al., 2017) (Table 1). Mufioz et al. (2013) reported that the
bark fibers of Eucalyptus nitens could be successfully used as a reinforcement for
thermoplastic composites. The influence of pine and larch bark on the properties of
polyethylene (PE) was studied by Rudenko (2010). The best combination was found in the
composites with 80% PE and 20% bark. The modulus of rupture, the density, the thickness
swelling and the water absorption were 41 MPa, 960 kg/m?, 2% and 0.1%, respectively.

Table 1. Chemical compound of wood (willow) and bast fiber of bark (Doczekalska et al., 2014;
Oktaee et al., 2017)

Substances Ethanol-benzene mixture Cold water Hot water 1% NaOH
soluble in (%) (%) (%) (%)
Willow wood 7.2 5.2 54 26.3
Fiber species Cellulose Lignin Pentosans -
(%) (%) (%)
Willow wood 43.9 24.3 18.4 -
Fiber species Cellulose Lignin Ash Hemicellulose
(%) (%) (%) (%)
Willow wood 44.8 24.3 0.7 34.5
Willow bark 44 25.8 3.3 30.8

135



Hosseinihashemi et al., Furniture and Wooden Material Research Journal, 6 (2), 134-145

Willow is a hardwood with low density characterized by a relatively uniform structure
which can be used in the production of panels such as mixed hardwood oriented strand board
(OSB) (Han et al., 2006). In this study, the bark fibers of willow were subjected to grinding
and sieving processes to obtain two types of fillers which were a soft partition filler with
inferior performance and a hard partition filler with superior performance. However, it is still
unknown whether the enhanced performance observed with the hard partition filler would
translate into other applications such as the manufacturing of wood-plastic composites
(WPCs). It is crucial to consider the impact of bark contamination on the wood supplies
utilized in WPC production alongside promoting improved biomass utilization by creating
markets for bark (Harper and Eberhardt, 2010). The incorporation of bark in WPCs generally
leads to reduced strength compared to composites composed solely of wood (Muszynski and
McNatt, 1984; Blanchet et al., 2000; Makarychev, 2015). Furthermore, it has been
demonstrated that the inclusion of tree bark as a filler in thermoplastics enhances thermal
conductivity while composites thermal diffusivity remains unchanged (Makarychev, 2015).
The inner and outer bark fibers have the potential for reinforcing thermoplastic composites.
Previous studies reported that the use of bark without wood decreased the mechanical
properties of thermoplastic composites. However, the objective of the study was to use willow
inner and outer bark fibers combined with willow wood fiber and to characterize their
properties for use in biocomposites used in outdoor applications such as decking, siding and
fencing.

2 Material and Method
2.1 Material

Three fresh logs with a diameter of 1 m at breast height from the willow tree (Salix
babylonica L.) were obtained from Saqgez joineries in Kordestan province located in the west
of Iran. Sagqgez was situated on the banks of the Saqgez River on the Zagros. The inner and
outer of the wood bark were separated manually with a scalpel and stored at 20 °C until their
use. The willow's wood and bark were meticulously sliced into tiny fragments and processed
using a laboratory-grade electric rotary mill to obtain flours from the wood (W), inner bark
(IB) and outer bark (OB). These flours were sieved to achieve a particle size ranging
between 40 and 60 mesh. Willow wood and bark flours were dried in an oven at 65 £ 2 °C
until they reached a constant weight before preparation of composite specimens.

Table 2. Compositions of the WPC formulations

Wood Inner bark Outer bark PP (MAPP)
Biocomposite code flour flour flour
(wt %) (wt %) (wt %) (wt %) (wt %)
17%0B17%I1B64%PP 0 17 17 64 2
17%W17%0B64%PP 17 0 17 64 2
17%W17%IB64%PP 17 17 0 64 2
40%0B58%PP 0 0 40 58 2
40%I1B58%PP 0 40 0 58 2
40%W58%PP 40 0 0 58 2
27%W27%0B44%PP 27 0 27 44 2
27%W27%IB44%PP 27 27 0 44 2
27%0B27%1B44%PP 0 27 27 44 2
Neat PP 0 0 0 100 0
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Homopolymer polypropylene (PP) was procured with a trade name of P10800 from
Arak Petrochemical Company in Iran. The melt flow rate of the PP material ranged from 7 to
10 g per 10 min at a temperature of 190 °C. Maleic anhydride-grafted polypropylene (MAPP)
was utilized with the trade name Aldrich 427845 to serve as a coupling agent. The
compositions of polypropylene, MAPP, inner bark (IB), outer bark (OB) and wood (W) were
varied according to the specified proportions outlined in Table 2. Table 2 was assessed using
a complete randomized block design. Mechanical property testing was carried out with three
replicates for each formulation.

2.2 Preparation of biocomposites

The constituents of each biocomposite sample including PP, MAPP, W, IB and OB
were preliminarily mixed based on the proportions specified in Table 2. The homogeneous
compounds were subsequently blended using a counter-rotating extruder with twin screws
(Known as Dr. Collin System) operating at a speed of 70 rpm and a temperature range of 155-
190 °C. Then, the resulting mixture was extracted from the mixing bowl, subjected to a
cooling process in water and granulated pellets. Before the injection molding, the pellets were
dried at a temperature of 85 °C for 24 hours. Finally, the dried pellets were placed in injection
molding using an injection molding machine (Imen Machine Co., Iran) at temperatures
ranging from 160 to 180 °C and a pressure of 10 MPa.

2.3 Mechanical testing

Before mechanical testing, all biocomposite samples were stored at a controlled
temperature of 23 °C and 50% RH. Flexural testing that involves the determination of flexural
strength and modulus, was performed using an Instron 1186 universal testing machine by
ASTM test method D-790. The speed of the machine’s crosshead was set at 5 mm/min and
the dimension of the flexural test specimens was 105 x 10 x 4 mm.

The tensile properties of the composites were evaluated using an Instron-1186 testing
machine following the ASTM D-638 standard. The dimensions of the tensile test specimens
were 145 x 10 x 4 mm.

Notched Izod impact testing was conducted using a Santam machine by ASTM D-256
standard. The dimensions of the specimen used for the notched lzod impact test
were 60 x 12 X 6 mm.

2.4  Statistical analysis

Statistical analysis was conducted by utilizing analysis of variance (ANOVA) with the
assistance of SPSS software. The variance of the 10 different formulation designs presented in
Comparison of property means was conducted by using Duncan's new multiple range test at
confidence levels of 99% and 95% as depicted in Figures 1, 2, 3, 4 and 5.

3 Results and discussion
3.1 Flexural modulus and flexural strength

The flexural modulus and strength values of the biocomposites ranged from 30.68 MPa
to 46.83 MPa and 1207 MPa to 4426 Mpa, respectively (Figures 1 and 2). The biocomposites
OB/PP exhibited the lowest flexural strength and flexural modulus. The 40% OB content
presented the lowest flexural strength and was significantly varied from the treatments having
lower OB content amongst the bark/PP conditions. The flexural strength and flexural modulus
characteristics increase significantly by decreasing the OB content from 40% to 27% and
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17%.The ideal composition for enhancing flexural and modulus strength was identified as
27% W, 27% IB and 44% PP within the IB/PP biocomposites. Also, the values for IB/PP
were varied from those for neat PP. Thus, the IB acted more as a biocomposite filler rather
than as a reinforcing agent. Hosseinihashemi et al. (2017) and Yemele et al. (2010) found the
same trends also.
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Figure 1. Mean values of flexural strength of the IB/PP, OB/PP, W/PP, IB/OB/PP, IB/W/PP,
OB/W/PP, IB/OB/W/PP and neat PP composites. Multiple range tests of Duncan (in parentheses)
reveal distinct alphabetical designations signifying significant differences among various
treatments (composites). Red colour means at a 95% confidence level and blue colour means at a 99%
confidence level.
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Flexural modulus (MPa)

1000 -

Figure 2. Mean values of flexural modulus of the IB/PP, OB/PP, W/PP, IB/OB/PP, IB/W/PP,
OB/W/PP, IB/OB/W/PP and neat PP composites. Multiple range tests of Duncan that are indicated
within parentheses demonstrate varying alphabetical designations highlighting significant differences
among different treatments (composites). Red colour means at a 95% confidence level and blue colour
means at a 99% confidence level.
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The variation in flexural strength can be attributed to different factors in the
polypropylene (PP) matrix because of the presence of inner bark (IB) and outer bark (OB).
These factors include the length and fine content of IB and the aspect ratio (length/width) of
IB and OB within the PP matrix which are observed to account for the high and low effects
(Migneault et al., 2009; Dou, 2015). The lower inherent strength of fibers of bark (Yemele et
al., 2010) reduced cellulose (polysaccharide) content in bark fillers compared to wood
(Harper and Eberhardt, 2010) and the occurrence of delamination between fines and PP
(Safdari et al., 2011; Hosseinihashemi et al., 2017) are also contributing factors. Moreover,
the higher concentration of extractives in the outer bark may result in a weakened surface
layer thereby diminishing the effectiveness of the coupling agent in creating cross-linking
networks with cellulose (Saputra et al., 2004).

When the bark flour was blended with wood flour, the flexural modulus increased
compared to the biocomposites that contained only OB. The flexural modulus strength
recovered by increasing the outer bark flour content in all of the combinations. For instance,
the flexural strengths did not show a significant difference with composites made of W/PP
(17% WF + 17% IB + 64% PP) and (17% OB + 17% IB + 64% PP) in the composite made of
W/OB/PP such as 27% OB + 27% W + 44% PP. This can be attributed to the high mechanical
properties of wood. The amount of cellulose in wood is higher than in bark. As known,
cellulose in wood significantly affects the mechanical properties. As the cellulose content in
the bark is lower than wood, the flexural properties of the biocomposites were lower than
those of the biocomposites containing wood flour. The lower quantity of fiber in the
composites was offset by its superior quality and it leads to no noticeable distinctions between
the two biocomposites. The biocomposites consisting of 40% W and 58% PP exhibited
favourable flexural strength as observed in the results. Notably, these biocomposites
demonstrated a significant difference in flexural strength compared to all other treatment
groups. In contrast, the biocomposites composed of 40% OB and 58% PP displayed lower
flexural strength compared to treatments with lower wood or wood/outer bark content despite
containing a lower proportion of OB, This observation suggests that fiber content alone
cannot be solely attributed as the determining factor in enhancing flexural strength. Other
factors such as the morphological and chemical characteristics of the fibers should be taken
into consideration to understand the variations in flexural strength as well as the intrinsic
strength of the fibers.

3.2 Tensile strength and tensile modulus

The tensile strength and modulus spanned from 21.64 MPa to 37.55 MP and 1740 MPa
to 4653 MPa in reinforced biocomposites, respectively (Figures 3 and 4). The tensile strength
of those biocomposites made of OB/PP was found to be lower than other biocomposites. The
biocomposites produced from W/IB/PP and W/PP showed the highest tensile strength and
modulus values among all other compositions, respectively. The biocomposites having more
than 17% IB (i.e. 27% IB) and about 40% W were significantly different from each other. The
ideal composition for enhancing tensile strength modulus was 27% IB and 40% W among the
IB/PP and W/PP biocomposites.

Previous research has indicated a positive correlation between the cellulose content of a
fiber and its tensile strength (Pickering et al., 2016; Vadisanen et al., 2016). However, the
relatively low mechanical strength observed specifically in the biocomposite consisting solely
of outer bark (OB) and the combination of wood (W) and outer bark (W + OB) suggests the
presence of interactions between the bark extractives and the matrix. The elevated levels of
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extractives and minerals present in the fractionated bark tissues posed challenges during the
extrusion processing stage. These extractives may be engaging with the polypropylene (PP)
matrix potentially leading to alterations in rheological properties. However, further
investigation is necessary to confirm this hypothesis.
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Figure 3. Mean values of tensile strength of the IB/PP, OB/PP, W/PP, IB/OB/PP, IB/W/PP,
OB/WI/PP, IB/OB/W/PP and neat PP composites. Multiple range tests of Duncan presented in
parentheses signify distinct alphabetical designations that indicate significant disparities among
various treatments (composites). Red colour means at a 95% confidence level and blue colour means
at a 99% confidence level.
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Figure 4. Mean values of tensile modulus of the IB/PP, OB/PP, W/PP, IB/OB/PP, IB/W/PP,
OB/W/PP, 1B/OB/W/PP and neat PP composites. Multiple range tests of Duncan presented in
parentheses signify distinct alphabetical designations that indicates significant disparities among
various treatments (composites). Red colour means at a 95% confidence level and blue colour means
at a 99% confidence level.

In the current study, it was observed that bark flour exhibited better dispersion within a
polymer matrix compared to wood flour. However, this improved dispersion did not yield any
mechanical advantages (Harper and Eberhardt, 2010). The inferior performance of OB can be
attributed to several factors in comparison to IB and wood. These include the low slenderness
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ratio of OB fibers (Stark and Berger, 1997), inadequate dispersion of fine fibers within the
plastic matrix leading to stress concentration (Gamstedt et al., 2007) and lower intrinsic
strength of outer bark fibers compared to 1B and wood fibers. Some researchers have reported
poor adhesion between the outer bark fibers and the coupling agent which could be another
reason contributing to lower tensile strength (Bouafif et al., 2008; Bouafif et al., 2009).

The tensile strength and moduli of the biocomposites increased with higher W and 1B
contents. Generally, the length and aspect ratio of willow inner bark fibers were found to be
approximately twice as high as those of willow wood fibers although variations were
observed among different willow species. The increased fiber length positively impacted the
bending properties of the biocomposites. The composition consisting of 27% W, 27% IB and
44% PP exhibited a higher flour content compared to the composition of 17% W, 17% IB and
64% PP. Nevertheless, the notable presence of IB in the initial composition led to a
significantly higher tensile strength. This highlights the fact that the impact of fiber content on
mechanical properties relies heavily on the inherent strength and dimensions of the fibers.
These results are consistent with earlier studies suggesting that augmenting particle size or
slenderness ratio tends to improve both flexural and tensile modulus as well as strength (Stark
and Berger, 1997; Stark and Rowlands, 2003).

3.3 Impact resistance

The obtained impact strength values ranged from 35.28 Jm? to 62.00 Jm? as
illustrated in Figure 5. Interestingly, the impact strength results contradicted the findings for
other mechanical properties such as flexural strength, flexural modulus, tensile strength and
tensile modulus. Biocomposite compositions containing 27% OB, 27% IB and 44% PP as
well as compositions with lower flour content and higher polypropylene content (64% PP)
exhibited higher impact strength. This observation can primarily be contributed to the lack of
compatibility among the phases and the presence of stress concentration regions resulting
from the inclusion of bio-resource fibers. These regions are prone to crack initiation with
lower energy requirements in the samples (Rowell et al., 1997). The introduction of fillers led
to a reduction in energy absorption by the biocomposites, consequently resulting in decreased
impact resistance. As a result, the biocomposites reinforced with lignocellulosic materials
demonstrated increased brittleness and lower notched impact strength.
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Figure 5. Mean values of impact strength of the IB/PP, OB/PP, W/PP, IB/OB/PP, IB/W/PP,
OB/W/PP, 1B/OB/W/PP and neat PP composites. Multiple range tests of Duncan indicated within
parentheses denote distinct alphabetical designations underscoring significant disparities among
various treatments (composites). Red colour means at a 95% confidence level and blue colour means
at a 99% confidence level.
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4  Conclusions

e The findings of this study demonstrated that the incorporation of IB and W significantly
enhanced the mechanical properties including flexural strength, flexural modulus, tensile
strength and tensile modulus when they were compared to neat PP. However, an inverse
relationship was observed between the content of IB and W and the notched impact
strength of the biocomposites. Despite the overall improvement in mechanical strength, the
impact of W was substantial on the mechanical properties, yet not as prominent.
Conversely, the addition of IB to the biocomposites significantly restored the mechanical
characteristics. In contrast, biocomposites containing OB exhibited inferior mechanical
properties compared to those incorporating W and IB. This disparity could be attributed to
the distinct chemical composition between bark and wood as well as the low slenderness
ratio of OB which impeded proper dispersion. Additionally, the lower strength of bark
fibers contributed to this distinction compared to wood fibers.

e The fiber content effect on the mechanical strength exhibited a positive trend for
biocomposites composed of W/IB/PP and W/PP while it had a negative impact on
biocomposites consisting of OB/PP. Thus, the influence of fiber content on the mechanical
properties is contingent upon the inherent characteristics of the fibers. Alone, OB and IB
did not adequately reinforce the polypropylene composite, but more favourable outcomes
were achieved when combined with W or blended together. The observed negative relation
between notched impact strength and biocomposites reinforced with W and IB aligns with
the behaviour typically observed in other lignocellulosic materials. This can be attributed
to the increased brittleness of the polypropylene caused by the inclusion of lignocellulosic
fillers resulting in a reduced energy requirement for crack initiation in the samples.
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Mobilya endustrisinde dongiisel ekonomiye gecis: degerlendirme yaklasim
Habibe Senkall*

Oz

Dongiisel ekonomi (DE), malzeme ve iiriinlerin ¢esitli stratejilerle kullanim 6mriinii
uzatan bir Gretim ve tiketim modelidir. Lineer ekonomi (LE) gibi mevcut ekonomi
modellerinin artan ¢evre sorunlartyla yeniden sorgulanmasi sonucu DE’ye gecis farkl
disiplinlerde ele alinmaya baslanmistir. Bu ¢alismada, mobilya endiistrisinde DE’ye ge¢is i¢in
atilmas1 gereken adimlar ve uygulanmasi gereken kriterler arastirilmigtir. Calisma, LE ve
DE’nin benimsedigi temel ilke ve oOzelliklerin tanimlanmasina, DE ile surdirilebilirlik
arasindaki iligki tizerinden DE’nin 6nemi ve faydalarinin sunulmasina, gelisen dongiisel is
modellerinin arastirilmasina, mobilya enduUstrisinde DE’ye gecis stratejileri, bu gegis
oniindeki engeller ve sundugu firsatlara odaklanilmigtir. Calisma kapsaminda, mobilya
endiistrisindeki firmalarin DE’ye gecis siirecine hazir olup olmadiginin tespiti i¢in
degerlendirme yaklasimi dnerilmistir. Onerilen yaklasim, mobilya firmalarinin tasarim siireci,
tiretim ve tedarik siireci, atik yonetimi ve is modeli olmak tizere dort bashiga ayrilmis kriterler
tizerinden degerlendirilmesine olanak saglamaktadir. Yaklagim, Tiirkiye’nin 6nde gelen bir
ofis mobilyas1 firmasiyla yapilan ¢esitli gorlismelerle elde edilen bulgularn, 8 katilimci
tarafindan degerlendirilmesiyle test edilmistir. Sonuglar, firma ¢aligmalarinin DE ile biiyiik
oranda Ortlistiigiinii gostermektedir. Calismanin mobilya endiistrisindeki firmalara mevcut
durumunun tespiti ve DE’ye gegis siirecinde destek olacagi diistiniilmektedir.

Anahtar kelimeler: DoOngusel ekonomi, Dongiisel is modelleri, Mobilya endustrisi,
Surdaralebilirlik

Towards the circular economy in furniture industry: evaluation approach

Abstract

Circular economy (CE) is a production and consumption model extends the useful life
of existing materials and products with various strategies. As a result of increasing
environmental problems and the re-questioning of existing economic models such as linear
economy (LE) the transition to CE has begun to be discussed in a different discipline. In this
study, the steps to be taken and the criteria to be applied for the transition to CE are
researched in the furniture industry. The study focuses on LE and CE to be defined their basic
principles and features, presenting the importance and benefits of CE by revealing the relation
between CE and sustainability, researching improving circular business models, strategies for
the transition of the furniture industry to CE, barriers to this transition and opportunities it
offers. The study proposes an evaluation approach to determine whether companies in the
furniture industry are ready to transition to CE. The proposed approach allows evaluation of
the companies according to four main criteria: design process, production and supply process,
waste management and business model. The approach was tested by evaluating the findings
obtained from various interviews with a leading office furniture company in Turkey by 8
participants. The results show that the firm's work largely overlaps with CE. It is thought that
the study will support the determination of the current status of the companies in the furniture
industry and their transition to CE.

Keywords: Circular economy, Circular business models, Furniture industry, Sustainability.
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1 Giris

Sanayi devrimi ile hayatimiza giren makine bazli iiretim yOntemleri, teknolojik
gelismelerle birlikte “dijital devrim”, “dijitallesme cag”, "IV. Sanayi Devrimi" veya
"Endiistri 4.0" olarak anilan yeni bir ¢agi olusturmustur (Oxman, 2006). Bu ¢agla birlikte
diisiinme, tasarlama, tiretme ve tiiketme bicimlerinde degisimler yasanmistir. Makine ile
tiretim hacminin artmasi, insanin kazanmasini saglarken ¢evrenin kaybetmesine neden olan
"daha fazla {iret" ilkesinin olusmasina, daha fazla tiiketimi ve israfi tesvik eden yeni
pazarlama yontemlerinin gelistirilmesine yol agmstir. Uriinlerine alic1 bulmak igin daha gok
tiketip, tikettiklerini ¢ope atmayi tesvik eden ve "al-yap-kullan-at" olarak adlandirilan bu
ilke, lineer ekonomi (LE) modelinin temelini olusturmaktadir (MacArthur, 2013:14). Bu
modelde ham madde ¢esitli islemlerden gecirilerek iiriine doniistiiriilmekte, iiriin tiiketicinin
kullanimina sunulmakta ve tiiketim omrii sonuna gelen {iriin atik haline gelmektedir (Sekil 1).
Bu durum, LE modeli ile strddrilebilir Gretim ve tiikketim ilkelerinin etkin bir sekilde birlikte
kullanmasimi engellemektedir. LE modeli, artan sera gazi emisyonu ve ekolojik ayak izi,
plansiz tiiketimi yapilan dogal kaynaklar ve ham madde tiiketimleri, buna bagl olarak
ekolojik dengenin bozulmasi ve biyogesitlilik kaybi basta olmak iizere iklim ve gevre

sorunlar1 iizerindeki olumsuz etkisi son yillarin tartisma konusu olmaktadir (Acharya ve ark.,
2018; Koszewska ve Bielecki, 2020).

AL YAP KULLAN ———M > AT

Sekil 1. Lineer ekonomi is akisi.

Tim diinya ekonomilerini etkisi altina alan 2008 mali krizinin sonunda, ham madde
thtiyacin1 azaltan, gelecek nesillerin ihtiyaglarimi dikkate alan, kaynak verimliligi ve
yenilenebilir enerji kullanimina dayali siirdiiriilebilir bir ekonomik model olan dongiisel
ekonomi 6nem kazanmistir (Ghisellini ve ark., 2021). Dongiisel ekonomi (DE) mevcut
kaynak, malzeme ve friinlerin degerinin miimkiin oldugunca uzun siire paylasiimasi,
kiralanmasi, yeniden kullanilmasi, onarilmasi, yenilenmesi ve geri donistiiriilmesi ile
ekonomide tutulmasini igeren bir liretim ve tiikketim modelidir (Sekil 2) (Koszewska ve
Bielecki, 2020:1689). Bu model, onarici bir endiistriyel ekonomiye, yenilenebilir enerjiye
gecise, toksik kimyasallarin kullaniminin azaltilmasina ve israfin 6nlenmesine dayanmaktadir.
Ana hedefleri, dogal sermayeyi korumak ve gelistirmek, kaynak verimliligini optimize etmek
ve sistem verimliligini stirdirmektir (European Commission, 2015). Bu sebeple, LE modeli
yerine sifir atik ve kaynak verimliligi prensibine dayanan ve doniisiimiin tesvik edildigi DE
modelinin  kullanim1 6nerilmektedir. DE modeline gegise yonelik ¢esitli protokoller
olusturulmakta, ¢alismalar yiiriitiilmektedir (European Comission, 2011; 2015; 2019; Ticaret
Bakanligi, 2021). Tiirkiye nin 2021 yilinda “Paris iklim Anlagmas1” ile tarafi oldugu “Avrupa
Yesil Mutabakat1” yiiriitiilen calismalardan biri olup DE kavraminin farkli disiplinlerde
yayginlagsmasini, yeni is modellerinin olugsmasimi saglamis ve bu alanda yeni arastirma
olanaklar1 sunmustur.

Mevcut gelismeler DE’nin her endiistri i¢in kaginilmaz bir zorunluluk oldugunu
gostermektedir. DE, her endustri icin benzer temel ilkeleri icermektedir. Fakat her endustrinin
kendine 06zgli yanlari, farklilasan yaklasimlari ve is modelleri oldugundan endiistrilerin
bireysel olarak incelenmesi gerektigi sdylenebilir. Bu calismada, dongiisel ekonomiye gegis
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icin atilmasi gereken adimlar mobilya endiistrisi lizerinden arastirilmaktadir. Calisma, (I) LE
ve DE’nin benimsedigi temel ilke ve 6zelliklerin tanimlanmasina, (IT) DE ile siirdiiriilebilirlik
arasindaki iliski iizerinden DE’nin 6nemi ve faydalarinin sunulmasina, (III) gelisen dongiisel
is modellerinin arastirilmasina, (IV) mobilya endiistrisinde DE’ye gecis stratejileri, bu gegis
oniindeki engeller ve sundugu firsatlara odaklanilmaktadir. Calisma kapsaminda, mobilya
endustrisindeki firmalarin dongiisel ekonomiye gecis siirecine hazir olup olmadigmnin tespiti
icin bir degerlendirme yaklasimi Onerilmistir. Onerilen yaklasim, mobilya firmalarimin
tasarim stireci, liretim ve tedarik siireci, atik yonetimi ve is modeli olmak {izere dort basliga
ayrilmig kriterler lizerinden degerlendirilmesine olanak saglamaktadir. Yaklagim, Tiirkiye nin
onde gelen bir ofis mobilyasi firmasiyla yapilan ¢esitli goriismelerle elde edilen bulgularin, 8
katilimci tarafindan degerlendirilmesiyle test edilmistir. Test asamasinda, katilimeilar ile TUrk
ofis mobilya firmasiyla ilgili elde edilen veriler paylasilmistir. Katilimcilar, 6nerilen yaklagim
ile sunulan kriterlere gore Likert Olgeginde (Cramer ve Howitt, 2004:89) degerlendirme
yapmistir. Bu ¢aligmanin, son birkag yilda artan bir ivmeyle yayginlasan DE caligmalarina ve
tilkemizde yiiriitiilecek c¢alismalara katki saglayacagi, mobilya endiistrisindeki firmalara
mevcut durumlarini tespit etmekte ve DE’ye gegis siireglerinde destek olacagi, bu endustride
karsilasilan sorunlarin ve mevcut firsatlarin farkli endiistriler i¢in referans olma potansiyelleri
icerdigi diistiniilmektedir.

Tasarim
Hammadde

Geri donisiim Uretim
Artik Taketim
Atik
Yeniden kullanim Bakim
Yenileme

Sekil 2. Dongiisel ekonomi ig akisi.
1.1 Cahsmanin arka plam

“European Furniture Industry Confederation” (EFIC) yaymnladig: yillik raporlarda “DE
iligkin en 1y1 uygulamalarin EFIC koleksiyonu” baslig1 altinda mobilya endiistrisinden gesitli
firmalarin DE ilkelerinin uygulanmasina iliskin basarili buldugu 6rnekleri duyurmaktadir. Bu
raporlarda duyurulan bazi ¢aligmalar agsagida siralanmistir.

e Resol firmas1 “Toledo” sandalyesini geri doniistiiriilmiis ve tekrar dontisebilir
malzemelerden optimize edilmis bir agirlikla tretmektedir. Siirdiirtilebilir
malzeme kullanim1 ve agirhiga bagli olarak karbondioksit ayak izinde azalma
saglamaktadir (EFIC, 2022).

e Slettvoll firmasi kiralama is modelini benimsemektedir. Firmadan yillik hizmet
olarak bakim dahil mobilya kiralanabilmektedir. Kira sona erdiginde iiriinlerin
bakimi yapilarak firma tarafindan kullanilmig mobilya olarak satilmaktadir
(EFIC, 2022).

e Arper firmasinin irettigi “Kata” sandalyeleri malzeme israfin1 azaltmayi
hedefleyen 3B orgii teknolojisi kullanilarak iiretilmektedir. Bu orgii icin
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kullanilan lifler, polyestere doniistiiriilen, geri dontstiiriilmiis plastiklerden elde
edilmektedir (EFIC, 2021).

e Flokk firmasmin “RH New Logic” g¢alisma sandalyeleri koleksiyonu, kolay
sokme, onarmm ve geri doniisim prensipleriyle tasarlanmistir. Uriiniin kumasi
geri dontistlirilmiis PCR ve PET plastik tiirleri ile gelistirdikleri “ipli mil”
teknolojisi ile yapistirict veya zimba kullanilmadan Uretilmektedir (EFIC, 2021).

e Stolab firmasinin “Lilla Snaland” tabureleri “Lilla Aland” adindaki kullanim
Oomriinii tamamlayan ve normalde yakilmaya gonderilecek olan sandalyelerin
yeniden islevlendirilmesi ile Uretilmektedir (EFIC, 2020).

e Veldeman Bedding firmasi tiriinlerini moduler ve sokilerek pargalara ayrilabilir
olarak tasarlamaktadir. Surddrilebilir ve geri dondstiiriilebilir malzeme
kullanmakta, yeniden kullanim ve yenileme olanaklar1 sunmaktadir (EFIC,
2020).

Raporlar dogrultusunda firmalarin DE kapsaminda; (I) atitk yOnetimi stratejilerini
benimsedigi, (II) donistiirilmiis malzeme kullandigi, (III) trettikleri {irlinleri tamamen
pargalanip ayristirilarak kullanilan malzemenin geri doniistiiriilme potansiyeli barindirdigi,
(IV) iretilen iriiniin bulundugu iiriin katalogu icerisinde diger iriinler ile degisebilen ve
birlesebilen pargalarinin oldugu, (V) iiriiniin liretimi i¢in gereken malzeme miktarini optimize
ederek agirliginda saglanan azalma ile karbon ayak izinin azaltildigi, (VI) eskiyen iiriinleri
miisterilerden geri toplayip doniistiirerek bir baska {iriin olarak satisina devam edildigi, (VII)
yillik bakim, dmiir boyu parca garantisi ve satig yerine kiralama is modelini kullandiklar
belirlenmigtir. Belirlenen ilkeler bu ¢alisma kapsaminda onerilen degerlendirme yaklagiminin
kriterlerinin gelistirilmesine referans saglamaktadir.

1.2 Dongusel ekonominin ortaya ¢ikisi ve etki alani

Kapal1 dongii sistemi tanimlamasinin devami olan dongiisel ekonomi sanilanin aksine
yeni arastirilan ve tartisilan bir kavram degildir. Ekonomist Boulding (1966) diinyanin kaynak
sinirliligina ve ekonomi-gevre etkilesimine vurgu yaparak acik ve kapali ekonomi sistemlerini
tartismig, diinyada yasamin siirdiiriilebilirligini kapali ekonomi sistemiyle iliskilendirmistir.
Alisilmis tanimlarin aksine ekonomik basarinin 6lgiitiinlin liretim hacmiyle degil diinyanin
insan, doga, kapsam, kalite ve karmasiklik gibi mevcut kaynak stoguna etkisiyle ilgili
oldugundan bahsetmistir. Stahel (1982), malzeme ve enerji tiiketimini azaltarak ¢evreye zarari
en aza indirmek ve sirdirilebilir bir toplum i¢in mevcut iriinlerin dmriiniin uzatilmasina
isaret etmistir. Pearce ve Turner (1989), geleneksel agik uclu ekonomi modelinden ekonomi
ve cevre arasindaki iligkiyi tanimladiklar1 "her seyin" her seyin girdisi oldugu DE modelini
tasarlamigtir.

DE’nin ekonomi alaninda tartisilmasinin  ardindan pek ¢ok alanda farkh
perspektiflerden arastirilmaya baslanmistir. Bu alanlar arasindaki mobilya, tekstil ve moda,
ingaat ve yapilt cevre ile ilgili yapilan arastirmalar incelendiginde calisma alanlariin
farklilasmasina karsin vurgulanan basliklarda ortakliklar kesfedilmistir. Incelenen ¢alismalar,
caligmalarin ortak vurgulart gozetilerek DE ilkeleri ve is modelleri, malzeme israfi ve
sirdiiriilebilirlik basliklar1 altinda sunulmustur.

1.2.1 Tlkeler ve is modelleri

DE’nin temel ilkeleri ve bu ilkelerin endiistrilere sundugu firsatlar, bu firsatlara
ulagsmada karsilasilabilecek zorluklar ve oneri i modelleri ¢aligma alanlarina gore ayr1 ayri
arastirilmistir. Ornegin mobilya endiistrisi i¢in Hartini ve ark. (2021), yalin Gretim ve DE'nin
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“6R” prensiplerinin birlikte uygulandig1 bir strateji tanimlamaktadir. Bu strateji ile bir
mobilya sirketinin hem {iretim siirecinde olusan ahsap malzeme atiklarinin hem de yeni iiriin
iretimi i¢in kesilmesi gereken aga¢ miktarnin azalmasina katki saglayip saglamayacagini
aragtirmaktadir. Calismanin sonuglar1 uygulanan stratejinin g¢evresel siirdiiriilebilirligi
artirdigin1 ve israfla miicadelede etkili oldugunu gostermektedir. Yine mobilya endustrisi
tizerine ¢alisan de Oliveira ve ark. (2018) ise ¢alisma alanlarin1 Brezilya mobilya
endustrisinde ozellestirmistir. Bolgenin mevcut durumunu, yerel iiretim diizenine DE'nin
sundugu firsatlar1 ve zorluklari, 20'den fazla sirketin DE stratejik yonelgelerine uygunluklari
tizerinden ele almaktadir. Calisma ile DE'nin ¢evresel ve ekonomik agidan sundugu faydalari,
karsilasilabilecek olast zorluklar tartismaktadirlar. DE ilkelerini yapilt ¢evre alaninda ele alan
Cheshire (2019), tiim paydaslarin daha iyilestirici bir yapili ¢evre olusturabilmeleri i¢in basit
bir ¢erceve ve bir dizi DE ilkeleri sunmaktadir. Bu ilkeleri vaka caligmalari ile aktararak
ilkelerin kullaniminin binalarin daha az kaynak kullanmasimi ve farkli kullanimlara
uyarlanabilmesini sagladigini, insanlara daha saglikli yasam alanlart sundugunu ve maliyetleri
diisiirdiigiinii gdstermektedir. Hart ve ark. (2019) ise yapili ¢evrede DE'ye ge¢isin Oniindeki
engellerden ve bu gecisi destekleyen firsatlardan bahsettigi calismada, DE'ye gegiste
teknolojik gelismeler ve olusturulan mevzuatlarin tek basina yeterli olmayacagini tim
bunlarla birlikte mevcut is modellerinde ve paydaslarin tutumlarinda degisikligin gerektigini
savunmaktadir. Koszewska (2018), giyim ve tekstil endiistrisinin DE ge¢isi ve bu siirece
uyum saglamada karsilasilan zorluklarin tespiti ve degerlendirmesini, bu endustriler 6zelinde
mevcut lineer tiretim ve tiiketim modellerinin sinirliliklarini 6rnekler tizerinden tartismaktadir.

1.2.2 Malzeme israfi

Endiistrilerin baslica problemlerinden biri olan malzeme israfi konusunu Koszewska ve
Bielecki (2020), dongiisel bir mobilya endiistrisi hedefiyle modiilerlik ve bilesen
standartlastirmasinin rolii lizerinden ele almaktadir. Standartlagmanin malzeme israfim
onleme, liriin Omriinii artirma, yeniden kullanimi kolaylastirma ve maliyetleri diisiirmeye
yardimci olabilecegini belirtmektedirler. Ayrica, DE ve standartlagsmayla faydali sonuglara
ulagsmak i¢in endiistrinin tiim paydaslar1 tarafindan isbirligi i¢inde yiiriitiilmesi gerektigini
vurgulamaktadir. Ancak, standartlagsmanin etkin bir sekilde uygulanmasinin 6niunde tasarim
ozglrliglini kisitlamas1 ve lirlinlin estetik ¢ekiciligini azaltmasi gibi zorluklarin oldugu
vurgulanmaktadir. Malzeme israfin1 yapilarin doniisiim siirecleri {izerinden ele alan
Durmisevic (2019), yapilarin tasarim siirecinde c¢oklu kullanim seceneklerinin
degerlendirildigi tasarimlarin onemini vurgulamistir. Yapilarin kullanim Omiirleri siiresince
degisime ve doniisiime ihtiya¢ duydugunu ve bu siireclerde eger yapida kullanilan malzemeler
bir yasam dongiisii icerisinde tasarlanmigsa yapinin bu doniislimii sifir malzeme israfiyla
tamamlayabilecegini ifade etmistir. O'Grady ve ark. (2021) ise insaat endiistrisinde insaat
malzemesi atiklarmin ¢opliiklere atildigini ve bu atiklarin kiiresel bazda biiyiik bir atik
yiizdesini olusturdugunu belirterek konuyla ilgili bir yontem onerisinde bulunmaktadirlar.
Onerdikleri yontemin yapili ¢evrede tasarim, iiretim, bakim ve kullanim &mrii sonu sirasinda
uygulanmasiyla yap1 malzemelerinin dongiisiiniin kapatilacagi adim ve kararlar1 gdsterdigini
savunmaktadir. Moda endiistrisinde tasarim kavramini yeniden ele alan Niinimiki (2017),
calismasinda tasarimin uzun Omiir, hizmet, iiretimde yeniden kullanim ve malzeme geri
kazanimi ile iliskilendirmekte ve DE i¢in yeni is modelleri sunmaktadir. Malzeme israfi
konusuna farkli bir perspektiften bakarak ¢oziim Onerileri sunan Provin ve de Aguiar Dutra
(2021), ¢alismalarinda bir endiistrilerinin atiginin bir diger endiistri i¢in kaynak olabilecegine
deginmektedir. Gida endiistrisindeki atiklarin barindirdigi katma degerin tekstil endistrisinde
biyotekstil Gretimi i¢in kullanim potansiyellerini arastirmaktadirlar. Calisma, probiyotik

150



Senkal, Mobilya ve Ahsap Malzeme Arastirmalar: Dergisi, 6 (2), 146-161

iceceklerin atiklarindan elde edilen bakteriyel seliillozlarin tekstil endiistrisinde yeniden
kullanilarak islenmesiyle yeni biyotekstil iiriinlerin iiretilmesi problemine odaklanmaktadir.

1.2.3 Surduralebilirlik

Sadece endiistrilerde degil tiim ¢alisma alanlarinda ele alinan siirdiiriilebilirlik konusunu
Barbaritano ve ark. (2019), Italyan likks mobilya sektdriinde siirdiiriilebilirlik ve kalite
yonetimi konularin1 dort sirketin incelendigi vaka calismasiyla DE perspektifinden ele
almaktadirlar. Arastirma sirketlerin yeniden kullanim ve geri donilisim prensiplerini
uygulamada yetersiz kaldigini, DE'ye olan olumlu bakis acilari ile fiili uygulamalar1 arasinda
celigkinin oldugunu gostermektedir. Firmalarin “siirdiriilebilirlik” ve “eko-tasarim”
kavramlarin1 marka isimleriyle birlestirerek kullanmalarina karsin endiistrinin ham maddeye
bagimlilik ve asir1 tiikketim, yapistirici, boya ve kaplama malzemesi gibi kimyasal icerikli
bilesen kullamimlar1 ve atik yonetimindeki eksiklikler ile cevreye verilen zarara dikkat
cekilmektedir. Susanty ve ark. (2020), DE temel prensiplerinin ahsap mobilya endiistrisinde
nasil uygulanabilecegini Endonezya'daki kiigiik ve orta 6lgekli 190 isletmeyle yapilan kapali
anket yontemiyle arastirmaktadir. Calisma, triin 6mriiniin uzatilmasi, ahsap atiklarin geri
doniistiiriilmesi ve yeniden kullanilmasi ile strdirilebilirlik konusuna dikkat gekilmektedir.
Ayrica, firmalarin DE'ye gecis siirecinde karsilasacagi zorluklar ve bu zorluklara sunulan
¢ozim Onerilerini  igermektedir. Brydges (2021) ise moda endiistrilerinde DE’nin
stirdiriilebilirlige katkisini arastirmaktadir. Bu arastirma, DE ilkelerinin uygulanma oranim
Isvec moda endiistrisindeki firmalarm kuruculari ve iist diizey y&neticileriyle yapilan
roportajlarla arastirmaktadir. Arastirmanin odak noktasi DE'nin moda endiistrisindeki var olan
zorluklara sagladigi ¢oziimleri, firmalarin yaptigi ¢alismalarin tedarik zincirinde DE ile
iliskisini ve tiim bunlarin siirdiiriilebilir bir moda endiistrisine gegis siirecine katkisini tespit
etmektir. Modanin petrolden sonra ¢evreye en ¢ok zarar veren sektér oldugunu vurgulayan
Moorhouse ve Moorhouse (2017) calismalarinda sonu ¢opliiklerde biten tekstil tiretimlerinin
endise uyandiran mevcut durumunun DE ile ¢oziilebilecegini ortaya koymaktadir. Moda
sektoriinde siirdiiriilebilir tasarim uygulamalarinin temiz ve yasanabilir bir ¢evreyle birlikte
saglayacagi ekonomik faydalar1 vurgulayarak moda endiistrisinin tasarim ve {retim
stireclerinde isbirlik¢i bir yaklasimi benimsemesini degerlendirmektedir.

Bahsedilen farkli endiistrilerdeki ¢alismalar DE ilkeleri ve is modelleri dikkate alinarak
tasarim ve Uretim siireclerinin yiiriitilmesi ve atik yonetimi stratejilerinin gelistirilmesi hem
firmalara ekonomik katki sundugunu hem de daha temiz ve sirdirtlebilir bir cevreye fayda
sagladigini kanitlar niteliktedir. Bu ¢alisma kapsaminda onerilen degerlendirme yaklagiminin
dort ana bashiginin ve kriterlerinin belirlenmesinde hem farkli endiistrilerin kesistigi ortak
paydalar hem de mobilya endistrinin kendi 6zelinde ihtiya¢ duydugu gereklilikler dikkate
alinmustir.

1.3 Dongusel ekonomi
1.3.1 Dongusel ekonominin temel ilkeleri

DE; yeniden disiinmek (rethink), azaltmak (reduce), yeniden kullanmak (re-use),
onarmak (repair), yenilemek (refurbish), geri kazanmak (recover) ve geri doniistiirmek
(recycle) gibi temel ilkelere sahiptir ve bu ilkelere yenileri eklenmeye devam etmektedir
(MacArthur, 2013; Yang ve ark., 2014). Bu ilkeler, daha az kaynak tiiketiminin tesvikiyle
dogal kaynaklarin tilkenme hizinin yavaslatilmasina, atik sorununun ve cevresel etkilerin
azaltilmasina ve g¢evresel siirdiiriilebilirlige katki saglanmasini amaglamaktadir.
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e Yeniden diisiinmek, kaynak tiiketimi ve olusan atik miktarinin farkinda olmayi
ve ¢ozlmleri her diizeyde yeniden diisiinmeyi ifade eder. Yapilan tiiketimleri
dikkate alarak yeniden diisiiniip ihtiya¢ olmayan seyleri tilketmeyi reddetmektir
(MacArthur, 2013:70).

e Azaltmak, yalin tasarim ilkelerini uygulayarak ve dayanikli {iriinler iireterek
enerji ve malzeme tiikketimini azaltmayr amaglar. Diisiik enerji tuketimli
ekipmanlara gegerek, kullanilmayan cihazlar1 kapatarak ve yalnizca gergekten
ihtiya¢ olani kullanarak enerji tiiketimini azaltmak hedeflenir (Yang ve ark.,
2014:218-219).

e Yeniden kullanmak, iriinleri baska bir kullanictya devrederek veya minimum
degisiklikle yeniden kullanimini saglamaktir. ikinci el {iriin alis-satislari ve
urdnun kullanim amacimi degistirerek yeniden kullanmak bu ilkeye ornektir
(MacArthur, 2013:25; Yang ve ark., 2014:218-219).

e Onarmak, hasar goren pargalar1 ve bilesenleri onararak triiniin daha uzun sure
kullanilmasiin saglanmasidir. Bu ilke tamir endiistrisini gelistirerek dayanikli
tirlin iiretimini tesvik etmeyi temsil eder (MacArthur, 2013:25).

e Yenilemek, ihtiyaglari karsilamayan, kullanim1 son bulan veya arizali Urtinlerde
parca degisimi Ve onarimi gibi yenileme islemleri yapilarak 0riintin gorsel
cazibesinin artirllmasiyla tekrar kullanilabilir hale getirilmesini ifade eder
(MacArthur, 2013:25).

e Geri kazanmak, geri donistliriilemeyen atik malzemede var olan gomiilii
enerjiyl kurtarmayi ve bu enerjiyi farkli amagclar i¢cin kullanabilmeyi hedefler
(MacArthur, 2013:25).

e Geri doniislim, kullanilmis veya atik malzemelerin toplanmasi ve islenmesiyle
yeniden kullanilabilmesi veya daha yiiksek kaliteli tirlinlere doniistiiriilmesidir.
Bu ilke ile malzemelerin islevselligini veya kalitesini koruma (functional
recycling), artirma (upcycling) ve daha diislik kaliteli malzemelere doniistiirme
(downcycling) potansiyellerini ifade eder (MacArthur, 2013:25).

1.3.2 Dongiisel ekonominin faydalar

Isletmeler ve tiiketiciler tarafindan her yil milyonlarca ton mobilya atilmaktadir. Bu
atiklar ya yakilmakta ya da copliiklere tasinmaktadir. Yeniden iiretime yonelik yapilan
caligmalar ise bazi bdlgelerde toplam imalat cirosunun ancak %2’sinden daha azim
olusturmaktadir (Forrest ve ark., 2017:3). DE’nin baslica faydasi ise bu mevcut degeri ve
potansiyel enerjisi tam olarak kullanilamayan mobilya iriinlerinin dongiliye katilmasini
hedefler. “European Academies Science Advisory Council” (EASAC, 2015:8) tarafindan
yayinlanan rapora gore DE, kullanilan ham maddeleri ve enerji bagimliligini azaltarak rekabet
gliclinii artirmaktadir. Tedarik glivenligini artirarak maliyet kontroliine yardimer olmakta ve
sera gazi emisyonunu azaltarak iklim degisikligiyle miicadele edilmesine katki saglamaktadir.
Ayrica, kaynak tiikketimine dayali ihtiyaclar1 karsilamaya yonelik alternatif ¢ozlimler
aramaktadir. Bu ¢oziimler, yeni is modellerinin ve is firsatlarinin yaratilmasinda ve ekonomik
biiyiimenin tesvik edilmesinde avantaj saglamaktadir. Boylece, DE ile g¢evresel, sosyal ve
ekonomik faydalar elde edilebilmektedir.

1.3.3 Dongiisel ekonominin is modelleri

DE 15 modellerini bes baslikta incelemek miimkiindiir (Sekil 3). (I) Dongiisel tedarik
modeli, dogal kaynaklardan gelen malzeme girdilerinin biyo-tabanli, yenilenebilir veya geri
dontstiiriilmiis malzemelerle degistirilmesiyle uzun vadede dogal kaynak ¢ikarma ve tiiketim

152



Senkal, Mobilya ve Ahsap Malzeme Arastirmalar: Dergisi, 6 (2), 146-161

talebini azaltir. (II) Kaynak geri kazanim modeli, atiklarin ikincil ham maddelere
doniistiiriilmesi ile dogal kaynaklar1 tiilketmeden iiretim yapilmasini kapsar. (III) Uriin émriinii
uzatma modeli, {irtinlerin mevcut kullanim 6miirlerinin onarim, yeniden kullanim, yenilenme
ve yeniden iiretim ile uzatilmasini amagclar. Bu is modeli hem daha az kaynak tiiketimi hem de
daha az atik iiretimine neden olur. (IV) Paylasim modeli, yeni iirtinlerin ve kullanim
Omiirlerinden ¢ok daha az kullanilan iriinlerin paylasilmasini kolaylastirarak tiretimleri igin
gereken ham maddeyi azaltmay: hedefler. (V) Uriin hizmet sistemi modeli, iiriine sahiplik
saglayan sistemlerin aksine iirline ait hizmetlerin satisin1 ifade eder. Bu sistem yesil iiriin
tasarimini, daha verimli tiriin kullanimimi ve daha az atik {retimini tesvik eder (Cheshire,
2019; Forrest ve ark., 2017:20; Winans ve ark., 2017:829).

{\ Q @ °0 00
A o @ N7 | iR
Déngusel Kaynak Urtin Omrind Paylasim UrGin Hizmet
Tedarik Geri Kazamm Uzatma Sistemi

Sekil 3. Dongiisel ekonomi is modelleri.
1.3.4 Dongiisel ekonomiye gecis stratejileri, firsatlar ve engeller

DE yapisi geregi toplumun ve farkli endiistrilerin isbirligi ile basar1 potansiyellerini
artirmaktadir. Dolayisiyla DE toplum ve endiistriler arasinda daha gii¢lii baglarin kurulmasini
saglar (MacArthur, 2013:10). Dongiiniin siirekliligi i¢in geri donilisim ve yeniden iiretim
basta olmak iizere farkli is kollarinin gelismesini saglar, yeni istihdam firsatlar1 olusturur
(European Commission, 2019:1). Cevre kirliligi ve insan sagligi konularinda temizlik,
strddrulebilirlik ve guvenlik ilkeleriyle toplumda bilinci artirir, kaynak tiiketimini azaltir, sera
gazl emisyonu basta olmak iizere toksik madde emisyonunu azaltarak g¢evre kirliligiyle
savasir ve iklim degisikliginin etkilerini hafifletir (Ernst and Young Global Limited, 2015 ).
Eko-tasarim ve temiz {iretimi tesvik eder (Liu ve Bai, 2014; Forrest ve ark., 2017:20). Geri
dontisiim ve atik yonetimi ile malzemenin dongiide kalmasini saglayarak kaynak tiiketimini
azaltir. Kullaniom omrii yonetimi ve siirdiiriilebilir tedarik zinciri ile yasam dongiisiinii
uzatarak depolama ihtiyacini azaltir. Boylece, firmalarin maliyetlerini diisiiriir, kar oranlarini
artirir ve pazar i¢i rekabet gii¢lerini artirir (MacArthur, 2013; EASAC, 2015:3).

DE oOniindeki engellerin basinda ekonomik sebepler gelmekte olup eko-endstriyel
zincirin kurulmasi yiiksek maliyetlidir. Ayrica, on yatirnm gerektiren maliyetli bir siireg
olmast ve yapilan yatirnmin uzun vadeli geri donilis saglamasidir. Buna karsilik yerel
yonetimlerden finansal destek ve tesvikler nispeten yetersiz kalmaktadir (MacArthur,
2013:80; Liu ve Bai, 2014:149; Forrest ve ark., 2017:24; EASAC, 2015:11). Dolayisiyla,
firmalarim LE'den DE'ye gegisi i¢in devlet destegiyle uygun ortamin olusturulmasi, isbirlik¢i
is modellerinin gelistirilmesi, konunun uzmani kalifiye eleman yetistirilmesi, yasal ve
ekonomik tesviklerin yapilmasi gerekmektedir. DE ilkelerinin anlasilmamasi, konuyla ilgili
farkindaligin diisiik olmasi1 yatirim yapma konusunda tereddiitte yol agmaktadir, bilgi
eksikligi ise DE'nin karliligi ve firsatlarin1 engellemektedir (Forrest ve ark., 2017; Winans ve
ark., 2017). Daha yesil faaliyetler, DE'nin sundugu yeni is kollar1 ve pazar firsatlar1 i¢in
destege ihtiya¢ vardir. Ayrica, doniisiim i¢in kullanilan mevcut makine ve ekipmanlarin
gelismis teknoloji ile daha c¢evreci olmasi, doniisim firmalarinin sayilarinin = ve
kapasitelerinin, doniisiimden geri kazanilan malzemenin kalitesinin ve miktarinin artirilmasi
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gerekmektedir. Doniistiiriilen {riinlerin gorsel cazibesinin miisteri talebini karsilayacak
duzeye getirilmesi gerekmektedir.

Calismanin amaci, Tiirkiye’de mobilya endiistrisinin DE’ye gecis i¢in benimsenmesi
gereken prensiplerini aragtirmaktir.

2 Materyal ve Metot

Bu calisma, yapilan genis literatiir incelemesi ve analizine ek olarak Tiirkiye’nin 6nde
gelen bir ofis mobilyas1 firmasiyla yapilan réportaj, ¢evrim igi ve yliz ylize goriismeler sonucu
elde edilen veriler ile gergeklestirilmistir. Veriler, mobilya endiistrisindeki firmalarin DE’ye
gecis siirecine hazir olup olmadigiin tespiti i¢in bu calismada Onerilen degerlendirme
yaklagimi kriterlerinin olusturulmasina destek olmustur. Calisma kapsaminda Onerilen
degerlendirme yaklasimi, siirdiiriilebilirlik ve DE temel prensipleri esas alinarak (I) tasarim
sureci, (II) iiretim ve tedarik stireci, (III) atik yonetimi ve (IV) is modeli olmak iizere dort
basliga ayrilmistir. Bu basliklar altinda olusturulan Kriterler Cizelge 1’de iliskili olduklar
calismalar ile beraber sunulmustur. Onerilen yaklasim ve Kriterlerin etkisi vaka calismasi
olarak ele alinan Tiirk ofis mobilya firmasinin mevcut durumu ve calismalari iizerinden test
edilmistir. Test agamasi, mobilya tasarim ve iiretim siire¢lerinde bilgi ve deneyim sahibi 8
katilimci ile ¢evrimigi anket yontemiyle yliriitilmiistiir.

2.1 Vaka calismasi

Calisma kapsaminda ele alinan Tiirk ofis mobilya firmasi yaklasik 50 yili askin siiredir
mobilya sektorine hizmet vermektedir. Firmalarin uluslararas1 pazarda rekabet giiglerini ve
isbirliklerini artirmay1 hedefleyen ulusal ve uluslararasi gesitli kuruluslarin iiyesidir. Imalat
teknikleri, akustik ve malzeme teknolojileri alanlarinda ¢alisan AR-GE merkezine sahiptir.

Firma ile biri ¢evrimici (2 saat) digeri yiiz yiize (8 saat) iki goriisme yapilmistir. Bu
goriismeler oncesinde firmanin acik kaynak erisime sahip {iriin ¢esitleri, tasarim kriterleri,
kalite raporlari, {irlin ve sistem bilgileri, lirlin malzemeleri, stirdiiriilebilirlik prensipleri,
dijitallesme calismalar1 arastirilmis ve firma icin roportaj sorulart olusturulmustur. Ilk
goriisme, firma yonetim kurulu iiyesi ve bas tasarimcisi ile 2 saat siireli ¢evrimigi bir sunum
ile siirdiiriilebilirlik ve DE kapsaminda yaptiklar1 caligmalarin anlatilmasi ve soru cevap
asamasindan olusmaktadir. Ikinci goriisme, firmanin merkez ofisi ve fabrika binasi
ziyaretinden olugmaktadir. Merkez ofis binasinda sergilenen iriinler detayli olarak
incelenmis, tasarim ekibine sorular sorulmustur. Tasarim siirecinden iiretime ve teslimat
sonrasina kadar tiim siireglerle ilgili bilgi alinmistir. Ek olarak, fabrika iiretim alani firma
yetkilileriyle beraber gezilerek liretimi devam eden calismalar ile gesitli testlerin yapildigi
laboratuvar ve test odalar1 incelenmis, yiiriitillen AR-GE ¢alismalar1 hakkinda bilgi alinmistir.
Ardindan firmanin yonetim kurulu iiyesi ve bas tasarimcisi, tasarim ve dretim ekibi
sorumlulartyla 6nceden hazirlanan ve firma ile paylasilan sorular iizerinden rdportaj
yapilmigtir. Firma sorulart sunum esliginde cevaplandirmistir. Gorlisme sonrasi yapilan
roportaj transkript edilmistir.
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Cizelge 1. Degerlendirme yaklasimi kriterlerinin belirlenmesinde yararlanilan kaynaklar.

TASARIM SURECIH

European Commission, 2019

European Commission, 2015

Hartini ve ark., 2021

2020

Koszewska ve Bielecki,

Liu ve Bai, 2014

O'Grady ve ark., 2021

Uriin tasariminda standardizasyon

Uriin tasariminda bilesenlerin alt parcalarina ayrilabilir olmasi
Uriiniin modiiler olarak tasarlanmasi

Uriiniin {iriin grubu i¢indeki diger iiriinlerle degisebilen parca orani
Uriiniin kullanim 6mrii sonunda yeniden islevlendirilebilme orani
Uzun 6miirlii ve dayanikli iiriin tasarimi ve malzeme segimi
Adapte edilebilir iirin tasartmi

Uriinlerde kullanilan teknolojik bilesenlerin degistirilebilir olmast

Uriiniin yasam 6mrii boyunca (bakim, onarim ve yenileme talepleri i¢in)
takip edilebilir olmast

Bakim yapilabilir {iriin tasarim
Tamir edilebilir ve yenilenebilir iriin tasarimi

x X Barbaritano ve ark., 2019

X X

x x X (Cheshire, 2019

X X X X X X X ><deOIiveiraveark.,ZOlB

X X X EASAC,2016

X X X X X X X

X X X X X X X Forrest ve ark., 2017

X

X X X X X X X

X

X X

XX X X X XX MacArthur, 2013

X X X X X ><Winans ve ark., 2017

URETIM SURECI

Birim iirin bagina kullanilan ham madde oranini azaltmak

Birim {iriin basina kullanilan enerji ve is giicli oranini azaltmak
Uretim siirecinde enerji verimliligini artirma girisimleri

Uretim siirecinde is giiciinii azaltma girisimleri

Yenilenebilir enerji kullanimi

Uretim siirecinde ham maddeye olan bagimlihig1 azaltmak

Ham madde teminindeki karbon emisyon miktarini azaltmak

Ham madde olarak geri doniistiiriilmiis malzeme kullanimi

Ham maddenin islenmesinde kullanilan biyolojik bilesenler
Yapistirici malzeme olarak biyolojik bilesen kullanimi

Uretilen iiriiniin geri doniisebilme orani

Toplam maliyeti azaltmaya yonelik stirdiiriilebilir girigimler

Uriin ambalaj malzemesinde kullanilan geri doniistiiriilmiis malzeme
Uriin ambalajinin geri doniisebilme orami

Uretim siirecinde temizlik amactyla kullanilan biyolojik malzeme oran
Uriin ambalaj oranini minimize etmek

Uriin tesliminde karbon ayak izini azaltma girisimleri

X X X[X X X X X X X

X X X X

X X X X

X

X X X X X X X X X X X X

X X XX X

X X X

X X X X X X X XX X X

X X X X X X X

X X X X X

X X X X X

X X

X X X X

X

ATIK YONETIMi

Uretim siirecinde tehlikeli atik yonetimi

Uretim siirecinde fire malzeme oranini azaltmak

Uretim siirecinde olusan atik ve ¢opiin ayristiriimasi

Atik ve ¢opiin yeniden islenmesi

Yeni iiriinler tiretmek i¢in atik ve ¢oplerin kullanim1

Uretim siirecinde olusan ham madde atigimin kullanimi

Ahsap, plastik ve metal gibi atiklarin iiretim siirecine yeniden katilmasi
Uretim siireglerinin gevresel etkisinin azaltilmast

XXX XXXXXIXXXXXXXXXXXXXXXXXIXX X X X XX

XX XXX XXXIXXXXXXXXXXXXXXXX XXX

X X X X X X X

XX XXX XXXIXXXXXXXXXXXXXXX

iS MODELLERi

Surdurilebilir tiretim prensibi i¢in yapilan AR-GE ¢aligmalari
Servis is modeline uyumluluk

Bakim ve onarim hizmeti

Uriin parga garantisi

Kiralama is modeline uyumluluk

Kiralama is modeli kullanimi

Paylasim is modeline uyumluluk

Paylasim is modeli kullanimi

XX X X X X X X X

X X X X X X X X[X X X X X X X X

X X X X X X X X[X X X X X X X

X X

XXX XXXXXIXXXXXXXXIXXXXXXXXXXXXXXXXX|XX X

XX X X X X X X X

X X X X X X X X[X X X X X X X X
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2.2 Degerlendirme Yaklasimi

Déngiisel ekonominin temel gayesi atik olusumunu engellemektir. Uriin tasarmmi ve
optimizasyonu, {riiniin sokiilerek alt bilesenlerine ayrilabilecegi ve farkli tasarim
senaryolariyla yeniden kullanilabilecegi bir yasam omrii donglisii esasiyla olusturulmaktadir.
Uriiniin bilesenlerine ayrilabilir ve yeniden kullanilabilir olmasi iiretimde kullanilan enerji,
isgiicli ve emek kaybini 6nlemeye odaklanmaktadir. Bu odak beraberinde iirlintin tiiketiminde
stireklilik olusturmaya yonlendiren tiikketim temelli yaklagimlarin yerine dayanikli ve uzun
omiirlii iiretim yaklasimmi getirmektedir. Uriiniin déniistiiriilerek yeniden kullanimi igin
irlinlin iretiminde kullanilan sarf malzemeler (metal, plastik, tekstil vb.) biiyilk oranda
biyolojik ve toksik olmayan bilesenlerden olugsmalidir. Ek olarak, iirliniin sarf malzemesi agag
kokenli malzemeler (kontrplak, yonga ve MDF levha vb.) gibi dogal malzemelerle iiretilmis
ise, sarf malzemenin {iretiminde kullanilan birlestirici maddelerin de dogaya zarar vermeyen
siirdiiriilebilir igerikli olmasi, {irliniin doganin dogal dengesine =zarar verilmeden
doniistiiriilebilmesi icin Onemlidir. Ayrica, dongiiselligin siirekliligi i¢in tim asamalarda
kullanilan enerji yenilenebilir olmalidir. Uzun Omiirli tiretim, yaygin kullanilan kullan-at
prensipli tiiketim aliskanligima uymadigindan kiralama ve paylagim esasli iy modellerinin
gelismesini tetiklemektedir. Bu is modellerinin gelismesi ise satin alinan iiriinlin birinci
kullanim1 sonunda {iriiniin iade edilmesini ve yeniden kullanim hakkinin satilmasi veya
kiralanmasin1 destekleyen tesviklerin, yasalarin ve sdzlesmelerin gelismesine baglidir
(MacArthur, 2013:70; Forrest ve ark., 2017:24).Onerilen degerlendirme yaklasimimnin test
asamast 8 katilimci ile yiiriitiilmistiir. Katilimcilarin tamami mobilya tasarimi ve iiretimi
stireclerine hakim, bilgi ve tecriibe sahibidir. Katilimcilarin deneyim diizeyi su sekildedir: 5-
10 y1l (4 kisi), 10 y1l ve iizeri (4 kisi). Katilimcilarin 6’s1 mobilya endiistrisinde faaliyet
gosterirken, 2’si akademik alanda konuyla ilgili calismalar yiiriitmektedir. Katilimcilara, DE
Is Modelleri ve Vaka Caligmas basligi altinda sunulan bilgiler ve firma calismalariyla ilgili
elde edilen tiim veriler raporlanarak sunulmustur. Katilimcilar, sunulan raporu inceledikten
sonra firmay1 Onerilen degerlendirme yaklagiminin kriterleri iizerinden anket araciligiyla
degerlendirmistir. Degerlendirme, 7 dereceli Likert dlgegi kullanilarak gerceklestirilmistir.
Likert olcegi, su degerlendirme segeneklerini icermektedir: 1: Kesinlikle Uyumsuz, 2:
Uyumsuz, 3: Kismen Uyumsuz, 4: Kararsizim, 5: Kismen Uyumlu, 6: Uyumlu, 7: Tamamen
Uyumlu.

3 Bulgular ve Tartisma

Yapilan degerlendirme sonucunda her kriter i¢in verilen en diisiik, en yliksek ve
ortalama deger Cizelge 2’de sunulmustur. Cizelge incelendiginde, is modelleri bashig: harig,
tasarim, tiretim ve tedarik ve atik yonetimi basliklarinin tamaminda en ytiksek deger olan 7
(tamamen uyumlu) en az bir katilimci tarafindan tiim kriter i¢in verilmis iken en diisiik deger
farklilik gostermektedir.

Tasarim siireci basliginda en diisiik deger olarak 3 (kismen uyumsuz) sadece iki kriter
icin verilmistir. Bu kriterler iiriin tasariminda standardizasyon ve iirtiniin kullanim omrii
sonunda yeniden islevlendirilebilme oranidir. En yiiksek ortalama deger adapte edilebilir {iriin
tasarimi kriterinde iken en diisiik ortalama deger {iriiniin liriin grubu icindeki diger {irtinlerle
degisebilen parca oranidir. Tasarim siireci, ortalama 5,94 deger almistir. Bu baglikta {iriin
tasariminda standardizasyon, iiriin grubu i¢inde diger {riinlerle degisebilen parca orani ve
kullanim 6mrii sonunda yeniden islevlendirilebilme orani ortalamanin altinda degere sahiptir.
En diisiik standart sapma {riin tasariminda bilesenlerin alt parcalara ayrilabilir olmasi
kriterindedir.
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Cizelge 2. Anket katilimcilar1 degerlendirme sonuglari

En Diisik En Yiksek  Ortalama  Standart

Deger Deger Deger Sapma
Uriin tasarimunda standardizasyon 3 7 6 2,07
Uriin tasariminda bilesenlerin alt pargalarina ayrilabilir olmast 5 7 6,25 0,71
Uriiniin modiiler olarak tasarlanmasi 5 7 6,125 0,83
% Uriiniin {iriin grubu icindeki diger iiriinlerle degisebilen parga orani 5 7 5 0,83
:a Uriiniin kullanim 6mrii sonunda yeniden islevlendirilebilme oram 3 7 5,875 1,69
= Uzun 6miirlii ve dayanikl iirlin tasarimi ve malzeme se¢imi 5 7 6,125 0,83
% Adapte edilebilir iiriin tasarimi 5 7 6,375 0,92
|<£ Uriinlerde kullanilan teknolojik bilesenlerin degistirilebilir olmast 4 7 6 1,2
Url'._inﬁn yagam 6r_nr'L'1 boyunca bakim, onarim, yenileme vb talepler i¢in 5 7 6.125 0.99
takip edilebilmesi
Bakim yapilabilir iiriin tasarimi 5 7 6 0,93
Tamir edilebilir ve yenilenebilir {iriin tasarimi 5 7 6 0,93
Birim {iriin bagina kullanilan ham madde oranini azaltmak 4 7 4,875 0,99
Birim iiriin bagima kullanilan enerji ve is giicii oranini azaltmak 4 7 5,375 0,74
Uretim siirecinde enerji verimliligini artirma girisimleri 4 7 5,375 0,74
s Uretim siirecinde is giiciinii azaltma girisimleri 4 7 55 0,93
§ Yenilenebilir enerji kullanimi 4 7 5,625 1,3
‘a Uretim siirecinde ham maddeye olan bagimlilig1 azaltmak 4 7 55 1,07
_M Ham madde temininde karbon emisyon miktarini azaltmak 4 7 5,75 1,28
E Ham madde olarak geri doniistiiriilmiis malzeme kullanimi 5 7 6,125 0,83
a Ham maddenin islenmesinde kullanilan biyolojik bilesenler 4 7 5,625 1,19
= Yapistirict malzeme olarak biyolojik bilesen kullanimi 3 7 5,625 151
> Uretilen iiriiniin geri doniisebilme orant 4 7 5,75 1,04
E Toplam maliyeti azaltmaya yonelik siirdiiriilebilir girisimler 4 7 6,125 0,99
§ Uriin ambalaj malzemesinde kullanilan geri déniistiiriilmiis malzeme orani 4 7 6 1,07
= Uriin ambalajinin geri déniisebilme orant 4 7 6 1,07
Uretim siirecinde temizlik amactyla kullanilan biyolojik malzeme orant 4 7 5,625 0,92
Uriin ambalaj oranini minimize etmek 3 7 5,125 1,36
Uriin tesliminde karbon ayak izini azaltma girisimleri 4 7 55 1,2
Uretim siirecinde tehlikeli atik yonetimi 4 7 5,375 1,3
E Uretim siirecinde fire malzeme oranini azaltmak 5 7 6,25 0,89
= Uretim siirecinde olusan atik ve ¢opiin ayristirilmasi 4 7 55 1,31
E Atik ve ¢6piin yeniden iglenmesi 4 7 5,25 1,04
:S Yeni iiriinler tiretmek i¢in atik ve ¢oplerin kullanimi 4 7 5,375 0,92
4 Uretim siirecinde olusan ham madde atigmin kullanimi 4 7 5,625 1,06
:: Ahsap, plastik ve metal gibi atiklarin iiretim siirecine yeniden katilmasi 5 7 5,75 0,89
Uretim siireclerinin gevresel etkisinin azaltilmas: 4 7 5,625 0,92
Siirdiiriilebilir Giretim prensibi i¢in yapilan AR-GE ¢aligmalari 6 7 6,625 0,52
E Servis is modeline uyumluluk 6 7 6,5 0,53
E Bakim ve onarim hizmeti 4 7 6,25 1,04
d Uriin parca garantisi 4 7 6,375 1,06
8 Kiralama is modeline uyumluluk 2 6 5,125 1,46
= Kiralama is modeli kullanimi 1 4 2,25 1,16
=z Paylasim is modeline uyumluluk 2 6 5,25 1,39
Paylagim is modeli kullanim1 1 4 2,375 1,19

Uretim ve tedarik siireci bash@ginda yapistirict malzeme olarak biyolojik bilesen
kullanimi ve {iriin ambalaj oranin1 minimize etmek kriterleri bu bdliimiin en diisiik degeri olan
3'0 almigtir. Agirlikli olarak en diisiik deger olarak 4 (kararsizim) kullanilmigtir. Ham madde
olarak geri doniistiiriilmiis malzeme kullanimi ve toplam maliyeti azaltmaya yonelik
stirdiiriilebilir girisimler en yliksek ortalama degere sahiptir. En diisiik ortalama deger ise
birim {iriin bagina kullanilan ham madde oranini azaltma kriteridir. Bu baglik ortalama 5,62
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degere sahiptir. Ham madde, is giicii ve enerji tiikketimiyle iligkili kriterler ortalamanin altinda
kalirken, toplam maliyeti azaltma, geri doniisiim ve karbon emisyonu konularinda
ortalamanin dstiindedir. Birim iriin basina kullanilan enerji ve is giicli oranini1 azaltma ve
tiretim siirecinde enerji verimliligini artirma girisimleri kriterleri en diislik standart sapmaya
sahiptir.

Atik yonetimi bashiginda en diisiik ve agirlikli olarak verilen deger 4'diir. En yiiksek
ortalama deger lretim siirecinde fire malzeme oranmi azaltmak kriterindedir. En diisiik
ortalama deger ise atik ve ¢Opiin yeniden islevlendirilmesidir. Bu baglik ortalama 5,59 degere
sahiptir. Tehlikeli atik yonetimi, atik ve ¢Opiin ayristirilmasi, yeniden islevlendirilmesi ve
yeni iriin tretiminde kullanilmasi kriterleri ortalamanin altinda kalmistir. Fire malzeme
oranini azaltma, katilimcilarin benzer degerler verdigi ve standart sapmanin bu baslikta en
diistik oldugu kriterdir.

Is modelleri baghginda ele alinan firmanmn kiralama ve paylasim is modellerini
kullanmamas1 sebebiyle bu kriterler hem en diigiik deger olan 1 (kesinlikle uyumsuz) degerini
hem de en diisiik ortalama degerleri almislardir. Siirdiiriilebilir liretim prensibi i¢in yapilan
AR-GE c¢aligmalar1 hem en yiiksek degere sahip olan kriterlerden biridir hem de en yiiksek
ortalama degere sahiptir. Is modelleri bashig1 ortalama 5,09 deger almistir. Firma, DE is
modellerini kullanmamasina ragmen katilimcilar tarafindan bu modellere uyumluluk
kriterlerinde bolim ortalamasinin istiinde degerler almistir. Bu boliimdeki en diisiik standart
sapma AR-GE ¢aligsmalarina aittir.

4  Sonugclar ve Oneriler

Yapilan ¢aligma sonucunda, vaka galismasi olarak incelenen firmanin yaptig1 ¢alismalar
ve bu c¢aligmalar iizerinden Onerilen degerlendirme yaklasimi ile ilgili asagidaki sonuglar
sOylenebilir;

e Katilmeilarin ¢ogunlugunun, yeterli bilginin agik ve detayli bir sekilde sunulmadigi
durumlarda 4 (kararsizzm) degerini tercih ettigi gozlenmektedir. Bu durum, Onerilen
yaklasimin etkili bir bigcimde kullanilabilmesi i¢in degerlendirilecek firmalarin, kriterlerle
ilgili ayrintili ve somut bilgiler saglamalarinin 6nemini vurgulamaktadir.

e Standart sapmanin genellikle 1 civarinda olmasi (biraz iizeri veya alt1), katilimcilarin
benzer degerlendirmelerde bulundugunu isaret etmektedir.

e Vaka galismasinda degerlendirilen firmanin dort basliktaki ortalama puanlar1 genellikle 5
ile 6 arasindadir. Bu, firmanin Onerilen degerlendirme yaklasimi kriterleriyle biiyiik
oranda uyumlu oldugu seklinde yorumlanabilir.

e Degerlendirilen firma, onerilen yaklasim ile giiclii ve zayif yonlerini kriterler bazinda
detayli olarak tespit edebilir ve gelecekteki eylem planlarini olusturabilir.

e Onerilen yaklagim ve kriterlerin benimsenmesi, firmalarin siirdiiriilebilir uygulamalarini
artirmasina ek olarak hem ¢evresel hem de ekonomik fayda saglar. Is giicii, ham madde
ve atik maliyetlerinde azalma ile enerji verimliliginde artis gibi faktorler, maliyetleri
diisiirerek rekabet avantaj1 saglayabilir.

e Kiriterlere uyumun artmasi firmalar1 paydaslart (miisteriler, tedarik¢iler, kamu vb.) ile
isbirligine yonlendirir. Boylece, yeni is kollar1 ve istithdam alanlar1 agmaya tesvik ederek
ekonomik biiyimeye destek olur.

e Onerilen yaklasim, mobilya endiistrisindeki diger firmalar tarafindan da uygulanabilme
potansiyeli barindirir. Boylece bu firmalar DE kapsaminda degerlendirilebilir ve mevcut
durumlar1 analiz edilebilir.
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e Onerilen degerlendirme yaklasimi ile DE’ye gecis siiregleri igin atilmasi gereken
adimlarin planlamasini kolaylastirabilecegi diisiiniilmektedir.

e Calismanin kullanici dostu ara yiizli bir uygulamaya doniismesinin ¢aligmay1
zenginlestirecegi diisliniilmektedir. Gelisim potansiyelleri gelecekteki c¢aligmalar igin
hedefler sunmaktadir.

Tesekkiir

Bu ¢alismanin erken asamalarmin gelistirilmesine katkilarindan dolay1 istanbul Teknik
Universitesi, Lisansiistii Egitim Enstitiisii, Mimari Tasarimda Bilisim Lisansiistii Programu,
2021-2022 bahar yariyili, Digital Architectural Design Studio dersi yiiriitiiciilerine ve
ogrencilerine tesekkiir ederim. Calismada ele alinan Tiirk ofis mobilya firmasina desteleri igin
ayrica tesekkiir ederim.

Yazar Katkilar

Habibe Senkal: Kavramsallagtirma (arastirma fikri ve amaglarinin gelistirilmesi), proje
yonetimi, metodolojinin belirlenmesi, arastirmanin yapilmasi, analizlerin yapilmasi, veri
iyilestirme, kaynaklar, denetleme, dogrulama, gorsellestirme, makale taslak olusturma,
makale yazma, inceleme ve diizenleme.

Finansal destek beyani

Yazar bu ¢alisma i¢in finansal destek beyan etmemistir.
Cikar catismasi

Yazar ¢ikar ¢atigmasi beyan etmemistir.
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Abstract

Methodological approaches observed and applied regarding “Lean Philosophy”, which
is a concept originating from production, became important tools that can offer solutions to
different problems in several disciplines. In recent years, Lean Philosophy has been widely
applied in different fields as "Lean Architecture”, "Lean Design”, "Lean Construction”, "Lean
Management”, "Lean Hospital”, "Lean Accounting”. The main purpose of this study is to
draw attention to the gains of Lean Philosophy, which can be defined as eliminating all kinds
of waste and any activity that has no added value in the end use, to furniture design and
production. Considering the effects of the design process on the whole enterprise, it is thought
that design activities can contribute to a sustainable and more efficient interaction by
incorporating concerns as modularity, inventory management, reduction of material
consumption, reduction of labour and energy consumption, besides form and function
concerns. As a qualitative research, this study embraces the document analysis method as a
means of data collection and analysis. Existing prominent Lean Philosophy tools for
manufacturing systems were analysed and some of them were adapted to design processes.

Keywords: Lean philosophy, furniture, design, production, productivity

Yalin Felsefe yaklasimlarinin mobilya tasarim siireclerine uyarlanmasi

Oz

Uretim kokenli bir kavram olan “Yalin Felsefe” ile gozetilen ve uygulanan metodolojik
yaklasimlar kit kaynaklarin etkin kullaniminda, zaman igerisinde tiim disiplinlerde, farkli
problemlere ¢bzim sunabilen 6nemli araglar haline gelmistir. Son yillarda Yalin Felsefe’nin,
“Yaln Mimarhik”, “Yalin Tasarim”, “Yalin Insaat”, “Yalm Yo&netim”, “Yalin Hastane”,
“Yalm Muhasebe” gibi kavramlar ile farkli alanlarda da yayginlasarak uygulandig
goriilmektedir. Bu calismanin amaci, her tiirli israfi ve nihai kullamimda katma degeri
olmayan her faaliyeti bertaraf etme olarak tanimlanabilen Yalin Felsefe’nin mobilya ve donat1
elemani tasarim siireclerine katabilecegi kazanimlara dikkat ¢ekebilmektir. Tasarim siirecinin,
uretim faaliyetleri gergeklestiren bir isletmenin biitiiniindeki etkileri dikkate alindiginda,
tasarim faaliyetlerinin, form ve fonksiyon kaygilarinin yani sira modiilarite, stok yonetimi,
malzeme tiiketimlerinin azaltilmasi, is¢ilik ve enerji tiiketimlerinin azaltilmasi gibi kaygilar
da barindirmasinin, siirdiiriilebilir ve daha verimli bir etkilesim ortamina katki saglayabilecegi
diisiincesi ortaya c¢ikmaktadir. Nitel arastirma olarak planlanmis bu ¢alismada, veri toplama
yontemleri dokiiman tarama ve analiz olarak belirlenmistir. One ¢ikan mevcut Yalin Felsefe
araglart analiz edilmis ve Orneklendirilerek bazi araglarin tasarim siireglerine uyarlamalar
yapilmistir.

Anahtar kelimeler: Yalin felsefe, mobilya, tasarim, iiretim, verimlilik
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1 Introduction

With the developments in globalization and increasing competition environment, design
is seen as a strategic step that provides superiority. This competitive environment has led
manufacturers to find new ways to deliver their products to a wider audience. Undoubtedly, it
has started to gain importance for the consumer to have remarkable physical features in order
for the products to be preferable in the competitive environment, in addition to the
innovations put forward in their functional features. Thus, the importance given to design has
gradually increased (Bezci 2022).

Since the first years of industrial history, companies have been in competition and are in
a global race to increase their sales. Managers are looking for the fastest and most economical
ways to produce and distribute products and services. As the pressure in global competition
spreads from the East to the world, the survival of manufacturing firms depends on the ability
to reduce production costs, improve products continuously and keep pace with changes in
socio-technological developments. For this reason, lean production is seen as one of the keys
to being efficient. Lean production can be defined as a production system that has no
unnecessary elements in its structure and minimizes factors such as fault, cost, stock, labor,
development process, production area, waste, customer dissatisfaction (Ozgelik and Cinoglu
2013).

The main purpose of lean thinking is to ensure that value flows uninterruptedly
throughout the value creation process, starting from the raw material, and is quickly delivered
to the end customer. In order to achieve this, it is necessary to look at the entire value chain as
a whole, eliminate waste and direct all activities towards the goal of creating excellent value
for the customer (Lean Institute - lean.org.tr).

The foundations of the lean management philosophy were laid as a result of Taiichi
Ohno's on-site examination of the Ford Production System after the Second World War and
his application of what he saw to the Toyota factory production processes with a different
perspective (Apiliogullar1 2010).

It is possible to define lean philosophy, which rises on the themes of respect for people
and continuous improvement, as studies that contribute to making processes more efficient by
focusing on eliminating waste.

Accordingly, 7 types of waste are basically defined in the production environment;
faulty production, overproduction, stock, unnecessary work, transportation, movement,
waiting (Okstiz et al. 2017).

Some sources also mention an eighth waste. The eighth waste has been referred to by
several different names. This type of waste, which can be called differently as "unused
creativity", "untapped brain", "human potential™ and "skill", emphasizes in all definitions that
the potential or talents of employees can be wasted and points to situations where their ideas
are not used. Therefore, ignoring or not implementing improvement ideas from employees,
assigning wrong, inadequate or incomplete responsibilities or tasks and not using their
knowledge are also considered as a type of waste. In order to combat this eighth type of
waste, which is caused by poor communication, lack of teamwork, poor management and
inadequate training, management needs to encourage employees' ability to think critically and

use continuous improvement feedback (Canakgioglu 2019).

In Japan, where the Toyota production system, the origin of lean, was first realized in
the 1950s, both money and raw materials were scarce and waste was very costly. Toyota had
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to survive in this difficult environment. Toyota waged a war against waste by realizing at the
time that scarce resources were being wasted in shoddy processes. During these years, Ohno
formed the backbone of the “Just In Time” based Toyota Production System and identified
seven types of waste. The production philosophy to reduce these identified wastes included
several factors such as respect for people, teamwork, reduction of inventories and continuous
maintenance which increased Toyota's productivity and performance compared to other
automobile manufacturers. With continuous improvement efforts and flexible production,
processes became more qualitative and both the variety and quality of products increased
(Lodgaard et al, 2016; Wan and Chen 2009) (Derin 2017).

Lean production thinking has started to be adopted as a management approach over
time. As explained above, lean management is based on "lean production thinking”. As a
result of the studies carried out within the framework of lean production, lean management
philosophy has emerged (Tikici et al. 2006). Organizations converting to lean systems will
give higher priority to operational issues compared to philosophical issues(Marvel and
Standridge, 2009: 92).

With a focus on enhancing (customer) value and eliminating/reducing waste from a
system's perspective, it can be argued that the lean philosophy and its basic elements address
both design and production processes (Jgrgensen and Emmitt, 2009: 228).

According to some recent studies, this trend of thought, which originated in Japan and
started in the 1950s with the philosophy of lean production, has started to be adopted in all
disciplines since the beginning of the 2000s. "Lean Management”, "Lean Construction”,
"Lean Architecture”, "Lean Hospital”, "Lean Accounting”, etc. "Lean Philosophy"
applications focusing on sectors, processes and people have become addressed to many
different fields.

In a study focused on health services (Cilhoroz and Cakmak 2020), the concept of Lean
Leadership, which has an increasing importance in the management processes of enterprises
and is evaluated within the scope of the Lean Management Approach, is the subject of
research. In another study focused on the health sector (Tasdemir et al. 2021), it was stated
that the application of lean thinking principles in health enterprises will ensure that patients
wait less between processes, patients' treatments are started much faster, unnecessary analyzes
are not performed, laboratory analysis results are delivered to doctors much faster, many more
patients are treated within a day and costs are reduced in this way.

It is seen that there are also studies carried out in the field of logistics. Akben and
Gungor (2018) stated that, the most important difference between the supply chain and the
lean supply chain is that; in the traditional model, the focus is on activities during and after
the production process, economically to the end customer and without creating major
confusion; while in the lean supply chain approach, the focus is on eliminating waste along
the chain and obtaining value.

In another study on lean organization principles (Cakirli Akyiiz and Cetin 2009), lean
organization principles were discussed from philosophical and managerial perspectives, and it
was aimed to examine the applications in the automotive supply industry and to measure the
gains obtained from these applications.

In this context, the field of furniture design appears as a virgin field of study where high
added value outputs can be obtained. This study focuses on the application of Lean
philosophy approaches to furniture production and design processes. It is thought that lean
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philosophy in production processes can find many application areas within the framework of
lean production. However, this study focuses on design processes rather than production
processes. The aim is to analyze furniture design processes and to develop suggestions for
production on a sectoral basis.

2 Method

The study was planned as qualitative research. Qualitative research can be defined as
research in which qualitative information collection methods such as observation, interview
and document analysis are used and a qualitative process is followed to reveal perceptions and
events in a realistic and holistic manner in a natural environment (Y1ildirim 1999).

Document search was used as the data collection method. Document search and
document analysis are information gathering methods used in qualitative research to support
the information obtained through interviews and observations (Yildirim 1999).

Document analysis regarding Lean Philosophy was used to analyze the data and the
analysis results were used to adapt production process based Lean Philosophy tools to the
design processes. Within this framework, document search was made on several national and
international scientific databases. The search keywords were “lean philosophy”, “lean
design”, “lean production” and “lean management”. The results in this framework were
analysed in a detailed manner. The tools, which were suitable for adaption, are given under
the following headings and suggestions for furniture design processes are presented

3 Using Lean Philosophy Tools in Furniture Design Processes: Analysis and Matching
Suggestions

Although Lean Philosophy is a culture that can be spread to all areas of life and can
even be included in our daily lives individually, it can be reported rationally by using some
systematic methods, especially in applications in businesses. There are many methods that can
also be described as Lean Philosophy tools. Among these methods, 5 approaches that stand
out in terms of adaptability to design processes are included in the scope of this study. These
approaches are Kaizen, JIT and Kanban, Poka Yoke, DOE - Design of Experiments and VSM
- Value Stream Mapping.

3.1 Kaizen Approach: Standardization and Continuous Improvement of Processes,
Operations and Products

3.1.1 Standard Work

The word standard is defined as "made or separated according to a certain type,
measurable, uniform, single form" according to the Turkish Language Association.
Standardization can be related to some features of a product as well as to the execution of
processes such as design, production and sales.

Considering the design process of furniture and fittings, it is possible to improve and
maintain product quality with some standards to be created for the relevant product group. At
the same time, standard product production can eliminate some uncertainties that may lead to
inefficiency in production and enable more efficient, faster and more controllable processes to
be designed with various improvements.

The accuracy of the product and production processes to be produced can be measured
in environments where standards are set. Measures can be taken against faults with repeated
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measurements so that they do not occur again and it is possible to make improvements to
products and processes.

3.1.2 Kaizen

Kaizen is a Japanese word for improvement. Thus, the desire to continuously improve
system performance leads repeating the gap assessment step (Marvel and Standridge, 2009:
98). It is formed from the combination of the words Kai and Zen, which mean change and
better in Japanese. It is used in the sense of continuous improvement and development.
Masaaki Imai, who created this philosophy, mentioned that managers at all levels should
create separate strategies for the implementation of continuous improvement philosophy in
enterprises. Continuous improvement is a concept that expresses a rapid improvement in
processes and a reduction in costs to increase customer satisfaction in a certain period of time
(Buzlu 2011: 58) (Aric1 2019).

3.1.3 Possible Gains That Can Be Obtained by Using These Methods in Furniture
Design Process

Technical drawings, which are the outputs of the design process and at the same time
the inputs of the production process, are the main reference that defines the materials,
determines the material consumption amounts and determines the workflows to be realized in
the production processes. For this reason, significant gains can be achieved when
standardization, one of the lean philosophy methods, is considered at the product design stage.
The first and most important process in which standards can be set and improvements can be
made through kaizen studies is the design process.

A common design and production language can be observed by designing the product
groups and product families to be produced within certain standards in terms of material,
colour, size and configuration (variable features). In this way, both quality standards can be
maintained and production processes in which faults are minimized can be carried out more
efficiently. Standards can be determined in the design process with examples such as making
certain products in standard sizes, defining variable sizes alternatively with a similar
approach, designing modular products, considering the machine capabilities and tolerances,
determining material alternatives, etc.

It is often not possible to make improvements in a non-standard product production
process where each production is unique in itself. When products produced with a variety of
different colours, sizes and configurations are standardized with certain design criteria at the
design stage, it will be possible to carry out forward-looking kaizen that is improvement
studies. Both product designs and production processes of the relevant product will be
continuously improved.

3.2 JIT and Kanban Pulling System
3.21 JIT (Justin Time)

There are different definitions of JIT (Just in time production). Some definitions limit
the system only to the reduction of inventories. However, JIT should be considered in a
broader context. JIT is effective not only in activities related to manufacturing but also in
other areas of the production system, from materials handling to warehousing, from
maintenance and repair to engineering design, from sales to top management. JIT is a strategy
that aims to achieve significant and sustained improvement in work efficiency through the
prevention and elimination of time and resource losses throughout the enterprise. In short, the
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philosophy of JIT aims to achieve the least cost and highest customer satisfaction with the
participation of all units (Emiroglu 2014).

Just in time, production is an approach to produce the required product in the required
quantity and is a material management system that requires the material required in the
production process to be available at the point of need at the required time and targets "zero
inventory”. It is a system that utilizes all potentials by using the cheapest and error-free
production in the shortest time, with the least waste and the most flexible use of all production
factors with the least use of resources. (Emiroglu 2016).

3.2.2 Kanban Pull System

One of the important approaches that form the basis of the lean philosophy is that the
system can enable the customer to pull the desired value from the producer instead of
supplying mass productions to the consumer. It is possible to call this integrated approach a
pull system.

The information flow, which enables the pull system to operate, is called "Kanban".
Kanban is a card showing the type and quantity of the product withdrawn. This card is sent as
a production order from the next process to the previous one. In this way, all manufacturing
processes are connected to each other. Suppliers are also part of this system and they should
adjust their production according to the quantity and time of withdrawal (Glner and Karaca
2004) (Turkan 2010). Although some of the techniques provided better results depending on
the firm size, practices such as setup reduction, multifunction employees and the Kanban
system provide better organizational performance regardless of firm size (Marvel and
Standridge, 2009: 92).

A production process triggered by a customer order is considered an appropriate
example of a pull system setup.

3.2.3 Possible Gains That Can Be Obtained by Using These Methods in Furniture
Design Process

When the orientations of end users regarding furniture preferences are examined today,
it is seen that customer demands and expectations are diversifying day by day and therefore
manufacturers have to create a wide variety of alternatives. From this point of view, it is not
known what will be used causes furniture manufacturers to be unable to keep stock at the
product level. In order to provide fast service at the right time in multi-product production
processes, effective inventory management that can be realized at raw material and semi-
finished product levels can reveal more accurate results in terms of costs.

One of the important approaches that can contribute to the solution in this regard is
modularity and the other is the common part approach. Designing the parts that will form the
products according to a modular coordination can enable a semi-finished product to be
transformed into more than one product. In other words, a part that may belong to one product
can also be used in another product. If the same parts in terms of configuration such as
dimensions and holes are designed as a common part, they can be used in more than one
product. It is seen that common parts that can quickly turn into different products from the
semi-finished product level facilitate production and contribute positively to the delivery of
parts to the right place at the right time in production.

Production units that are activated by customer orders stand out as one of the best
examples of the pull system. It is possible to establish a Kanban system in a production
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assembly line triggered by an order. It is possible to manage the semi-finished product stocks
created before the assembly line with Kanban cards (work orders) coming from the assembly.
If the relevant semi-finished parts are common parts that can be used in more than one final
product, both the functionality of the Kanban system and the end-to-end speed of production
can be increased. By taking these methods into consideration during the design process, it can
also contribute to reducing the stock quantity and diversity at the raw material, semi-finished
product and finished product levels.

With the common part approach and design processes where modularity is considered,
the functionality of JIT and Kanban Pull Systems can be increased and the efficiency of
operational processes can be improved.

3.3 Poka Yoke; Defect Preventing Devices

Poka Yoke is considered as one of the lean production techniques and is basically
defined as a mechanical and electronic mechanism that prevents and eliminates human defects
(Pekin and Cil 2015). It is seen that many possible defects can be eliminated by observing the
Poka Yoke approach which is defined as defect prevention in the design processes and
operation times can be reduced in both production processes and after-sales assembly
processes.

3.3.1 Possible Gains That Can Be Obtained by Using This Method in Furniture Design
Process

Many Poka Yoke applications can be implemented in technical drawings. These
drawings are the result of design processes and guide production operations.

Some examples of applications in furniture design and production can be listed as
follows;

- Marking the screw points on the cabinet body and furniture doors that can ensure the
quick assembly of hinges and hinge bases in the right place.

- In order to prevent a part to be used in product assembly from being installed in the
wrong direction, the distances of the fasteners (minifix, dowel, etc.) to the edges are
differentiated so that the part can be assembled correctly in one direction.

- Marking of fixing points for accessories such as drawer runners, handles, legs, etc. on
the part during operations such as drilling, etc.

- The moulds, jigs and fixtures used in the production and assembly processes can
eliminate individual errors in the operations. Again, the design process is where the necessary
equipment design and analysis should take place.

As seen in all these examples and dozens of examples that can be multiplied specifically
for the design process, great gains can be achieved by observing the Poka Yoke method in the
design process. Faulty production can be prevented and the efficiency and speed of the
relevant production processes can be increased.

3.4 DOE (Design of Experiments)

Main philosophy; It is the design that will eliminate critical problems in production with
the idea that "quality is designed together with the product”. By taking previous design
verification results as data, a design is made that will prevent problems that may occur during
production in subsequent designs (Womack PJ, Jones DT, 1998).
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DOE method can be effectively applied in product design processes that repeat
production. Especially in standard product groups, the inferences made through iterative
production can contribute positively to the principle of continuous improvement.

Today, it is possible to see that different software and drawing/design programs with
simulation capabilities are actively used in the DOE process.

3.4.1 Possible Gains That Can Be Obtained by Using This Method in Furniture Design
Process

Design processes in furniture and decorative applications can be quite painful,
depending on the complexity of the product being designed. Especially when designing a
product or a construction with dimensions whose limits have not yet been tested, an
environment is created in which the designer can make mistakes. Such uncertainties are either
resolved by trial and error or the ideal product is moved away from the ideal product with
excessive (waste) or incomplete (defective product) solutions.

Experience and knowledge come to the fore in the quest for the ideal product.
Experience and knowledge may also be insufficient for some application details or physical
exertion for aesthetic purposes.

When unnecessary material and labour costs are added to the difficulties mentioned
above, the efficiency of the process becomes highly questionable. Knowing and applying the
right research methods and techniques in design activities, can contribute positively to process
efficiency. For this reason, the simulation method, which is a powerful research method and
technique, has an important place in furniture and decoration applications. Especially 3D
design programs with simulation capability can provide unique facilities to designers in this
regard.

When the design outlines of the product are formed in the content described above, the
technical design process, which can be defined as detail, begins. Observing the criteria to be
determined and included in the design process at this stage can enable significant gains in
terms of form or function. While many of these criteria depend on the properties of the
material (raw material) to be used, some of them are determined by the preferences of the
decision-makers in the design process.

Some sample study titles that can be done in this context can be listed as follows:

- For products that use different materials such as metal, wood and glass, solid
modelling software with simulation capabilities is used to ensure the robustness of the design,
to calculate the amount of load the product will carry within safe limits, and to select the right
profiles and thicknesses of material.

- In order to make the best use of the sizes of raw materials that can be supplied in
standard sizes, some changes can be made to the dimensions of the product/part without
neglecting the ergonomics of the product.

- Differentiation of parts sizes formed by the product in order to eliminate potential
visual errors. As an example of this issue, we can consider the dimensioning of the parts that
make up a cabinet body consisting of four panels. While the side panel depth measurement is
determined as 330 mm, the depths of the bottom and top panel parts can be determined as 329
mm. In this example, part sizes are differentiated to prevent (+-) error tolerances in the
production processes from turning into a visual problem in the final product.
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- Depending on the features of the CNC drilling machines, placing all hole axis
distances in the holes to be defined for the fasteners at 32 mm and its multiples can be
considered as another example. In this way, in line with the machine capabilities, several
holes on the part can be processed simultaneously and production time can be shortened.

The number of examples above can be multiplied. By carrying out many such detailed
analyses using solid modelling in CAD/CAM programs with simulation capabilities, it will be
possible to resolve potential problems at the design stage before production.

3.5 VSM (Value Stream Mapping)

One of the most important techniques used in the transition to a lean production
philosophy is VSM. VSM can be applied not only in the manufacturing sector but also in the
service sector. VSM includes all the processes that take place until a product arrives at the
factory as a raw material, goes through certain production processes and reaches the customer
as a finished product. VSM shows the material and information flows for a product. These
flows can be used to find waste and sources of waste by identifying activities that add or do
not add value to the product. Future situation maps are created by making improvements in
the process to eliminate/reduce current wastes (Adali et al., 2017).

3.5.1 Possible Gains That Can Be Obtained by Using This Method in Furniture Design
Process

It is known that space and product design processes are carried out in a way that can
effectively respond to needs and take into account ergonomic factors. The placement points
are as important as the functionality of the furniture designed for a space. Positioning product
placements in accordance with the flow of activities within the space is an important space
design criterion. In terms of efficient use of space and equipment, the flow of activities
planned to be carried out in the space should be observed. The gains that can be achieved with
a correct space design are similar to the gains that can be achieved with the correct layout in a
production workshop. The venues of cafes, restaurants and fast-food chains especially their
kitchens that try to provide fast service to crowded groups of people can be considered as
striking examples in this regard.

4  Results and Discussion

The methodological approaches followed in Lean Philosophy, which originated in
manufacturing, can be used as an important tool in all disciplines for the efficient use of
limited resources.

One of the most important features of lean production techniques is that they enable
production operations to continue with far fewer inputs and costs. Therefore, the adoption of
lean production techniques will lead to the accumulation of much more resources in the hands
of firms than before. In other words, capital accumulation will accelerate. The accumulated
capital can be transformed into new investments, and workers who are no longer needed
within the scope of existing jobs can be employed in new investments (Cakirli Akyiiz and
Cetin, 2009).

Therefore, lean transformation includes the elimination of all kinds of activities that do
not create value in the organization, the reduction of the amount of production factors used,
the use of advanced technology equipment and qualified workforce and the prevention of
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faults before they are made based on the principle of doing the right job at once. Lean
transformation, which is referred to as "Lean Production System" in practice, aims to achieve
the highest efficiency with the least input by providing a high level of performance (Turkan,
2010).

The fact that interior space and furniture design processes will be handled with this
systematic thought, which has an engineering infrastructure at its basis, is considered as an
interdisciplinary field of study where high value-added outputs will be obtained.

In the first part of this study, there has been a classification of waste types. With this
perspective, the table below tries to summarize how the methods discussed in the study can
contribute to reducing some possible types of waste. Gains, related to the findings of the
comments conducted within this study, can be followed systematically through Table 1. The
numbers given below the table represent the gains.

Table 1. Expected gains of regarding furniture design and manufacturing processes

Objectives
Y— Y— 2 5
o= 5 5 g Sy S _ 5 8 3
o 9 = c £ S 85 SRS s> S o
MRS 25 = B &= 282 28 > 9
= 3 o 3 © 8 c 285 c 92 e 9 S5
> S £ =5 = o @ = 0 g S @© ==
3O 5 ® S 2 Ec$ gc S S 9 N
L s o] 8‘“ =S g =c ¥ o2 =
[as 3 Lu3¢—' L1J3 Q:g 5
Standard work 1 2 4
JIT / Kanban 5 6
Poka Yoke 7,8
DOE 9 10
VSM 11 12

1 With the production of standard parts and products and the determination of quality
standards, it will be possible to reduce faults.

2 With the standardization of raw materials, it will be possible to reduce stock diversity
and to provide minimum stock levels.

3 Effective use of the areas and reduction of unnecessary transportation will be possible
by determining the materials at raw, semi-finished and finished product levels.

4 Technical office personnel working with drawing and design will be able to have a
more productive working environment.

5 It will be possible to reduce the stocks of semi-finished and finished products, by
using common parts that can be used in different products.

6 It will be possible to gain flexibility in production and to increase the ability to
respond quickly to incoming orders with the parts that can be used in different products.
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7 Faulty production and faulty assembly can be completely prevented by using
markings while preparing technical drawings and production data.

8 It will be possible to perform fault-free operations with molds and fixtures that will be
designed for being used in production processes.

9 Preparing computer simulations for the productions that will firstly take place will
contribute to avoid labour, material and time losses.

10 Simulations will reduce unnecessary processes and operations.

11 Unnecessary transports will be minimized by considering VSM criteria in interior
design.

12 Unnecessary movements can be minimized by considering VSM criteria in interior
design.

According to Letens et al. (2011: 83), future research may want to further expand
the current framework through the identification of additional LPD system components that
facilitate continuous improvement from a systems and multilevel perspective.

5 Conclusions
Based on the results of the research, the following conclusions were reached;

e Looking at the processes involved in interior and furniture design, the first step is to
produce design sketches and 3D visual studies, followed by technical product
drawings and detailed solutions, and then the next step is to develop the product itself
so that the final product can be used as a model.

e The outputs of design studies are almost a constitution for all departments in the
organization where operational activities are carried out.

e The variety of materials defined in the design processes is supplied by the purchasing
department. For this reason, design process decisions directly affect the purchasing
budget.

e The choices and decisions made during the design process regarding raw materials,
semi-finished and finished products have a direct impact on stock and inventory
management either positively or negatively.

e The main reference for work orders in the workshops and factories, where the
production of furniture is carried out, are the technical drawings.

e Production flows and all the operations are carried out in accordance with the details
specified in the technical drawings.

e Considering the impact on other departments/processes in a furniture manufacturing
company, the first and most important area where Lean philosophy should be applied
is the design process.

e Design activities that address modularity, industrial design, inventory management,
reduction of material consumption, reduction of labour and energy consumption can
contribute to sustainable success.

e The adoption of the Lean Philosophy, whose main purpose is to eliminate all kinds of
waste and every activity that has no added value in the end use, and the application
of its methods in design processes can provide great gains in terms of efficiency not
only in the design process but also in the entire value chain.
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Farkl perforelerle olusturulan capraz lamine ahsap levhalarin (CLT) 1s1
iletkenlik degerlerinin belirlenmesi

Ramazan Bilbil** & Hakan Keskin®

Oz

Bu caligmada, orman firiinleri sanayisinde yaygin bir kullanim alanina sahip olan
saricam (Pinus silvestris L.) odunundan; kontrol grubu ile ara katmanlarda perforasyon
oranlart sirastyla %5, %10 ve %20 olmak iizere 45 mm kalinlikta, G¢ katmanli ¢apraz lamine
ahsap levhalar (CLT) olusturulmustur. Capraz lamine ahsap levhalarin ara katmanini
olusturan masif levhanin ylizeyine belirtilmis olan oranlarda ve @10 mm capinda perforasyon
islemi yapilmig ve her iki yizeyine tutkal sriildiikten sonra preslenerek capraz lamine levha
iretilmistir. Calisma kapsaminda {iretilen ¢apraz lamine ahsap levhalarim TSE EN 322’ye
gore rutubet miktarmin tayini, TS EN 323’e gdre yogunluklari, TS EN 12667’ ye gore ise 1s1
iletim katsayilar1 tespit edilmistir. Yapilan deneylerden elde edilen verilere goOre, capraz
lamine ahsap levhalarin (CLT) ara katmanlarma belirtilmis olan oranlarda yapilan
perforasyon uygulamasinda is1 iletim katsayilarinda kontrol grubuna kiyasla %1.05, %4.56 ve
%9.73 oraninda azalma meydana geldigi ve bu azalmanin da istatistiksel olarak anlaml
oldugu goriilmiistiir. Ara katmanlarda uygulanan perforasyon isleminin anlamli olan etki
diizeyinin daha yiiksek olmas1 i¢in ara katmandaki levhanin daha diisiik yogunluga sahip
masif ahsap malzemelerden yapilmasi ve perforasyon isleminin ise CNC makinelerinde
uygulanmasi 6nerilmektedir.

Anahtar kelimeler: Saricam, ¢apraz lamine ahsap, 1s1 iletim katsayisi, perforasyon

Determination of thermal conductivity values of cross-laminated timber
(CLT) boards formed with different perforations

Abstract

In this study, from scotch pine (Pinus silvestris L.) wood, which has widespread use in
the wood products industry; Three-layer cross-laminated wooden boards (CLT) of 45 mm
thickness were formed with the control group, with perforation rates of % 5, %10 and %20 in
the interlayers, respectively. Perforation is made on the surface of the solid board, which
forms the interlayer of cross-laminated wooden boards, at the rates specified and with a
diameter of @10 mm. and after applying glue on both surfaces, a cross-laminated board was
produced by pressing. Determination of moisture content according to TSE EN 322, densities
according to TS EN 323, and heat transmission coefficients according to TS EN 12667 of the
cross-laminated board produced within the scope of the study were determined. According to
data obtained from the tests conducted, in the application of perforation made at the specified
rates to the interlayers of cross-laminated timber (CLT) boards. It was observed that the heat
transmission coefficients decreased by %1.05, %4.56 and %9.73 compared to the control
group, which was statistically significant. In order for the perforation process applied in the
intermediate layers to have a higher level of significant effect, it is recommended that the
board in the intermediate layer be made of solid wood materials with lower density and the
perforation process be applied on CNC machines.

Keywords: Scotch pine, cross-laminated timber, heat conduction coefficient, perforation
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1 Giris

Kiiresel 1sinmaya kars1 etkin dnlemlere ihtiya¢ duyuldugu, iistiin 1s1 yalitim 6zelliklerine
sahip malzemelerin gelistirilmesi gerektigi (Kawasaki ve Kawai, 2006), binalarin enerji
tiiketiminin azaltilmasi gerektigi, bundan dolay1 bir binanin 1s1 yalitimi bu siirecin énemli bir
parcast oldugu icin yaliim malzemelerinin tasariminda diisiik 1s1 iletkenligi degerleri elde
etmenin 6nemi (Sekino, 2016) vurgulanmistir. Her gegen giin yaliim uygulamalarina daha
fazla gerek duyuldugu (Akgun, 2008) ve enerjinin etkin kullaniminda binanin i¢ ortamini dis
ortamdan ayiran yap1 elemanlariin yalitim 6zelligi 6ne ¢ikmaktadir (Uysal ve ark., 2011). Ist
yalittm malzemelerinin ise insan ve cevre sagligina zarari olmadan, istenilen 1s1 yalitim
ozelliklerine sahip olmas1 gerektigi bildirilmektedir (Kabakg¢1, 2018).

Agac malzeme, dogal giizelligi, yiiksek 6zgiil mukavemeti, 1s1 yalitimi, tasima ve tiretim
stireclerinde kolay islenebilme 6zelliginden dolay1 konut insaat malzemesi olarak yogun bir
sekilde kullanilmaktadir (Kilig ve ark. 2006). Ahsap yapilar, Ozellikle sismik egilimli
alanlarda insa edilen yapilar i¢in biiylik avantajlar sagladigi icin son yillarda yeniden
popiilerlik kazanmustir (1zzi ve ark., 2018).

Ahsap yapilarin ingasinda farkli yontem ve tekniklerle iiretilen bir¢ok yapisal ahsap ve
ahsap esash tirlinler ile yapilar olusturulmaktadir. Bunlardan bir tanesi ise Tiirkiye’de ahsap
yapi sektoriinde kullanimi giin gegtik¢e yayginlasan ¢apraz lamine ahsap (CLT) levhalardir.

Avrupa standartlaria goére 1s1 yalitim malzemelerinin 1s1 iletim katsayilar1 0.06 — 0.10
W/m.K’nin altinda olmalidir, ISO ve CEN standartlarina gore 1s1 iletim katsayist 0.065
W/m.K degerinden kiiciik olan malzemeler 1s1 yalittm malzemesi olarak adlandirilmaktadir.
Is1 iletim katsayisi, 1s1 yalittm malzemeleri seciminde en belirleyici 6zellik olurken, bu deger
ne kadar kiigiik ise malzeme o kadar iyi bir 1s1 yalitkanidir (Kabake1, 2018). Dolayistyla 1s1
yalitm malzemelerinin en Onemli 6zelligi stiphesiz 1s1 iletim katsayilarinin miimkiin
oldugunca sifira yakin olmasidir (Kaya ve Imirzi, 2023).

Is1 iletim katsayis1 sembolii lambda (A), birimi W/m.K’dir. Bu birim, bir malzemenin
bir birine dik ve bir metre mesafedeki bir m?’lik iki yiizeyi arasinda sicaklik farki 1 °C
oldugunda birim zamanda gecen 1s1 miktar1 olarak tanimlanmaktadir (Altinisik, 2006).

Capraz lamine ahsap (CLT) paneller, sahip olduklar1 yapisal rijitlik 6zelliklerinden
dolay1 perde duvarlar, zemin diyaframlar1 ve cati tertibatlar1 i¢in tercih edilen bir insaat
malzemesi haline gelmistir (He ve ark., 2018). Ayrica deprem sonrasi gegici barinma siirecini
gelistirebilecek, estetik ve kalite gozetilerek depremzedelere giivenli ve yasanabilir ortamlar
sunmak i¢in iki farkli CLT E-BOX modeli tasarlanmistir. Tasarlanan CLT E-BOX
modellerinin kullanim esnekligi ve kurulum alaninin yerlesim onerisi ile deprem sonrasi
barinma sorununun giderilebilir ve deprem sonrasi yasam kosullarinin beklenen diizeye
yiikseltilebilecegi vurgulanmistir (Avlar ve ark., 2023). Dolayisiyla deprem 6ncesi ve deprem
sonrasi gegici veya kalict konut olarak tasarlanan CLT E-BOX ve buna benzer konut
tasarimlarinin proje boyutunda kalmamasi, iiretimlerinin gergeklestirilmesi saglanmalidir.
Bununla birlikte dretilen bu tir yapilarin pilot bir bélgede uygulamasinin yapilmasi,
tilkemizde yasanilan son yikic1 depremler sonrasi ortaya ¢ikan konut ihtiyacinin giderilmesi
acisindan 6nem arz etmektedir.

o

Is1 iletim katsayilarinin 0.083 W/m.K ile 0.137 W/m.K arasinda degistigi tespit edilen
bir galismada ahsap esasli kompozit paneller incelenmistir (Sahin ve Dongel, 2018). Agag
tlru olarak, dogu ladini (Picea orientalis L.) tercih edilerek hazirlanan iki farkli ¢alismadan
birincisinde 5 farkli yapisal ahsap {iirliniin 1s1 iletim katsayis1 degisimleri incelenmistir.
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Incelenen degisimlere gore kontrplak, Q-LVL, LVL, PSL ve CLT panellerde en diisiik 1s1
iletim katsayis1 degerinin kontrplak’ta 0.0965 W/m.K, en yiiksek 1s1 iletim katsayis1 degerinin
ise CLT panelde 0.1161 W/m.K olarak 6l¢iilmiistiir (Oztlirk ve ark., 2017). Poliiiretan tutkali
kullanilarak olusturulan CLT levhalarin 1s1l iletim katsayist degerlerinin belirlenmesi i¢in, ara
katmanda lif yonleri 45° ve 90° olarak hizalanmis ahsap masif levhalardan olusan iki tip CLT
panelini karsilagtirmiglardir. Buna gore ara katmandaki lif yoni 45° olan CLT panelin 1s1
iletim katsayis1 degeri 0.1050 W/m.K, lif yonii 90° olan CLT panelin 1s1 iletim katsayisi
degerinin ise 0.1032 W/m.K oldugu belirlenmistir (Oztiirk ve ark., 2020). Sarigamda 1s1
iletkenlik katsayisinin teget yonde 0.1015 W/m.K, radyal yonde 0.1040 W/m.K olarak tespit
etmistir (Arslan, 2015).

Diisiik sicaklik ve uzun siireli farkli 1s1l islem siireclerinde ahgsabin yapisal bozunuma
bagl fiziksel ve mekanik o6zelliklerinin incelendigi ¢alismada ise sarigam, mese ve kestane
odunu ornekleri incelenmistir. 170°C/4s ve 190°C/3s 1s1l islem sartlarinin daha uygun oldugu,
1s1 iletim katsayisinin azaldigi, yalitkanliginin ve mekanik diren¢ degerlerinin artig kaydettigi
belirlenmistir. Ahsap kullanimi i¢in (denge rutubeti bakimindan) uygun olan iklim sartinin ise
40°C%35 oldugu tespit edilmis bu iklim sartinda en diisiik 1s1 iletkenlik katsayis1 degerininin
sarigam Orneklerinde 0.1124 W/m.K oldugu goriilmistiir (Altunok ve ark., 2023).

Saricam, kestane ve mese odunlarinin 1s1 iletim katsayilarii belirlemek icin yapilan
Olctimlerde; 1s1 iletim katsayisi degerini en diislik Sarigamda 0,1049 W/m.K olarak tespit
edilmistir. Bunun nedeni ise Saricam odunu yogunlugunun diisiik ve i¢ boslugunun diger
odun tirlerine gore fazla olmasindan kaynaklandigi soylenebilir (Dogan ve Altunok, 2018).
Bununla birlikte tabakali kompozit panellerde ara katmanlarda yapilan geometrik

oluklandirmalarin; bu tiir panellerde 1s1 iletim katsayilarini diistirdiigiinii belirtmistir (Kaya ve
Imirzi, 2023).

Yapilarin kullaniminda siirdiiriilebilirlik saglayacak ve enerji tuketiminin 6nemli bir
parcasi olan diisiik 1s1 iletkenligi degerlerine sahip malzemelerin gelistirilmesi gerekmektedir.
Bu ¢alisgmanin amaci, Sarigam (Pinus Sylvestris L.) odunu 6rnekleri ile kontrol grubu, ara
katmanlarda ise perforasyon oranlari sirasiyla %5, %10 ve %20 olan {i¢ katmanli ve 45 mm
kalinligindaki ¢apraz lamine levhalar (CLT) tiretilerek 1s1 iletim katsayilarinin belirlenmesidir.

2 Materyal ve Metot
2.1 Materyal

Bu arastirmada, sarigam (Pinus silvestris L.) odunlar1 kullanilmistir. Calisma konusu
kereste; birinci sinif 6zelliklerde, diizgiin lifli, budaksiz, reaksiyon odunu, ¢iiriime, bocek ve
mantar tahribatinin olmamasina dikkat edilerek ve rastgele yontemle sec¢ilmistir.

Capraz lamine ahsap levhalar TS EN 12667 (2003) esaslarina gore hazirlanan deney
ornekleri 20 °C sicaklik ve % 65 bagil nem sartlarinda iklimlendirme dolabinda degismez
agirhiga ulasincaya kadar kondisyonlanmustir. Is1 iletim katsayilarinin belirlenmesi i¢in Gazi
Universitesi Teknoloji ~ Fakiiltesi Agacisleri Endiistri Miihendisligi Boliimii  test
laboratuvarindaki Linseis HFM 300 test cihazi kullanilmustir.

Kolay siiriilmesi, ¢abuk sertlesmesi, kokusuz ve yanmaz olusu ile islenmesi sirasinda
kesici aletleri yipratmamasi gibi avantajli 06zelliklerinden dolayr PVAC tutkali tercih
edilmistir. Birlestirilecek yiizeylerden yalniz birinin tutkallanmasi ve birlesme yiizeyine 150-
200 g/m? PVAc tutkal uygulamasinda TS 3891/T1 (1992) de belirtilen esaslara uyulmustur.
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2.2 Metot

Bu deneysel ¢alismada; kaba kesimli dlgtileri 300 mm x 100 mm x 20 mm olan sarigam
masif parcgalari, temel islem makineleri (planya makinesi, daire testere ve kalinlik makinesi)
ile 300 mm x 300 mm x 15 mm olgiisiinde masif levha olusturacak bigimde isleme tabi
tutulmuslardir. Islenen ahsap masif parcalarin oncelikle cumbalarina m?’ye 150 — 200 gram
PV Ac tutkal: siiriilerek yan yana ekleme pres makinesinde 8 kg/cm?’lik basing ile 300 mm x
300 mm x 15 mm 6l¢iisiinde Sekil 2.a’daki ahsap masif levhalar iiretilmistir. Uretilen ahsap
masif levhalarin kontrol grubu haricindeki ¢apraz lamine ahsap levhalarin ara katmanlarinda,
Sekil 1.a’da goriildiigii gibi 10 mm ¢apindaki sutunlu matkap tezgahinda ile Sekil 1.b’de %5,
Sekil 1.c’de ise %10 ve %20 oranlarinda perforasyon delikleri olusturulmustur. Daha sonra
perforasyon islemine tabi tutulan ve ara katmanlarda kullanilan ahsap masif levhalarin her iki
yizeyine PVAc tutkali siiriilerek 3 katman halinde tanzim edilen capraz lamine ahsap
levhalar, Sekil 2.b’deki pres makinesinde cm?’ye 80 kg’lik bir pres basinci ile sikilarak ¢apraz
lamine ahsap (CLT) levhalar elde edilmistir. Elde edilen levhalarin 6l¢timleri sekil 2.c’de
goriilen Linseis HFM 300 1s1 iletkenlik cihazinda elde edilmistir.

Sekil 1. Perforasyon konumlari isaretlenmis masif levhada delme islemi (A) , Ara katmanina
%S5 perforasyon olusturulmus masif levha (B), Ara katmanin %20 perforasyon olusturulmus
masif levha (C).

Sekil 2. Yan yana ekleme pres makinesi (A), Pres (B), Is1 iletkenlik katsayisi tespit cihazi (C)

3 Bulgular

Sarigam (Pinus silvestris L.) odunundan iiretilen ¢apraz lamine ahsap levhanin; TS EN
323 (1999)’teki esaslara uygun olarak yapilan yogunluk belirleme testinin sonuglarina gore
deney numunelerinin hava kurusu yogunluk ortalamasi 488 kg/m®, tam kuru yogunluk
ortalamas1 465 kg/m?3 oldugu goriilmistiir. TS EN 322 (1999)’ye gore ¢apraz lamine ahsap
levhalarin ortalama rutubet degerinin ise %8.94 oldugu tespit edilmistir. Bu yogunluk ve
rutubet degerlerine sahip olan capraz lamine ahsap levhalarin 1s1 iletim katsayilarina iliskin
istatistiksel sonuglar Cizelge.1’de verilmistir.
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Cizelge 1. Capraz lamine ahsap levhalara ait 1s1 iletim katsayist (A) degerlerine iliskin

istatistiksel sonuclar

- Ortalama Min Max V.
Malzeme Cesidi N WimK)  (WImK)  (Wimk) P oh)
Kontrol 10 0.1141 0.1065 1.2358 0.0045 26.45
% 5 Perforasyon 10 0.1129 0.1065 1.2145 0.0049 24.15
% 10 Perforasyon 10 0.1089 0.1019 1.1839 0.0053 27.67
% 20 Perforasyon 10 0.1030 0.9029 1.1042 0.0067 44,42

Cizelge 1’e gore ¢apraz lamine ahsap levhalarin 1s1 iletim katsayisi ortalamalarinin
birbirinden farkli degerlere sahip oldugu goriilmektedir. Cizelgeye gore levhalarin en diistik
1s1 iletim katsayis1 degeri 0.1030 W/m.K olup, ara katmanda %20 perforasyon olusturulan
capraz lamine ahsap levha grubunda gergeklesmistir. Ara katmani farkli perforasyon
oranlarina sahip ¢apraz lamine ahsap levhalara ait siitun grafigi Sekil 3’te verilmistir.

0.1160

0.1140
~ 0.1120
0.1100
0.1080
0.1060
0.1040
0.1020
0.1000
0.0980
0.0960

0.1141

m.K

Lambda (W,

Kontrol Grubu

0.1129

I I ]

Perfore % 5

0.1030

Perfore % 10 Perfore % 20

Sekil 3. Ara katmani farkli perforasyon oranlarina sahip levhalara ait siitun grafigi

Sekil 3’e gore birbirlerinden istatistiksel olarak farkli degerlere sahip capraz lamine
ahsap levhalarin gruplar arasindaki farkliliklarin anlamli olup olmadigi tespit etmek icin
tek yonlu varyans analizi yapilmis olup, sonuglar1 Cizelge 2’de verilmistir.

Cizelge 2. Is1 iletim katsayilarina (lambda A) iliskin tek yonlii varyans analizi

Varyans Kaynaklar1 Kareler sD Kareler ﬁ&nla_mhhk Kismi
Toplam Ortalamasi Dizeyi p<0,05 Eta Kare
Ara Katman Perforasyon Orani 0.001 3 0,000 8.617 0.000 0.418
Hata 0.001 36 2,924E-5
Toplam 0.484 40
Diizeltilmis Toplam 0.002 39

Tek yonli varyans analizinin sonuglarina gore; ara katmanda olusturulan perforasyon
uygulamasinin etkisinin (p<0.05) istatistiksel olarak anlamli oldugu ve etki diizeyinin ise
%41.8 orani ile yiiksek diizeyde oldugu tespit edilmistir. Yapilan varyans analizi sonucunda
etkisi anlamli diizeyde farkli ¢ikan degiskenin gruplari arasindaki farkliliklar: belirlemek i¢in
Duncan testi yapilarak, sonuglar1 Cizelge 3’te verilmistir.
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Cizelge 3. Is1 iletim katsayisina () etkisi anlamli ¢ikan perforasyon oranlari degiskenin
gruplar arasindaki farkliliklarin homojenlik gruplar

Is1 iletim Katsayis1 (W/m.K)

Malzeme Cesidi
( Xort) HG
Kontrol grubu 0.1141 A
% 5 Perforasyon 0.1129 AB
% 10 Perforasyon 0.1089 B
% 20 Perforasyon 0.1030 C
LSD: 0,0041W/m.K HG: Homojenlik grubu

Cizelge 3’teki Duncan testi sonucuna gore levhalarin ara katmanlarinda olusturulan
perforasyon uygulamasinin etkilerinin %5 (a: 0.05) hata pay1 dahilinde degerlendirildiginde;
levhalarin 1s1 iletim katsayisina etkilerinde %10 ile %20 perforasyon oranina sahip olan
levhalarin kontrol grubu ile aralarinda anlamli bir farkin oldugu tespit edilmistir. Ayrica
perforasyon degiskeninin grup ortalamalarina bakildiginda, en diisiik ortalama 1s1 iletim
katsayis1 degerinin %20 perforasyonlu ara katmana sahip g¢apraz lamine ahsap levhada
meydana geldigi tespit edilmistir.

4. Sonugclar ve Oneriler

Bu c¢alismada ara katmanlar1 farkli yilizdelik oranlardaki perforasyonlara sahip 3
katmanli ¢apraz lamine ahsap (CLT) levhalarin hava kurusu yogunluk degerleri, tam kuru
yogunluk degerleri, rutubet degerleri ve 1s1 iletim katsayis1 degerleri deneysel yontemlerle
belirlenmigtir. Ara katmanda olusturulan perforasyon oraninin istatistiksel olarak anlamli
oldugu tespit edilmistir. Elde edilen sonuglara gore;

e Perforasyon orani %5 olan CLT grubunun 1s1 iletim katsayis1 degerlerinin kontrol grubuna
yakin degerde bulundugundan aralarinda anlamsiz bir farkin oldugu; %10 ve %20
perforasyonlu CLT’lerin 1s1 iletim katsayisi degerlerinin ise kontrol grubuna gore anlaml
sonu¢  verdigi  gozlemlenmistir. Ara  katmanlarda uygulanacak perforasyon
uygulamalarinda yiizey alami ylizdelik oranlarinin %10 ve %20 perforeler oldugu, perfore
bosluklarinin @10 mm’nin yani sira @20 mm’lik olusturulmasi ve CNC makinelerinden
yararlanilmasi gerektigi tespit edilmistir.

e Is1 yalittmi agisindan Ozellikle %20 perforasyon oranina sahip capraz lamine ahsap
levhalarin, i¢ mekanlarin tasiyict olmayan kisimlarinda ara bélme duvar elemani olarak
kullanilmasi 6nerilir

e (apraz lamine ahsap (CLT) levhalarin dis mekanda kullanilmasi durumunda ise dis hava
kosullarina dayanikli tutkal tiirlerinden poliiiretan veya iire-formaldehit tutkal tirlerinin
secilmesi Onerilir.

e Daha diisliik yogunluga sahip ahsap malzemeler ile CLT lerin iiretilmesi, perforasyon %
oranlarinin arttiritlmasi ve elde edilecek CLT’lerin 1s1 iletim katsayisi-ses yutumu gibi
fiziksel 6zelliklerinin arastirilmasi 6nerilir.
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Determining the technological properties of laminated windows as a
component of sustainable facade design
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Abstract

Wood is an environment-friendly, durable and sustainable material which gives
spaces a warm and natural look. The construction industry, which uses many types of
materials together in terms of its components, focuses on efficiency in building materials
in order to offer aesthetic, economical and ergonomic solutions as a result of today's
architectural approaches. In the construction sector, the use of wood has become
widespread in facade design and window production especially with the increasing
importance of environmental awareness and sustainability in the 21st century. In this
study, black pine (Pinus nigra subsp. pallasiana) has been used as the wood material. The
test samples consist of three layers. Urea-formaldehyde glue was used for bonding the
test samples. Following the physical and mechanical experiments conducted during the
research process, it was determined that the technological characteristics of the window
profile produced from three-layer laminated black pine wood are superior to the
technological characteristics of the solid window profile representing its own species. In
order to achieve sustainability goals, it can be recommended to use laminated wooden
window profiles in buildings.
Keywords: Sustainability, window profile, wood, technological properties

Siirdiiriilebilir cephe tasariminin bir bileseni olarak lamine pencerelerin

teknolojik 6zelliklerinin belirlenmesi

Oz

Ahsap, mekanlara sicak ve dogal bir goriiniim kazandiran ¢evre dostu, dayanikli ve
strddrdlebilir bir malzemedir. Bilesenleri agisindan bir¢ok malzeme tiirlinii bir arada kullanan
ingaat sektorli, giiniimiiz mimari yaklasimlar1 neticesinde estetik, ekonomik ve ergonomik
¢oziimler sunmak amaciyla yapt malzemelerinde verimlilige odaklanmaktadir. Ingaat
sektoriinde ozellikle 21. yiizyilda ¢evre bilincinin ve siirdiiriilebilirligin 6neminin artmasiyla
birlikte cephe tasariminda ve pencere iiretiminde ahsabin kullanimi yayginlagmistir. Bu
calisma; bina cephesinin tasariminda siirdiiriilebilirlik hedeflerine ulasmak i¢in 6nemli bir rol
oynayabilecek ahsap lamine pencere profilinin bazi teknolojik 6zelliklerini belirlemek igin
yapilmaktadir. Bu g¢alismada ahsap malzeme olarak, karagamdan (Pinus nigra subsp.
pallasiana) kullanilmigtir. Deney ornekleri ti¢c katmandan olusmaktadir. Deney orneklerinin
yapistiritlmasinda Ure-formaldehit tutkali kullanilmistir. Arastirma siirecinde gerceklestirilen
fiziksel ve mekanik deneyler sonunda, {i¢ katmanli olarak lamine edilmis karagam odunundan
uretilen pencere profilinin teknolojik 6zelliklerinin, kendi turinu temsil eden masif pencere
profilinin teknolojik 6zelliklerinden daha {istiin oldugu tespit edilmistir. Surdurilebilirlik
hedeflerine ulagsmak amaciyla, yapilarda lamine ahsap pencere profili kullanilmasi
onerilebilir.
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1 Introduction

Windows, which are used in architecture for natural lighting, ventilation and decorative
purposes, are an essential building component for living spaces. Windows designed and
manufactured in proportion to the space add value to the building in terms of design as well as
architecture. Upon examining historical structures, it becomes evident that artistic and
aesthetic elements frequently coalesce on building facades with windows standing out as a
crucial focal point. Wooden window example is displayed in Figure 1.

Figure 1. View of a wooden window of an old building in Kirklareli (Yiiksek, 2005).

The window types used in Turkish houses are manufactured with methods called
vertical and guillotine, and the main factors in choosing these methods are lighting, security
and heat/sound insulation as well as privacy (Saka and Kahraman, 2020).

Depending on atmospheric conditions, physical deformation and dimensional instability
are frequently observed in windows manufactured with materials mostly wood, PVC,
aluminium, etc. It is crucial to ascertain the choice of window products in facade designs
considering factors such as the building's characteristics, location, daily sunlight exposure and
temperature fluctuations.

The wood used for wooden window profiles can be obtained in accordance with the
principles of sustainable forest management. Sustainable forestry involves cutting down trees
in a balanced manner ensuring that forestry does not harm ecosystems and regrowth of trees.
In this way, forest resources are protected and long-term wood supply can be ensured.
Wooden window profiles have a relatively lower carbon footprint than other materials. Wood
absorbs carbon dioxide as it grows and stores this carbon. Wooden products retain this carbon
throughout their lives. Additionally, processing and manufacturing wood is generally less
costly in terms of energy which can contribute to energy savings. Wood is a natural material
and can be produced without harming the environment. It can be processed and recycled
without the need for chemical treatments. Wooden window profiles naturally provide good
thermal insulation. This is advantageous in terms of energy efficiency because it blocks
outside heat from entering the interior and reduces heat loss. This can reduce heating and
cooling costs. Wooden window profiles can last for many years when properly maintained.
This can contribute to less material consumption and longer use of resources.

Structural laminated wood is a prefabricated wood building element created by bonding
independent wood layers of varying dimensions under controlled industrial conditions with
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special adhesives. Structural laminated wood systems offer structural features such as a
reduction in dead load and seismic load, a high strength-to-density ratio similar to steel, high
fire resistance, low transportation cost and a rapid construction process compared to steel and
reinforced concrete systems. In addition to these structural characteristics, the system
provides opportunities for durable and sustainable construction due to its low heating and
cooling requirements in building envelope design as well as its impact on acoustic comfort
levels inside the space, negative carbon footprint feature and contribution to the life cycle
process of the structure (Ceylan and Girgin, 2019).

For many users, the price parameter plays an important role in window profile selection.
Although the frequency of use of PVC window profiles has increased, wooden profiles, which
are still an element of choice, find use due to their ease of maintenance. The issue of
workability, is which a significant drawback of natural wood, leads to both technical and
aesthetic complications in the material. The lamination technique, which is frequently
preferred to eliminate this drawback, eliminates the drawbacks of wood and significantly
increases its lifespan (Kucuktuvek, 2002).

According to Keskin (2003), utilizing solid wood material as a single piece for large and
curved elements serves to avoid concerns such as knots, cracks and spiral fibers in the wood.
Recognizing the impracticality of completely eliminating these imperfections, attempting to
do so would not be feasible from both an economic and technical standpoint.

Wooden laminated elements are preferred in the industry due to their high formal
stability as a semi-finished material, their closest properties to wood material compared to
other composite materials and their flexibility in shaping. It is frequently used in the furniture
industry especially in various construction elements such as laminated materials, columns,
beams, arches and trusses. The use of laminated materials provides various advantages in
terms of technical, aesthetic, economic and eases of production especially in curved furniture
elements (Kahraman and Altunok, 2017). Indeed, it was stated in a particular study that Scots
pine (Pinus sylvestris L.), which grows in our country, can be preferred in the production of
laminated beams obtained by using wooden materials (Oztiirk and Arioglu, 2006).

The lamination process enables the production of window profiles suitable for the
facade design by providing advantages such as saving raw materials in wood materials,
minimizing the defects seen in the material, ensuring quality optimization in the material,
reducing material work depending on atmospheric conditions and dimensional flexibility in
terms of efficient use of the material.

The lamination technique was first used in chair production in our country in 1987 by a
private company in Istanbul. Later, private companies in Ankara and Tekirdag used this
technique in joinery construction. It is known that products produced using the lamination
technique had become more widespread after 1990 (Dilik, 1997).

The study delved into the mechanical impacts of lamination and analyzed various
physical and mechanical attributes of laminated Scots pine wood. Within this context, it was
established that the five-layer laminated wood material bonded with polyvinyl acetate (PVAc-
D4) adhesive exhibited distinct advantages in terms of both physical and mechanical
properties when compared to the solid material derived from Scots pine wood (Keskin, Atar
and Kurt, 2003).

Guler et al., (2007) determined that the dimensional stabilization of laminate flooring
used as building elements is directly related to the glue used in parquet manufacturing. In
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support of this, it has been observed that significant advantages are obtained depending on the
glue types and wood species in the pressure, bending and adhesion resistance measurements
made on laminated materials obtained by using different wood types and glues (Percin et al.,
2009). In a study conducted by Kahraman and Altunok (2016), papel veneers of oriental
beech (Fagus orientalis Lipsky), sessile oak (Quercus petraea Lieble) and Scots pine (Pinus
sylvestris L.) each with a thickness of 1.5 cm were affixed using PVAc dispersion D4 glue
onto a vacuum membrane press. Curved laminated wood samples comprising 13 layers were
subsequently obtained and subjected to diagonal tensile testing. The results indicated that the
highest level of adhesion quality was observed in the panel manufactured using pellets
derived from oriental beech (Fagus orientalis Lipsky) wood (Kahraman and Altunok, 2016).

The aim of this study is to determine the technological properties of black pine wooden
laminated window profiles that can play an important role in achieving sustainability goals in
the design of the building facade. In this context, laminated boards and solid forms obtained
from the same tree species are compared separately.

2 Material and Method
2.1 Wood

Black pine (Pinus nigra subsp. pallasiana), which is widely used in window profile
production in our country, was used in the research. Wooden material was obtained from the
Afyonkarahisar wood industry by random selection method. The wood material was selected
by ensuring that it was knot-free, ridge-free, resin-free, growth defects-free, solid, smooth-
fibered and sapwood. The black pine wood used in the study has very wide sapwood (half the
diameter), yellowish and reddish white, and with reddish brown heartwood. In the cross
section, it is dull and in the tangential section summerwood strips are darker in colour than
Scots pine.

The full dry density of black pine wood, which is preferred in our country's forest
industry, is 0.52 g/cm?®. The pressure resistance parallel to the fibers is 479 kg/cm? and the
tensile strength is 23.4 kg/cm?. It is used as a building material because it has good nail
retention resistance and is easy to process (Ors and Keskin, 2001). Table 1 displays the
physical and mechanical properties of black pine.

Table 1. Average values of physical and mechanical properties of black pine (Bozkurt, 1986).

Air dry density values (gr/cm?q) 0.56

Br 5.58

Br 8.19

Shrinkage amount (%) BL 0.23

Bv 13.9

Compressive Strength (// N/mm?) 47.9

Bending Strength (~N/mm? 109.6
Modulus of Elasticity (N/mm?) -

Shear strength (// N/mm?) 6.71

Br: Radial Shrinkage (%), Pr: Tangential Shrinkage (%), BL: Longitudinal Shrinkage (%),
Bv: Volume Shrinkage (%)

2.2 Glue

The glue used in the study is urea-formaldehyde glue supplied by Polisan Company in
Kocaeli, Turkey and this type of glue is preferred in the woodworking industry. It was
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assessed that urea-formaldehyde glue could be employed in the manufacturing of door and
window frames when the studies were examined (Ors, 1981).

The urea-formaldehyde glue utilized in this study is a product derived from the
condensation reaction of urea and formaldehyde obtainable in either dry or liquid form. The
properties of the resulting glue are determined by factors such as temperature, reaction time,
pH value, catalyst concentration and the molar ratio of urea-formaldehyde (Colakoglu, 2001).
Table 2 provides an overview of the technological characteristics of the urea-formaldehyde
glue employed in the research.

Table 2. Properties of urea-formaldehyde adhesive

Type Polyurea — 8755

Appearance Clear, White liquid

Solid content (2 hours at 120 °C) 55 + 1% (by volume)

Density (20 °C) 1.220 - 1.240 gr/cm?
Viscosity (20 °C) 250 - 400 cp

pH (200 °C) 75-85

Free formaldehyde 1% max

Gelation time (100 °C) 35 - 45 Seconds

Storage time (20 °C) 60 days

Mixture 50 g resin + 5 mL 10% NH4CI
Hardener 20% maleic acid was used in the research

2.3 Preparation of test samples

The timbers measuring (10x10x100 cm) to be used in the production of the test samples
were stored in a ventilated environment away from direct sunlight and stored for
approximately one year according to TS 2471 (1976) standard. Thus, the air-dried parts were
kept in the climate chamber at 20 £ 2 °C temperature and 65 + 5% relative humidity until they
reached the equilibrium humidity (12%). Then, the air-dried wood material was cut to rough
dimensions on a band saw and planed, and lamellas were produced by making them 20 mm
thickness in a thickening machine. Then, the lamination process was carried out. Gluing was
done with a brush during the lamination process and the glue manufacturers' instructions were
followed. Cold pressing was used in the lamination process. The wood moisture content was
12%, the used amount of glue was 150-170 gr/m?, the pressing pressure was 0.5 N/mm? and
the pressing time was 30 minutes in the pressing process. One week after the lamination
process, the profiles were cut with a circular saw machine to dimensions of 60 x 90 x 800
mm in the L-type shape which was chosen considering that they are widely used in window
production. Afterwards, test and measurement samples were prepared from the window
profiles by taking into account the following test standards. 3-layer laminated samples were
prepared for experiments and measurements that cannot be made in 1/1 dimensions. The
perspective view of the experimental sample prepared for the research is shown in Figure 2.

T
= >

Figure 2. Window profile produced with lamellas of equal thickness

187



Kucuktuvek et al., Furniture and Wooden Material Research Journal, 6 (2), 183-198

2.4 Test method

In the trials carried out within the scope of the research study, the test methods used in
the standards for solid wood materials were chosen as the trial methods as it was aimed to
determine the physical and mechanical properties of laminated window profiles as well as to
compare them with the properties of solid wood. In this context, experiments and
measurements regarding the physical and mechanical properties suitable for window and
laminated materials were carried out.

Experiments were carried out to determine compressive strength, bending strength,
modulus of elasticity and shear strength values regarding to laminated window profiles of this
research. In addition, air-dry density values and dimensional deformation amounts of the
material were also measured.

2.4.1 Determination of air dry density

The samples for density determination were fabricated following the guidelines outlined
in TS 2471 (1976). A total of 20 experimental and 10 control samples, each measuring 60 x
70 x 30 mm (1/1), were prepared by drawing reference from the TS 2472 (1976) standard.
Then, these samples were stored in a climate-controlled chamber at a temperature of 20 + 2
°C and a relative humidity of 65 + 5% until they reached a stable weight. Subsequently, they
were weighed using an analytical balance, their dimensions were measured using a
micrometer digital caliper and the volumes were computed. The air-dry density (812) values
were then calculated using the following equation:

§12 =412 9 Eq. 1

V12 c¢m3
where, M1, denote the air dry weight (g) and V12 denote the air-dry volume (cm?3).

2.4.2 Determination of shrinkage amount

TS 4083 (1983) and TS 4084 (1983) principles were followed in the experiments to
determine the amount of shrinkage. For this purpose, 20 experimental and 10 control samples
were prepared with dimensions of 60 x 70 x 30 mm. Subsequently, the digital caliper accurate
to 0.01 accuracy was employed to gauge the gap between the designated points on two
perpendicular sections of the samples. These samples had been immersed in clean and
quiescent water at 20 °C for 24 hours elevating their moisture level beyond Fiber Saturation
Point (FSP). In the following, the identical samples were subjected to drying in a cabinet set
at 103 £ 2 °C until their weight stabilized after which they were allowed to cool within a
desiccator. In this case, the shrinkage percentages () were measured again from the first
measurement points:

erax _Lmin
T

max

Eq. 2.

Where, Lmax is wet dimension, Lmin is dry dimension.
2.4.3 Determination of compression strength

A total of 20 air-dried laminated and three layers test samples and 10 laminated control
samples, which are each measuring 20 x 20 x 30 mm in accordance with TS 2595 (1976)
standard, were employed to assess the compressive strength parallel to the grain and the
adhesive line. The performance of compression strength tests is displayed in Figure 3. The
cross-sectional area where force would be exerted on the samples was measured before
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conducting the experiments. Subsequently, the maximum force (Fmax) at the point of fracture
during the experiment was ascertained and the compressive strength of the samples was
calculated using the following equation:

Fmax N
o= Eq. 3.
A mm?2

Where, ¢ is the Compression strength (N/mm?), Fmax is the Maximum force (N), A is the
area where force is applied (A).
Fmax

g
2222

Figure 3. Compression strength test
2.4.4 Determination of bending strength

Adherence to TS EN 310 (1999) and TS 2474 (1976) standards was ensured to ascertain
the bending strength by taking into consideration the prevailing laboratory conditions. For this
purpose, a total of 20 experimental and 10 control samples, which are each measuring 20 x 20
x 360 mm, were prepared. The experiments were conducted utilizing a computer-controlled
universal testing machine with a capacity of 1000 kN. The bending strength test is illustrated
in Figure 4. The bending strength determined by the maximum force at fracture (Fmax) was
computed by using the following equation.

In this equation;

3.Fmax.L N
oe = 2 T Eq. 4.
2.b.n2 mm?2

Where, ce is the Bending strength (N/mm?), Fmax is the breaking load (N), L is the span
length (mm), b is the Width of the sample (mm), h is the Thickness of the sample (mm)

Fmax

N

O

| .
| I h=20 mm

L=300 mm

Figure 4. Bending strength test
2.4.5 Modulus of elasticity in bending

In order to determine the bending strength, TS EN 310 (1999) and TS 2478 (1976)
standards were complied with taking into account the current laboratory conditions. For this
purpose, 20 experimental and 10 control samples were prepared with dimensions of 20 x 20 x
360 mm. The modulus of elasticity was calculated for the force difference Fmax applied in
the elastic deformation region according to the formula below with the help of the difference f
in the bending amounts in the sample.
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AF.I3
= 4.b.h3.f Eg. 5.

In this equation; AF is load equal to the difference between the lower and upper F forces
in the region where elasticity is measured, I is span length (mm), b and h are cross-sectional
dimensions of the test piece (mm), f is the deflection due to the load F applied at the middle
of the beam.

2.4.6 Determination of shear strength

In the research, 20 test and 10 control samples were prepared from L-type sample
profiles measuring 60 x 60 x 90 by taking into account the ASTM D 3110 (1995) standard
used for this purpose. Shear strength was calculated according to the formula below:

Fmax N
om = N Eq. 6.
bl mm?2

In this equation; om is shear strength (N/mm?), Fmax is breaking load (N), b is adhesion
surface (mm), | is defined as the adhesion surface length (mm).

Figure 5. Shear strength test parallel to fibers and glue line

In the shear strength test, the shear strength of the profiles was calculated in the
perpendicular (-) direction to the fibers. Additionally, breakage patterns were observed
during the trials and care was taken to exclude samples showing glue breakage (fiberless
separation) from being evaluated.

3 Results and Discussion

In this section, findings regarding the technological properties of laminated and solid
window profiles and comparisons with the literature within the framework of the findings are
included. Each technological experiment is examined separately under separate headings.

3.1 Airdry density

Statistical values of air-dry density of laminated and solid window profiles are given in
Table 3.

Table 3. Air Dry density test results

Statistical Value Laminated Black Pine Solid Black Pine

X (g/lcm?®) 0.5986 0.5719

s (g/cm?®) 0.022246 0.0168

v (s) 0.000495 0.0003

min (g/cm?3) 0.562 0.543

max (g/cm?) 0.637 0.601
N 20 10

x=arithmetic mean, v=variance, s=standard deviation ,N=number of samples
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Upon analyzing the gathered data, it was observed that the air-dry density of the
laminated black pine window profile exceeded that of the solid window profile. The air-dry
density for the control samples employed in the experiment was recorded at 0.57 g/cm? as
depicted in Figure 6. In Bozkurt's (1986) study, the air-dry density of solid black pine was
determined to be 0.56 g/cm3. This suggests that the experimental findings align with existing
literature. Furthermore, it was noted that the air-dry density of laminated black pine (0.6)
surpassed that of the control samples. This discrepancy is likely attributed to the adhesive
employed in the lamination process (¢ = 1,230 g/cm?).

Air Drv Density Values (g/cm?)
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Figure 6. Air-dry density histogram graph
3.2 Determination of the shrinkage amount

Statistical values of the shrinkage amounts of laminated and solid window profiles are
given in Table 4.

Table 4. Shrinkage amount values

Laminated Black Pine Solid Black Pine
Statistical Value

BR BT BL BV BR BT BL 3%
X (%) 4.544 7.316 0.363 12.223 4.763 7.762 0.376  12.889
s (%) 0.3012 0.4865 0.0345 0.4830 0.1783 0.3732 0.0324 0.3944
v (s?) 0.0907 0.2367 0.0012 0.2333 0.0318 0.1393 0.0010 0.1556

min (%) 4.16 6.58 0.28 11.32 45 6.88 0.32 12.2

max (%) 5.21 8.21 0.42 12.88 5.02 8.14 0.42 13.48

N 20 20 20 20 10 10 10 10

x:arithmetic mean, v:variance, s:standard deviation, N:number of samples

The shrinkage of the laminated black pine window profile was less than that of the solid
window profile. The histogram chart created within the framework of the obtained data can be
seen in Figure 7.
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Figure 7. Histogram graph of shrinkage amount

In the literature, the shrinkage amount of solid black pine is given as 13.9% (Bozkurt,
1986). These values are greater than the shrinkage values of the control samples used in the
experiment. The shrinkage amount of laminated black pine was found to be less than the
control samples. This may be due to the adhesive used in the lamination technique preventing
the movement of water in the wood cell wall.

3.3 Compression strength

In light of the data obtained in the study, it was observed that the compression strength
value of the laminated window profile was higher than the control samples. Statistical values
of compression strength (parallel to grain) of laminated and solid window profiles are given in
Table 5.

Table 5. Compression strength values

Statistical Value Laminated Black Pine Solid Black Pine
x(N/mm?) 61.24 55.56
s(N/mm?) 0.1818 0.1981

v(s?) 0.0331 0.0392
Min (N/mm2) 58.6 52.4
Max (N/mm?) 65.2 58.8

N 20 10

x=arithmetic mean, v=variance, s=standard deviation, N=number of samples

In a study conducted by Bozkurt (1986), the compression strength of solid black pine
was determined as 47.9 N/mm?. At the end of the pressure test, it is seen that the compression
strength values of solid black pine samples are higher than those determined in the literature.
The compression strength histogram graph is shown in Figure 8.

The compressive strength of the laminated black pine window profile was observed to
surpass that of the control samples. This could be attributed to the adhesive applied in the
lamination process permeating between the wood fibers, thereby augmenting the cohesive
force.
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Figure 8. Compression strength histogram graph
3.4 Determination of bending strength

Statistical values of bending strength of laminated and solid window profiles obtained
as a result of the study are given in Table 6.

Table 6. Bending strength values

Statistical Value Laminated Black Pine Solid Black Pine

X (N/mm?) 131.173 112.804

s (N/mm?) 5.5819 5.3742

v (s?) 31.1576 28.8829

min (N/mm?) 123.58 105.35

max (N/mm2) 143.36 121.02
N 20 10

x=arithmetic mean, v=variance, s=standard deviation, N=number of samples

The bending strength value of the laminated black pine window profile was found to be
higher than the solid window profile. Bending strength test results are shown in Figure 9.

Bending Strength (N/mm?)
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Figure 9. Bending Strength
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In the literature, the bending strength value of solid black pine is given as 109.6 N/mm?
(Bozkurt, 1986). This value is less than the bending strength values of the control samples
used in the experiment. The laminated black pine window profile bending strength value was
found to be greater than the control samples. This may be due to the glue used in the
lamination technique.

3.5 Modulus of elasticity

Statistical values of the modulus of elasticity of laminated and solid window profiles
obtained as a result of the study are given in Table 7.

Table 7. Modulus of elasticity values

Statistical Value Laminated Black Pine Solid Black Pine
X(N/mm?) 10330.9 9925.426
s(N/mm?) 316.36 281.3246

V(s?) 100089.65 79143.5375
min (N/mm?) 9824.72 9524.36
max (N/mm?) 11025.23 10356.02

N 20 10

x=arithmetic mean, v=variance, s=standard deviation, N=number of samples

The modulus of elasticity value of laminated black pine window profile was found to be
higher than the solid window profile. Modulus of elasticity test results are shown in Figure
10.

Modulus of Elasticity (N/mm?)
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Figure 10. Modulus of elasticity histogram graph

In the literature, the elasticity modulus of solid Scots pine is stated as 10200 N/mm?
(Toker, 1960). The elasticity modulus of the laminated black pine window profile was found
to be higher than the modulus of elasticity of Scots pine. This may be due to the adhesive
used in the lamination technique.
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3.6 Determination of shear strength values

Statistical values of shear strength of laminated and solid window profiles are given in
Table 8.

Table 8. Shear strength values

Statistical Value Laminated Black Pine Solid Black Pine
X(N/mm?) 3.372 3.05
s(N/mm?) 0.2068 0.15

v(s?) 0.0428 0.0238
min (N/mm?) 2.98 2.84
max (N/mm?) 3.84 3.28

N 20 10

x=arithmetic mean, v=variance, s=standard deviation, N=number of samples

The shear strength value of laminated black pine window profile was found to be higher
than that of solid window profile. The shear strength test results are shown in Figure 11.
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Figure 11. Shear strength histogram graph

The shear strength of the control samples employed in the experiment was lower than
that of the laminated black pine window profile. This could be attributed to the adhesive
applied in the lamination process which enhances the cohesive strength of the wood.

4 Conclusion
As a result of the research and the experiments carried out in the study;

e When the research results are examined, there is a potential for the use of Black pine
(Pinus nigra subsp. pallasiana) wood in windows which is an integral element of living
spaces in facade design. It can be evaluated that the laminated window profile made of
black pine wood material is superior to the solid window profile in terms of its physical
and mechanical properties, and can be preferred in window production.

e In Gratz and Solar's (1974) studies on window profiles, it was determined that the windows
worked in outdoor weather conditions and did not fit into the frame causing them to bend.
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Therefore, it can be shown as an advantage that the shrinkage amount of laminated
window profiles is less than that of solid window profiles.

e It can be said that laminated profiles can be preferred more than solid materials by
considering that laminated window profiles provide advantages over solid materials. In this
context, the ability to produce window profiles in the desired colour and texture during
lamination depending on the material to be used can provide choice flexibility for the
consumer and pave the way for diversification of usage areas in architecture. Moreover,
using wood material on window profiles also provides design flexibility depending on the
facade type and building structure to the architects.

¢ In addition to the rational use of wood material, it is deemed beneficial to conduct versatile
research on the increased use of laminated window profiles in our country in order to
obtain a more durable, flawless, aesthetic and stable material compared to solid wood
material. Research on thermal and electrical conductivity, acoustic properties,
impregnation possibilities, resistance to various weather conditions, economical adhesives
and their properties for laminated window profiles can contribute to our country by
shedding light on practitioners.
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E-Ticaret doniisiimiinde veri odakh yaklasim: Box-Jenkins ARIMA modeli

ile mobilya sektorii internet harcamalarinin modellenmesi
Rifat Kurt!"”| Selman Karayilmazlar''”’, Y1ldiz Cabuk®

Oz

Bu calismada, Box-Jenkins ARIMA (Autoregressive Integrated Moving Average)
modelleri  kullanilarak  mobilya sektoriindeki internet harcamalarimin  dinamikleri
arastirilmistir. Bu kapsamda mobilya sektoriinde internet {izerinden yapilan kartli 6deme
islemlerine ait veriler kullanilarak mobilya sektoriinde elektronik ticaretin (E-ticaret) degisimi
incelenmis ve gelecekteki trendleri tahmin edilmistir. Calismada, oncelikle verilerin duragan
hale getirilmesi i¢in logaritmik doniisiim yapilmis ve duraganlik testleri uygulanmistir.
Sonrasinda en uygun ARIMA modelleri se¢ilmis ve bu modeller kullanilarak 2023 ve 2024
yillarina ait islem sayisi1 ve tutarlari icin tahminler yapilmistir. Elde edilen tahminlere gore,
mobilya sektdriindeki islem sayilarinin 2024 yilinda %33,4'lik bir artigla 1,2 milyon islemi
asmast ve internet harcamalarimin %574'lik bir artisla 32,6 milyar TL'ye ulasmasi
beklenmektedir. Caligmanin bulgulari, mobilya sektoriinde E-ticarete dogru 6nemli bir kayma
oldugunu ve online harcama islemlerinde kayda deger bir artis yasandigin1 net bir sekilde
gostermektedir. Karmasik karar alma siirecleri ve iriinlerin  fiziksel olarak
deneyimlenememesi gibi mobilya E-ticaretinin dogasinda var olan zorluklara ragmen,
sektdriin yillar i¢cinde 6nemli bir bilyiime gostermeye hazirlandig sdylenebilir.

Anahtar kelimeler: Mobilya, E-ticaret, Internet harcamalari, ARIMA

Data-driven approach in e-commerce transformation: modeling internet
expenditures in the furniture sector using the Box-Jenkins ARIMA model

Abstract

In this study, Box-Jenkins ARIMA (Autoregressive Integrated Moving Average)
models are used to investigate the dynamics of internet spending in the furniture sector. In this
context, the change in electronic commerce (E-commerce) in the furniture sector is analyzed
and future trends are estimated by using data on card payment transactions made over the
internet in the furniture sector. In the study, firstly, logarithmic transformation was made to
make the data stationery and stationarity tests were applied. Then, the most appropriate
ARIMA models were selected, and forecasts were made for the number and amounts of
transactions for the years 2023 and 2024 using these models. According to the forecasts, the
number of transactions in the furniture sector is expected to exceed 1.2 million transactions in
2024 with an increase of 33.4% and internet expenditures are expected to reach 32.6 billion
TL with an increase of 574%. The findings of the study clearly show that there has been a
significant shift towards e-commerce in the furniture industry and a significant increase in
online spending transactions. Despite the challenges inherent in furniture E-commerce, such
as complex decision-making processes and the inability to physically experience the products,
the industry is poised for significant growth over the years.
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1 Giris

Teknolojideki gelismelerle birlikte isletmeler, rekabet avantajlarint artirmak ve degisen
tiikketici davraniglarina uyum saglamak i¢in siirekli olarak yenilik¢i stratejiler aramaktadir.
Ozellikle giiniimiizde internetin ¢ok genis kesimlerce yogun bir sekilde kullanilmas:1 ve
aligveris islemlerinin online olarak gerceklestirilmesi ile ortaya ¢ikan E-ticaret (Elektronik
ticaret) kavramu, ticaretin en biiylik ekonomik gostergelerinden birisi haline gelmistir (Ak¢i ve
Anna¢ Go&v, 2015; Ulger ve Toksari, 2020). Internet erisilebilirligi farkli E-ticaret
platformlarinin ¢ogalmasini kolaylastirmis, her biiyiikliikteki isletmenin kiiresel bir kitleye
ulasmasim1 ve tiiketicilerin benzersiz cesitlilikteki mal ve hizmetlere evlerinden rahatlikla
erismesini saglamigtir.

E-ticaret, cevrimigi perakende islemlerden elektronik 6demelere, dijital pazarlamaya ve
Otesine uzanan, internet lizerinden elektronik olarak yiiriitilen genis bir ticari faaliyet
yelpazesini kapsamaktadir. E- ticaret ile isletmeler cografi sinirlar1 asarak zamandan ve
mekandan bagimsiz olarak diinyanin herhangi bir yerinde ve herhangi bir saatinde miisterilere
aligveris imkani sunabilmektedir (Kurt, 2019). E-ticaret ayn1 zamanda kiigiik ve orta 6lgekli
isletmelerin iirtin ve hizmetlerini sergilemeleri icin kiiresel bir pazar saglayarak girisimciligi
daha demokratik hale getirmistir. Ayrica, cevrimi¢i aligverigin rahathigi, erisilebilirligi,
cesitlilik ve gercek zamanli satin alma deneyimleri sunarak tiiketici davraniglarini yeniden
tanimlamaktadir.

2021 yilinda perakende E-ticaret satislar1 diinya ¢apinda yaklasik 5,2 trilyon ABD
dolar1 olarak gergeklesmis olup bu rakamin 6niimiizdeki yillarda %56 artarak 2026 yilina
kadar yaklasik 8,1 trilyon dolara ulasacagi tahmin edilmektedir (Statista, 2023). Bir¢ok
sektorde oldugu gibi mobilya sektoriinde de teknolojik gelismeler ve degisen tiiketici
tercihlerinin etkisiyle online aligverise dogru 6dnemli bir kayma yasanmistir. Ancak mobilya
E-ticaret sitelerinin biiylimesi, onemli satiglar1 olusturan giysi, kitap ve CD gibi birgok iiriin
tirindn aksine daha yavas olmustur (Cole vd., 2003). Bunun en 6nemli sebeplerinden biri
karar verme sireci ve E-ticaret sitelerindeki aksakliklardir. Dayanikli tiiketim mallari igin
yapilan 6nemli kisisel tiiketim harcamalari arasinda yer alan mobilya, pahali, dayanikli ve
uzun Omiirlii olmast nedeniyle kapsamli bir karar verme siireci gerektirir ve satin alma sikligi
diistiktiir (Perry, 2007).

Mobilya satin almada karar verme biit¢e, kullanilabilir alan, zaman yatirimi, mevcut
ogelerin elden ¢ikarilmasi, mevcut mobilyalarla eslesme ve yasam tarzi gibi kisitlamalarin
dikkate alinmasii igeren kapsamli siireclerden olusmaktadir. Ayrica tliketicilerin mobilya
kombinasyonlarin1 gercek ortamda deneyememelerinden kaynaklanan belirsizlik, tiiketicileri
mobilya pazarmmin disinda tutmakta veya satin alma kararlarini geciktirmektedir. Diger
yandan mobilya sitelerindeki konfor testi ve dokunsal deneyim i¢in gergekeiligin eksikligi,
teslimat ve iade slreclerindeki uygunsuzluklar ve ylksek maliyetler tiketicilerin fiziksel
magazalar tercih etmelerinde etkili olmaktadir (Oh vd., 2004).

Tim bunlara ragmen mobilya sektoriinde E-ticaret, cevrimi¢i magazalarin ortaya
c¢ikmasi, farkli yeni teknolojinin kullanilmasi ve internetin daha fazla bolgeye yayilmasi ile
yillar i¢inde gelismistir. E-ticaret ile mal ve hizmet pazarmin yapis1 degismis, yeni triinler,
yeni dagitim ve pazarlama teknikleri ve yeni aracilar ortaya ¢ikmistir (Akpinar, 2017;
Yildirim vd. 2023). 2018 yilinda 2,54 milyar TL olan online mobilya kartli harcama iglemleri,
2022 yilinda %1154 artarak (yaklagik 12,5 kat) 31,87 milyar TL’ye ulagmistir. Ayn1 sekilde,
2018 yilinda 2,67 milyon adet olan islem miktarlar1 ise %200 artisla (yaklasik 3 kat) 8,04
milyon adete ulagsmugtir.
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Bu calismada E-ticaretin temel araclarindan biri olan internet harcamalari mobilya
sektorii temel alinarak incelenmistir. Bu kapsamda mobilya sektoriinde E-ticaret donusiimii
icin bir ara¢ olarak Box-Jenkins ARIMA (Otoregresif Biitiinlesik Hareketli Ortalama) modeli
kullanilmig ve gelecege yonelik tahminler gergeklestirilmistir. Mobilya E-ticaret sektdriinde
internet harcamalarinin modellenmesi ile isletmelerin tiiketici harcamalarinin zamansal
dinamiklerini anlamalarina, mevsimsel kaliplar1 belirlemelerine ve gelecekteki egilimleri
tahmin etmelerine olanak tanimasi amaglanmistir. Ayrica kurulacak model isletmelerin,
tedarik zinciri yonetimini optimize etmek, talep dalgalanmalarini tahmin etmek ve promosyon
kampanyalarim1 stratejik olarak planlamak i¢in yardimci olacaktir. Sirketler, internet
harcamalarinin analizi ile tiiketici harcama modellerine iligkin degerli Ongoriiler elde
edebilecek ve boylece stratejilerini ve tekliflerini optimize etmek icin bilincli kararlar
alabileceklerdir.

2 Materyal ve Metot
2.1 Materyal

Calisma materyalini Bankalararas1 Kart Merkezi’nden (BKM) alinan mobilya
sektoriine iligkin 2018-2022 yillar1 arasindaki internetten yapilan kartli 6deme islemleri
olusturmaktadir. Aylik olarak alinan veriler s6z konusu yillardaki mobilya sektoriine ait
internetten yapilan islem miktarlar1 ve islem tutarlarini kapsamaktadir. Islem miktar ve
tutarlarindaki aylik degisim Sekil-1’de grafiksel olarak verilmistir. Duraganlik testleri ve en
uygun Box-Jenkins ARIMA modellerinin bulunmasinda Eviews, modelin kurulmasi ve
tahmin islemlerinde MINITAB yazilim1 kullanilmistir.
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Sekil 1. 2018-2022 yillar1 arasi1 aylik internet kartli ddeme islemleri (BKM, 2023)
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2.2 Metot

Mobilya E-ticaret verilerine iliskin modelin kurulmasinda Box-Jenkins ARIMA
yonteminden yararlanilmis ve internet harcamalarina iliskin gelecek 24 aylik islem miktar1 ve
tutarlar1 tahmin edilmistir. Box ve Jenkins (1970) ’in zaman serisi analizi kitaplarinda
dogrusal stokastik modellerin bir ailesi olarak tanimladigi yontem, giiniimiizde Box-Jenkins
veya ARIMA olarak bilinmekte ve endistriyel uygulamalarda kapsamli bir kullanim alani
bulan 6nemli lineer istatistiksel model grubunda yer almaktadir (Hansen vd. 1999). Baslica
Box-Jenkins tahmin modelleri otoregresif (autoregressive-AR) entegre (integrative-I)
hareketli ortalama (moving average-MA) ve mevsimsel (seasonal-S) otoregresif entegre
hareketli ortalama modelleridir. Bu modelin genel yapisi ARIMA (z,&,9)*(2,0,{)s olarak
gosterilmektedir. Burada p, d ve g mevsimsel olmayan birlesenin parametrelerini ifade
ederken, P, D ve Q benzer sekilde mevsimsel birlesenin parametrelerini gostermekte ve s’de
mevsimsellik periyodunu ifade etmektedir. AR (p), MA (qg) ve bunlarin birlesimi olan ARMA
(p, g) modelleri mevsimsel olmayan duragan siiregler i¢in kullanilirken, ARMA (2,9)*(Z,)s
mevsimsel ve duragan siirecler i¢in kullanilmaktadir. Duragan ve mevsimsel olmayan siiregler
ARIMA (p,&,g) modelleri ile ifade edilirken, duragan olmayan mevsimsel siiregler ARIMA
(w0, d,9)x(P,.D,¢)s modelleri ile ifade edilmektedir (Box vd., 2015; Sariyer, 2018). Genel
olarak ARIMA (p,d,q) modeli Esitlik-1’deki gibi ifade edilir (Kurt vd., 2018; Kurt ve
Karayilmazlar, 2019);

Ye=¢o+ G1Yeog + QYo+ +PpVp & — 0160 — 0285 — = Og5r—q (1)

Burada, Yt d dereceden farki alinmis gézlem degerlerini, &; ¢;(i = 1,2,3...p) ve
0;(j = 1,2,3 ...q) parametreleri icin t zamandaki hata terimlerini, p ve g sirasiyla otoregresif
siireci ve hareketli ortalamayr gostermektedir. ARIMA modeli mevsimsel bir degisim
gosterdiginde ise ARIMA (p,&,9)x(ZP.D,0)s veya SARIMA olarak gosterilir. SARIMA
modelinin ifadesi Esitlik 2° de verilmistir

Op(B)Pp(B*)Y, = 04(B)Oo(B*)e; ()

Burada, Y; herhangi t donemindeki zaman serisi veri grubunu, & bir t doneminde normal
dagilim gosteren hata degerlerini, B geri kaydirma operatoriinii, s mevsimsel dereceyi, ¢, 8
Mevsimsel olmayan AR ve MA, son olarak &,0 ise Mevsimsel AR ve MA modeli
katsayilarini temsil etmektedir (Li vd., 2003; Orug ve Celik Eroglu, 2017).

ARIMA modeli kurulup tahmin asamasina gegmeden dnce veri dagiliminda gézlenen
carpikligi azaltmak ve verilerin sabit mevsimsel degismeler iceren bir hale gelmesini
saglamak i¢in tiim verilerde logaritmik doniisiim yapilmistir. Daha sonra modelin en onemli
varsayimlarindan biri olan duraganlik kosulu literatiirde yaygin olarak kullanilan birim kok
testlerinden Genellestirilmis Dickey-Fuller (ADF) testi ile sinanmistir. Ayrica duraganlik ve
verilerin bagimsiz olmasi varsayimi otokorelasyon (corrologram) grafikleri ile de
gozlemlenmistir.
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3 Bulgular
3.1 Duraganlik Testleri

ADF testi, parametrelerin En Kiigiik Kareler tahmin edicisinin, birim kok varsayimi
altindaki dagilimina bagl olarak gelistirilmis olan bir yontemdir. Tablo 1’de internetten
yapilan kartli 6deme islemlerine iliskin ADF test sonuglar1 verilmistir. Logaritmik islem
sayilarina iliskin ADF test sonuglari incelendiginde test istatistiginin (-1,0909) Kkritik
degerlerden biiylik oldugu ve serinin birim kok icerdigi goriilmektedir. Ayni sekilde 6nem
derecesi 0,7139>0,05 oldugu i¢in seri duragan degildir. Bu nedenle islem sayilarina ait
degerlerin birinci derece farklar1 alinmistir. Birinci farklari alinan islem sayilarina ait ADF
test sonuglarina bakildiginda, test istatistiginin (-6,5988) kritik degerlerden kiigliik ve 6nem
derecesinin 0,000<0,05 oldugu, yani serinin birim kok igermedigi ve duragan hale geldigi
goriilmektedir. Ayn1 sekilde islem tutarlarina ait ADF test sonuglarina incelendiginde ise test
istatistiginin (0,7221) kritik degerlerden biiyiik ve 6nem derecesinin (0,9917) anlamsiz oldugu
goriilmiis ve birinci farklari alinmistir. Birinci farklari alinan islem tutarlarina ait ADF test
istatistigi (-9,0764) kritik degerlerden kiigiik ve %5 6nem diizeyinde anlamli hale gelmis ve
seri duraganlagmustir.

Tablo 1. internetten yapilan kartli deme islemlerine iliskin ADF test sonuclar

Logaritmik verilere ait Testler

islem . e exs Onem islem . e exs Onem
Sayisi tistatistigi Derecesi Tutari tistatistigi Derecesi
Artirillmig chl.qey- -1,090918 0,7139 Artirilmig chl_<ey- 0,722185 0,9917
Fuller Testi Fuller Testi
%1 -3,546099 %1 -3,546099
Testhritik 905 5011730 Testhritik g5 5911730
degerleri degerleri
%10 -2,593551 %10 -2,593551
Fark Alma isleminden Sonraki Testler
islem i . exs Onem islem . . exs Onem
Sayisi tistatistigi Derecesi Tutari tistatistigi Derecesi
Artirillmig D1cl_<ey- -6,598754 0,0000 Artirillmig chl_<ey- -0,076437 0,0000
Fuller Testi Fuller Testi
%1 -3,555023 %1 -3,548208
Testhritik o5 5 915622 Testhritik g5 5912631
degerleri degerleri
%10 -2,595565 %10 -2,594027

Yine verilere iligskin korelogram grafikleri incelendiginde fark alma islemlerinden 6nce
duragan olmayan serilerin farklar1 alindiktan sonra duragan hale geldigi AC (autocorrelation:
otokorelasyon), PAC (Partial autocorrelation: Kismi otokorelasyon), Q istatistigi test
sonuglarinda goriilmektedir (Sekil 2). Grafikler incelendiginde fark alma isleminden Once
hem AC hem de PAC grafiklerinin %95 giiven aralifinin disinda kaldig1 agik sekilde
goriilmektedir. Aynmi1 sekilde Q istatistigi test sonug¢larina bakildiginda da tim gecikme
degerlerinin 0,05’ten kii¢lik oldugu yani duraganligin saglanmadigi goériilmektedir. Bu durum
hem islem sayilar1 hem de islem tutarlarina ait gbzlem degerleri arasinda otokorelasyon
oldugunu gostermektedir. Serilerin farklar1 alindiktan sonra ise AC ve PAC katsayilari
gecikme degerlerinin sinirlar igerisinde yer aldigi, Q istatistigi test sonuglarinin ise 0,05’ten
bliyiik oldugu ve boylece otokorelasyon sorununun ortadan kalktig1 sdylenebilir.

203



Kurt ve ark., Mobilya ve Ahsap Malzeme Arastirmalar: Dergisi, 6 (2), 199-209
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Sekil 2. Mobilya internet verilerine ait korelogram grafikleri

3.2 Model Kurma ve Tahmin

Veriler duragan hale getirildikten sonra en uygun ARIMA modelleri arastirilmistir.
Islem miktar ve tutarlarina ait 144’er adet farkli ARIMA modelinin performanslar1 Akaike
Bilgi Olgiitii (Akaike Information Criterion- AIC) kullanilarak degerlendirilmistir. Buna gére
islem miktarlarina ait en uygun model SARIMA (0,1,0)*(1,1,0)12, islem tutarlarina ait en
Sekil 3’te AIC

uygun model ise SARIMA (0,1,1)*(1,1,0)12

olarak belirlenmistir.

performanslarina gore en iyi 20 ARIMA modeli verilmistir.
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Sekil 3. AIC performanslarina gore en iyi 20 ARIMA modeli

Tablo 2’de kurulan modellere iligkin test sonuglar1 verilmistir. Tabloda goriildiigii tizere
her iki model %5 6nem diizeyinde anlamli (p<0,05) ve tahmin i¢in kullanilabilir durumdadir.
Yine Ljuing box Ki-kare istatistikleri bakildiginda da modelin tiim gecikmelerde anlamli
(p>0,05) ve yeterli oldugu goriilmektedir.

Tablo 2. Kurulan modellere ait test sonuglari

Islem Sayisi: SARIMA (0,1,0)*(1,1,0)12

Tip Katsayillar ~ Standart Hata t-istatistigi p (Onem Derecesi)
SAR 12 -0,331 0,162 -2,04 0,047
MSE (Hata Kareleri Ortalamasi): 0,0211648 SS (Hata Kareleri Toplami): 0,973583
Box-pierce (Ljuing box) ki-kare istatistikleri
Lag (Gecikme) 12 24 36 48
Ki-kare 14,77 27,93 32,78 *
SD 11 23 35 *
P-Degeri 0,193 0,218 0,576 *
islem Tutar1: SARIMA (0,1,1)*(1,1,0)12
Tip Katsayillar ~ Standart Hata t-istatistigi p (Onem Derecesi)
SAR 12 -0,337 0,157 -2,15 0,037
MA 1 0,400 0,145 2,77 0,008
MSE (Hata Kareleri Ortalamasi): 0,0126377 SS (Hata Kareleri Toplami): 0,568695
Box-pierce (Ljuing box) ki-kare istatistikleri
Lag (Gecikme) 12 24 36 48
Ki-kare 13,12 31,93 41,39 *
SD 10 22 34 *
P-Degeri 0,217 0,079 0,179 *

En uygun ARIMA modelleri belirlendikten sonra 2023 ve 2024 yillarina ait 24 aylik
veriler tahmin edilmistir. Sekil 4’te internetten yapilan mobilya sektdrii islem sayis1 ve
tutarlarinin  logaritmik  degerlerine iliskin tahmin grafikleri verilmistir. Grafikler
incelendiginde sektordeki islem sayisi ve tutarlarmin kademeli olarak artmaya devam edecegi
goriilmektedir. Tablo 3’te kurulan modellerle elde edilen 2023-2024 yillarindaki aylik tahmini
rakamsal degerler verilmistir.

205




Kurt ve ark., Mobilya ve Ahsap Malzeme Arastirmalar: Dergisi, 6 (2), 199-209

1 6 12

A

n A
“’\'\,\.f W’N

Wv ,."\v/

Zaman

v

2

£

oY)

M

18 24 30 36 42 48 54 60 66 72 78 84

islem Tuta" (LN)

o™

. e

® '/M*.«..f

1 6 12

o

18 24 30 36 42 48 54 60 66 72 78 84

Zaman

Sekil 4. Mobilya sektorii islem sayis1 ve tutarlarina ait tahmin grafikleri

Tablo 3 incelendiginde 2022 yilinda 902 bin adet olan islem miktarinin 2023 yilinin ilk
aylarinda mevsimsel degisimden kaynakli bir miktar diisecegi ve 2023 yilinin aralik ayinda 1
milyonu asacagi goriilmektedir. 2024 yilinin son ayinda ise 2022 yili aralik aymna gore
yaklagik %33,4 artarak 1,2 milyon adete ulasacagi ongoriilmiistiir. 2022 aralik ayinda 4,8
milyar TL olan islem hacminin de islem miktarina/sayisina benzer sekilde 2023 yilinin ilk
aylarinda diigiis gosterecegi, aralik ayinda ise 12 milyar TL’ye ulasacagi ongoriilmiistiir. 2024
yilinin aralik ayinda ise 2022 yilana oranla %574 artarak 32,7 milyar TL’ye ulasacagi
ongoriilmiistiir. Islem tutarinda tahmin edilen bu biiyiik artis, dzellikle son yillarda Tiirk
lirasindaki deger kayb1 goz oniine alindiginda tutarli bulunmustur.

Tablo 3. islem sayis1 ve tutarlarina iliskin aylik tahmini rakamsal degerler (2023-2024)

Aylar

Islem Sayis1

Islem Tutan

Aylar

Islem Sayis1

Islem Tutar

(Adet) (TL) (Adet) (TL)

Ocak 2023 723.460 3.595.683.733 Ocak 2024 808.148 9.063.307.893
Subat 2023 727.159 3.986.581.764 Subat 2024 820.279 10.168.901.221
Mart 2023 778.170 5.942.525.213 Mart 2024 870.132 15.370.255.229
Nisan 2023 858.292 5.870.466.855 Nisan 2024 961.164 15.227.974.486
May1s 2023 869.088 6.418.819.120 Mayis 2024 977.839 16.974.872.512
Haziran 2023 713.901 7.251.687.229  Haziran 2024 806.210 18.893.806.370
Temmuz 2023 610.174 6.074.709.463  Temmuz 2024 695.579 15.946.416.977
Agustos 2023 697.111 7.275.657.326  Agustos 2024 797.470 19.283.198.313
Eylil 2023 760.628 7.686.258.799 Eylil 2024 850.092 20.395.905.360
Ekim 2023 848.733 8.506.530.504 Ekim 2024 947.991 22.450.977.693
Kasim 2023 1.156.027  10.530.061.463  Kasim 2024 1.299.773  27.914.162.124
Aralik 2023 1.053.997  12.157.352.892  Aralik 2024 1.204.530  32.688.853.984
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4 Sonug ve Oneriler

e Teknoloji perakende ortamini yeniden sekillendirmeye devam ettikge, tiiketicilerin
cevrimici platformlarla nasil etkilesime girdigini anlamak isletmeler i¢in ¢ok Snemli
hale gelmistir. E-ticaret dlinyas1 esi benzeri goriilmemis bir hizla gelismekte ve mobilya
sektorii de bundan paymi almaktadir.

e Calismada mobilya sektoriine ait internet harcamalar1 ve islem sayilar1t ARIMA Box
Jenkins ydntemi ile tahmin edilmistir. Islem sayilar1 ve harcamalarina iliskin 144’er adet
farkli modelin performanslari incelenmis, islem sayisi i¢in en uygun model SARIMA
(0,1,0)*(1,1,0)12 olarak belirlenirken, islem tutar1 i¢in en uygun model ise SARIMA
(0,1,1)*(1,1,0)12 olarak belirlemistir. Tahminler mobilya sektoriine ait islem sayilarinin
2024 yilmin aralik ayinda 2022 yilinin ayni ayimna gore %33,4 artarak yaklasik 1,2
milyon adete, internet harcamalarinin ise %574 artarak yaklasik 32,7 milyar TL’ye
ulasacagini gostermektedir.

e Elde edilen bulgular, mobilya E-ticaret sektoriinde faaliyet gosteren isletmeler igin
onemli sonuglar olusturmaktadir. Islem sayilarim1 ve harcama egilimlerini dogru bir
sekilde tahmin etme becerisi, sirketleri veriye dayali kararlar alma konusunda
guclendirecektir. Buna tedarik zinciri yonetiminin optimize edilmesi, pazarlama
stratejilerinin uyarlanmasi, envanter yonetimi ve miisteri deneyimlerinin iyilestirilmesi
de dahildir. Dijital ortam gelismeye devam ettikge, bu egilimleri anlamak ve kullanmak,
E-ticaretin rekabet¢i diinyasinda basarili olmak isteyen isletmeler i¢in ¢ok Onemlidir.
Mobilya internet harcamalarinda 6ngdriilen biiyiime, gelisen bir E-ticaret pazarina isaret
etmektedir ve isletmeler bu trendden yararlanmak igin Kendilerini stratejik olarak
konumlandirabileceklerdir. Isletmeler, degisen tiiketici davranislarini kapsamli bir
sekilde anlayarak stratejilerini misterilerine daha iyi hizmet verecek sekilde
uyarlayabileceklerdir.

e Mobil uygulama gelistirmeleri veya web sitesi iyilestirmeleri gibi teknolojik yatirimlar
cevrimicgi aligveris deneyimini artirabilir. Ozellikle mobilya alisverisinde dnemli olan
dokunsal deneyimin eksikligini azaltmak i¢in sanal deneyimler veya artirilmis gergeklik
gibi teknolojilere daha fazla yatirnm yapilabilir. Gelecege yonelik talep ve harcama
tahminleri isletmelerin fiyatlandirma stratejilerini belirlemede yardimei olabilir. Ayrica
artan talebe cevap verebilmek icin hangi Urtnlerin E-ticaret i¢in daha uygun oldugu
belirlenebilir ve yeni iirlinler gelistirilebilir. Bu yeni Uriinlerin piyasaya strilmesi veya
stok cesitliliginin ayarlanmasi i¢in c¢alismalar yapilabilir. Bu c¢alismanin o6zellikle,
mobilya perakende pazarmnin degisen dinamiklerine ayak uydurmak ve E-ticarette
rekabet avantaji saglamak isteyen sirketler i¢in faydali bir kaynak niteliginde olmasi
beklenmektedir.

e Isletmeler icin dogru veri analitigi ve tahminler, gelecekteki talepleri éngdrmek ve is
stratejilerini sekillendirmek agisindan kritik bir 6neme sahiptir. ARIMA modelleri ile
yapilan tahminlerle kisa donemlerde tutarli sonuglar alinabilmektedir. Uzun vadeli
donemler icin farkli tahmin yontemleri (makine 6grenimi, regresyon analizleri vs.)
karsilastirilmali olarak kullanilarak gelecekteki trendler ve belirsizlikler i¢in en uygun
stratejiler belirlenebilir.
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Effects of bleaching chemicals on some surface characteristics of olon
(Zanthoxylum heitzii) wood

Hiiseyin Peker*>, Umit Ayata?*

Abstract

Olon wood is used internationally in plywood, furniture, interior carpentry, and mold
making. In this study, the effects of wood bleaching chemicals (oxalic acid and H2O2+NaOH)
on certain surface properties (color, glossiness, and whiteness index: WI*) of olon wood
(Zanthoxylum heitzii) were investigated. The results of the bleached samples were compared
with those of a control group. Based on the results obtained, it was determined that the
variance analyses conducted for all tests in the study yielded statistically significant results.
Application of both bleaching chemicals led to an increase in the h® and L* values. The AE*
values were determined as 2.07 for the single-component and 10.30 for the double-
component. In contrast, these parameters increased with the single-component bleach while
the a*, b* and C* values decreased with the double-component wood bleach. The WI* values
exhibited an increase in both directions when they were exposed to both bleaching chemicals.
Both bleaching agents resulted in reductions in glossiness values at 85 degrees in both
directions. Furthermore, there were declines with the single-component bleach and rises with
the double-component bleach when measuring glossiness at 60 degrees in both directions.

Keywords: Bleach, olon, oxalic acid, H.O,, NaOH

Olon (Zanthoxylum heitzii) odununun baz yiizey 6zellikleri iizerine agartici

kimyasallarin etkileri

Oz

Olon odunu yurt disinda, kontrplakta, mobilyada, i¢ marangozlukta ve kalipgilikta
kullanilmaktadir. Bu c¢alisgmada, olon (Zanthoxylum heitzii) ahsabinda bazi yiizey 6zellikleri
(renk, parlaklik ve beyazlik indeksi: WI*) Uzerine agartici kimyasallarin (oksalik asit ve
H202+NaOH) etkileri arastirilmistir. Bir kontrol gurubu ile agartilmis numunelere ait sonuglar
birbirleri ile kiyaslanmistir. Elde edilen sonuglara gore, ¢alismada yapilan biitiin testler igin
varyans analizleri anlaml olarak tespit edilmistir. AE* degerleri tek komponentli i¢in 2.07 ve
¢ift komponentli i¢in 10.30 olarak bulunmustur. Her iki agartma kimyasali karsisinda yapilan
uygulamalar ile h® ve L* degerleri artmistir. Buna karsilik ¢ift komponentli ahsap agartici ile
a*, b* ve C* degerleri azalirken, tek komponentli agarticida bu parametreler artmistir. Her iKi
agartma kimyasali karsisinda WI* degerleri her iki yon i¢in artis degerleri sergilemistir. Her
iki yonde yapilan 85 derece parlaklik degerlerinde her iki agartma ile azalmalar elde
edilmistir. Buna ek olarak, yine her iki yonde yapilan 60 derece parlaklikta ise tek
komponentlide azaliglar ve ¢ift komponentlide artiglar gérilmiistiir.

Anahtar kelimeler: Agartma, olon, oksalik asit, H>O> NaOH
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1 Introduction

While a bleaching pretreatment is commonly employed for wood modification, there
have been numerous studies conducted to assess how bleaching impacts the enhancement of
wood colour (Liu et al., 2015).

Various chemicals are used in bleaching processes. One of these chemicals is peroxide.
The primary benefit of the peroxide process lies in its swift breakdown, generating free
radicals that interact with the hydroxyl group of the fiber and the matrix, fostering strong
adhesion between the fiber and matrix at the composite interface (Pizzi and Kumar, 2019;
Sreekala et al., 2000).

Table 1 presents the studies conducted in the literature on bleaching applications. When
examining these studies, it can be observed that various bleaching chemicals applied have
altered the colour parameters of different wood species.

Table 1. The studies conducted in the literature on bleaching applications

Chemical The change after application

Wood Type Type * a* b* C* I Reference
llomba Oxalic acid 1 1 1 1 1
(Pycnanthus angolensis Exell) H,O; + NaOH 1 l l l 0 Ayata and Bal, (2023)
Linden Oxalic acid l 1 1 1 l Camlibel and Ayata,
(Tilia tomentosa - Moench.) H,O; + NaOH 1 l l l 0 (2023a)
Ekop Oxalic acid l 1 1 1 1 Camlibel and Ayata,
(Tetraberlinia bifoliolata Haum.) H,O; + NaOH 1 l 1 1 1 (2023b)
Satinwood ceylon Oxalic acid ! ! 1 ! 1 Ayata and Camlibel,
(Chloroxylon swietenia DC) H,O,+ NaOH 1 ! ! ! ) (2023)
I1zombé Oxalic acid l 1 1 1 1
(Testulea gabonensis) H,O; + NaOH 1 l 1 1 1 Peker etal., (2023)
Canelo Oxalic acid 1 1 1 ) )
(Drimys winteri J.R. Forst. & G. Forst.) H;O0,+NaOH 1 ) ) 1 1 Peker, (2023a)
Lotofa Oxalic acid 1 ! 1 1 )
(Sterculia rhinopetala) H,O; + NaOH 1 l l l 1 Peker, (2023)
Black locust Oxalic acid 1 ! 1 ! 1 Peker and Ulusoy,
(Robinia pseudoacacia L.) H,O0, + NaOH 1 | | ! l (2023)

The olon tree (Zanthoxylum heitzii - syn. Fagara heitzii Aubr. et Pellegr.) is found in
African forests (Tailfer, 1989; Matig et al., 2006). Commercially known as “olon” Fagara
heitzii is a member of the Rutaceae tree family. This tree species is used for timber although it
has low impact resistance. It is used in interior carpentry, furniture, plywood, molding and
other applications (Vivien and Faure, 1985; Walker and Sillans, 1995).

When looking at these studies, it can be seen that no bleaching application has been
performed on olon wood. The aim of this study is to investigate the changes (colour,
glossiness, and whiteness index) caused by the application of different wood bleaching
chemicals on olon wood surfaces.

2 Material and Method
2.1 Material
2.1.1 Wood material

In this study, olon (Zanthoxylum heitzii) wood was used as the experimental material.
The test material was obtained in 1st-grade quality with dimensions of 85 x 150 x 20 mm
from a commercial facility. Care was taken to ensure that the test samples were free from
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cracks, had smooth fibers and were free from knots, resin pockets and any significant
variations in colour and density. Subsequently, the samples were prepared according to the TS
ISO 13061-1 (2021) standard.

2.1.2 'Wood bleaching chemicals

In the study, double different bleaching chemicals were used: a water-based single-
component bleaching agent [oxalic acid (C2H20a): liquid, colourless, odorless, pH value
2.0+0.5] and a double-component bleaching agent [pH value 7, liquid, odorless, colorless,
soluble, with water as the diluent, consisting of hydrogen peroxide (H202): component A and
sodium hydroxide (NaOH): component B mixed in a 2:1 ratio].

2.2 Method
2.2.1 The application of bleaching treatment to wood material surfaces

In the study, wood surfaces were sanded with sandpapers of 80, 100, and 150 grit sizes.
Subsequently, the surfaces were cleaned by using a compressor. Following that, bleaching
chemicals were applied to the cleaned materials’ surfaces using a sponge. The application was
carried out parallel to the fibers.

2.2.2 Determination of color properties

The color change of the samples was measured using a CS-10 (CHN Spec, China)
device based on the CIELAB colour system according to the ASTM D 2244-3 (2007)
standard. Total color difference results were determined using the following formulas:

C* = [(a*)? + (b*)1°° (2)
h° = arctan (b*/a*) (2)
AC* = (C*a sample subjected to a bleaching process™ C*a sample not subjected to a bleaching process) (3)
Aa* = (a*a sample subjected to a bleaching process= a*a sample not subjected to a bleaching process) (4)
AL* = (L*a sample subjected to a bleaching process = L*a sample not subjected to a bleaching process) (5)
Ab* = (b*a sample subjected to a bleaching process™ b*a sample not subjected to a bleaching process) (6)
AH* = [(AE*)? - (AL*)? - (AC*)]°* (7
AE* = [(AL*)? + (Aa*)? + (Ab*)]°° ®

The comparison criteria for evaluating AE* values are presented in Table 2 (Baranski et
al., 2017).

Table 2. Comparison criteria for AE* value (Baranski et al., 2017)

AE* value Colour change criteria
AE*<0.2 Invisible colour change
2>AE*>0.2 Slight change of colour
3> AE*>2 Colour change visible in high filter
6> AE* >3 A colour change visible with the average quality of the filter
12 > AE* >6 High colour change
AE*> 12 Different colour

The definitions of AC*, AH*, AC*, Aa*, Ab* and AL* are as follows: A positive value
indicates that the sample is more vivid or brighter than the reference while a negative value
suggests that the sample is more dull or less vivid than the reference. AL* indicates the
lightness difference. A positive value means that the sample is lighter than the reference while
a negative value implies that the sample is darker than the reference. Ab* as a positive value
indicates that the sample is more yellow than the reference while a negative value suggests
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that the sample is more blue than the reference. Aa* as a positive value means that the sample
is more red than the reference while a negative value indicates that the sample is more green
than the reference. AH* represents the hue difference or shade difference. AH* is reported as
the tonal difference between the sample and the reference (Lange, 1999).

2.2.3 Determination of glossiness properties

Glossiness tests were conducted by using an ETB-0833 model gloss meter device at
three different angles (20°, 60°, and 85°) in both perpendicular and parallel directions to the
fibers following the ISO 2813 (1994) standard.

2.2.4 Determination of whiteness index (WI1*) properties

In this study, whiteness index (WI*) values were determined in both perpendicular and
parallel directions to the fibers by using the Whiteness Meter BDY-1 device following the
ASTM E313-15e1 (2015) standard.

2.3 Statistical Analysis

The obtained data were analyzed by using an SPSS program to determine the minimum
and maximum values, standard deviations, percentage change rates, homogeneity groups,
variance analysis and multiple comparisons. Measurements were taken in sets of 10. In total,
30 samples were prepared.

3 Results and Discussion

The results are presented for total color differences in Table 3. According to these
results, AE* values were found to be 2.07 for single-component and 10.30 for double-
component bleaching agents. When compared to the colour change criteria (Baranski et al.,
2017), the single-component bleaching chemical meets the “Slight change of colour (1.5 to
3.0)” criterion while the double-component bleaching chemical meets the “High colour
change (6.0 to 12.0)” criterion. AL* and AH* values were obtained in the positive direction
for both bleaching chemicals. On the other hand, Aa*, Ab*, and AC* values were observed to
have a negative effect in the case of single-component and a positive effect in the case of
double-component (Table 3).

In a study conducted by Mdttonen et al. (2003), bleaching was applied using a 35%
hydrogen peroxide solution according to the Wood-Brite method on wood species such as
teak, oak, birch, Norway maple, and European spruce. The AE* values for these wood species
were found to be 4.63, 7.73, 3.06, 2.49, and 1.03, respectively.

Table 3. The results for total color differences

Color change criteria

* * * * * *
Treatment AL Aa Ab AC AH AE (Baranski et al., 2017)
153 0.09 1.39 1.38 0.22 2.07  Slight change of color
Single Lighter Redder Yellower Clearer,
Component than than than brighter than « Lange, (1999)
the reference  the reference  the reference the reference
9.15 -2.93 -3.70 -4.13 2.30 10.30 High color change
Double Lighter Greener Bluer Hazier,
Component than than than duller than « Lange, (1999)

the reference  the reference  the reference the reference

The results of the multivariate analysis of variance are presented in Table 4. Upon
examining these results, it is evident that all tests have been found to be statistically
significant for the type of bleaching chemical (Table 4).
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Table 4. Multivariate analysis of variance results

Source Dependent Variable Sum of Squares df Mean Square F Sig.
Lightness (L*) 480.995 2 240.498  1427.687  0.000*
Red (a*) colour tone 59.224 2 29.612 452.738  0.000*
s Yellow (b*) colour tone 138.653 2 69.327 812.868  0.000*
= Chroma (C*) 164.010 2 82.005  1005.105  0.000*
2 Hue (h°) anale 323.642 2 161.821 299.120 0.000*
O Glossiness value at 120° 0.833 2 0.416 535.286  0.000*
2 Glossiness value at 160° 0.625 2 0.312 26.857  0.000*
S Glossiness value at 185° 0.043 2 0.021 4235 0.025*
3 Glossiness value at ||20° 1.014 2 0.507 82.464 0.000*
o Glossiness value at || 60° 2.282 2 1.141 24.646 0.000*
Glossiness value at [|85° 2565 2 1.282 159.553  0.000*
Whiteness index in the perpendicular (1) 1477.625 2 738.812 991.202  0.000*
Whiteness index in the parallel (|| 1544.562 2 772.281  4489.039  0.000*
Lightness (L*) 4548 27 0.168
Red (a*) colour tone 1.766 27 0.065
Yellow (b*) colour tone 2303 27 0.085
Chroma (C*) 2203 27 0.082
Hue (h°) angle 14.607 27 0.541
. Glossiness value at 120° 0.021 27 0.001
e Glossiness value at 160° 0314 27 0.012
w Glossiness value at 185° 0.136 27 0.005
Glossiness value at [|20° 0.166 27 0.006
Glossiness value at [|60° 1.250 27 0.046
Glossiness value at [|85° 0.217 27 0.008
Whiteness index in the perpendicular (1) 20.125 27 0.745
Whiteness index in the parallel (||) 4645 27 0.172
Lightness (L*) 161159.552 30
Red (a*) colour tone 415.861 30
Yellow (b*) colour tone 12611.480 30
Chroma (C*) 13018.015 30
Hue (h°) anale 196373.632 30
— Glossiness value at 120° 14590 30
£ Glossiness value at L60° 145260 30
= Glossiness value at 185° 0.660 30
Glossiness value at [[20° 11.980 30
Glossiness value at || 60° 182.140 30
Glossiness value at [|85° 5790 30
Whiteness index in the perpendicular (1) 35777.710 30
Whiteness index in the parallel (||) 21348.490 30
Lightness (L*) 485543 29
Red (a*) colour tone 60.990 29
Yellow (b*) colour tone 140956 29
_ Chroma (C*) 166.213 29
= Hue (h°) angle 338.248 29
= Glossiness value at 120° 0.854 29
B  Glossiness value at 160° 0.939 29
3 Glossiness value at 185° 0.179 29
5 Glossiness value at [|20° 1180 29
] Glossiness value at || 60° 3532 29
Glossiness value at || 85° 2782 29
Whiteness index in the perpendicular (L) 1497.750 29
Whiteness index in the parallel ({[) 1549.207 29
*: Significant

Table 5 contains images of experimental samples subjected to bleaching treatment and

those that have not undergone bleaching.

Table 5. Images of bleached and unbleached (control) test samples

Unbleached Single component
(control) [Oxalic acid (C2H204)]

Double component
[Hydrogen peroxide (H202) +
sodium hydroxide (NaOH)]
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The measurement results for all tests are presented in Table 6. According to these
results, changes were observed in L* values with both chemicals. The lowest increase in L*
value was 2.20% in the single-component while the highest increase was 13.16% in the
double-component. The highest L* value was observed in the double-component (78.18)
while the lowest was found in the control samples (69.62).

In the case of b* values, there was a decline in the double-component and an upturn in
the single-component. The single-component demonstrated a 6.57% rise in the b* value while
the double-component showed a decrease of 17.49%. The highest b* value was recorded in
the single-component (22.55) while the lowest was found in the double-component (17.46).

In a* values, an increase was observed in the single-component and a decrease in the
double-component. The highest result for a* value was determined in the single-component
(4.48) while the lowest result was in the double-component (1.45). An increase of 2.20% was
obtained in the single-component for the a* value while a decrease of 66.97% was observed
in the double-component.

In terms of C* values, there was an increase in the single-component and a decrease in
the double-component. The single-component showed a 3.39% increase in C* value while the
double-component exhibited a 19.07% decrease. The highest C* value was observed in the
single-component (22.99) whereas the lowest C* value was recorded in the double-
component (19.07).

Changes were observed in h° values with both chemicals. The lowest increase in ho
value was 0.61% in the single-component while the highest increase was 9.18% in the double-
component. The highest h® value was obtained in the double-component (85.47) while the
lowest result was seen in the control samples (78.28) (Table 6).

WI* values showed increases in both directions (perpendicular and parallel to fibers)
with both chemicals. The WI* values in the double-component were higher than those in the
single-component. After the single-component application, WI* values were 2.49% for L
direction and 12.49% for || direction while WI* values were 53.46% for L direction and
83.75% for || direction after the double-component application. WI* measurements for
control samples remained at low values after both bleaching applications (Table 6).

The double-component bleaching chemical has increased the measurements on fibers
conducted at 20 degrees both perpendicular and parallel by 80.00% and 82.98% respectively.
Decreases in glossiness values were observed at 85 degrees in both types of bleaching for
fibers oriented in both perpendicular and parallel directions. Decreases were obtained at 60
degrees for fibers oriented perpendicular in single-component (12.72% and 16.47%
respectively) while increases were detected in double-component bleaching (1.32% and
10.44% respectively) for fibers oriented parallel (Table 6).

Surface modification is believed to eliminate chromophores responsible for colour that
are linked to functional groups within lignin. It is a well-established fact that the application
of H202 during the bleaching process in thermomechanical pulp production reduces the
concentration of wood extracts in the pulp and increases the brightness of the pulp. Quinones,
which are components of lignin groups contributing to colour, undergo oxidation during this
procedure resulting in the formation of colorless structures. Additionally, the coniferyl
aldehyde groups and conjugated double bond structures within lignin are broken down
(Lindholm et al., 2009).
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Table 6. Results for whiteness index (WI*), colour, and glossiness values before and after bleaching

[«}) D

4= g I 2 k] T?s r_:\s

cf ¢ S ET. 25 g5 2 2

L T @ 5] o 3 S = QL= = I

Test Treatment €5 ¢ 2 2e c g S.g 5 5

52 s EO S £ E £

zg & 2 »a 3~ = %

2 p >
Unbleached (control) 10 69.62 - C** 0.23 0.33 69.35 69.97
L*  Single-Component 10 7115 12.20 B 0.66 0.93 7026  72.36
Double-Component 10 7878 113.16 A* 0.13 0.17 78.61  79.02
Unbleached (control) 10 4.39 - A 0.23 5.14 3.99 4.70
a*  Single-Component 10 4.48 12.05 A* 0.17 3.78 4.18 4.67
Double-Component 10 145  166.97 B** 0.34 2351 1.13 2.17
Unbleached (control) 10 21.16 - B 0.32 151 20.68 21.68
b*  Single-Component 10 2255 16.57 A* 0.26 1.14 2217  22.89
Double-Component 10 1746  |17.49 C** 0.30 1.70 17.04 1797
Unbleached (control) 10 2161 - B 0.31 1.46 21.15 22.08
C*  Single-Component 10 2299 16.39 A* 0.23 1.01 2262 2330
Double-Component 10 1749  119.07 C** 0.30 1.74 17.09  18.03
Unbleached (control) 10 78.28 - B** 0.61 0.79 7744  79.23
he  Single-Component 10 78.76 10.61 B 0.50 0.64 78.24  79.59
Double-Component 10 8547 19.18 A* 1.00 1.16 8291  86.27
Unbleached (control) 10 0.50 - C** 0.00 0.00 0.50 0.50
120° Single-Component 10 0.63  126.00 B 0.05 7.67 0.60 0.70
Double-Component 10 0.90  180.00 A* 0.00 0.00 0.90 0.90
Unbleached (control) 10 2.28 - A 0.12 5.39 2.20 2.50
160° Single-Component 10 199 |12.72 B** 0.11 5.53 1.80 2.10
Double-Component 10 2.31 11.32 A* 0.09 3.79 2.20 2.40
Unbleached (control) 10 0.18 - A* 0.12 68.29 0.10 0.40
185° Single-Component 10 0.10 |44.44 B** 0.00 0.00 0.10 0.10
Double-Component 10 0.10 |44.44 B** 0.00 0.00 0.10 0.10
Unbleached (control) 10 0.47 - B** 0.05 10.28 0.40 0.50
|20° Single-Component 10 0.47 0.00 B** 0.05 10.28 0.40 0.50
Double-Component 10 0.86 182.98 A* 0.12 13.65 0.70 1.00
Unbleached (control) 10 2.49 - B 0.23 9.36 2.20 2.80
|60° Single-Component 10 2.08  |16.47 C** 0.20 9.83 1.80 2.30
Double-Component 10 275 11044 A* 0.21 7.52 2.50 3.00
Unbleached (control) 10 0.73 - A* 0.15 20.47 0.60 1.00
|85 Single-Component 10 012  [83.56 B 0.04 35.14 0.10 0.20
Double-Component 10 0.10 186.30 B** 0.00 0.00 0.10 0.10
WI* Unbleached (control) 10 2849 - B** 1.19 4.16 2730  29.90
() Single-Component 10 29.20 12.49 B 0.36 1.23 28.70  29.70
Double-Component 10 4372 153.46 A* 0.84 1.91 4290 4490
WI* Unbleached (control) 10 1945 - C** 0.18 0.91 19.00 19.60
(”) Single-Component 10 21.88 112.49 B 0.65 2.98 21.10 22.60
Double-Component 10 3574 183.75 A* 0.25 0.69 3540  36.00

For the Homogeneity Group » *: Highest value, **: Lowest Value

4  Conclusion

¢ All variance analyses were found to be significant for all tests conducted in the study.

e AE* values were found to be 2.07 for single-component and 10.30 for double-
component.

e The applications performed against both bleaching chemicals resulted in an increase in

the h® and L* values.

e While the a*, b*, and C* values increased with the single-component wood bleach,

these parameters decreased with the double-component bleach.
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Karakavak (Populus nigra L.) odununun silindirik yogunlastirilmasinda
sicaklik ve buharin renk ve parlakhiga etkisi

Hiiseyin Yesil''”, Zafer Kaya®" "', Sait Diindar Sofuoglu®

Oz

Agac malzeme kendi yapisina has bir¢ok olumlu 6zelliklerinden dolayr genis kullanim
alanlarma sahiptir. Ozelliklerini iyilestirmek, kullanim alanlarmin genislemesine ve dogal
olan bu malzemenin tercih edilmesini saglayacaktir. Aga¢ malzemenin 6zelliklerinin daha iyi
hale getirmek icin uygulanan yontemlerden birisi ylizey yogunlastirma islemidir. Bu
calismada silindir seklindeki tornalanmis karakavak (Populus nigra L.) odununun
yogunlagtirilmast bu amag i¢in tasarlanarak imalati yapilmis olan yogunlastirma aparati
kullanilarak torna tezgahinda gergeklestirilmistir. Isil islem uygulanmamis ve 160 °C
sicaklikta 3 saat boyunca 1s1l islem uygulanmis numuneler denemelerde kullanilmistir. Is mili
doniis hiz1 800 dev/dk, yogunlastirma derinlikleri 0.5 mm, 1.0 mm, 1.5 mm ve 2.0 mm olmak
tizere 4 farkli derinlik ve ilerleme hizi olarak is milinin her devrinde 0.02 mm ilerleme
saglanarak yilizey yogunlastirma islemi uygulanmistir. Yiizey yogunlastirma isleminde
numune iizerine 3 Barlik sicak buhar ve 600°C kuru hava uygulanmistir. Yogunlastirma
sonras1 parlaklik ve renk Olclimleri gerceklestirilmistir. Isil islem ve ylizey yogunlastirma
esnasinda uygulanan buhar ve sicaklik teget ve radyal ylizeylerde parlaklik degerlerinde
diisme meydana gelmesine neden olmustur. Yiizey yogunlastirma esnasinda uygulanan buhar
ve sicaklik renkte L ve b degerlerinde diismeye, a degerinde ise ylikselmeye yol agmuistir.

Anahtar kelimeler: Isil islem, kavak, parlaklik, renk, silindirik yogunlastirma

Effect of heat and steam on color and brightness in cylindrical densification
of black poplar (Populus nigra L.) wood

Abstract

Wood material has a wide range of usage areas due to many positive properties of its
structure. Improving their properties will expand their usage areas and ensure this natural
material is preferred. Surface densification is one of the methods applied to improve the
properties of wood materials. In this study, the densification of cylindrical turned black poplar
(Populus nigra L.) wood species was carried out on a lathe using a densification apparatus
designed and manufactured for this purpose. Specimens without heat treatment and specimens
heat treated at 160°C for 3 hours were used in the experiments. The surface densification
process was applied with a spindle rotation speed of 800 rpm, densification depths of 0.5 mm,
1.0 mm, 1.5 mm and 2.0 mm at 4 different depths and a feed rate of 0.02 mm at each spindle
revolution. In the surface densification process, 3 Bar hot steam and 600°C dry air were
applied to the sample. Brightness and color measurements were performed after densification.
The steam and temperature applied during heat treatment and surface densification caused a
decrease in tangential and radial surfaces brightness values. Steam and temperature applied
during surface densification caused a decrease in (L) and (b)values and (a) increase in the
value of color.

Keywords: Heat treatment, populus, brightness, color, cylindrical densification
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1 Giris

Genellikle yogunlugu az olan ahsap malzemeler sertlik, dayaniklilik ve mukavemet
acisindan yetersizdir. Ahsap malzemeden bu 6zellikler istendiginde ya yiiksek yogunluklu ya
da yogunlastirma islemi uygulanmis malzemeler alternatif olarak tercih edilebilir (Sandberg
ve ark., 2021). Ahsap malzemenin yogunlugu, mekanik o6zelliklerini dogrudan etkiler
(Blomberg ve Persson, 2004). Diisliik yogunluklu ahsapta ilave islemler yapilarak yogunluk
artirilabilmektedir. Bu yontemlerden, termo-mekanik (TM) olarak bilinen acgik sistemde
sicaklik ve basing kullanarak yogunlagtirma (Tosun ve Sofuoglu, 2021; Salca ve ark., 2021;
Sofuoglu, 2022; Sofuoglu ve ark., 2022) ve termo-higro-mekanik (THM) olarak adlandirilan
kapali sistemde sicaklik, basing ve buhar kullanarak yogunlagtirma (Navi, 2012) gibi yeni
cevre dostu yogunlastirma yontemleri kullanilmaya baslanmistir (Korkut ve Kocaefe, 2009;
Senol ve Budakg¢i, 2016). Bunlarin yani sira Viscoelastic-Thermal-Compression (VTC) olarak
adlandirilan buhar ile 6n yumusatma sonrasi sicaklik ve basing ile yapilan yogunlagtirma ve
Termo-Vibro-Mekanik (TVM) olarak adlandirilan sicaklik, basing ve titresim kullanilarak
yapilan yogunlastirma gibi yontemler de bulunmaktadir (Senol ve Budakei, 2016; Bekhta ve
ark., 2017; Senol, 2018). Literatiirde yogunlastirilmis ahsap malzemelerde ¢esitli mekanik
ozelliklerin incelendigi ve yogunluk analizlerinin yapildigr ¢alismalar mevcuttur. Bu
calismalarda genelde elastikiyet modiilii (MOE), kopma modiilii (MOR), sertlik ve ylizey
sertligi (Gao ve ark., 2019; Laskowska, 2017; Senol ve Budakgi, 2019), MOE, MOR ve Janka
sertligi (Pertuzzatti, 2018), MOE, MOR (Wehsener ve ark., 2023) gibi mekanik 6zelliklerin
yogunlagtirilmis ahsapta arttigi goriilmektedir. Yogunlastirilmis ahsapta radyal ve tegetsel
yonlerdeki sertlik degerleri sikistirma oranina bagli olarak artarken, yogunlastirma ve 1sil
islem uygulamalarmin hiicre duvarlarinda deformasyonlara neden oldugunu taramali elektron
mikroskobu analiziyle ortaya konulmustur (Budakci ve ark., 2016). FT-IR (Fourier
Dontigimlii  Kizilotesi  Spektroskopisi), yogunlastirma sirasinda Onemli  kimyasal
degisikliklerin meydana gelmedigini gostermektedir. Yiizeyin 1slanabilirligi, ylizeyi
yogunlagtirilmis ahgabin iyi 1slanma korumasina sahip oldugunu gostermistir (Rautkari ve
ark., 2010). Termo-mekanik olarak yogunlastirilmis ahsap Orneklerinin yiizeyindeki temas
acisindaki artig, yogunlastirma sirasinda olusan hidrotermal islemden kaynaklanmaktadir
(Bekhta ve Krystofiak, 2016). Yogunlastirma isleminde geri yaylanma ve set geri kazanim
miktarini belirlemek ve en aza indirmek i¢in de arastirmalar yapilmistir (Kariz ve ark., 2017,
Neyses ve ark., 2020; Scharf ve ark., 2023). Ust yiizey islemlerinden sonra elde edilen yiizey
ozelliklerini belirlemek i¢in yapilan calismalarda asagidaki sonuglar elde edilmistir.
Y ogunlastirilmis numunelerde yiizey piiriizliligl azalmis, yiizey parlakligi artmistir (Pelit ve
ark., 2015). Yiizey parlakligi ve sertlik degerleri, yogunlastirma ve yogunlagtirma orani
arttikca artmistir (Sofuoglu, 2022). Termo-mekanik islemin kayin ve mese agacinin
rengindeki degisim {izerinde Onemli bir etkisi oldugu bulunmustur (Laskowska, 2020).
Ayrica, yogunlagsma analizleri i¢in sonlu elemanlar yonteminin kullanildig1 da goriilmektedir
(Fleischhauer ve ark., 2019).

Tornalanmis ahsap malzemeler, mobilya pargalarindan, alet saplarmma, merdiven
korkuluklarindan, ahsap oyuncaklara kadar pek ¢ok yerde kullanilmaktadir. Teknigine uygun
olarak yapilan tornalama islemleri ile elde edilen piiriizsiiz yiizeyler vernikleme ve boyama
islemlerinin de basarisini arttirmaktadir. Boylece yiizey islemlerinde daha az malzeme ve
iscilik kullanilarak daha ekonomik iiretim yapilabilmektedir (Giirleyen, 1998). Ylizey
pliriizliliigii ahsap malzemelerin ekonomik degerinin belirlenmesinde dnemli bir parametredir
ve list ylizey kalitesinin basarisinda 6nemli bir yere sahiptir (Sogiitlii, 2005). Yogunlastirma
islemiyle ahsap malzemelerde porozite azalir ve daha diizgiin yiizeyler elde edilebilir. Ayrica
yogunlugu diistik olan ahsap malzemelerin yiizeyleri yogunlastirildiginda sadece yiizeyler
yogunlastirildigr icin genel yogunlukta fazla bir azalma olmamakta, iist ylizey islemlerinin
uygulanacagi yiizeyler daha diizgiin hale gelmektedir. Yiizey yogunlastirma islemi yukarida
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bahsedilen diigiik yogunluklu ahsap malzemelere uygulanabildigi gibi yiliksek yogunluklu
ahsap malzemelere de uygulanabilmektedir. Yiiksek yogunluklu ahsap, fiziksel ve mekanik
etkilere karsi oldukca dayaniklhidir ve yiizey islemlerine uygun bir yapiya sahiptir. Yiizey
yogunlastirma iglemi ile bu 6zellikler daha da gelistirilebilir ve daha yiiksek bir yiizey kalitesi
elde edilebilir.

Silindirik ahsap malzemeler genis bir kullanim alanina sahip olmasina ragmen, ylizey
yogunlastirma ile ilgili bilimsel ¢alismalarin az ve yetersiz oldugu goriilmektedir. Silindirik,
tornalanmig ahsap malzemelerin ylizey yogunlastirma islemi ile 6zellikleri iyilestirildiginde
kullanim alanlarmin artacagr ve yiizey Ozelliklerini kaybetmeden daha uzun siire
kullanilabilecegi diisiiniilmektedir. Boylece giin gectikce tilkenen dogal ahsap malzemeler
daha optimum sekilde kullanilabilecektir.

Bu calismanin amaci, onceden 1sil islem uygulanmis ve uygulanmamis silindirik
karakavak (Populus nigra L.) odunundan elde edilen deney numunelerinin, dogrudan 1s1 ve
beraberinde sicak buhar uygulanarak/uygulanmayarak cesitli yogunlastirma parametreleri
degiskenleri ile yiizey yogunlastirmasi islemine tabi tutuldugunda, yogunlastirma sonrasi
kullanom alanlar1 i¢in Onemli olan parlaklik ve renk degisiminin belirlenerek,
degerlendirilmesi ile bu malzeme i¢in en uygun yogunlastirma kosullarini arastirmaktir.

2 Materyal ve Metot
2.1 Materyal

Calismada agag isleri ve mobilya sektdriinde yaygin olarak kullanilan ve Tiirkiye’de
dogal olarak yetisen karakavak (Populus nigra L.) agac tiirii se¢ilmistir. Deney numuneleri
baslangigta 25 x 25 x 400 mm boyutlarinda kesilmistir. Universal torna tezgahinda farkli
torna kesicileri kullanilarak Sekil 1°’de goriilen ortalama dlgiilere ulagincaya kadar biitiin
deney numuneleri hazirlanmistir. Bu 6lgiilerde toplam 12 adet deney numunesi hazirlanmistir.
Ornekler (12 adet) iklimlendirme dolabinda %12 rutubet miktarma (MC= Moisture Content)
ulagmasi igin %65 + 5 bagil nemde (RH) 20 + 2°C’de agirhg degismeyinceye kadar
bekletilmistir. Deney numunelerinin %12 rutubet miktarindaki yogunlugu ISO 13061-1, (ISO
13061-1, 2014) ve ISO 13061-2 (ISO 13061-2, 2014) standartlarina gore belirlenmistir.

Deney numunelerinin 6 tanesine 6n 1s1l islem uygulanmadan, diger 6 tanesine ise 6n 1s1l
islem uygulandiktan sonra deney parametreleri uygulamistir. On 1s1l islem uygulanan deney
numuneleri 1s1l iglemden 6nce de sonra da klimatize dolabinda muhafaza edilerek deneyler
oncesinde %12 rutubetlerini korumalar1 saglanmistir. 12 deney numunesinin tamami deney
esnasinda nispi neme ulagsmig durumdayken deneyler yapilmstir.

346

46 50 50 50 50 50
L || _4deney _ ||3.deney | || 2.deney _ ||fdeney 1 || |
bolumu bolumu bolumu baélumu
ortalama OJ 25 mm 4 4 ortalama @ 22 mm 4 ort. @ 22 - (0,5mm, 1mm, 1,5mm, 2mm)

Sekil 1. Deney numunesi teknik resmi ve Olciileri.
2.2 TIsil islem

%12 rutubette (MC) klimatize dolabindan alinan tornalanmis 6 adet karakavak (Populus
nigra L.) deney numunesi sicaklik duyarliligi £1°C olan bir etiiv kullanilarak atmosferik
basing altinda 160 °C sicaklikta 3 saat boyunca 1sil isleme tabi tutulmustur. Isil islem
uygulamasindan sonra etiivden alinan 6rnekler tekrar iklimlendirme dolabinda %12 rutubete
ulagmasi igin %65 + 5 RH (bagil nemde) 20 + 2°C’de, agirhgi degismeyinceye kadar
bekletilmistir.
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2.3 Yogunlastirma Islemi

Yiizey yogunlastirma isleminde deney setini olusturan ii¢ ana eleman bulunmaktadir.
Bunlardan ilki yogunlastirma aparatidir. Bu aparat, deney numunesine baski yaparak kendi
ekseni etrafinda donen makara, silindirik destek parcasi, torna kalemligine baglanti prizmasi,
yogunlagsma eksenine dik ve yogunlasma ekseni dogrultusunda olusacak kuvvetleri
karsilayabilecek standart konik makarali rulman ve diger montaj parcalarmin (6n kapak,
silindirik destek pargasi, arka kapak) bir araya getirilmesiyle ylizey yogunlastirma iglemi i¢in
0zel olarak tasarlanarak imal edilmistir. Deney setinin ikinci elemani {lizerinde sicaklik ayar
tinitesi bulunan bir 1s1 tiflecidir. Bu sicaklik kaynagi deneyin yapildig: torna tezgahinda sport
boliimiine baglant1 ekipmanlariyla sabitlenmistir. Konum olarak deney numunesine yaklasik
50 mm mesafede sabit kalmasi saglanmistir. Deney Oncesinde sicaklik, stabil olarak 600 °C’e
ulastirildiktan sonra deneye baslanmigstir. Deney setinin ti¢lincii eleman1 basingh sicak buhar
elde edilen buhar kaynagidir. Buhar ¢ikis ucu ve deney numunesi arasinda yaklagik 10 mm
mesafede olacak sekilde 1s1 {iflecinin bulundugu torna sportu iizerine konumlandirilan buhar
kaynag siirekli ve sabit bir buhar ¢ikis1 olusturacak sekilde baglanmistir. Cihaz katalogunda
buhar kaynaginin haznesi icerisinde yaklasik 3 barlik basincin olustugu bilinmektedir. Deney
basladigi anda yogunlagtirma aparati, sicaklik kaynagi ve buhar kaynagi ayni anda
yogunlastirma yoOniinde belirlenen deney parametresi hizinda hareket etmektedir. Deney
setinin bir sematik resmi ve yogunlastirma islemlerinin yapildigi TOS GALANTA SUIL 40A
torna tezgahi Sekil 2’de goriilmektedir. Deneylerde, buhar ve sicakligin uygulandigi ve
uygulanmadig1 parametreler bir arada degerlendirilmistir. Her bir deney parametresi, 3 farkli
deney numunesinin farkli deney boliimlerinde olacak sekilde planlanarak 3’er tekrarh
uygulanmistir. Deneyler sonucunda, yapilan 3 tekrarl 6lgiimlerin ortalamalart kullanilmistir.

TOS GALANTA SUIL

Bl 410A toma tezgaht
Sicaklik kaynagt
~ 600 °C

Buhar kaynagi é E
Torna aynast ~3 Bar o 3 Karsilik puntast
T gt
\ 1 Il i 1
| 1 H i i
Yogunlastima yonii
—

Yogunlastrma
aparati

Sekil 2. Deney seti elemanlarinin yerlesimi

Deney parametreleri, olarak is mili doniis hizt 800 dev/dk, yogunlastirma derinlikleri
0.5 mm, 1.0 mm, 1.5 mm ve 2.0 mm olmak tizere 4 farkli derinlik ve ilerleme hiz1 olarak is
milinin her devrinde 0.02 mm ilerleme saglanarak deneyler gerceklestirilmistir. Bu
parametreler, literatiirde kullanilan degerlere uygun olarak se¢ilmistir (Kaya ve Sofuoglu,
2023a; Kaya ve Sofuoglu, 2023b).
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2.4 Parlaklhik ol¢iimii

Kusursuz ve parlak ylizeyler iizerine gelen 1s1n gelis agisina gore ayni ya da benzer ag1
ile geri yansitirlar. Parlaklik 6l¢tim cihazlar1 20°, 60° ve 85° 6l¢iim yaparlar. 20° dl¢lim yapan
tiirleri parlak, 85° 6l¢lim yapan tiirleri mat yiizeyler i¢in kullanilir (ISO 2813, 2014). 60°
6l¢iim yapan tiirleri hem mat hem parlak yiizeylerin dl¢limii i¢in kullanildigindan ahsap gibi
malzemelerin parlaklik 6l¢limii i¢in daha kullanighidir. Glossmetrede bulunan iki pencerenin
birinden ylizeye 151k gonderilir, diger alict penceresinden yiizeyden yansiyan 11k alinarak
kaydedilir. Dogal olarak diizgiin, piiriizsiiz ve parlak ylizeyler gelen 1sinin tamamini ya da
biiyiik bdliimiinii geri yansitacaktir (Ozen ve Sénmez, 1990). Sekil 3’te dlciimlerde kullanilan
BYK Gardner marka parlaklik ol¢iim cihaz1 goriilmektedir. Yapilan calismada deney
numunelerinin teget ve radyal yonlerinden ekseni boyunca parlaklik Slgiimleri yapilmistir.
Deney numunelerine yiizey yogunlagtirma parametreleri uygulanmadan 6nce kontrol
Olctimleri yapilmig, deney parametreleri uygulandiktan sonra da parametrelerin etkilerini
gozlemek amaciyla daha dnce 6lglim yapilan noktalardan tekrar dlgtimleri yapilmistir. Deney
numunesinin teget ve radyal ylizeylerden ayr1 ayri alinan Olglimler kendileri igerisinde
degerlendirilmistir.

Sekil 3. BYK Gardner parlaklik 6l¢iim cihazi
2.5 Renk ol¢iimii

Renk 6l¢timii Colorstriker renk 6l¢iim cihazi ile yapilmistir. Bu cihaz ASTM-D 2244’
de belirtilen esaslara gére CIEL* a* b* renk sistemine gore Olglim yapabilen ozelliktedir.
Cihazin ¢alisma prensibinde ylizeyden yansiyan 1s1k, once bir prizmada, kendisini olusturan
dalga boylarma ayristirilir. Ardindan, her bir dalga boyundaki 1sik kesimini, yansiyan
hiizmeden ayirip algilayici lizerine diisliren ayirma diizenekleri kullanilir. Cihazda bulunan bir
detektdr her bir tek dalga boylu 15181 ayr1 ayri algilayan, bunlarin birlesiminden olusan bir
yeginlik-dalga boyu grafigi olusturur. Aynm veri kullanilarak o rengin L*, a* ve b* degerleri
cihaz tarafindan hesaplanir (Berns, 2000). CIEL* a* b* renk sisteminde, renklerdeki
farkliliklar ve bunlarin yerleri L* a®* b* renk koordinatlarina gore tespit edilmektedir.
Burada, L* siyahtan beyaza dogru renk degisimini temsil eder (siyah i¢in L* = 0, beyaz i¢in
L* = 100). a* kirmizidan yesile dogru renk degisimidir (pozitif deger kirmiziya yonelim,
negatif deger yesile yonelim). b* ise sar1 ile mavi arasindaki renk araligini verir (pozitif deger
sartya yonelim, negatif deger maviye yonelim). Renkler bu 3 eksenle tanimlanir (Sekil 4)
(Sogiitli ve Sonmez, 2006).

L=100

& /&

L=0

Sekil 4. CIE L*a*b* renk diizlemi (Ozcan, 2008).
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Yapilan c¢alismada, deney numunesi lizerinde her bir boliimde deney parametreleri
uygulanmadan once belirlenen noktalardan renk ol¢limleri almarak L*, a* ve b* degerleri
tespit edilmistir. Deney parametreleri uygulandiktan sonra da ayni noktalardan tekrar renk
Olctimleri alinarak bir onceki durumla karsilastirmalar1 yapilmistir. Bununla birlikte asagidaki
aciklamalar dogrultusunda deney oncesi ve deney sonrasi renk farklari da (4E) hesaplanmistir
(Denklem 1).

CIE L*a*b* sistemine gore AFE, iki renk arasindaki farkin 6l¢iimiidiir. 4E ne kadar
biiyiikse karsilastirilan renklerin arasindaki fark da o kadar fazladir (Ozcan, 2008).

AE:\/(L1_L2)2+(a1_02)2+(b1_b2)2 (1)

Burada; 4E renk farkinin miktarmi ifade eder. L, ai ve b, deney Oncesi renk degerini
(Kontrol), L,, a, ve b, ise 6lglim yapilan ayni noktanin deney sonrasi renk degerlerini ifade
etmektedir.

3 Bulgular ve Tartisma

Farklt yogunlastirma derinligi, yogunlastirma esnasinda buhar ve sicaklik
uygulanmasi/uygulanmamasi (1/0) ve on 1s1l islem uygulanmis/uygulanmamis (1/0) deney
parametrelerinin uygulanacagi deney numunelerinin deney boliimlerinden, deney dncesinde
kontrol 6l¢iimleri sonucunda radyal ve teget parlaklik ve renk degerleri (L* a* b*) Cizelge
1’de deney parametrelerinin uygulanmasi sonrasinda ayni boliimlerden Olciilerek elde edilen
degerler ise Cizelge 2’de verilmistir. Bu gruplardan deney sonrasi elde edilen verilere
ANOVA yapilmistir. ANOVA sonuglar1 Cizelge 3’te verilmistir.

Cizelge 1. Deney parametrelerinin uygulanacag: boliimlerdeki deney oncesi (Kontrol)
parlaklik (Teget), parlaklik (Radyal) ve renk degerleri (L* a* b*)
Parlaklik

Yogunlagtirma o islem Buhar ve Pgﬁgli:f Renk degerleri (Kontrol)

derinligi (mm) sicaklik (Kontrol) ((II{{c?styra(‘)ll)) L* a* b*
0.5 0 0 3.14 3.63 17.47 3.82 11.09
0.5 0 1 3.28 3.76 16.81 3.33 10.58
0.5 1 0 2.96 3.08 16.08 3.79 10.84
0.5 1 1 2.97 3.50 16.29 3.84 11.17
1 0 0 3.07 3.68 20.19 3.56 10.93
1 0 1 3.56 3.84 14.10 3.98 10.58
1 1 0 2.94 3.21 18.24 3.71 11.30
1 1 1 3.09 3.50 13.25 3.92 10.40
1.5 0 0 3.03 3.601 19.46 3.08 10.21
1.5 0 1 3.44 3.96 14.08 3.71 10.05
1.5 1 0 2.89 3.43 17.17 3.92 11.46
1.5 1 1 2.99 3.39 13.84 3.64 10.00
2 0 0 291 3.52 20.83 3.31 10.36
2 0 1 3.19 3.54 16.67 3.22 10.76
2 1 0 2.92 3.22 15.42 3.82 10.83
2 1 1 2.90 3.31 15.75 3.43 11.09
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Cizelge 2. Deney sonrasi parlaklik (Teget), parlaklik (Radyal) ve renk degerleri

Yogunlagtirma Isil islem Buhar ve  Parlaklik  Parlaklik Renk degerleri

derinligi (mm) $ sicaklik (Teget) (Radyal) L* a* b* AE
0.5 0 0 4.01 4.19 21.63 2.01 1125 20.61
0.5 0 1 291 3.24 18.20 3.80 13.06 8.30
0.5 1 0 3.66 3.98 20.38 296 1141 19.50
0.5 1 1 3.02 3.00 1577 322 11.11 0.66
1 0 0 4.14 4.19 2046 2.01 10.70 2.53
1 0 1 3.11 3.08 20.25 3.78 12.72 4244
1 1 0 3.59 3.71 22.10 2.55 11.04 16.31
1 1 1 2.69 2.71 8.89 2.65 898 22.64
1.5 0 0 4.02 4.29 19.69 2.06 10.46 1.16
1.5 0 1 2.92 3.12 17.62 3.37 1242 18.26
1.5 1 0 3.52 3.92 18.96 235 10.67 6.29
1.5 1 1 2.77 2.97 9.14 245 9.19 24.16
2 0 0 3.70 3.87 22.38 2.08 10.77 4.08
2 0 1 2.78 2.93 19.28 290 1229 9.26
2 1 0 3.29 3.34 1930 230 10.54 17.45
2 1 1 2.43 2.63 18.12 371 12.37 8.38

Cizelge 3’teki varyans analizi sonuglaria gore teget ve radyal yiizeylerdeki parlaklik
acisindan %95 giiven diizeyinde yogunlastirma derinligi, ylizey yogunlastirma Oncesi
uygulanan 1s1l islem ve yiizey yogunlastirma esnasinda uygulanan buhar ve sicaklik acisindan
anlamli  bulunmustur  (P<0.05). Ilerleme miktarinin istatistiki anlamda  etkisi
bulunmamaktadir. Renk degeri (L) agisindan buhar ve sicaklik ve 1s1l islemin etkisi (P<0.05)
anlamhi goziikmekte ancak yogunlastirma derinliginin etkisi (P=0.389>0.05) anlamh
goziikmemektedir. Renk degeri (a) acgisindan yogunlastirma derinligi ve 1s1l islemin etkisi
(P<0.05) anlamli goziikmemekte ancak buhar ve sicakligin etkisi (P=0.03<0.05) anlamli
goziikmektedir. Renk degeri (b) acisindan tiim faktorlerin etkisi (P>0.05) anlamh
goziikmemektedir.

Cizelge 3. Yiizey yogunlastirma islemi sonrasi elde edilen verilerin ANOVA sonuglari

Serbestlik Kareler Kareler F- P-

Parametreler . .
Derecesi Tonlami  Ortalamasi ~ DeSeri  Deger

Deney sonuglar1 (Parlaklik. Teget yon)

Yogunlastirma derinligi (mm) 3 0.3147 0.10488 6.31 0.011
Isil islem 1 0.4334 0.43340 26.08 0.000
Buhar ve sicaklik 1 3.3306 3.33062 200.41 0.000
Hata 10 0.1662 0.01662

Toplam 15 4.2449

Deney sonuclar1 (Parlaklik Radyal yon)

Yogunlastirma derinligi (mm) 2 0.42015 0.14005 14.81 0.001
Isil igslem 1 0.43707 0.43707 46.22 0.000
Buhar ve sicaklik 1 3.80250 3.80250 402.09 0.000
Hata 7 0.09457 0.00946

Toplam 11 4.75429

Deney sonuglari (Renk. L)

Yogunlastirma derinligi (mm) 2 26.32 8.773 1.11 0.389
Isil islem 1 45.11 45.105 5.72 0.038
Buhar ve sicaklik 1 88.44 88.435 11.22 0.007
Hata 7 78.82 7.882

Toplam 11 238.69

Deney sonuclar1 (Renk. a)

Yogunlastirma derinligi (mm) 2 0.38705 0.12902 0.56 0.654
Isil igslem 1 0.00178 0.00178 0.01 0.932
Buhar ve sicaklik 1 3.58551 3.58551 15.53 0.003
Hata 7 5.6697 0.8100

Toplam 11 6.28278

Deney sonuglari (Renk. b)

Yogunlastirma derinligi (mm) 2 2.906 0.9687 0.84 0.503
Isil islem 1 4.354 4.3539 3.77 0.081
Buhar ve sicaklik 1 1.767 1.7672 1.53 0.244
Hata 7 11.541 1.1541

Toplam 11 20.568
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Parlakhk ol¢iimii

Sekil 5’te yiizey yogunlastirma igslemi sonrasi teget yonde parlaklik i¢in ana etki grafigi
verilmektedir. Genel olarak degerlendirildiginde 2.0 mm yogunlastirma derinliginde, 1s1l
islem uygulanmis numunelerde ve yogunlastirma esnasinda buhar ve sicaklifin uygulandigi
islemlerde daha disiik parlaklik degerleri elde edilmistir. Yogunlastirma derinligi arttikca
teget yonde parlaklik degerlerinde diisme meydana gelmistir En fazla diisme 1.5 ile 2.0 mm
yogunlastirma derinlik degisiminde meydana gelmistir.

Sekil 6°’da yiizey yogunlastirma islemi sonrasi radyal yonde parlaklik icin ana etki
grafigi verilmektedir. Genel olarak degerlendirildiginde 2.0 mm yogunlastirma derinliginde,
1s1l islem uygulanmis numunelerde ve yogunlastirma esnasinda buhar ve sicakliin
uygulandigi islemlerde daha diisiik parlaklik degerleri elde edilmistir. Bu durum teget yonde
elde edilen degerlerde benzerlik gostermektedir. Yogunlastirma derinligi arttikga genel olarak
degerlendirildiginde radyal yonde parlaklik degerlerinde diisme meydana gelse de 1.5 mm
isleme derinliginde yiikselme meydana gelmistir.

Benzer ¢aligmalar incelendiginde Eyong, Koto ve Jequitiba agag tiirlerinin tiimiinde 1s1l
islem uygulamasindan sonra L* (1s1klilik), »* (sar1 renk), degerlerinin beraberinde parlaklik
degerlerinin azaldig1 goriilmiistiir (Tiirk, 2021). Benzer ¢alismalar sonucunda da 1s1l islemden
sonra parlaklik degerlerinde azalmanin oldugu ortaya konulmustur (Kog ve Pelit, 2022; Aytin
ve ark., 2015). Korkut ve arkadaslar1 ThermoWood yontemine gore 1sil islem uygulanmis
yabani kiraz odununda, siirenin artmasina bagl olarak 60° agida yapilan liflere dik ve paralel
parlakligin1 belirlemistir (Korkut ve ark. 2013). Bununla beraber karacam agag tiiriinde
yogunlastirma derinligi 0.5 mm’den 1 mm’ye arttirildiginda parlaklik degerinde artma
meydana gelmistir (Kaya ve Sofuoglu, 2023a). Yiizey yogunlastirma isleminde 6n 1s1l islem
ve deney esnasinda uygulanan 1s1l islemin genelde parlaklik iizerine azalma yoniinde etki
ettigi, yogunlagtirma derinligi artistyla da parlakligin artma egilimi gosterme durumu
literatiirle de benzerlik gostermistir.

Yozunlagtirma derinlizi (mm) Is iglem Buhar ve sicaklic

Ortakma
.

31

30
28

Sekil 5. Teget yonde yilizey yogunlagtirma iglemi sonrasi parlaklik icin ana etki grafigi

Yogunlagtirma derinlizi (mm) Isilislem Buhar ve sicaklik
[]

Ortakarma
o

Sekil 6. Radyal yonde ylizey yogunlastirma islemi sonrasi parlaklik i¢in ana etki grafigi
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Renk ol¢iimii

Sekil 7°de yiizey yogunlastirma islemi sonrasi renk L* degeri i¢in ana etki grafigi
verilmektedir. Genel olarak degerlendirildiginde 1.0 mm yogunlastirma derinliginde, 1s1l
islem uygulanmis numunelerde ve yogunlastirma esnasinda buhar ve sicaklifin uygulandigi
islemlerde daha diisiikk L* renk degeri elde edilmistir. Yogunlastirma derinligi arttikca L*
degerlerinde diisme meydana gelmekte ancak 2.0 mm yogunlastirma derinliginde biiyiik
miktarda yiikselme meydana gelmekte ve en yiiksek L* degeri meydana gelmektedir. 1.5 mm
ylzey yogunlastirma derinligi ile 2.0 mm yogunlagtirma derinligi arasinda fark en yliksek
degerdedir.

Yogunlagtirma derinlizi (mm) Tsil iglem Buhar ve sscaklik
P

.

Orlalame

16 »

03 1.0 13 2,0 [ 1 o 1

Sekil 7. Yiizey yogunlastirma islemi sonrasi renk (L *) degeri i¢in ana etki grafigi

Salca ve arkadaslarinin (Salca ve ark., 2016) yaptiklar1 ¢caligmada, L* degerlerindeki
azalmanin 1s1l iglem sirasinda hemiseliilozlarin bozulmasindan kaynaklandigi seklinde bir
sonuca ulagmislardir. De Moura ve arkadaslar1 (Maura ve ark., 2014) tarafindan yapilan baska
bir ¢calismada Cedro-marinheiro ve Cedroarana agag tiirlerine ait deney Ornekleri 160 °C ve
220 °C'de sicaklikta 1si1l isleme tabi tutarak sicaklik artisiyla L* ve a* degerlerinde
azalmalarin oldugunu, bunun yaninda uygulanan 1sil islemin renk degisikligine de neden
oldugunu bildirilmisledir. Benzer bulgulara yaptiklar1 ¢aligmalar ile Ayata ve Cavus da
ulagsmistir. (Ayata ve Cavus, 2018).

Sekil 8’de yiizey yogunlagtirma islemi sonrasi renk a degeri i¢in ana etki grafigi
verilmektedir. Genel olarak degerlendirildiginde 1.5 mm yogunlastirma derinliginde, 1s1l
islem uygulanmamig numunelerde ve yogunlastirma esnasinda buhar ve sicakligin
uygulanmadigi islemlerde en diisiik a renk degeri elde edilmistir. Yogunlastirma derinligi
arttikca L degerlerinde diisme meydana gelmekte ancak 2.0 yogunlastirma derinliginde bir
miktar yiikselme meydana gelmektedir. Bu deger 1.0 mm yiizey yogunlastirma derinligi ile
yakin degerdedir.

Yapilan ¢alismalar gostermistir ki, pek ¢cok ahsap elemanin bozunmasi, yogunlasmasi
ve oksidasyonuyla ilgili olarak a* degerinin arttig1 (Chen ve ark., 2012), termal olarak
modifiye edilmis odunun renk koyulastirmasina, hemiseliilozlarin bozunma tepkimelerinden
ve daha sonra diisiik molekiil agirlikli sekerlerin olusumunun sebep oldugu seklinde
aciklamalar yapilmistir (Poncsak ve ark., 2006; Esteves ve ark., 2008).

Sekil 9°da yiizey yogunlagtirma islemi sonrasi renk b degeri i¢in ana etki grafigi
verilmektedir. Genel olarak degerlendirildiginde 1.5 mm yogunlastirma derinliginde, 1s1l
islem uygulanmis numunelerde ve yogunlastirma esnasinda buhar ve sicakligin
uygulanmadigi islemlerde daha diisiik » renk degeri elde edilmistir. 0.5 mm ile 1.0 mm
yogunlastirma derinlikleri i¢in yogunlastirma derinligi arttik¢a yiiksek fark elde edilmistir. 1.0
mm ile 1.5 mm arasinda ise b* degeri arasindaki fark dislktir. 5 acgisindan
degerlendirildiginde, farkli oranlarda olsa da yilizey yogunlagtirma miktar1 arttik¢a (0.5’ den
1.5 mm’ye kadar) b* degeri diismekte ancak 2.0 mm ylizey yogunlastirma degerinde
tekrardan yiiksek miktarda artis meydana gelmektedir.
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Yogunlagtirma derinligi (mm) Isil iglem Buhar ve sweaklik
bd

Orlalama
*
"
.

0.3 10 15 2,0 ] 1 L] 1

Sekil 8. Yiizey yogunlastirma iglemi sonrasi renk (a*) degeri i¢in ana etki grafigi

Isil islem uygulamasi sonrasi renk parametreleri ile parlaklik degerlerinin degistigi
gorlilmiistiir (Ayata, 2020). Yapilan ¢aligmalar neticesinde L* a* b* C* parametreleri
acisinda 1s1l islem sonrasi odun liflerine paralel ve dik parlaklik degerlerinin azaldig: tespit
edilmistir (Ayata, 2022; Ayata ve Bal, 2021). Yapilan bir diger ¢alisma 1s1l islem ile deney
numunelerinde kararmalar meydana gelmis, parlaklik azalmis, sariya ve kirmiziya c¢alma
orani artmistir (Tenorio ve ark., 2021).

Yozunlagtirma derinlizi (mm) Izl iglem Buhar ve seaklik

. .

Orlalama

N/
. .

0.3 1.0 13 2.0 0 1 0 1

Sekil 9. Yiizey yogunlastirma iglemi sonrasi renk (b *) degeri i¢in ana etki grafigi

Sekil 10°’da yiizey yogunlastirma islemi sonrast renk AE degeri i¢in ana etki grafigi
verilmektedir. Genel olarak degerlendirildiginde 2.0 mm yogunlastirma derinliginde, 1s1l
islem uygulanmamig numunelerde ve yogunlastirma esnasinda buhar ve sicakligin
uygulanmadig1 islemlerde daha diisiik 4E elde edilmistir. 1.0 mm yogunlastirma derinliginde
ylizey yogunlastirma sonrasi renk farkliligi daha yiiksek elde edilmistir.

Buhar ve sicaklik

>
0.5 1.0 15 2,0 0 1 0 1

Sekil 10. Yiizey yogunlagtirma iglemi sonrasi renk (4E) degeri i¢in ana etki grafigi
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4  Sonuclar ve Oneriler
Elde edilen 6z sonuglar genel olarak degerlendirildiginde asagidaki sekilde siralanabilir.

e [sil islem ve yiizey yogunlastirma esnasinda uygulanan buhar ve sicaklik teget ve
radyal yondeki parlaklik degerlerinde diisme meydana gelmesine neden olmustur.

e Yogunlastirma derinligi arttikca teget yonde parlaklik degerlerinde diisme meydana
gelmektedir. Radyal yonde 1.5 mm yogunlastirma derinliginde bir miktar yiikselme
meydana gelmis olsa da genel olarak bakildiginda diisme goriilmektedir.

e Yiizey yogunlastirma esnasinda uygulanan buhar ve sicaklik renkte L* ve b*
degerinde diisme, a degerinde ylikselmeye yol agmuistir.

e Genel olarak degerlendirildiginde 2.0 mm yogunlastirma derinliginde, 1s1l islem
uygulanmamis numunelerde ve yogunlastirma esnasinda buhar ve sicakligin
uygulanmadigi islemlerde daha diistik 4E elde edilmistir.

e Yogunlastirma aparati kullanilarak silindirik masif aga¢ malzemenin yiizeyinin
yogunlastiritlmasinda, optimum noktalar ve sonuglar degerlendirilerek en uygun
parametreler kullanilabilir.

Yazar Katkilan

Yazarlar, bu ¢alismanin yapilmasi i¢in gosterilen tiim ¢abalarin ortaklasa veya gruplar halinde
yuritildiigiini, arastirmacilarin her birinin istlendigi rolii ayirt etmenin miimkiin olmadigini
beyan etmistir.

Finansal destek beyam
Finansal destek alinmamustir.

Cikar ¢atismasi
Yazarlar arasinda ¢ikar ¢catismasi bulunmamaktadir.
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Abstract

In this study, composite boards were produced using waste plastic furniture parts and
wood flour. Wood flour was used at rates of 0%, 15%, 30% and 45% in the preparation of
composite boards. Thus, 1 control and 3 composite groups were created. The boards are
produced in dimensions of 3.5x175x175 mm (thickness, width, length). Density, flexural
strength, flexural modulus, deformation at break, tensile strength, tensile modulus, elongation
at break, hardness tests and thermal gravimetric analysis (TGA) and differential scanning
calorimeter (DSC) analysis were performed on the produced composite boards. According to
the obtained data, it was determined that as the percentage of wood flour in the composite
groups increased compared to the control group, the values of flexural strength, deformation
at break, tensile strength and elongation at break decreased whereas the values of density,
hardness, flexural modulus and tensile modulus increased. According to the TGA and DSC
analysis results, it was understood that the waste plastic furniture parts were composed of
linear low density polyethylene (LLDPE) and polypropylene (PP) polymer materials, also the
decomposition temperature of the composite materials partially increased with the increase in
the percentage of wood flour.

Keywords: Waste plastic furniture, composite material, wood flour

Plastik mobilya atiklari ve odun unu ile iiretilen kompozit malzemenin

secili bazi ozellikleri

Oz

Bu ¢alismada, atik plastik mobilya parcalari ve odun unu kullanilarak kompozit levhalar
iiretilmistir. Kompozit levhalarin hazirlanmasinda, %0, %15, %30 ve %45 oranlarinda odun
unu kullanilmistir. Boylece 1 kontrol ve 3 kompozit grubu olusturulmustur. Levhalar
3.5x175x175 mm (kalinlik, genislik, uzunluk) &lgiilerinde iiretilmistir. Uretilen kompozit
levhalarin yogunluk, egilme direnci, egilmede elastikiyet modiilii, kopmada deformasyon,
cekme direnci, ¢ekmede elastikiyet modiilii, kopmada uzama ve sertlik testleri ile termo
gravimetrik analiz (TGA) ve diferansiyel taramali kalorimetre (DSC) analizi yapilmistir. Elde
edilen verilere gore; kontrol grubuna gére kompozit gruplarindaki odun unu ytiizdesi arttik¢a
egilme direnci, kopmada deformasyon, c¢cekme direnci ve kopmada uzama degerlerinin
azaldigi, buna karsilik, yogunluk, sertlik, egilmede elastikiyet ve cekmede elastikiyet
degerlerinin artti1 belirlenmistir. TGA ve DSC analizi sonuglarina gore atik plastik mobilya
parcalariin dogrusal algak yogunluklu polietilen (DAYPE) ve polipropilen (PP) polimer
malzemelerden olustugu, ayrica odun unu oranmin artmasiyla kompozit malzemelerin
bozunma sicakliginin kismen arttig1 anlasilmistir.

Anahtar kelimeler: Atik plastik mobilya, kompozit malzeme, odun unu
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1 Introduction

Wooden material is a valuable material used in the production of furniture that meets
many needs such as sitting, sleeping and resting with the transition of human beings to a
settled life. Materials such as wood-based composites, metals, glass and plastic are also
widely used in furniture production with the increase in consumption after the Industrial
Revolution. Almost all of these materials can be reused. In particular, plastic materials are
among the materials that can be recycled and reused. In recent years, total furniture
production around the world has increased. One of the important reasons for this is that
consumers' furniture renewal times have decreased compared to the past. This has led to an
increase in the amount of waste furniture. Today, different methods such as recycling, reuse
and incineration are used to eliminate solid wastes.

In furniture production, solid wood, wood-based composite materials, metals, glass,
marble, textile products and plastic materials have been widely used from the past to present
(Bal and Kilavuz 2015). Metal, glass and plastic are materials that can be recycled and reused
among these materials. Plastic material is easier to recycle than other waste materials among
these materials and is one of the most collected materials for recycling among solid waste.

Recycled plastic materials are used in different areas. In particular, wood plastic
composite (WPC) materials are widely used today as flooring, benches, picnic tables and
building exterior cladding (Stark and Matuana 2004; Smith and Wolcott 2006; Klyosov
2007). Scientific studies are carried out on recycled plastic materials. For example,
Mengeloglu and Karakus (2008) investigated the mechanical properties of recycled high
density polyethylene (rHDPE) composites obtained from wastewater pipes filled with
eucalyptus wood flour in their study. Miyahara et al., (2018) studied the preparation and
characterization of composite materials using plastic waste from hydrapulper from paper
industries extruded with sugar cane fiber residues. Ozkaya et al., (2021) determined the usage
possibilities of powder rubbers obtained from waste car tires in the production of laminated
veneer lumber (LVL) boards. Hukala et al., (2022) prepared and characterized the wood
polymer composites consisting of used polypropylene (PP) bottles and saw dust. Bekhta et al.,
(2017) manufactured and determined the properties of veneer overlaid flat pressed wood
plastic composite panels from recycled low density polyethylene (rLDPE), wood particles and
different kinds of veneer using various adhesives. Lyutty et al., (2018) experimented the
possibility of manufacture and properties of the lightweight flat pressed WPC using rLDPE,
expanded polystyrene and wood particles. Rahman et al., (2018) determined the physical,
mechanical and decay resistance of wood plastic composites produced from drinking water
bottles (PET bottles). Bal (2022a) produced and tested composite boards using recycled
polyethylene mixed with the used Tetra Pak® boxes and pine wood flour as fillers. Bal
(2023a) determined some properties of wood plastic composite materials produced with
recycled polyethylene, pine wood flour and glass flour.

As can be seen in previous studies, WPC material was produced from recycled plastic
materials and its technological properties were investigated. One of the important differences
between recycled plastic materials and pure plastic materials is the fillers and additives added
during the production stage. Due to these substances, the properties of the plastic change. In
this study, waste old plastic chairs and wood flour were mixed and a composite material was
obtained. However, during the production of plastic chairs, calcite, talc, stabilizer, pigment
etc. are added to the polymer material as a filler and its properties are changed. Therefore, it is
not possible to obtain a pure polymer by recycling it. It should be taken into consideration that
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calcite, talc, etc. fillers have a significant impact on the quality of products produced from
recycled waste polymers.

The aim of this study is to bring plastic chair waste into the economy by investigating
the potential of using plastic chair waste, which has completed its service life after long-term
use, in thermoplastic composite production. For this purpose, WPCs were produced by
mixing wood flour and waste plastic, and then some physical and mechanical properties of
WPCs were investigated.

2  Material and Method
2.1 Material

In this study, old and waste plastic chairs obtained from garbage were used as the
polymer matrix. According to the differential scanning calorimeter (DSC) analysis performed
in this study, it was understood that the polymer matrix contained polypropylene (PP) and
linear low density polyethylene (LLDPE). Pine (Pinus nigra) wood saw dust was obtained
from a timber workshop in Kahramanmaras city. Saw dust was sifted and 60 mesh size was
used as filler. No other additives or fillers are added to the mixture. The compositions of the
composites are given in Table 1. A control group and 3 experimental groups were created.

Table 1. Composition of the composites (wt%)

Control group Experimental groups
Content (%) Group 1 Group 2 Group 3 Group 4
Waste plastic 100 85 70 55
Wood flour 0 15 30 45

Waste chairs were cut into small pieces (Fig 1-A) and mixed with the wood flour filler
(Fig 1-B). Then, the blend was mixed with a single screw extruder at temperatures of 150,
165 and 175 °C. The mixture was taken as a thread from a 3 mm diameter nozzle at the exit of
the extruder and left to cool on a table (Fig 1-C). Then, this material was crushed and small
pellets were obtained (Fig 1-D). In order to obtain a homogeneous mixture, the material was
processed twice in the extruder. Then, these pellets were passed through the extruder again,
cooled on the table again and broken again to obtain small pellets in Fig. 1. These pellets were
placed in a metal mold and transferred between an electrical-heated hot press at a temperature
of 180 °C. Non-stick baking paper was used to prevent sticking. The pellets were heated and
melted over a period of 12 min. At the end of this duration, the melted composites were
removed from the hot press with the metal mold and immediately placed in a cold press. A
total of 2.5 kg/cm?® of pressure was applied in the cold press for 5 min.

Figure 1. Waste plastic chair piece (A), Wood flour (B), The compound after extruder
process (C), Pellets (D)
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After pressing, the composite board was taken from the metal mold and thus a
composite board was obtained with the dimension of 3.5%175%175 mm
(thicknessxwidthxlength). Four composite boards were produced for each group. A total of 16
boards were produced for this present study (Fig. 2-A). Test samples were prepared from
these boards. Four test samples were cut from each board for each test. Sixteen test specimens
were prepared for each test. Test samples were cut using a laboratory band saw. The shapes of
each test sample prepared for the tensile test (Fig. 2-B) were shaped with a CNC router.
Flexural test samples were cut using a laboratory band saw in the dimensions of 3.5x20x90
mm (thicknessxwidthxlength).

Figure 2. Composite boards (A), Tensile test samples (B), Flexural test samples (C)
2.2 Method
2.2.1 Mechanical properties

Flexural tests were performed according to ASTM D790-15 (2016). Flexural tests were
conducted using a three-point bending test procedure on a universal testing machine (UTM)
(Fig 3). The span length was 56 mm. The support span-to-depth ratio was 16:1. The preload
was 5 N and the test speed was 2 mm/min. The test was ended when the load decreased to
80% of the maximum load or test samples were broken. The amount of deformation at the end
of the test is called deformation in break or deformation in bending. This value shows the
deformation ability of the material against bending.

Figure 3. Testing device (UTM) for flexural and tensile tests

Tensile tests were conducted according to ASTM D638-22 (2022) on dog-bone-shaped
test samples (Type-I) as described in ASTM D638-22 (2022). The distance between grips was
115 mm and the preload was 50 N. The test was ended when the test sample broke or the load
decreased to 80% of the maximum load. At the end of the test, the elongation was noted as the
elongation at break.
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Hardness tests were performed according to ASTM D2240-15 (2021) on a Shore D test
device. The density of the test samples was determined according to ASTM 790 (2020) by
dividing the weight of the test sample by its volume in water.

2.2.2 Thermal properties

Thermogravimetric analysis (TGA) was performed using a Shimadzu TGA-50 in
flowing nitrogen gas at a heating rate of 10 °C/min. The examined temperature range was
between 40 °C and 600 °C. The weights of all samples were approximately 10 mg.
Differential scanning calorimetry (DSC) was performed using a Shimadzu DSC-60
differential scanning calorimeter in flowing nitrogen gas at a heating rate of 10 °C/min. The
scanned temperature range was between 30 °C and 200 °C. The weights of all samples were
approximately 10 mg.

3 Results and Discussion

The results of density obtained from tests are given in Table 2. When the data given in
the table is examined, it can be seen that the smallest density value was determined in the
control group (983 kg/m’) and the largest density value was determined in group 4 (1070
kg/m?). The density value of the composite material also increased as the amount of filler
increased compared to the control group. Differences between groups are statistically
significant. Similar results were found in previous studies (Matuana and Stark 2015;
Mengeloglu et al., 2015; Cavus 2020; Bal 2022a-b).

Table 2. Density values, ANOVA p values and Duncan test results of composite groups

Density

(kg/m?) Group 1 Group 2 Group 3 Group 4 p values
X 983A 10028 1045C 1070D n <0.001
ss 8.6 12.4 6.7 10.5

Flexural test result values, ANOVA p values and Duncan test results were showed in
Table 3. As can be seen in the table, the highest flexural strength value was determined in the
control group and the smallest flexural strength value was determined in group 4. Differences
between groups are statistically significant (p<0.001). As the amount of filler in the composite
increased, the bending strength value decreased. Flexural strength is the ability of a composite
material to stay together when it is bending. Wood flour used as a filler negatively affects the
cohesion strength. In previous studies, it has been determined that bending strength decreases
as the amount of filler increases regardless of the polymer material used (Berger and Stark
1997; Mengeloglu and Karakus 2008; Ozmen et al., 2014; Matuana and Stark 2015;
Mengeloglu et al., 2015; Altuntas et al., 2017; Narlioglu et al., 2018a; Bal 2022a-b).

The flexural modulus of the composites was opposite to the flexural strength values.
The smallest flexural modulus value was obtained in the group 1 and the largest value in
group 4. As the amount of filler in the composite material increased, the flexural modulus also
increased. Differences between groups are statistically significant (p<0.001). Flexural
modulus indicates how well a composite material resists the bending deformation. Flexural
modulus of wood is higher than polymers. Therefore, flexural modulus of the composite
material increases as the wood filler increases. Similar results reported in previous studies
(Berger and Stark 1997; Mengeloglu and Karakus 2008; Mengeloglu et al., 2015; Altuntas et
al., 2017; Narlioglu et al., 2018b; Bal 2022a-b).
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Deformation at break values obtained from the flexural test was also given in Table 3.
The highest deformation at break value was determined from group 1 and the smallest values
were obtained from group 4. The differences between groups were significant (p<<0.001).
Deformation at break values shows the deformation ability of the composite material under
bending force. High deformation at break values shows that the material is ductile. In
contrast, low deformation at break values shows that the material is brittle. Accordingly,
group 1 test samples are more ductile compared to other groups. Similar results were reported
about deformation at break values by Fiore et al., (2014) and Bal (2022b).

Table 3. Flexural test data, ANOVA p values and Duncan test results

Property Group1l Group 2 Group 3 Group 4 p values
Flexural Strength X 44.0D 38.4C 33.3B 30.7A p <0.001
2
N/mm s 26 1.9 1.2 0.8
Flexural Modulus X 1487A 1674B 2118C 2298D p <0.001
N/mm?
ss 100 105 87 166
Deformation at break X 15.4C 9.9B 6.5A 5.2A p <0.001
mm ss 3.9 1.0 0.7 0.4

Table 4 shows the tensile strength, tensile modulus and elongation at break values as
well as the Duncan test results and ANOVA p values. Tensile strength values decreased as the
filler content in the composite material increased as seen in Table 4. The tensile strength of
the control group was 17.5 N/mm? and that of group 4 was 12.1 N/mm?. The differences
among groups (group 1, group 2 and group 3) were statistically different (p<0.001). The
effect of wood flour as a filler was negative on the tensile strength. Similar results were
obtained for elongation at break. On the contrary, the effect of wood flour was positive on the
tensile modulus. Tensile modulus increased as the filler content increased. The tensile
modulus of group 1 was 451 N/mm?* and tensile modulus of group 4 was 598 N/mm?’. The
differences between group 4 and other groups were significant. But, there is no difference
among group 1, 2 and 3. Similar results were obtained in previous studies on WPC materials
filled with wood flour (Mengeloglu and Karakus 2008; Atar et al. 2016; Cavus 2020; Bal
2022a-b).

Table 4.Tensile test data, ANOVA p values, Duncan test results

Property Group 1 Group 2 Group 3 Group 4 p values
Tensile Strength X 17.5C 15.3B 13.2A 12.1A p<0.001
N 2
o s 3.0 1.4 0.5 0.9
Tensile Modulus X 451A 455A 472A 598B p<0.001
N/mm?
SS 54 30 93 82
Elongation at break X 47C 4.5C 358 2. 6A n<(0.001
mm s 1.3 0.8 0.6 0.4

Shore D hardness test values, ANOVA p values and Duncan test results were given in
Table 5. When the table was analyzed, it can be seen that hardness increased with increasing
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wood flour content. There is a statistically significant (p<0.001) difference between the
control group and the experimental groups but the difference between group 3 and group 4 is
insignificant. Wood is a harder material than plastic. Therefore, the hardness of the composite

material increases as the amount of wood flour in the composite material increases (Cavus
and Mengeloglu 2017; Cavus 2020; Bal 2022; Bal 2023a-b; Narlioglu 2021).

Table 5. Hardness test data, ANOVA p values, Duncan test results

Hardness Group 1 Group 2 Group 3 Group 4 p values
X 72.82A 75.10B 76.13C 76.34C p <0.001
ss 1.00 0.56 0.74 0.78

DSC curves and DSC analysis result values of the composites are given in Figure 4 and
Table 6, respectively. According to Table 6 and Figure 4, it is understood that the waste
plastic furniture parts are produced from 2 polymer materials. When the melting and enthalpy
temperatures of the polymers are examined, it is understood that the material in the polymer is
polypropylene (PP) and linear low density polyethylene (LLDPE). When Figure 4 is
examined, it is understood that the material that melts at 159 °C is PP. Additionally, it was
determined that the material that melts at 121 °C is LLDP polymer (Li, 2019; Dikobe 2010;
Golebiewski 2007).

DsSC
mwW
20-
group_1
group_2
15 group_3
group_4

10-

—

-5
100

40 50 60 70 80 90 100 110 120 130 140 150 160 170
Temp [C]

Figure 4. DSC curves of composites

It is understood that the melting temperature of LLDPE increases up to 2 °C as the
amount of wood in the material increases. When Table 6 is examined, it is understood that the
crystallization temperature of LLDPE varies between 107.6-110.2 °C. It has been understood
that enthalpy values generally increase as the amount of wood in the composite increases. The
enthalpy regions of LLDPE and PP are intertwined in Figure 4. In a study, it was stated that
the enthalpies of polymers overlap each other in the DSC curve due to rapid cooling (Fonseca
1998). The DSC cooling curves of the groups are shown in Figure 4. The crystallinity degrees
of the polymers are very close to each other in the composites. Therefore, crystallinity levels
may be intertwined. The most likely reason for the formation of a single crystallization peak
is that the polymer mixture was cooled at a relatively high rate of 10 °C min™ (Dikobe ve
Luyt, 2010).
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Table 6. DSC analysis results of composites

LLDPE PP Meltin LLDPE PP LLDPE PP
Samoles Melting Tem :ral ¢ gr Crystallization Crystallization Crystallization Crystallization
pie Temperature el()° 0) u Temperature  Temperature Enthalpy Enthalpy

O CO O (J/g) (J/g)
Group 1 121.7 159.0 107.60 116.4 1.8 64.6
Group 2 122.7 159.5 110.2 115.5 1.41 51.8
Group 3 123.7 159.3 109.8 115.0 1.41 38.6
Group 4 123.7 159.4 108.2 115.7 1.35 40.4

TGA and derivative thermal gravimetric analysis (DTGA) curves of composites were
given in Figure 5. According to the TGA curves, it was understood that the degradation of
composite samples with added wood occurred in 3 regions. According to the TGA curve, it
was understood that wood first started to decompose at 235°C, PP at 370°C and LLDPE at
448°C. It was concluded that the lignocellulosic material was degraded in the first stage in the
TGA curve and the plastic material was degraded in the second and 3rd regions. Based on a
comparison with the control group, it appears that there are 2 different polymer materials
within the composite material. It has been observed that polymer material decomposes
between 350-500°C especially. Wood added to composites is thought to decompose in the
temperature range of 200 °C to 350°C. In a study, it was stated that the composites containing
PP, LLDPE and wood had two degradation stages. First, it was understood that the wood in
the composite had deteriorated. Depolymerization of lignocellulose occurred between 275°C
and 350°C (Dikobe and Luyt 2010). When group 1 is examined in the TGA curves, it is
understood that the amount of substance remaining at 600 °C is approximately 12%. It is
known that calcium carbonate is generally used as a filling material in the production of
plastic chairs (Xanthos 2005; Srivabut et al., 2021; Aliev et al., 2023). It can be said that an
inorganic substance was added to the production of the plastic chair used in this study.
Additionally, the amount of remaining matter also increased at 600 °C when wood was added
to the composites.

T(zA DrTGA
2% mg/min
4 0.50
100 TGA
90r
0.00
80T D7ea
70r
60- 1-050
50 ——— Group1 TGA
—— Group 1 DrTGA 1-1.00
40r Group_2 TGA
300 T Group_2 DrTGA
—— Group_3 TGA 150
20- — Group_3 DITGA 1
—— Group_4 TGA
10— Group_4 DrTGA
1-2.00
-0-

100 150 200 250 300 350 400 450 500 550 600
Temp [C]

Figure 5. TGA curves of composites.
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4 Conclusion

In this study, the composite material was successfully produced using waste plastic
furniture parts and wood flour, and, some properties of composite material were investigated.
According to the obtained data, the following results can be said;

e The density value of the composite material also increased as the amount of filler
increased compared to the control group. Differences between groups are statistically
significant.

e The flexural strength and deformation at break decreased as the amount of filler in the
composite material increased but flexural modulus increased.

e Tensile strength and elongation at break decreased with increasing wood flour but
tensile modulus increased.

e Significant increases in the hardness of the composites were observed as a result of
adding wood flour to the plastic matrix compared to the control group.

e According to the thermal analysis results, it was seen that the waste plastic furniture
parts consisted of two different polymers (LLDPE and PP).

e [t was observed that the thermal decomposition temperature of composite materials
increased partially due to the increase in the wood flour ratio in the composite.

e It has been observed that the strength values obtained in this study meet the minimum
strength values required for the usage areas of polyolefin-based plastic lumber products
specified in ASTM D 6662.

e The composite materials produced in this study can be used in some application areas
where high rigidity is required (e.g. flooring, automobile trims) in addition to
application areas that require low strength (e.g. exterior cladding, door-window frames).
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N-octadecane /bio-char composite: preparation, characterization and
energy storage properties
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Abstract

Biochar (BC) is a carbonized material rich in functional groups that has many different
uses such as soil reclamation, energy storage, anodic material in batteries and electromagnetic
emission capture in buildings. The n-octadecane (OD) is a favourable organic phase change
material (PCM) for thermal energy storage which can be applied in building energy storage
materials due to its proper phase change temperature. In this study, BC was impregnated with
the OD in the vacuum oven at 0.08 Mbar at 70 °C for 3h. The weight percentage gain was
found to be 50% after impregnation. Leakage of OD from BC after impregnation was
detected by leakage test. The physico-chemically characterize of thermally treated wood
samples were examined by Fourier Transform Infrared Spectroscopy (FT-IR). Thermal
degradation stability of the samples were analyzed by thermogravimetric analyses (TGA) and
diffential scanning calorimetry (DSC) analysis. According to results, no leakage was observed
after the leakage test in BC samples impregnated with OD. A significant amount of residue
was evident in the BC after it was infused with OD indicating that its decomposition
commenced only at markedly high temperatures according to TGA results. The FTIR
spectrum doesn't show any extra absorbance peaks. According to obtained results, BC/OD
exhibits favourable characteristics suitable for energy storage in buildings or similar
applications.

Keywords: Biochar, n-octadecane, phase change materials

N-oktadekan / biyokdmur kompoziti: hazirlanmasi, karakterizasyonu ve
enerji depolama ozellikleri

Oz

Biyokdmir (BC) toprak islahi, enerji depolama, pillerde anodik malzeme olarak,
binalarda elektromanyetik emisyon yakalama gibi bir¢ok farkli kullanima sahip, fonksiyonel
gruplar agisindan zengin, karbonize bir malzemedir. N-oktadekan (OD), uygun faz degisim
sicakligi nedeniyle bina enerji depolama malzemelerinde uygulanabilen, termal enerji
depolamasi i¢in uygun bir organik faz degisim malzemesidir. Bu c¢alismada BC, OD ile
vakumlu firinda 0,08 Mbar'da 70 °C'de 3 saat silireyle emprenye edildi. Emprenye sonrasi
agirlik artist %50 olarak bulunmustur. Biyokdmiirden n-oktadekan sizintisi, sizinti testiyle
tespit edildi. Isil islem gormiis ahsap numunelerinin fiziko-Kimyasal olarak karakterizasyonu
fourier transform kizilétesi spektroskopisi (FT-IR) ile incelenmistir. Numunelerin termal
bozunma stabilitesi, termogravimetrik analizler (TG) ve diferansiyel taramali kalorimetri
(DSC) ile analiz edildi. Sonuglara gére OD emdirilmis BC numunelerinde sizdirmazlik testi
sonrasinda herhangi bir sizint1 gézlenmemistir. Elde edilen sonuclara gére BC/OD, binalarda
veya benzeri uygulamalarda enerji depolamaya uygun olumlu 6zellikler géstermektedir.

Anahtar kelimeler: Odun kdmird, n-oktadekan, faz degistiren maddeler
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1 Introduction

The increased demand for energy-saving materials has arisen in response to the
worldwide energy crisis (Dincer and Ezan 2018). Therefore, several types of materials have
been researched that can contribute to energy conservation. First, aerogels, lightweight and
porous, boast exceptional insulation properties and find applications in building insulation and
windows (Wakel and Nasir 2023; Yue et al. 2022). Second, PCMs undergo phase transitions
to absorb and release heat energy, regulating building temperatures and enhancing solar panel
efficiency (Fan et al. 2023; Gencel et al. 2022; Sharaf and Huzayyin 2022). Third,
thermoelectric materials convert heat into electricity recovering waste heat from industrial
processes (Hasan et al. 2020). Fourth, smart windows adjust transparency and reflectivity to
control sunlight influencing building temperature (Oh et al. 2021). Lastly, nanomaterials
enhance the efficiency of solar cells, batteries and fuel cells. Among these, PCMs stand out as
particularly promising for building applications (Cunha and Aguiar 2020; Wen et al. 2022;
Ustaoglu et al. 2021)

Thermal energy storage (TES) is regarded as an innovative method for storing energy
by utilizing latent heat PCM. These materials are thoroughly studied for potential use in
textiles (Sarier and Onder 2007) and electronics to provide thermal protection for
microelectronics (Tan and Tso. 2004). The primary benefit of employing these materials in
buildings is their ability to align energy supply and demand, leading to a reduction in energy
costs. TES materials that are based on PCM are favoured over sensible heat storage and
thermochemical heat storage technologies due to their high heat storage density, smaller
temperature fluctuations and nearly isothermal phase change processes (Zalba et al. 2003).

Over the last few decades, researchers have explored different PCMs like paraffin
waxes (such as n-octadecane and n-hexadecane), fatty acids, salt hydrates and combinations
thereof aiming to create effective latent heat TES materials suitable for diverse applications.
Paraffin waxes are particularly favoured for incorporation into building materials with their
inherent benefits (Zalba et al. 2003; Yuan et al. 2014; Farid et al. 2004). Nevertheless, the
utilization of these materials in construction has been restricted primarily due to two key
issues: low thermal conductivity and the occurrence of liquid leakage during their phase
change processes.

Solid-liquid PCMs are broadly categorized into paraffins, hydrated salts, fatty acids,
fatty alcohols, organic esters and certain polymers (Liang et al. 2018; Can, 2023). The
predominant challenges encountered in their practical implementation are the leakage of
molten PCM and low thermal conductivity (Ma et al. 2019; Demirel 2023; Amini et al. 2023).
Despite considerable efforts to address these issues, it remains a formidable task to create
PCMs with the desired operating temperature, high latent heat storage (LHS) capacity,
relatively elevated thermal conductivity, excellent cycling thermal and chemical stability and
cost-effectiveness (Cheng et al. 2017). One of the most favored approaches for effectively
addressing these challenges involves integrating PCMs with porous, lightweight and
economical carrier materials (Jeon et al. 2019; Sari et al. 2020; Can and Zigon 2022).

The thermal conductivity of many form-stable composite PCMs is poor in thermal
conductivity property leading to the incorporation of carbon-based fillers with enhanced
thermal conductivity such as graphene, graphene oxide, carbon nanotubes and carbon
nanofibers (Atinafu et al. 2020). Despite this improvement, their widespread use in TES
systems is hindered by significant drawbacks like high cost and issues related to
agglomeration.
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Biochars derived from bio-waste are viable options to substitute the carbon fillers
mentioned earlier as they can be produced in a more cost-effective and environmentally
friendly manner (Khadiran et al., 2015a; Hekimoglu et al., 2021). Consequently, they are
employed to address leakage challenges and improve the thermal conductivity of PCMs due
to their favourable surface textural properties (Gu et al., 2019; Hussein et al., 2015;
Hekimoglu et al., 2023).

PCMs are favoured for solar passive TES applications in a solid-liquid state.
Nevertheless, their TES potential is significantly limited by low thermal conductivity and the
challenge of molten PCM leakage. In this study, environmentally friendly, abundant and
cheap BC was used to prevent the leakage problem, and the use of OD as a PCM was
examined.

2. Material ve Method
2.1 Material

The OD was purchased from Sigma-Aldrich Company. It was used as the PCM for
TES. The chemical formula of OD is C1gHss; assay >99.0; density 0.78 g/cm?. It is within the
alkane group and has a melting temperature of 28 °C. BC (density: 0.30-0.41 g/cm?; purity:
95%; particle size < 100 nm) was purchased from Nanografi Company (Turkey).

2.2 Method
2.2.1 Impregnation process

BC was dried in an oven at 100 “C for 7 h to remove moisture. The OD was melted by
heating at 70 °C which was higher than its melting temperature. OD/BC was prepared 50%
(w/w). BC was impregnated with the OD in the vacuum oven at 0.08 Mbar at 70 °C for 3h.
The mixtures were mixed every 1 h to ensure homogeneous mixing. The wight percantege
gain (WPG) of the BC was found to be approximately 50% after impregnation.

2.2.2 Leakage test

This test is referenced from some previous articles (Hekimoglu et al., 2023; Amini et
al., 2023). Filter paper Whatman No:2 was used for the PCM leakage test. The OD/BC was
placed on the filter paper and then it was placed in an oven at 50 °C for 30 min. The leakage
was determined visually by seeing the leak of OD on the filter paper.

2.2.3 Fourier-transform infrared,  diffential  scanning  calorimetry  and
thermogravimetric analyses

FTIR analyses were employed to determine the chemical structures of the components
and the physicochemical interactions among them (Perkin Elmer Frontier Model, the USA).
The spectrums were recorded with 4 cm™ resolution between 4000 and 500 cm'™.

DSC was employed for determining the melting and solidification enthalpy values with
phase change temperatures of the OD/BC. DSC was conducted at a heating/cooling rate of
3°C/min under nitrogen atmosphere in Hitachi DSC 7020 model DSC instrument. These
measurements were repeated for three times and the mean deviation value was determined as
+0.13°C and * 1.24 J/g for the melting and solidification temperatures and latent heat values
of the samples

A thermogravimetric analyzer (SDT Q600 TA Instrument) was used in determining the
thermal stability of the samples. The samples (5-10 mg) were put in platinum pan under
nitrogen at a heating rate of 10°C/min above a temperature range of 30°C to 600°C.
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3 Results and Discussion
3.1 Leakege test results

The leakage test for a PCM like OD in BC is an essential evaluation to ensure the
material’s suitability for practical applications particularly in thermal energy storage systems.
The test is designed to determine whether the PCM leaks out of its containment material when
it transitions from solid to liquid and vice versa. The image of BC/OD powders subjected to
leakage test is given in Figure 1.

Figure 1. The leakage test results of BC/OD

No leakage was observed after the leakage test in BC samples impregnated with OD. As
seen in the figure, no leakeage is observed in BC/OD powders with OD mass content of 50
wt%. The WPG of the BC was found to be approximately 50% after impregnation. This
outcome suggests the effective penetration of OD into the porous structure of BC. Khadiran et
al (2015b) obtained similar results in their study and suggested that the porous network of BC
may offer extensive capillary and adsorption properties that effectively prevent the leakage of
molten OD. The leaching test results aligned well with the findings from the DSC analysis.
When the amount of leakage is minimal, DSC results will show stable thermal properties. In
our study, DSC results of BC/OD showed more stable thermal properties. A composite
featuring a greater loading of OD would be more advantageous for applications involving
TES materials. In their study, the leakage test results agreed well with the findings from the
DSC analysis. They stated that a composite containing higher OD loading would be more
advantageous for applications involving thermal energy storage materials.

The absence of leakage may be due to the sorption and diffusion mechanisms of OD
into the BC. The surface area and pore volume of BC can facilitate the diffusion of OD into
its internal structure, thus it can reduce the risk of leakage. Moreover, the thermal
conductivity and heat capacity of BC could play a role in distributing the thermal energy
evenly preventing localized melting that could lead to leakage.
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3.2. FTIR results
The FTIR spectra of OD/Biochar are shown in Figure 2.

BC/OD

W e ]
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Figure 2. The FTIR spectra of the BC/OD, OD and BC

The peaks at 2956 and 2853 cm ™ represent the stretching bands of C—H in OD which
are indicative of the long hydrocarbon chains present in OD. These peaks are present in both
the OD and BC/OD samples but are absent in the BC sample, which is expected, since BC is
primarily composed of aromatic carbon structures and does not contain long aliphatic chains.

The peaks at 1465 cm™ and 1472 cm can be attributed to the bending vibrations of C-
H bonds in both the OD and BC/OD samples. The similarity of the peaks in this region for
OD and BC/OD suggests that the octodecane in the composite retains its chemical identity
without significant alteration.

The BC spectrum does not show significant peaks in the region typical for aliphatic C-H
stretches suggesting that the material is composed mainly of aromatic or graphitic carbon
structures. However, the lack of well-defined peaks in the aromatic C=C stretch region
(around 1500-1600 cm™) could indicate that the structure of the BC is highly amorphous or
that the aromatic domains are small.

The BC/OD spectrum combines features from both OD and BC, with the aliphatic C-H
stretch peaks indicative of octodecane and the lack of distinct aromatic peaks indicative of the
BC component. The presence of both sets of peaks suggests that the composite contains both
components without significant chemical interaction that would change the fundamental
vibrational modes of either component.

There are no new absorption bands evident in the FTIR spectrum. Consequently, the
combination of OD with BC occurred through a physical process rather than involving any
chemical reaction.

3.3 DSC results

The DSC thermograms for OD and BC/OD are shown in Figure 3. Thermal properties
of the OD and BC/OD, including entalpy and peak temperature for melting and solidifiying
processes are summarized in Table 1.
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Figure 3. DSC thermograms of OD and BC/OD

Table 1. DSC values of the OD and BC/OD

Melting Solidifiying
Tpeak ('C) AH (J/g) Tpeak ('C) AH (J/g)
oD 25.11 215.1 22.77 213.4
BC/OD 25.32 106.4 22.79 105.2

The melting temperature of pure octodecane is slightly lower (25.11 °C) compared to
the biochar/octodecane composite (25.32 °C). The increase in melting temperature for the
composite suggests that the presence of BC may influence the thermal stability of octodecane,
possibly due to interactions at the interface between biochar and octodecane or due to a
change in the crystalline structure when BC is added.

The enthalpy change (AH) for melting is significantly higher for pure octodecane (215.1
J/g) than for the composite (106.4 J/g). This substantial decrease in AH for the BC/OD
composite indicates that less energy is required for the phase transition which may be due to
the BC disrupting the crystalline lattice of the octodecane leading to a lower latent heat of
fusion.

The solidifying temperatures of OD and BC/OD are very close (22.77 °C for OD and
22.79 °C for BC/OD) it suggests that BC has a minimal effect on the initiation of
solidification. However, the AH is also about half for solidification for the composite similar
to the melting behaviour (105.2 J/g for BC/OD) compared to pure octodecane (213.4 J/g for

OD) which further supports the notion that the composite requires less energy for the phase
change.

Hekimoglu et al. studied active carbon/expanded graphite hybrid for the development of
nanodecane-based composite. Pure nanodecane demonstrates its solid-to-solid transition peak
at 23.36 °C during the heating cycle with an enthalpy change of 36.12 J/g and at 17.73 °C
during the cooling cycle with an enthalpy change of 35.93 J/g.
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Lee et al., (2017) investigated the thermal enhancement of n-octadecane/porous nano
carbon-based materials (OPNCs) utilizing a three-step filtered vacuum impregnation
technique. They employed n-octadecane as the phase change material (PCMs) alongside a
variety of carbon-based supports such as C-300, C-500, Activated Carbon (AC), Expanded
Graphite (EG) and Exfoliated Graphite Nanoplatelets (xGnP) that are all derived from
identical raw materials. Differential Scanning Calorimetry (DSC) analysis was conducted
which measured the latent heat capacities of OPNCs ranging between 220 J/g and 393 J/g to
assess the thermal efficiency of OPNCs.

3.4 TGA results

The weight loss as a function of time and temperature was measured in the TGA as
shown in Figure 4. Table 2 lists the temperatures ,at which weight losses (at 10, 20, 30, 40,
45%) were produced, and the amount of residue.

------ OD- - - -BC/OD——BC

100 ==/
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100 200 300 400 500 600 700 800
Temperature (°C)

Figure 4. TGA curves of the OD, BC/OD and OD

TGA graph for OD, BC and a BC/OD provides valuable data on the thermal stability
and decomposition characteristics of these materials.

OD exhibits a single-stage weight loss which is typical for pure hydrocarbons. This
weight loss corresponds to the melting and subsequent vaporization of the octodecane as the
temperature increases and it leaves no residue indicating complete volatilization.

Table 2. TGA data of the OD, BC/OD and OD

TG/°C
10% 20% 30% 40% 45% Residue (%)
BC 698.68 742.52 776.25 - - 63.92
BC/OD 179.61 198.07 210.41 559.07 725.34 51.79

BC/OD shows a multi-stage weight loss. The initial weight loss up to about 200°C can
be attributed to the loss of octodecane. The fact that the BC/OD curve follows the OD curve
initially suggests that the presence of BC does not significantly affect the initial thermal
decomposition of octodecane. However, beyond this point, the curve deviates, and the weight
loss proceeds at a slower rate compared to pure octodecane suggesting that the BC has a
stabilizing effect on the remaining octodecane in the composite or that the BC itself is
decomposing at a slower rate.
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The BC curve shows that BC is thermally stable over a wide temperature range and
begins to decompose significantly only at high temperatures. This is consistent with the nature
of BC which is a carbon-rich material and generally exhibits high thermal stability.

In terms of residue percentage, biochar leaves a substantial amount of residue (63.92%)
which is characteristic of carbonaceous materials that do not completely decompose until very
high temperatures. The BC/OD composite leaves a smaller percentage of residue (51.79%)
compared to pure BC which suggests that a portion of the BC has been consumed or
transformed during the thermal process potentially due to interactions with the octodecane.

Khadiran et al. (2015b) studied on the preparation of a shape-stabilized n-
octadecane/AC nanocomposite, intended for thermal energy storage (TES) in building
applications, employing a singular impregnation technique. The TES materials devised during
this research were examined using a variety of methods including FTIR, RAMAN, DSC,
FESEM, nitrogen adsorption-desorption and leaching tests. Thermograms from TGA/DTG of
the unaltered n-octadecane showed a single degradation phase from 125.0 °C to 174.3 °C
attributed to the vaporization of n-octadecane. Conversely, the AC sample exhibited no signs
of decomposition so it suggests that the AC, selected for this study, possesses thermal stability
and is suitable as a structural support material.

Chen et al. (2012) utilized activated carbon (AC) to fabricate shape-stabilized
composites of lauric acid and AC. Findings showed that lauric acid readily infiltrated the
porous structure of the AC resulting in improved thermal conductivity within the composites.

4 Conclusion

As a result of this study, the following outputs were obtained.

e Weight percentage gain was found to be 50% as a result of the impregnation of BC
with OD as a PCM by vacuum process.

¢ No leakage was observed in BC/OD which was subjected to leakage testing at 50 °C
for 3 hours. This shows that OD is effectively retained in the porous BC.

¢ No additional absorbance peaks are present in the FTIR spectrum so it indicates that
the integration of OD into BC was achieved via a physical method rather than
through chemical interactions.

¢ Regarding the residue percentage, BC retains a considerable portion of its amount of
residue, a trait typical of carbon-based substances that fully decompose at extremely
elevated temperatures. As a result, a notable residue was observed in the BC that had
been combined with OD which only began to break down at significantly high
temperatures.

e BC/OD provide promising property for use in energy storage applications in
buildings or other similar applications. BC/OD appears to be highly appropriate for
thermal energy storage objectives by taking into account the entire range of DSC
data.
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Investigation of the usability of laurel waste in thermoplastic composite
production
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Abstract

In this study, the usability of laurel waste in thermoplastic composite production was
investigated. After the laurel branch waste and leaf waste were ground and sieved, they were
added to high-density polyethylene (HDPE) at a rate of 0-10-20-40% by weight and mixed in
an extruder. Then, boards with dimensions of 250x250x3 mm were produced from the
mixtures according to the hot press molding technique. As a result of adding branch and leaf
flour to neat HDPE, tensile strength decreased. The tensile strength was determined as 22.28
MPa in the HDPE board and 8.6 MPa in the 40% leaf flour added board. As a result of adding
branch and leaf flour to neat HDPE, bending strength first increased and then decreased. The
highest flexural strength was determined as 30.3 MPa with 10% leaf flour additive, and the
lowest bending strength was determined as 21.68 MPa with 40% leaf flour additive.
According to Shore D test results, branch flour and leaf flour increased the hardness of neat
HDPE. According to the thermal analysis results, it was seen that the effect of branch flour
and leaf flour on the thermal properties of HDPE was limited. In addition, scanning electron
microscope (SEM) images showed that HDPE and branch flour mixed better.

Keywords: Laurel, Branch and leaf waste, Thermoplastic composite, Mechanical properties

Defne atiklarinin termoplastik kompozit iiretiminde kullanilabilirliginin

arastirilmasi

Oz

Bu calismada, defne atiklarmin termoplastik kompozit tiretiminde kullanilabilirligi
aragtirtlmistir. Defne dal atig1 ve yaprak atig1 6giitiiliip elendikten sonra, agirlik¢a %0-10-20-
40 oraninda yiiksek yogunluklu polietilen’e (YYPE) eklenerek ekstruderde karistirildi. Daha
sonra, karigimlardan sicak pres kaliplama teknigine gore 250x250x3 mm ebatlarinda levhalar
uretildi. Saf YYPE’ye dal ve yaprak unu eklenmesi sonucunda ¢cekme direnci azaldi. Cekme
direnci YYPE levhada 22,28 MPa, %40 yaprak unu katkili levhada 8,6 MPa olarak belirlendi.
Saf YYPE’ye dal ve yaprak ununun eklenmesi sonucunda egilme direngleri 6nce artti, sonra
azaldi. En yuksek egilme direnci %10 yaprak unu katkilist ile 30.3 MPa, en diisiik egilme
direnci %40 yaprak unu katkilis1 ile 21.68 MPa olarak belirlendi. Shore D testi sonuglarina
gore dal unu ve yaprak unu saf YYPE’nin sertligini arttirdi. Termal analiz sonuglarina goére
dal unu ve yaprak ununun YYPE’nin termal Ozelliklerine etkisinin smirli oldugu goriildi.
Ayrica taramali elektron mikroskobu (SEM) goruntileri YYPE ile dal ununun daha iyi
karistigini gosterdi.
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1 Introduction

Population growth and industrialization have increased the use of petroleum-based
plastics day by day, and plastic and its derivatives are used extensively in many areas such as
packaging, construction and automotive. The waste produced after the use of plastic and its
derivatives poses a threat to the environment and living health. The disadvantage of
petroleum-based plastics and their derivatives is that they take longer to decompose in nature
than natural polymers such as cellulose and starch. Polymers can be mixed with organic and
inorganic fillers to reduce plastic usage and improve material properties (Klyosov 2007;
Saxena et al. 2008; Kuan et al. 2021; Ramesh et al. 2022; Xu et al. 2022; Acharjee et al.
2023). Thermoplastics are the most used polymers in the production of composite materials.
Thermoplastic polymers are preferred because they can be processed at low temperatures to
prevent the degradation of lignocellulosic materials at high temperatures (Matuana and
Heiden 2004). Thermoplastic composites are materials obtained by mixing petroleum-based
polymers such as polyethylene, polypropylene and polyvinyl chloride with organic
(lignocellulosic, carbon, etc.) and inorganic (silica, talc, etc.) filler/reinforcement materials
and have different properties than other materials. Natural fibers used for filling or
reinforcement purposes are obtained from renewable resources and are cheaper than synthetic
fibers. It is known that these fibers provide good reinforcement ability to composites
(Jayaraman and Bhattacharyya 2004). Wood is a material with excellent properties for many
applications because it is abundant in nature, a renewable resource, and a low-cost material.
(Hosseinihashemi and Arwinfar 2023). Different wood flour, annual plants and some minerals
are used as fillers in the production of wood plastic composite (WPC) (Bal 2023).

Several studies have been carried out to date on the production of composites by mixing
waste materials with thermoplastic polymers. Ozmen et al. (2014) aimed to potentially use
fiberboard wastes released during production in furniture factories instead of wood flour in
the production of WPC. Cetin et al. (2014) investigated the mechanical properties of the
composites that they produced by adding high-density polyethylene (HDPE) to Turkish pine
(Pinus brutia) bark waste. Altuntas et al. (2017) evaluated the strength properties of the
composites that they obtained from a mixture of Scots pine (Pinus sylvestris) wood flour and
HDPE. Narlioglu et al. (2018b) stated that polyvinylchloride (PVC) composites containing
black pine wood flour and medium-density fiberboard (MDF) powder can be used in
structural applications that require low mechanical properties such as wall cladding, exterior
cladding, and door-window frames. Bal (2023) examined the effects of filler on the properties
of composite materials produced by adding wood flour and glass flour to recycled low-density
polyethylene.

Laurel, whose leaves are used as spices and whose oil is used as soap, perfume and
body lotion, is also used as a food preservative thanks to its antifungal and antimicrobial
properties (Yilmaz and Ciftgi 2021). The waste remaining after processing the laurel is
generally disposed of by throwing it in the trash or burning it. Converting waste into high
value-added products instead of burning or throwing it away is an important issue in terms of
recycling and sustainability. Zakaria et al. (2022a) reported that Sentang (Azadirachta
excelsa) leaf, branch, and stem waste improved the mechanical properties of high-density
polyethylene (HDPE). In this study, it was aimed to evaluate laurel wastes in thermoplastic
composite production. For this purpose, composites were produced by mixing laurel branch
and leaf wastes with HDPE and the mechanical, thermal and morphological properties of the
produced materials were determined.
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2 Materials and Methods
2.1 Materials

Laurel wastes were provided from laurel processing factories in Hatay province, and
high density polyethylene (HDPE) was provided from Petkim co. izmir, Turkey.

2.2 Methods
2.2.1 Preparing composites

The mixed laurel wastes were classified as branches and leaves and then, ground in a
laboratory type grinder. The ground branch flour and leaf flour were screened by a vibrating
sieve. The flour with particle sizes between 60-80 mesh was dried at 1032 °C. The branch
flour and leaf flour 0-10-20-40% by weight was added to the neat HDPE and mixed by a
twin-screw extruder set at the barrel temperature between 60-90-120-140-150-160-170-175
°C. The mixtures were compressed in a 250x250x3 mm mold at 9 tons of pressure and 180
°C for 15 minutes by a hydraulic press. Composite boards were obtained from the pellets
according to the ASTM D4703. The boards were climatized at 60+5% relative humidity and
22+3 °C for one week. The formulation of the samples is given in Table 1.

Table 1. Sample formulations

Sample Branch flour Leaf flour HDPE

(%) (%) (%)
Gl 0 0 100
G2 10 0 90
G3 20 0 80
G4 40 0 60
G5 0 10 90
G6 0 20 80
G7 0 40 60

2.2.2 Determination of mechanical properties

Tensile and flexural strength tests were performed according to ASTM D638 and
ASTM D790, respectively, using an electromechanical universal testing machine. Six
different samples were tested for each group in order to determine the tensile and bending
properties of the boards. Shore D hardness test was performed according to ASTM D2240 to
determine the hardness of the boards. Shore D tests were performed by measuring 5 different
points of 6 different samples.

2.2.3 Statistical analysis

The values of mechanical test results were examined with one-way analysis of
variance (ANOVA) using the SPSS Statistics 22.0 program and then subjected to the Duncan
test. According to the Duncan test results, statistical differences (at 0.001 significance level)
are shown in lowercase letters on the graphs where the mechanical test results are presented.

2.2.4 Determination of thermal properties

Thermo gravimetric analysis (TGA) and differential scanning calorimetry (DSC)
analysis were performed to determine the thermal properties of the boards. TGA analysis was
performed using the Shimadzu TGA-50 device set to 600 °C, and DSC analysis was
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performed using the Shimadzu DSC-60 device set to 300 °C. In thermal analysis, the heating
rate was set as 10 °C/min and the nitrogen gas flow rate was set as 50 mL/min.

2.2.5 Determination of morphological properties

The cross sections of the composites were imaged using scanning electron microscopy
(SEM) to examine the filler distribution in the polymer matrix and the physical relationship
between the polymer matrix and the filler. The cross sections were gold coated under a high
vacuum with a special device (Q150R Plus) before images were taken from the SEM device
(ZEISS Sigma 300 VP).

3 Results and Discussions
3.1 Mechanical properties of samples

The tensile strengths of the test samples are shown in Figure 1. The tensile strength of
the HDPE board was measured as 22.28 MPa. The tensile strength (21.12 MPa) was
determined in the boards with 10% branch flour added (G1). The lowest tensile strength value
(8.6 MPa) was determined in boards containing 40% leaf flour. The tensile strength of boards
containing branch flour is higher than that of boards containing the same amount of leaf flour
by weight, and this is attributed to the fact that the branch has a more fibrous structure than
the leaf. When the results were analyzed statistically, it was seen that there was no statistically
significant difference between the tensile strength value of the HDPE board and the tensile
strength values of the composites containing 10% branch flour and 10% leaf flour. There was
no statistical difference observed between the tensile strengths of samples with 40% branch
flour and 20% leaf flour. In addition, the sample containing 20% branch flour and 40% leaf
flour showed statistically different results from the other samples. In a study, it has been
reported that the values of tensile strength decrease with the addition of filler in low-density
polyethylene composites with wood flour and glass flour additives (Bal 2023). In another
study, it was observed that the tensile strength decreased when medium-density fiberboard
(MDF) flour was added to the polymer matrix (Ozmen et al. 2014).

I ] I
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I'ensile Strength (MPa)
g

Gl G2 G3 G4 G5 G G7
Samples

Figure 1. Tensile strengths of the samples

The modulus of elasticity of the samples is given in Figure 2. The highest tensile
modulus (1599 MPa) was determined in boards containing 10% branch flour (G1). Also, the
tensile modulus of samples (G5) containing 10% leaf flour was determined as 987 MPa. The
lowest tensile modulus (701 MPa) was determined in the samples containing 40% leaf flour.
According to the statistical analysis results, there is no significant difference between the

259



Narlioglu and Sever, Furniture and Wooden Material Research Journal, 6 (2), 256-266

other samples except the composite sample containing 10% branch flour. It has been stated
that increasing the fiber ratio in composites produced by mixing rice straw components (rice
husk, rice straw leaf, rice straw stalk and whole rice straw) and wood fiber with HDPE leads
to a decrease in tensile strength and an increase in modulus (Yao et al. 2008). In this study,
exhibiting different tensile strength properties depending on the sample type was attributed to
the modulus of the fillers.

Tensile Modulus (MPa)

Samples
Figure 2. Tensile modulus of the samples

The flexural strength of HDPE board (G1), branch flour and leaf flour-added
composites (G1-G7) are shown in Figure 3. The bending strength of the HDPE board was
determined as 28.37 MPa. The flexural strengths of the samples (G2-G3-G4) containing 10-
20-40% branch flour by weight were determined as 30.26 MPa, 29.42 MPa and 27.66 MPa,
respectively. The highest flexural strength was determined as 30.3 MPa in the sample
containing 10% leaf flour. The lowest flexural strength was determined as 21.68 MPa in the
sample containing 40% leaf flour. It was seen that there was no statistically significant
difference between the flexural strength of the HDPE board and the other composites except
for 20-40% leaf flour-added composites. The changes in the strength of boards containing
filler at the same weight ratio are attributed to the different chemical compositions of the filler
(holocellulose, lignin and extractives). Lignocellulosic materials provide stress point
concentrations in composites. In contrast, extractives weaken the bond with lignocellulosic
fibers (Ashori and Nourbakhsh, 2010). Mu et al. (2021) reported in their study that adding
agricultural waste fibers to HDPE increased the bending strength.
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Figure 3. Flexural strengths of the samples
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Figure 4 shows the flexural modulus of the samples. The flexural modulus of the HDPE
board was determined as 430 MPa. The highest flexural modulus was determined as 614 MPa
in the sample containing 10% branch flour. The lowest flexural modulus was determined as
382 MPa in the 40% leaf flour added sample. It has been observed that adding branch flour to
the neat HDPE improves the flexural modulus compared to adding leaf flour. It was seen that
there was no statistically significant difference between the 20% leaf flour added sample and
the HDPE board. Also, it was observed that the samples containing 20% and 40% branch
flour and the 10% leaf flour added sample were statistically similar. Bal (2022) reported that
the flexural strength and modulus of elasticity increased when adding pine sawdust to linear
low-density polyethylene (LLDPE). In a study, it was stated that adding black pine (Pinus
nigra) sawdust into the polymer matrix improved the bending strength properties (Narlioglu
et al. 2018a). Another study reported that Turkish pine (Pinus brutia) bark flour significantly
improved the flexural strength properties of HDPE composites (Cetin et al. 2014).
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Figure 4. Flexural modulus of the samples

The Shore D hardness of the samples is given in Figure 5. The hardness of the HDPE
without fillers was measured as 60.96. It has been observed that adding branch flour and leaf
flour to the neat HDPE increases the hardness of the samples. The highest Shore D hardness
value was determined as 63.18 in the sample containing 40% branch flour. The Shore D
hardness value of the sample containing 40% leaf flour was determined as 62.28. It was seen
that there was no statistical difference between the Shore D hardness of the HDPE board and
the 20% leaf flour added board. Also, Shore D hardness of samples containing 20% branch
flour, 10% and 40% leaf flour was found to be statistically similar. In addition, it was
observed that there was no statistical difference between the hardness of boards containing
10% and 40% branch flour. In a study, the addition of wood flour and glass flour into low-
density polyethylene (LDPE) increased the hardness of the composites (Bal 2023). Narlioglu
(2021) reported that wood sanding dust waste increased the hardness of HDPE in a study
evaluating hornbeam wood sanding dust waste in thermoplastic composite production.

b ab b ab ; ab

Samples

Figure 5. Shore D hardness of the samples
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3.2 Morphological properties of samples

SEM images of the cross section of samples containing branch flour (G2-G3-G4) and
leaf flour (G5-G6-G7) are given in Figure 6. In the cross sectional images of the branch flour
added composites, it is seen that the branch flour filling and the HDPE are well mixed with
each other and there are polymer extensions in the cross section. In addition, there are fewer
gaps in the cross sectional images of composites containing branch flour than those
containing leaf flour. Since the leaf surfaces (areas circled) seen in the cross section of leaf
flour added composites are smoother, the polymer matrix adheres poorly to these surfaces.

Figure 6. SEM images of samples (G2: 10% branch flour added sample, G3: 20% branch flour added
sample, G4: 40% branch flour added sample, G5: 10% leaf flour added sample, G6: 20% leaf flour
added sample, G7: 40% leaf flour added sample)

It can be seen that there are gaps in the cross section images (G5-G6-G7) of leaf flour
added composites. It is thought that the lower mechanical properties of composites containing
leaf flour compared to those containing branch flour are due to the low interfacial bond with
the polymer matrix due to the leathery structure of the leaf surface. When SEM images are
examined, it is seen that the cross sectional structure of the composites supports the
mechanical test results.

3.3 Thermal properties of samples

TGA curves of neat HDPE, branch flour and leaf flour added HDPE composites are
given in Figure 7. As can be seen from the TGA curves, the degradation curve of neat HDPE
is single-stage. The average decomposition temperature of neat HDPE is at 487 °C, and the
decomposition started at 472 °C and continued until 502 °C. The degradation of branch flour
and leaf flour filled composites occurred in two stages. The 1st stage decomposition
temperatures of branch flour added samples were determined as 337 °C, 342 °C and 331 °C
for G2, G3 and G4 samples, respectively. Altuntas and Arikan (2022) reported that the first
decomposition temperatures of composites are very close to each other and the first material
to decompose is lignocellulosics. The 2nd stage decomposition temperatures of branch flour
added samples were observed between 483-486 °C. The 1st stage decomposition temperatures
of leaf flour added samples (G5, G6 and G7) were determined as 299 °C, 271 °C and 324 °C,
respectively. It can be seen that the 1st stage decomposition temperatures of leaf flour added
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samples are significantly different from each other due to the chemical composition of the leaf
which is less homogeneous than the branch. The 2nd stage decomposition temperatures of
branch flour added samples between 487-492 °C.

TGA DrTGA
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Figure 7. TGA curves of neat HDPE (G1), branch flour (G2-G3-G4) and leaf flour (G4-G5-G6) added
samples

As can be seen from the TGA curves, it was observed that the addition of branch flour
and leaf flour to the HDPE did not cause a significant change in the degradation temperatures.
The use of wood waste particles obtained from leaves, branches and stems as fillers in the
production of wood plastic composite (WPC) is preferred due to the environmental
advantages and good thermal properties of the composite (Zakaria et al. 2022b).

DSC curves of neat HDPE, branch flour and leaf flour added samples are given in
Figure 8. The melting temperature of neat HDPE is determined 139 °C and the melting
enthalpy is 230 j/g. Adding branch flour and leaf flour to HDPE slightly changed the melting
temperatures.
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Figure 8. DSC curves of neat HDPE (G1), branch flour (G2-G3-G4) and leaf flour (G4-G5-G6) added
samples

As a result of adding 10-20-40% by weight branch flour to neat HDPE, the melting
temperatures were determined as 138 °C, 141 °C and 137 °C, respectively. When 10-20-40%
by weight leaf flour was added to neat HDPE, the melting temperatures were determined as
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136 °C, 137 °C and 137 °C, respectively. In addition, it was observed that the addition of
branch flour and leaf flour to neat HDPE reduced the melting enthalpies. Similarly, Altuntasg
and Arikan (2022) reported that the melting enthalpy decreases with the increase in the
amount of filler in the polymer matrix. The melting enthalpies of G2, G3 and G4 samples
containing branch flour were determined as 150 j/g, 113 j/g and 97 j/g, respectively. In
addition, the melting enthalpies of G5, G6 and G7 samples containing leaf flour were
determined as 150 j/g, 156 j/g and 95 j/g, respectively.

4. Conclusion
In this study, boards were produced without any problems by mixing laurel branch and
leaf wastes with HDPE. The results and recommendations are listed below:

e Adding branch flour and leaf flour to HDPE reduced the tensile strength. On the
other hand, there was an increase in flexural strength at low filling rates.

e An increase and decrease in the elasticity modulus was observed depending on the
amount of filler added to HDPE. In addition, adding branch flour and leaf flour to
HDPE generally increased the hardness of the boards.

e Adding branch flour and leaf flour to HDPE did not change much in the thermal
decomposition temperatures. In addition, no significant change was observed in the
melting temperatures of the boards.

e In the cross sectional images of the boards examined by SEM, it was seen that the
branch flour mixed well with HDPE. In addition, it was seen that there were more
gaps in the cross-sectional images of leaf flour added composites and that HDPE did
not mix well with leaf flour.

e The synergistic effect created by mixing branch flour and leaf flour in different ratios
may be interesting. In addition, investigating the compatibility of laurel waste with
different petroleum-based polymers and biodegradable polymers will contribute to
the literature.
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Testing of waste vegetable oils as color modifiers in American walnut
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Abstract

American walnut (Juglans nigra L.) wood is used for veneer due to its beautifully
grained and dark-colored wood. This study was conducted to test the use of plant waste oils as
color modifiers on American walnut wood. As waste vegetable oils, discarded walnut, olive,
corn, and sunflower oils were employed. After applying waste oils to the wooden surfaces,
several surface properties (brightness, color, and whiteness index: WI*) were determined. It
was observed that multivariate analysis of variance tests conducted for WI* values and color
parameters were found to be statistically significant. For all vegetable waste oils, decreases
were identified in L*, C*, h° and b* parameters, as well as in WI* values and glossiness
values (for all degrees and orientations). The AE* values were measured at 19.18 for
sunflower, 22.02 for walnut, 22.65 for corn, and 19.49 for olive. Each of the discarded
vegetable oils had an impact on the color of the wooden surface.
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Amerikan ceviz (Juglans nigra L.) odununda renk degistirici olarak bitkisel
atik yaglarin denenmesi

Oz

Amerikan ceviz (Juglans nigra L.) ahsabi, gilizel damarli ve koyu renkte ahsabi
sayesinde kaplama olarak kullanilmaktadir. Bu ¢alisma, Amerikan ceviz odununda renk
degistirici olarak bitkisel atik yaglarin denenmesi iizerine yapilmistir. Atik bitkisel yaglar
olarak, hizmet dmriinii tamamlamis olan ceviz, zeytin, misir ve ay¢icegi yaglari kullanilmistir.
Atik yaglarin ahsap malzeme yiizeylerine uygulanmasi sonrasinda cesitli yiizey o6zellikleri
(parlaklik, renk ve beyazlik indeksi: WI*) belirlenmistir. Aragtirma bulgular incelendiginde,
WI* degerlerine ve renk parametrelerine ait testler i¢in yapilan ¢ok degiskenli varyans
analizlerinin anlamli olarak tespit edildigi goriilmiistiir. Biitlin bitkisel atik yaglar tarafindan
L*, C*, h® ve b* parametreleri, WI* degerleri ve parlaklik degerlerinde (biitiin derece ve
yonler i¢in) azalmalar belirlenmistir. AE* degerleri ise aygigeginde 19.18, cevizde 22.02,
misirda 22.65 ve zeytinde 19.49 olarak elde edilmistir. Biitiin bitkisel atik yaglar ahsap
malzeme yiizeyine ait rengi degistirici etkide bulunmustur.

Anahtar kelimeler: Renk, Juglans nigra L., Amerikan ceviz, beyazlik indeksi, atik bitkisel
yag
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1 Introduction

Wood can be attacked by several types of pathogenic organisms, such as white, brown,
and soft rot, or mold and stain fungi leading to the degradation of structural polymers of wood
(Goodell et al., 2020). The most common materials used to create protective and decorative
coatings for wood structures are coating materials based on drying oils and alkyd resins.
However, oil-based materials have many advantages for woodworking and construction
structures. These include protection against blue mold and other fungi. They also protect
wood structures from insects, bark beetles, and other pests. Furthermore, they offer UV
protection. They also have high adhesion strength. Additionally, they resist changes caused by
weather conditions, temperature, and condensation (Yaremchuk et al., 2011).

All vegetable oils contain mixed unsaturated fatty acid chains and mixed triglycerides
as their main components. Vegetable oils also typically include non-glyceride components
that are often undesirable for edible and chemical products. These non-glyceride components
include phospholipids, sterols, tocopherols, fatty alcohols, hydrocarbons, and coloring
materials (Ikeiensikimama, 1991; Udoye and Nwabuonu, 2021).

Black walnut (Juglans nigra L.) is one of the rarest and most coveted native hardwoods.
Also known as eastern walnut and American walnut.. Small natural groves that are often
found in moist alluvial soils have been extensively harvested (Williams, 1990). Immature
fruits can be pickled (Facciola, 1990). The seeds are found singly or in pairs and are
approximately 3-4 cm in diameter (Elias, 1980; Sargent, 1965). Boiling the green fruit husks
can yield a yellow dye. The woody husks of the fruits have been used in jewelry making
(Duke, 1983). Brown dye can be obtained from the leaves and stems, and it does not require
mordants (Grae, 1974). Depending on the latitude, black walnut flowers typically begin to
appear in the South in mid-April and gradually extend into early June in the northern part of
its range. Flowering and leaf drop occur at approximately the same time and always occur
early enough for potential damage from late spring frosts (Lamb, 1915; Funk, 1979; Williams,
1990). The allelopathic effects of black walnut (Juglans nigra L.), a tree that has toxic effects
on other plants, have been noted since the 1st century AD (Gries, 1943).

Black walnut is found in various areas, but it thrives in deep, well-drained, moist, and
fertile neutral soils (Williams, 1990). Its wood is typically straight-grained, easily worked
with hand tools, and possesses excellent machining properties. In surface treatments, the
wood acquires a smooth velvety surface and a pleasing grain pattern (Anonymous, 1953;
Rink, 1988). The wood of this tree, with its dark-colored, beautiful grain, is well-suited for
fine cabinet work and interior paneling, both as solid wood and as veneer. It has long been the
standard wood for gunstocks (Betts, 1954).

In Juglans nigra L. wood, the air-dried density is 796 kg/m3. The Janka hardness values
are 89.38 N/mm? in the tangential surface. They are 85.53 N/mm? in the radial surface, and
101.94 N/mm? in the transverse surface. The nail's holding resistance is 15.33 N/mm? on the
tangential surface. On the radial surface, it's 18.65 N/mm? and on the transverse surface, it's
13.92 N/mm? (Ayata and Bal, 2019). Holocellulose is 76.40%, cellulose is 43.00%, and lignin
is 21.80%. Ethanol solubility is 5.90%. Hemicellulose is 33.40%, pentosans are 17.40%, and
hexosans are 16.00% (Waliszewska et al., 2015).

In this study, some waste oils (walnut, sunflower, corn, and olive) were tested as color
modifiers in American walnut (Juglans nigra L.) wood. According to the literature, it has
been observed that there hasn't been any application of waste vegetable oil related to this tree
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species. This study has been considered to address this gap. The aim is to provide valuable
information regarding the potential uses of this wood type based on the obtained results.

2 Material and Method
2.1 Material
2.1.1 Wood material

This research used American walnut (Juglans nigra L.) wood in experimets The
experimental wood material was obtained from a commercial source, meeting the first-grade
quality criteria, and had dimensions of 100 mm x 100 mm x 20 mm. Particular attention was
given to selecting samples that were devoid of cracks, had uniform and smooth fibers, and
were free from knots, resin pockets, and noticeable color or density discrepancies. Following
this, the specimens were prepared in accordance with the TS ISO 13061-1 (2021) standard.

2.1.2 Waste vegetable oils

Walnut, sunflower, corn, and olive oils, which have reached the end of their service life
as waste products after use in various restaurants, were used in this study. The packaging
specifications of these waste oils in their pre-utilization state are presented in Table 1.

Table 1. Some properties of the waste bio-oils used

Feature (per 100 g) Olive Corn Walnut Sunflower
Saturated fatty acid 15.15 12.00 9.10 10.00
Monounsaturated fatty acid 74.00 28.00 - 33.00
Polyunsaturated fatty acid 10.50 51.00 - 57.00
2.2 Method

2.2.1 Application of vegetable waste oils to wooden material surfaces

Wood material surfaces were sanded with 80, 100, and 150 grit sandpapers.
Subsequently, the sanded surfaces were cleaned using a compressor. Waste oils were then
applied to the prepared materials using a brush in a single layer. The samples were allowed to
dry for at least 3 weeks..

2.2.2 Determination of whiteness index (WI1*) properties

Whiteness index (WI*) values were assessed in both perpendicular and parallel
directions to the fibers utilizing the Whiteness Meter BDY-1 instrument, adhering to the
ASTM E313-15e1 (2015) standard.

2.2.3 Determination of glossiness properties

Glossiness measurements were carried out using an ETB-0833 model gloss meter
device at three distinct angles (20°, 60°, and 85°) in both perpendicular and parallel
orientations to the fibers, by the ISO 2813 (1994) standard.

2.2.4 Determination of color properties

The alteration in color of the samples was quantified using a CS-10 device (CHN Spec,
China) based on the CIELAB color system, in accordance with the ASTM D 2244-3 (2007)
standard. The overall color difference results were calculated using the following formulas.
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h® = arctan (b*/a*) Q)
C* = [(a*)* + (b*)71°° )
Ab* = (b *test sample with oil treatment = D™ test sample without oil treatment) (3)
AC* = (C*gest sample with oil treatment = C*test sample without oil treatment) 4)
Aa* = (a*test sample with oil treatment = & test sample without oil treatment) (5)
AL* = (L *test sample with oil treatment = L *test sample without oil treatment) (6)
AE* = [(AL*)? + (da*)? + (4b*?]°° (7)
AH* = [(AE*)? - (AL*)? - (AC#)?]*° )

The standards for assessing AE* values can be found in Table 2, as detailed by Baranski
etal. (2017).

Table 2. Comparison criteria for AE* value (Baranski et al., 2017)

Color change criteria AE* value
Invisible color change AE*<0.2
Slight change of color 2>AE*>0.2
Color change visible in high filter 3>AE*>2
A color change visible with the average quality of the filter 6 > AE* >3
High color change 12> AE* >6
Different color AE*>12

In accordance with the definitions of AC*, AH*, Ab*, Aa*, and AL*: AL* indicates a
difference in lightness. A positive value suggests that the sample is lighter than the reference,
whereas a negative value implies that the sample is darker than the reference. AC*,denotes the
difference in chroma or saturation. A positive value indicates that the sample is more vibrant
or saturated than the reference, while a negative value suggests that the sample is less vibrant
or saturated than the reference. In relation to Ab*, a positive value indicates that the sample is
more yellow than the reference, whereas a negative value suggests that the sample is bluer
than the reference. AH* represents the difference in hue or shade. AH* is reported as the tonal
disparity between the sample and the reference. Aa*, the variation of a* parameter a positive
value means that the sample is redder than the reference, while a negative value indicates that
the sample is greener (Lange, 1999).

2.3 Statistical Analysis

The collected data underwent analysis using an SPSS program to ascertain the
minimum and maximum values, homogeneity groups, standard deviations, percentage change
rates, variance analysis, and multiple comparisons.
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3 Results and Discussion

Table 3 presents the results of the multivariate analysis of variance. The glossiness test
at 20 degrees in the perpendicular direction to the fibers was inconclusive in terms of
statistical significance, whereas all other tests yielded significant results (Table 3).

Table 3. Multivariate analysis of variance results

Sum of Mean

Test Squares df Square F Sig.
Lightness (L*) value 2933.275 4 733.319  1496.021 0.000*
Red (a*) color tone value 89.827 4 22.457 35.838  0.000*
Yellow (b*) color tone value 651.104 4 162.776 223.580 0.000*
Chroma (C*) value 583.491 4 145.873 114.437 0.000*
Hue (h°) angle value 2104.488 4 526.122 355.919 0.000*
Glossiness value at 120° 0.320 4 0.080 : :
Glossiness value at 160° 16.949 4 4.237 520.980 0.000*
Glossiness value at 185° 93.087 4 23.272 239.477 0.000*
Glossiness value at ||20° 0.303 4 0.076 162.429  0.000*
Glossiness value at [|60° 14514 4 3.628 207.739  0.000*
Glossiness value at || 85° 141.237 4 35.309 192.619 0.000*
Whiteness index in the perpendicular 194321 4 48580 555973 0.000%

(L) direction
Whiteness index in the parallel ( || )

N 147.962 4 36.991 1940.061 0.000*
direction

*: Significant

The outcomes concerning the overall color variations are displayed in Table 4. The
treatment with all waste oils on wooden surfaces resulted in negative AL* (darker than the
reference), Ab* (bluer than the reference), and AC* (duller, more turbid than the reference)
values. In the case of Aa* values, applications related to waste sunflower and olive oils
resulted in positive (redder) values, while applications associated with waste corn and walnut
oils were found to be negative (greener). In addition, when looking at the AE* values, they
were found to be 19.18 for sunflower, 22.02 for walnut, 22.65 for corn, and 19.49 for olive.
When comparing the AE* results obtained in this study with the color change table provided
by Baranski et al., 2017, it was observed that all vegetable waste oils were categorized under
the 'Different color' category (Table 4).

Table 4. The results for total color differences

Waste Oil AL*  Aa*  Ab*  AC* AH* AE* Color change criteria (Baranski et
Type al., 2017)
Sunflower 18.05 0.65 -6.46 5 96 3.81 19.18
Walnut ' o 900 . 287 2202
20;02 1'_69 ) 8'_69 Different color (AE*>12)
Com 2000 142 1053 973 +26 2265
Olive 18.00 193 -7.21 501 5,53 19.49
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The color, glossiness, and whiteness index (WI*) results determined before and after the
application of vegetable waste oils are presented in Table 5. According to these results, L*,
C*, b*, and h° parameters decreased with all vegetable waste oils. The highest result for the
L* value was obtained in the control test samples (49.60), while the lowest was observed in
the experiment samples treated with waste walnut oil (29.58).

The samples treated with waste walnut oil exhibited the most significant decrease in the
L* value, recording a reduction rate of 40.36%. On the contrary, the samples treated with
waste olive oil showed the least decrease, with only a 36.29% reduction. For the a* value, the
lowest result was determined in the samples treated with waste olive oil (6.53), while the
highest was obtained in the experiment samples treated with waste olive oil (10.15). When
looking at the a* parameter, increases were observed after the application of waste sunflower
oil (7.91%) and olive oil (23.48%), while decreases were determined following the
application of waste corn oil (17.27%) and walnut oil (20.56%).

As for the b* value, the highest result was found in the control test samples (18.28),
while the lowest was determined in the experiment samples treated with waste corn oil (7.75).
The highest reduction rate for b* was achieved in the samples treated with waste corn oil,
with a percentage decrease of 57.60%, while the lowest reduction rate was determined in the
samples treated with waste sunflower oil, with a decrease of only 35.34%.

C* values were higher for control test samples with 20.05, whereas the experiment
samples treated with waste corn oil exhibited the lowest value at 10.31. The samples treated
with waste olive oil exhibited the least pronounced reduction rate, indicating a decline of
25.04%. The samples that underwent waste corn oil treatment had the most prominent
reduction rate. They had a substantial drop of 48.58%.

Regarding the h° values, the highest outcome was observed in the control test samples,
registering at 65.78, while the lowest value was recorded in the experiment samples treated
with waste corn oil, which amounted to 47.51. The samples treated with waste olive oil
exhibited the most substantial reduction rate for h° registering a percentage decrease of
27.77%, while the experiment samples treated with waste walnut oil showed the smallest
reduction rate, experiencing only a 16.51% decrease (Table 5).

There were decreases observed in WI* values and glossiness values in all degrees and
directions as a result of the application of all waste oils. The highest results for glossiness
values were found in the control samples for all angles and fiber orientations. In general, the
lowest glossiness values were observed on surfaces treated with waste olive oil. When WI*
values were examined, decreases were obtained in both perpendicular and parallel directions
for all vegetable waste oils. The highest WI* values were detected in the control experimental
group samples for both fiber directions. Measurement results in the perpendicular direction to
the fibers in WI* values were found to be higher than those in the parallel direction. When
looking at the reduction rates in WI* values, it was determined that the reduction rates in the
parallel direction to the fibers were higher than those in the perpendicular direction (Table 5).

Table 6 illustrates the comparison between studies conducted on waste vegetable oils in
the literature and the results obtained in this study. From the given table, it’s evident that
applying various oils to different wood species resulted in different outcomes in the same
color parameters. This variability can be attributed to the inherent structure of the wood
material.
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Table 5. Results for whiteness index (WI*), color, and glossiness values

Test Waste Oil N Mean Change  Homogeneity Standard  Coefficient of Mini- Maxi-
Type (%) Group Deviation Variation mum mum
Control 10 49.60 - A* 0.24 0.49 49.22 49.91
Sunflower 10 31.55 136.39 B 1.07 3.38 30.27 33.01

L* Walnut 10 29.58 140.36 C** 0.91 3.09 28.77 31.44
Corn 10  29.60 140.32 C 0.40 1.36 29.14 30.38
Olive 10 31.60 136.29 B 0.51 1.61 30.39 32.05
Control 10 822 - B 0.15 1.88 8.02 8.55
Sunflower 10 8.87 17.91 B 1.23 13.83 7.51 10.87

a* Walnut 10 6.53 120.56 C** 0.92 14.08 5.33 8.08
Corn 10 6.80 117.27 C 0.54 7.95 6.05 7.76
Olive 10 10.15 123.48 A* 0.68 6.73 8.78 11.25
Control 10 18.28 - A* 0.31 1.68 17.80 18.63
Sunflower 10 11.82 135.34 B 1.25 10.59 10.27 13.41

b* Walnut 10 9.28 149.23 C 1.14 12.31 8.08 11.53
Corn 10 775 157.60 D* 0.65 8.38 6.85 9.06
Olive 10 11.07 139.44 B 0.50 4.54 9.90 11.59
Control 10  20.05 - A* 0.33 1.63 19.53 20.38
Sunflower 10 14.78 126.28 B 1.72 11.61 12.73 17.09

c* Walnut 10 11.35 143.39 C 1.43 12.61 9.68 14.08
Corn 10 1031 148.58 D** 0.82 7.99 9.14 11.93
Olive 10 15.03 125.04 B 0.77 5.12 13.24 15.85
Control 10 65.78 - A* 0.29 0.44 65.15 66.14
Sunflower 10 53.19 119.14 C 1.35 2.55 50.48 55.50

he Walnut 10 54.92 116.51 B 1.60 291 52.32 56.79
Corn 10 48.71 125.95 D 1.07 2.20 46.80 50.62
Olive 10 4751 127.77 E** 1.33 2.79 44.78 49.22
Control 10 0.30 - A* 0.00 0.00 0.30 0.30
Sunflower 10  0.10 166.67 B** 0.00 0.00 0.10 0.10

120° Walnut 10 0.10 166.67 B** 0.00 0.00 0.10 0.10
Corn 10 0.10 166.67 B** 0.00 0.00 0.10 0.10
Olive 10 0.0 166.67 B** 0.00 0.00 0.10 0.10
Control 10 2.50 - A* 0.12 4.62 2.30 2.60
Sunflower 10 1.26 149.60 B 0.13 10.04 1.10 1.40

160° Walnut 10  0.95 162.00 C 0.05 5.55 0.90 1.00
Corn 10 118 152.80 B 0.08 6.68 1.10 1.30
Olive 10  0.93 162.80 C** 0.05 5.19 0.90 1.00
Control 10 5386 - A* 0.54 9.21 5.10 6.50
Sunflower 10  3.32 143.34 B 0.17 5.08 3.10 3.50

185° Walnut 10 259 155.80 C 0.24 9.36 2.30 2.90
Corn 10 2.76 152.90 c 0.29 10.42 2.40 3.20
Olive 10 1.90 167.58 D** 0.16 8.23 1.70 2.10
Control 10  0.30 - A* 0.00 0.00 0.30 0.30
Sunflower 10  0.13 156.67 B 0.05 37.16 0.10 0.20

[|20° Walnut 10 0.10 166.67 C** 0.00 0.00 0.10 0.10
Corn 10 0.10 166.67 C** 0.00 0.00 0.10 0.10
Olive 10 0.0 166.67 C** 0.00 0.00 0.10 0.10
Control 10 264 - A* 0.17 6.49 2.40 2.80
Sunflower 10 177 132.95 B 0.16 9.25 1.60 2.00

[60°  walnut 10 128 15152 CD 0.10 8.07 1.20 1.40
Corn 10 132 150.00 C 0.08 5.98 1.20 1.40
Olive 10 119 154.92 D** 0.12 10.06 1.10 1.40
Control 10 6.86 - A* 0.20 2.85 6.70 7.20
Sunflower 10 5.99 112.68 B 0.75 12.55 5.20 6.70

[85°  Wwalnut 10 358 14781 C 0.49 13.73 2.70 3.90
Corn 10 3.96 142.27 C 0.26 6.65 3.70 4.30
Olive 10 2.22 167.64 D** 0.04 1.90 2.20 2.30
Control 10 8.78 - A* 0.61 7.00 8.00 9.70

WI* Sunflower 10  4.12 153.08 B 0.08 191 4.00 4.20

W Walnut 10 355 159.57 C** 0.19 5.35 3.30 3.80
Corn 10 412 153.08 B 0.10 251 4.00 4.20
Olive 10 374 157.40 C 0.08 2.25 3.70 3.90
Control 10 450 - A* 0.29 6.46 4.10 4.90

wyx  Sunflower 10 0.25 194.44 B 0.05 21.08 0.20 0.30

A Walnut 10 0.20 195.56 B 0.00 0.00 0.20 0.20
Corn 10 0.9 195.78 B 0.07 38.83 0.10 0.30
Olive 10 0.16 196.44 B** 0.05 32.27 0.10 0.20

N: Number of Measurements, *: Highest, **: Lowest Value
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Table 6. Comparison of studies conducted on waste vegetable oils

Change after Application

Wood Type Oil type > a* b* Cf I Reference
Sunflower ! 1 ! 1 !
American walnut Walnut l l ! 1 ! .
(Juglans nigra L.) Corn l l ! l ! This study
Olive ! T l ! l
European larch Vaallllmt 1 ! ! ! f Ayata ve Bal,
(Larix decidua Mill.) o $ i i i $ (2023)
Sunflower l T 1 T !
Bamboo Walnut l 1 1 1 ! Peker,
(Phyllostachys spp.) Corn l 1 1 1 ! (2023b)
Olive 1 7 7 7 1
Scots pine V\éa:)lp#t L 1 1 1 1 Peker,
(Pinus sylvestris L.) Olive i $ $ $ $ (2023a)
Sunflower l T 1 T !
Common pear Walnut l 1 1 1 ! Camlibel and Ayata,
(Pyrus communis L.) Corn l 1 1 1 ! (2023a)
Olive IR R
. Sunflower l l ! l !
Tiama
Walnut l l ! l ! Camlibel and Ayata,
(Entandrophragma Corn l ! I ! I (2023b)
angolense) Olive l ! | ! |
Black locust Walnut l 1 1 1 !
(Robinia pseudoacacia Corn l 1 1 1 ! Camhbggggg Ayata,
L) Olive [ S S (2023c)
Anatolian chestnut V\C/:a:)l?:t . 1 f 1 ! Peker and Ulusoy,
(Castanea sativa Mill.) Olive i $ $ $ t (2023)

4. Conclusion

Upon reviewing the research findings, it became evident that the multivariate analysis
of variance tests conducted for WI* values and color parameters yielded statistically
significant results.

A decrease in L*, C*, h°, and b* parameters, WI* values, and glossiness values for all
degrees and orientations were identified as a result of all vegetable waste oils.

The AE* values were recorded as 19.18 for sunflower, 22.02 for walnut, 22.65 for
corn, and 19.49 for olive.

It was noticeable that each of the discarded vegetable oils influenced the color changes
of the wooden surface.

It is suggested that wood treated with waste vegetable oils would be suitable for
outdoor use.
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Characterization of 1-tetradecanol’s performance as a phase change
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Abstract

The use of phase change materials in thermally modified wood presents an innovative
way to enhance the thermal properties of wood, contributing to energy efficiency and thermal
comfort in various applications. However, careful consideration of the materials and methods
used is essential to ensure the effectiveness and practicality of this technology. Phase change
materials (PCM) can be integrated into thermally modified wood through various methods.
One common method is impregnation, where the PCM is infused into the wood structure.
Another method could be the application of PCM in coatings or finishes applied to the wood
surface. In this study, 1-tetradecanol (TD) was used as a PCM and its effectiveness on
thermally modified ash wood (TMA) was investigated. TMA has better thermal insulation
properties, which are essential in energy storage applications to minimize heat loss. For this
purpose, the leaching of TD from TMA was examined. Differential scanning calorimetry
(DSC), thermogravimetric analyses (TGA), fourier transform infrared spectroscopy (FTIR)
were examined. According to the results, there was a small amount of leakage in the leakage
test. TGA analysis showed that TD/TMA left a lower residue of 16.30% at 800°C compared
to the residue of 18.20% left by untreated thermally modified wood (TMA).

Keywords: Thermal energy storage, wood, vacuum impregnation, leakage test.

Termal olarak modifiye edilmis disbudak odunda faz degistiren bir

malzeme olarak 1-tetradekanoliin performansi

Oz

Isil islemli odunda faz degistiren malzemelerin kullanimi, odunun termal 6zelliklerini
gelistirmek i¢in yenilik¢i bir yol sunarak gesitli uygulamalarda enerji verimliliine ve termal
konfora katkida bulunur. Bununla birlikte, kullanilan malzeme ve yontemlerin dikkatli bir
sekilde degerlendirilmesi, bu teknolojinin etkinligini ve pratikligini saglamak i¢in esastir. Faz
degistiren malzemeler (FDM), c¢esitli yontemlerle 1sil islem uygulanmis oduna entegre
edilebilir. Bunun igin bircok yontem vardir. Bu yontemlerden biri FDM’nin oduna
emprenyesidir. Diger yontem ise FDM’nin odun yiizeyinde iist yiizey islemi veya cila olarak
uygulanmasi. Bu ¢alismada faz degistiren malzeme olarak 1-tetradekanol (TD) kullanilmis ve
termal olarak modifiye edilmis disbudak agaci (TMA) iizerindeki etkinligi arastirilmistir.
TMA, enerji depolama uygulamalarinda 1s1 kaybini en aza indirmek i¢in gerekli olan daha iyi
1s1 yalitim Ozelliklerine sahiptir. Bu amagla, termal olarak modifiye edilmis disbudak
odunundan (TMA) TD sizintis1, sizint1 testi ile test edilmistir. Ornekler diferansiyel taramali
kalorimetri (DSC), termogravimetrik analiz (TGA), fourier transform kizil6tesi spektroskopisi
(FTIR) ile incelendi. Sonuclara gore sizint1 testinde az miktarda sizint1 vardi. TGA analizi,
TD/TMA'nin, emprenyesiz 1s1l islemli onunda (TMA) 800°C'de biraktig1 %18.20'lik kalintiya
kiyasla %16.30'luk daha diisiik bir kalint1 biraktigin1 gosterdi.

Anahtar kelimeler: Termal enerji depolama, odun, vakum emprenyesi, sizint1 testi
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1 Introduction

Building-related sectors, responsible for approximately 40% of global energy
consumption and 30% of CO. emissions, are the largest energy consumers (Najjar et al.,
2019; Temiz et al. 2020; Amini et al. 2022). Hence, the advancement of eco-friendly
buildings is crucial in shifting national energy frameworks towards sustainable energy
sources, with the goal of decreasing reliance on fossil fuels and cutting CO2 emissions.
Numerous recent studies have explored and detailed the design and outlook of sustainable
buildings, encompassing ideas such as net zero emission structures and plus energy homes
(Lund, 2010; Li et al. 2023). Wood is regaining popularity as a sustainable construction
material for large buildings due to its environmental benefits and strong physical properties.
Despite historical concerns about fire safety, modern engineering has improved wood's
viability, and several tall wood buildings around the world showcase its potential. The trend
towards eco-friendly construction and advances in prefabrication techniques support wood's
comeback. However, broader adoption of wood in construction requires updates in building
codes to encourage better insulation and energy efficiency, as well as advancements in fire
safety and connection technology. As the industry embraces digitalization and automation,
role of wood in construction is set to grow, helping to reduce the environmental impact of
new building (Wimmers, 2017). In recent years, many nations worldwide have observed a
growing trend in the construction of multi-story timber buildings, thanks to advancements in
engineering science and the technology behind building with wood (Zegarac Lescovar and
Premrov, 2021; Antonini and Gaspari, 2022). Since ancient times, timber cladding has served
as an accessible and economical means of weatherproofing. Presently, there is a resurgence of
interest in timber cladding for its environmental benefits and natural aesthetics. There is
considerable enthusiasm for employing timber cladding systems to enhance energy efficiency
through the retrofitting and refurbishing of existing structures (Hill et al. 2022).
Contemporary exterior wood coatings frequently utilize formulations such as water-based
acrylic dispersions, water-borne alkyd emulsions, or high solids alkyd systems with low
volatile organic compound (VOC) content, alongside traditional oil-based paints (Hill et al.
2022).

Thermal modification is one method employed to protect wood materials used in
cladding. The process of heat treatment is a method for modifying wood that boosts its
dimensional stability, resistance to water, and durability against biological threats, and it
achieves this without relying on noxious chemicals (Yildiz et al. 2013; Temiz et al. 2013,;
Jirous-Rajkovi¢ and Mikleci¢, 2019). Thermal modification remains the leading process for
producing modified wood in Europe in terms of volume, with thermally modified timber
(TMT) seeing significant use in cladding applications (Hill et al. 2022; Herrera et al. 2018).
While TMT is chosen for cladding because of its enhanced dimensional stability and
decreased moisture absorption, it has also been observed to exhibit better performance in fire
situations and increased resistance to mold (Hill et al. 2022).

Phase change materials (PCMs) are adept at absorbing and releasing substantial
quantities of thermal energy through a phase transition process. They enhance energy
efficiency in buildings and help to cut down on energy consumption derived from fossil fuels
(Temiz et al. 2020). Wood and wood-based materials can serve as excellent matrices for
PCMs due to wood properties such as inherent porous nature of wood, cost-effectiveness,
abundant availability, non-toxicity, and high chemical stability. The interest in leveraging the
wood framework as a support for PCM is increasing, with possibilities for integration into
diverse wood forms including solid lumber, composite wood, delignified wood, and
transparent wood (Can and Zigon, 2022; Hekimoglu et al. 2021; Demirel, 2023).
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Demirel (2023) conducted research on Scots pine samples that were thermally treated
and then impregnated with Lauric Acid (LA) and Myristic Acid (MA) as a phase change
material (PCM) using a vacuum process. The findings showed that the PCM significantly
reduced water absorption and enhanced the dimensional stability of the wood samples.
Additionally, the impregnation with LA-MA altered the mechanical properties of the
thermally modified wood, which is notable because thermal modification usually diminishes
mechanical properties.

The strategy of using thermally modified wood integrated with phase change materials
(PCM) presents an innovative method to enhance the thermal characteristics of wood
products. This approach offers energy-efficient solutions and elevates comfort in diverse
applications. Ongoing research and advancements in this field have opened avenues for
experimenting with novel PCM compositions, impregnation methods, and uses, aiming to
boost thermal efficiency.

Due to its high melting point, 1-tetradekanol (TD) can be used particularly in building
insulation, energy efficient technologies, passive solar space heating, saunas, and agricultural
heating applications where temperature ranges beyond typical human comfort conditions are
relevant. The key advantage of using high melting point PCMs in these applications is their
ability to store thermal energy when it is available in excess and release it when needed. This
leads to a more efficient use of energy, reduces the need for external energy sources, and
helps in maintaining a more consistent temperature, which is vital in applications like
underfloor heating, saunas, solar space heating, and greenhouse heating.

In this study, TD was used as a PCM and thermally modified ash wood (TMA)
impregnated with 1-tetradecanol. TD is chosen for its suitable melting point and latent heat
properties, which are crucial for efficient thermal energy storage. The aim of this study was to
determine the characterization of thermally modified wood with TD to employ these wood
materials in applications such as passive solar space heating and agricultural heating. The
impregnation of thermally treated wood with 1-tetradecanol is not just a technical endeavor
but a step towards creating more sustainable, energy-efficient, and environmentally friendly
building materials that cater to the modern needs of energy conservation and climate control
in architecture and construction.

2.  Material ve Method
2.1 Material

Ash wood (Fraxinus excelsior L.) samples subjected to thermal treatment were
provided by Novawood, a heat treatment company located in Bolu, Turkey. The heat
treatment process comprised three key phases: preparation for heat, the heat treatment itself,
and cooling-conditioning. The initial stage involved two steps. The first step commenced at
25 °C and progressed to 120 °C over 14 hours for ash wood. The second step started at 120
°C, reaching 212 °C within 13 hours. Ash wood exposed to a 2 hours heat treatment at 212
°C. Following the heat treatment, the wood materials exposed to a cooling process, consisting
of cooling and conditioning stages. The cooling phase lasted 14 hours, cooling the wood
materials to 120 °C. Subsequently, a 7-hour conditioning stage followed. At a temperature of
60 °C, the wood materials were removed from the boiler, marking the conclusion of the heat
treatment procedure.

TMA was first fragmented into smaller pieces and then pulverized into a powder. The
wood samples, which were cut into small pieces, were ground in an IKA MF 10 Basic
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microfine grinder drive. Subsequently, the wood powder exposed to sieving with a mesh
number 40 sieve to eliminate fine particles. Wood powder (4 gr) filtered through a 40 mesh
sieve was used.

The TD was purchased from Sigma- Aldrich Company. It was used as the phase change
material for thermal energy storage. The chemical formula of TD is C14H300 (assay <100.0;
melting point: 36 °C; molecular weight: 214.39).

2.2 Method
2.2.1 Impregnation process

The TD was melted by heating at 80 °C that was higher than its melting temperature.
Moisture content of wood particles are 12%. TD/ TMA were prepared 50% (w/w). Milled
TMA was impregnated with the TD in the vacuum oven at 0.08 Mbar at 70 °C for 3h. The
mixtures were mixed every 1 h (vacuum was stopped and restarted) to ensure homogeneous
mixing. This process was conducted considering the study of Hekimoglu et al (2023). The
weigt percantage gain (WPG) was calculated using Eq. 1.

WPG (%) = "o x 100 (1)

Where, W> is the weight after impregnation, W1 is the weight before impregnation.

2.2.2 Leakage test

The TD/TMA mixture was pressed after impregnation with Panavise 502 Precision
PanaPress (Figure 1) and subjected to the leakage test. The TD/TMA composite was
positioned on filter paper and subsequently placed inside an oven set at 50 °C for a duration
of 30 minutes. This test was conducted considering the study of Hekimoglu et al. (2023).The
amount of leakage remaining on the filter paper was calculated using Eqg. 2.

Leak rate (%) = (W, — W)/ W;) x 100 2

Where, W1 is the weight of filter paper before test; W5 is the weight of filter paper after
test.

Figure 1. Pressing of TD/TMA after impregnation.
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2.2.3 Characterizations

FTIR spectroscopy was utilized to identify the chemical structures of the substances and
to explore the physicochemical interactions between them, using a Perkin Elmer Frontier
Model from the USA.Spectra were captured at a resolution of 4 cm™ in the range of 4000 to
500 cm*

DSC was utilized to ascertain the enthalpy of melting and solidification along with the
phase transition temperatures of the TD/TMA composite. The DSC analysis was performed
using a Hitachi DSC 7020 model at a rate of 3°C/min in a nitrogen environment.

Thermal stability of the samples was assessed using a thermogravimetric analyzer (SDT
Q600 TA Instrument). Samples weighing between 5 and 10 mg were placed in a platinum pan
and heated under a nitrogen atmosphere. The heating rate was set at 10°C/min across a
temperature from 30°C to 600°C.

3 Results and Discussion
3.1 Leakage test results

Leakage test for PCMs is a critical assessment to determine the containment reliability
of the PCM during its phase transition, especially when it shifts from a solid to a liquid state.
The objective is to ensure that the material does not escape from its encapsulation or
containment system, which is essential for practical applications like thermal energy storage,
where the PCM must remain contained over numerous cycles of melting and solidifying. The
weight percantage gain was found 48%. The image of TD/TMA subjected to leakage test is
given in Figure 2.

Figure 2. The leakage test results of TD/TMA after 1.cycle

The leakage rate (%) was determined along 4 cycles of heating/cooling (Table 1). After
the 3th cycle, the leakage amounts reached similar values. That's why only the first 3 cycle
values are given.

Table 1. The leakage rate (%) of TD/TMA

1.cycle 2.cycle 3.cycle

Leakage rate (%) 0.95 1.86 0.91
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According to the leakage test result, a small amount of tetradecane leaked onto the filter
paper. This shows the ability of TMA to retain tetradecane in the liquid phase. During the
leakage test, it was observed that a minor quantity of TD permeated through the containment
material, evidenced by its presence on the filter paper. This suggests that while the

containment largely maintains structural integrity, there are pathways through which the TD
can migrate in its liquid state.

3.2. FTIR results
The FTIR spectra of TD, TD/TMA and TMA are shown in Figure 3.

D

2850

2020 TMA
1653

TD/TMA

Transmittance (T %)

3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™)

Figure 3. The FTIR spectra of the TD, TD/TMA and TMA

The spectrum of TD shows characteristic peaks at 2957 cm™ and 2850 cm®, which are
typical of the C-H stretching vibrations in the aliphatic hydrocarbon chains. The peak at 1477
cm corresponds to the bending vibrations of C-H, and the peaks around 1063 cm™ and 727
cm™ could be attributed to C-O stretching and C-H rocking vibrations, respectively, which are
consistent with the alcohol functional group in TD.

The TMA spectrum lacks the prominent peaks seen in the TD spectrum, indicating the
absence of long aliphatic chains or alcohol functional groups in the untreated wood. Instead,
the TMA shows broader and less defined peaks, which might indicate the presence of various

oxygen-containing functional groups, such as those found in lignin and cellulose, which are
common in wood.

The spectrum for the TD/TMA composite shows the characteristic peaks of TD,
suggesting that the TD has been successfully impregnated into the thermally modified wood.
The retention of distinct peaks for TD in the composite indicates that the compound is
physically present within the wood structure without significant chemical modification.

When comparing the spectra, it is evident that the composite (TD/TMA) retains the
chemical signature of TD, while also displaying the underlying absorbance pattern of the
thermally modified wood. This suggests that there is no chemical reaction between the TMA
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and TD, as no new peaks have emerged, and all major peaks from both components are
present in the composite spectrum.

3.3 DSC results

The DSC thermograms for TD and TD/TMA are shown in Figure 4. Thermal properties
of the TD and TD/TMA, including entalpy and peak temperature for melting and solidifiying
processes are summarized in Table 2.
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Figure 4. DSC thermograms of TD and TD/TMA

Table 2. DSC values of the TD and TD/TMA

Melting Solidifiying
Tpeak ('C) AH (J/g) Tpeak ('C) AH (J/g)
D 33.2 208.4 33.07 207.6
TD/ITMA 33.3 103.1 33.10 102.9

Both TD and TD/TMA showed very similar melting and solidification points (TD:
33.2°C and 33.07°C; TD/TMA: 33.3°C and 33.10°C respectively). This indicates that the
thermal modification of the wood and the addition of TD do not significantly alter the phase
change temperature of TD.

There is a noticeable difference in the melting and solidification enthalpies between
pure TD and the composite. The pure TD shows higher enthalpy changes (208.4 J/g for
melting and 207.6 J/g for solidification) compared to the composite (103.1 J/g for melting and
102.9 J/g for solidification). This reduction in the enthalpy change suggested that the
interaction with the thermally treated wood affected the energy required for the phase
transition of TD. Ayaz et al. (2023) investigated TD as PCM with functionalized multi-walled
carbon nanotubes for high-density thermal energy storage. TGA data for TD yielded similar
results.
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The similar phase change temperatures imply that the composite material could be used
in the same applications as pure TD in terms of operating temperature range (Tripathi et al.
2023). However, the lower enthalpy values for the composite suggest that it would store less
thermal energy per unit mass compared to pure TD.

The DSC graph shows that the thermal behavior of the composite closely tracks that of
the pure TD, suggesting that the thermal properties of TD are preserved in the composite.
This is an important consideration for applications where the phase change properties of the
material are critical.

3.4 TGA results

The weight loss as a function of time and temperature was measured in the TGA, as
shown in Figure 5. Table 3 lists the temperatures at which weight losses (at 10, 20, 30, 40,
45%) were produced and the amount of residue.
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Figure 5. TGA curves of the TD, TD/TMA and TMA
Table 3. TGA data of the TD, TD/TMA and TMA
TG/°C
10% 30% 50% 75% Residue (%)

TD 211.11 239.71 254.65 269.03 0.00
TD/ITMA 181.11 212.92 333.64 516.37 16.30
TMA 326.46 370.9 387.9 567.7 18.20
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TMA shows a high degree of thermal stability up to 326.46°C, which was where it
begins to lose 10% of its weight. It continued to degrade gradually, with a 50% weight loss at
387.9°C, and leaved a residue of 18.20% at the end of the TGA run. This indicated that TMA
retained much of its structure until a relatively high temperature, which is characteristic of the
thermal modification process that enhances the resistance to thermal degradation of wood.

The composite begined to lose weight at a significantly lower temperature (181.11°C
for 10% weight loss) compared to TMA alone. This early weight loss is likely due to the
volatilization or degradation of TD, which has a lower thermal stability than TMA. The
composite continued to degrade, with a 50% weight loss observed at 333.64°C, which is
significantly lower than TMA alone. The residue left at the end of the TGA run for the
composite is notably higher (16.30%), likely due to the combined residue from TMA and the
non-volatile components of TD.

The TGA curves showed that the presence of TD in the composite lowers the initial
degradation temperature, reflecting the thermal properties of TD. The weight loss pattern
suggests that the TD is released from the composite at lower temperatures, followed by the
degradation of the thermally modified wood component at higher temperatures.

The differences in thermal degradation profiles between TMA and TD/TMA suggested
that the composite material may have applications where controlled release of TD is desired at
lower temperatures, while still benefiting from the enhanced thermal properties of TMA at
higher temperatures. The high residue content in the composite could be advantageous in
applications requiring high carbon content materials. It is also important to potential
applications of these materials in the context of their thermal degradation properties, such as
in building materials, thermal energy storage systems, or other areas where thermally stable or
PCMs are utilized.

The temperatures at which wood components begin to decompose are as follows.
Hemicellulose starts to degrade at the lowest temperatures among the major components of
wood, typically beginning around 150°C to 260°C. The degradation of cellulose usually starts
at temperatures above 260°C and progresses rapidly beyond 350°C. Lignin is the most
thermally stable component of wood. Its degradation begins at around 280°C but continues
over a wide range of temperatures, even beyond 500°C (Rowel, 2005).

4 Conclusion

In this study, TMA was treated with TD as a PCM. Since the melting point of TD (36
C) is high, the resulting product is especially targeted for use in places such as underfloor
heating systems, saunas, solar space heating and greenhouse heating. The data and
recommendations obtained as a result of the experiments are listed below.

e The leakage of TD was minimal. However, to better bond PCM to wood, additional
processes can be performed in the impregnation, the rate of TD can be reduced or a
combination with PCM with a lower melting point can be created.

e The resulting DSC data can be used to discuss the suitability of the TD/TMA
composite for thermal energy storage and its advantages, such containment of the
material during phase change. Additionally, the reduction in enthalpy of the
composite can be further investigated to understand the interaction between TD and
thermally treated wood at the microscopic level, which may reveal insights into the
structure-property relationships of the composite.

e The TGA analysis indicates that the elevated residue levels in TD/TMA could be
beneficial for uses that demand materials rich in carbon content. Moreover, the
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significance of these materials lies in their possible applications relating to their
thermal degradation characteristics. This includes their use in building materials,
thermal energy storage systems, and various other domains where materials that are
thermally robust or capable of phase transitions are required.
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Mobilya ve Ahsap Malzeme Arastirmalari Dergisi

Furniture and Wooden Material Research Journal
Derleme Makale - Review Article  2023-6(2), 289-304

Kabriyal ayagin mobilya tarihindeki yeri
Alim Selin Mutdoganl* , Giil¢in Cankiz Elibol*

Oz

Mobilya en yalin tanimiyla, kullanicilarin oturma, yatma, yemek yeme, depolama,
calisma ve benzeri eylemlerini rahat, verimli ve saglikli sekilde yerine getirebilmelerini
saglayan, cesitli malzemelerden iiretilmis donatilardir. Mobilyanin belgeli tarihine
bakildiginda, tas ve toprak bazli sabit donatilarin tarihinin MO 6500°lii yillara kadar
dayandig1 goriilmekle birlikte, giiniimiizdeki anlamiyla mobilyanin, kabaca 4 000 ila 4 500
yillik bir gegmisinin oldugunu ifade etmek mumkiinddr. Bu ¢aligmada, klasik donem mobilya
tarihinin 6nemli bir 6gesi olan Kabriyal ayagin tarihsel siirecte ortaya cikisi, bigimsel ve
anlamsal ozellikleri ile birlikte arastirilmis; bu iki unsurda yasanan degisiklikler analiz
edilmis ve Kabriyal ayagin, giiniimiize kadar uzanan etkisi aktarilmaya ¢alisilmistir. Calisma,
nitel bir arastirmadir ve dokiiman taramasi ve analizi lizerine kurulmustur. Tarihsel siireci
yansitan dokiimanlar, bilgi ve gorsel belge seklinde taranarak analiz edilmis; yapilan analizler
Uzerinden mevcut durum tespiti yapilarak ve mobilya tasarimi tarihinin bu vazgegilmez
Ogesine yonelik gelecek ¢ikarimlart sunulmustur. Calismanin, 6zellikle mobilya tarihi alanina
yonelik literatiire katki saglamasi ve tarihsel 6gelerin bi¢cim ve iceriklerinin bir arada ele
alinmasi konusundaki farkindaligin artirilmasi yoniinden, arastirmacilara ve tasarimcilara
fayda saglamasi 6ngoriilmektedir.

Anahtar Sozcukler: Mobilya, Mobilya Tarihi, Kabriyal Ayak, Mobilya Tasarim1

Cabriole legs throughout the history of furniture
Abstract

In its simplest definition, furniture can be defined as equipment made of various
materials that enable users to perform their sitting, lying, eating, storage, working, and similar
actions in a comfortable, efficient, and healthy way. Looking at the documented history of
furniture, it is seen that the history of stone and earth-based fixed equipment dates back to
6500 BC, but it can be said that furniture in its current sense has a history of roughly 4
thousand to 4 thousand five hundred years. In this study, the emergence of the Cabriole leg,
which is an important element of the history of furniture in the classical period, is investigated
together with its formal and semantic features; the changes in these two elements are analyzed
and the impact of the Cabriole leg extending to the present day is tried to be conveyed. The
study is qualitative research and is based on document scanning, and analysis. Documents
reflecting the historical process were scanned and analyzed in the form of information and
visual documents; the current situation was determined through the analysis and future
implications for this indispensable element of furniture design history were presented. It is
envisaged that the study will benefit researchers, and designers, especially in terms of
contributing to the literature in the field of furniture history and raising awareness about the
form and content of historical elements.

Keywords: Furniture, History of Furniture, Cabriole Leg, Furniture Design
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1 Giris

Mobilya tarihi ile ilgili yapilan aragtirmalarda genel olarak, mobilya sanatinin ilk
donemleri ilk¢ag mobilya (Antik dénem) sanati1 olarak goriilmekte ve M.O. 2700 ile M.S. 450
yillar1 arasinda kalan donemi ifade etmektedir. Bu donem, Misir, Mezopotamya, Anadolu,
Yunan ve Roma mobilya sanati olarak alt donemlere ayrilmaktadir. Bu donemin ilk 6rnekleri
ise birgok kaynakta Misir mobilyas:t olarak kabul edilmektedir. Bu tarihlerden onceki
donemlerde insanoglunun mobilya yaptig1 veya mobilya olarak kullandigi nesnelere dair
bilgiye yonelik somut deliller gorilememektedir. Ancak, ilk mobilya 06rneklerinin
Misirlilardan énce, aga¢ malzemeden degil, topraktan yapildig1 ve tarih olarak M.O. 6500-
5700’11 yillarda yapildig literatiirde yer almaktadir (Bal ve Kilavuz, 2015: 59, 67).

Ancak bu c¢alismada, mobilya tarihi genel sirecine, c¢alismanin odagma altyapi
olusturmak ve tarihsel akist miimkiin olabildigince toparlayici sekilde g6z Oniine sermek
amactyla deginilmistir. Bu slirecin literatiire dayali aktarimi, ilk¢agdan baslatilmistir.
Donemler ve stiller, mobilyalarin 6zelliklerinin aktarilmasindan ziyade, genel akisi sunmay1
amaglamaktadir. Bu sebeple, donemlerde ve stillerde ayrintili agiklamalara girmekten
kagmilmistir. Hedef, Kabriyal ayagin, tarihsel siiregte hangi donem ve stillerde goriildiigiiniin
aktarilmasi, degisimlerin veya degismeyen unsurlarin incelenmesidir.

flk¢ag sanati, yaklasik M.O. 4000 yillarinda baslamis ve Bati Roma Imparatorlugunun
¢okiis tarihi olan MS. 476 yilina kadar stirmiistiir. Misir, Mezopotamya, Anadolu, Yunan ve
Roma uygarliklarinin eserlerini simgeleyen bu ¢ag Antik donem olarak da adlandirilmaktadir
(Kurtoglu, 1986: 71).

Mobilya tasariminin yaklasik olarak M.O. 1350lerde Misir’da iistiin bir diizeyde oldugu
bilinmektedir. Misir’in etkisi Demir ¢aginda Yunan ve Roma mobilyasinda goriilmiistiir
(Boyla, 2012). Ilk¢ag dénemini Misir (M.O. 2700-1075), Mezopotamya (M.O 4000-7000),
Anadolu (M.O. 700-500), Yunan (M.O. 450-192) ve Roma (M.O. 500-M.S. 450) olarak
Ozetlemek miimkiindiir. Ortagag donemi ise Bizans (M.S. 527-1025), Roma déneminin etkisi
altinda olustugu kabul edilebilen Roman (M.S. 1000-1250) ve Gotik (M.S. 1250-1550)
donemlerini kapsar (Kurtoglu, 1986).

Ortagag baslarinda Akdeniz cevresinde ilk¢ag kiiltiiriiniin kismen devam ettigi, ancak
Avrupa’nin diger bolgelerinde eski c¢aglarin birikiminin unutulmus oldugu goriiliir (Boyla,
2012). Ortacag donemini Ronesans donemi (M.S. 1500-1600) takip etmistir. Ronesans’in
etkileri neredeyse tlim Avrupa’da goriilmiistiir. Ronesans Donemi’ni Klasik donem izlemistir.
Barok (XIV. Louis Donemi) (1600-1720) ile baslayan bu donem, Queen Anne (1665-1714),
ve Rokoko (XV. Louis Dénemi) (1729-1780) ile devam etmistir. Barok ve Rokoko donemleri
arasinda da, bir gecis niteligi tasiyan Régence donemi yer almistir. Yenicaga gelindiginde ise
yeni bir donem baglamistir: Neoklasik. XVI. Louis Donemi (1774-1798), Directoire (1750-
1830), Georgian (1714-1820) ve Dort Buyukler (1718-1806) (Thomas Chippendale, George
Hepplewhite, Robert Adam, Thomas Sheraton stilleri) donemleri, bu zaman araligindaki
onemli stillerin goriildiigli donemler olarak nitelendirilebilir (Kurtoglu, 1986). Stiller zaman
icinde birbirini izleyen kiiciik degisimlerle olugsmakta idi. Bir stilin etkileri zayiflarken bir
sonraki baglamig olurdu ve bir siire ikisinin de etkisi devam ederdi. Boyle gecis
donemlerinden bazilari, 6rnegin Régence ve Directoire, birer stil kadar 6zgun karakterler de
yansitabiliyordu. Bir iilkede yiiksek doneminde olan bir stil, ayni siralarda bir bagka iilkede
daha yeni basliyor olabiliyor veyahut hi¢ tutunamayabiliyordu (Boyla, 2012).

290



Mutdogan ve Elibol, Mobilya ve Ahsap Malzeme Arastirmalar: Dergisi, 6(2),289-304

Bu dénemi, Empire (1801-1814) ve sonrasinda Biedermeier (1815-1850) ddnemleri
izlemistir. Yakincaga (1789-1900) gelindiginde ise Art Nouveau akimi etkili olmus ve
devaminda Modern donem (yaklasik 1900 ve sonrasi) baglamistir (Kurtoglu, 1986).

19. ylizy1l el sanatlarindan endiistrilesmeye gecis donemi olarak goriilmektedir. Bu
donem hem eski donemlerin geleneksel tavrin1 hem de gelecege yonelik birikimi tagimaktadir.
Glinlimiiz tasariminin 6ncii modelleri de cogunlukla bu donemde gelismistir (Boyla, 2012).

Calisma, bu tarihsel siireg igerisinde Kabriyal ayaklarin hangi donemlerde kullanilmaya
basladig1, hangi donem ve stillerde yaygin olarak kullanildig1 ve hangi donem(ler)in simgesi
haline geldigi konularina odaklanmaktadir. Zaman igerisinde bircok doénemde kendine yer
bulan bu essiz ayak tipinin, donemlere gore degisen ve sabit kalan fiziksel 6zelliklerinin
incelenmesi de bu ¢alismanin, ilerleyen bagliklar altinda ele alinacak bir baska hedefidir.

2 Kabriyal Ayagin Tarihsel Siirecteki Yeri

“Cabriole” veya “Cabriolé” terimi, Tiirkge literatiirde “kabriyal”, “kabriol” gibi farkli
kullanimlara sahiptir. Bu sebeple, bu c¢alismada, nispeten yaygin bir kullanima sahip olan
“Kabriyal” ayak terimi benimsenmis ve tiim kullanimlar bu sayede kapsanmustir.

Kabriyal ayaklar, “S” bi¢imindeki yapilart ve hayvan bacagina benzerlikleri ile
karakterize mobilya ayaklaridir. Ozellikle 18. yiizyilda popller hale gelen bu ayak tipi, 18.
Yiizyilin ortalarinda popiilerliginin doruklarina ulagmigtir. “Cabriole/Cabriolé” sozctigii
Fransizcadir ve “sigrama, sigrayis, ziplama, muziplik, kaprisli” gibi anlamlar1 bulunmaktadir.
Boyla (2012: 149) Kabriyal ayagi, “Kabriol ayak: Bir hayvanin arka ayaginin uzatilmig “S”
gibi stilize edilmis bicimindeki mobilya ayagi” olarak tanimlamstir.

Iki egime -iistteki yay disbiikey, alttaki yay ichiikey- sahip bu ayaklarm, baz1 dort ayakli
hayvanlarin bacaklarindan esinlenilerek ortaya ¢iktig1 bilgisi mevcuttur. Antik Cin ve Antik
Yunan donemlerinde biliniyor olmakla birlikte, Avrupa’da bilinir hale gelmesi 17. yiizyilin
sonlarida olmustur (Britannica, 2023). Ozellikle Fransa, ingiltere gibi iilkelerde hizla yaygin
hale gelen bu ayak tipi, daha sonra diger Avrupa iilkelerine ve hatta Amerika’ya yayilmis ve
cesitli mobilya stillerinde kullanilir hale gelmistir. Ingiltere’de Queen Anne ve Chippendale,
Fransa’da Rokoko stillerinde siklikla kullanilan bu ayak tipi Amerika kitasinda da kendini
gostermistir. Bu anlamda, tarihsel siiregte yapilarda ve i¢ mekanlarda hakim olan mimari
akimlarin, mobilyaya da yansidig1 goriilmektedir.

Erken formlari, ¢apraz kayitlarla birlestirilmis bir kullanim sunarken, zaman iginde bu
tiir gergilere olan ihtiyacin ortadan kalkmasi ile birlikte Kabriyal ayaklarin gapraz kayitsiz
kullanimi baglamistir. 18. yiizyilin sonlarina dogru popiilerligini kaybetmeye baslayan bu
ayak tipi, yerini, Neoklasik donemin diiz ayaklarina birakmistir. Ancak, bu ayak tipi ve bu
ayagin karakteristik 6zelligi olan “S” kivrimi hi¢gbir zaman tamamen unutulmamis; gliniimiize
kadar kullanimi devam etmistir (Boyla, 2012). GlnlUmuzde, Ozellikle Glkemizde, pek cok
mobilyada kimi zaman aslina uygun olarak, kimi zamansa, farkli kombinasyonlar i¢inde ve
farkli adlar altinda kullanilabilmektedir (Elibol vd., 2014).

Kabriyal, kavisli ¢izginin 6zii olarak nitelendirilmektedir. Dogru ele alindiginda ve
anlasildiginda, tabandan zirveye uzanan, yanlara dogru yayilan ve iistlinliigli altinda her 6geyi
ve koseyi koordine eden, ister ana ¢izgide ister kiiciik ayrintilarda olsun, siireklilik ve tatlilik
sergileyen, kendi kendine yeterli ve kapsayici bir biitiinliik i¢indeki ¢izgiyi ifade eder. Barok
coskusunun, Rokoko ruhuna biiriindiigii bir doneme ait olarak, diiz ¢izgiyi reddeden, ¢cekingen
bir 6ge olmustur; ancak gosteris ya da eksantriklik istenildiginde, taskinlik, ¢izgisini
karistirmis ve savurganlik, siislerini artirmistir (Tipping, 1920).
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Kabriyal ayagin “ilk” kullaniminin nerede ve ne zaman gergeklestigi yoniinde,
kaynaklara dayali net bir bilgi bulunmamakla birlikte; tasarimdaki gelismelerin ¢ogu zaman
tedrici degisimler ile ilerledigi kabul edilerek, Antik donem ve Ortagag’daki arketip
kullanimlar (Sekil 1, 2 ve 3.) harici, yani gercek anlamiyla Kabriyal ayak formunun ilk
orneklerinin yer ve zamanlar1 ele alinmistir. Ancak, Sekil 1, 2 ve 3’teki Antik dénem ve

Ortagag’a ait gorsellerde yer alan mobilyalarda da hayvan ayaklarinin ikili kivrim ile
kullanildig1 goriilmektedir.

Sekil 1. Antik Misir, Tutankhamun doénemine ait bir mobilya. Arka ayaklarda hayvan bacagi
formu kullanimi — M.O. 1347-1337 (URL-1, 2023)

Sekil 2. Tutankhamun’un tahti. Arka ayaklarda egimli hayvan bacagi kullanimi1 (Burton,
1923)

Sekil 3. Dagobert’in Taht1. Ayaklarda leopar basi ve ayak kullanimi (c. 603-639) (Library of
Congress, 2023)

Kral 1. Dagobert (603-639), Ortagag’da hiikiim siiren Frank Kralligi’nin Merovenj
Hanedani’ndan bir hiikiimdaridir. Sekil 3’te goriilen, I. Dagobert’in bronz tahtinda, leopar
baslt ve bacak/penge bitisli ayaklarin kullamildigir goriilmektedir. S kivrimli leopar

govdelerini, diiz, ancak geriye dogru ¢ok hafif egimli ayaklar izler (Library of Congress,
2023).
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Tam anlamiyla Kabriyal ayagin ilk 6rneklerinin, yiikselisinin ve gelisiminin Jacobean,
Queen Anne ve erken Georgian donemleri ile Chippendale stilinde goriildiigii bilgisi
mevcuttur. Jacobean Dénemi, admi, Latin karsilign olan James’ten almustir. Ingiliz Stuart
Hanedani’ndan James I’in adidir. Bu donem, tiim Stuart Hanedan: dénemine uzamistir. Bu
donemin baglarinda, mobilyada Ronesans akiminin etkileri goriilmektedir. 1500ler civarinda
Italya’da ortaya ¢ikan Ronesans etkisini ingiltere’ye tanitan VIII. Henry olmustur. Elizabeth
doénemi boyunca da Italyan Rénesans etkisi, degiserek ve ulusal diizene uyumlanarak devam
etmistir (Thompson, 1937).

Ronesans donemi mobilyalarda Kabriyal ayaga fazla rastlanmasa da 1600’lerin
sonlarinda Ingiltere hiikiimdarliginda bulunan III. William (1689-1702) ve II. Mary’ye (1689-
1694) ithaf edilen bir stil olan William and Mary stilinde, yaygin olmamak ve stilin
karakterize 6gesi olan tornali ve sarmal tornali ayaklardan ¢ok farkli olmakla birlikte, kimi
mobilyalarda Kabriyal ayaklar goriilmeye baslamistir (Sekil 4).

Sekil 4. William and Mary stili bir sandalye (Hunter. 1913)

Yakin zamanlarda, 1643-1715 yillar1 arasinda Fransa’da hiikiim stiren XIV. Louis’nin
donemi, Barok stilinin dorugu olarak bilinmektedir. Bu donemde ayaklar ¢ogu zaman diizdiir
ancak gec¢ donemlerinde, Régence stili etkisini gostermeye baslamis ve ayaklarda capraz
kayitlar ile birlikte Kabriyal kullanimi1 (Sekil 5) da baglamistir.

Barok ve Rokoko donemleri arasinda bir gegis olarak nitelendirilebilecek olan Régence
stilinde ayaklar Barok’a gdre uzun ve bir hayvanin arka bacagini andirir sekilde hafif kivrimh
olmaya baglamis ve yine Kabriyal ayak kullanimlar1 goériilmiistiir. Bu ayaklarda yere basan
kisim aslan ya da keg¢i ayagi bigcimlidir. Ayaklar arasindaki ¢apraz kayitlar heniiz ortadan
kalkmamuis, ancak incelmis ve dalgali bir hal almistir (Boyla, 2012)

Sekil 5. Régence stili oturma mobilyast — ¢. 1725-1735 (Histoire du Mobilier, 2023)
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Sekil 6. Oymali, yiiksek arkalikli, Pied-de-Biche tipi Kabriyal ayakli sandalye — c. 1695
(Tipping, 1918)

Pied-de-Biche yani ke¢i ayagi, Régence ve XV. Louis donemi mobilyalarinda
kullanilan keg¢i ayagi seklindeki bitisi ifade etmektedir (French Accents, 2023) (Sekil 6).

Rokoko’nun onciilii niteliginde olan ve XIV. Louis donemine ait Barok stilinde,
bolgelere gore farklilik gosteren ayak bigimleri kullanilmistir. Burgu bigimli ayaklar ve onlari
cogunlukla H bi¢ciminde birbirine baglayan kayitlar yer almistir. Daha sonraki donemlerde ise
tornada bigimlendirilen ters sise bigimli 4 yiizii diizlestirilmis ve bas asagi konmus gibi duran
ayak bigiminin, bu formun istiine ve altina konan kiire veya kiip bi¢imleri ve gapraz bir kayit
ile kullanildig1 goriilmektedir. 17.ylizyilin sonlarina dogru ayak bigimlerinde kullanilan “S”
ve “C” big¢imlerin yumusadigl; hayvanlarin arka ayaklarina benzeyen bigimlerin olugmaya
basladig1 ve hayvan pengelerinin kullanildig1 gériilmektedir (Ozel, 2020).

1700’lerin baslarinda, ingiltere’de, Queen Anne (egemenlik 1702-1714) déneminde ise;
ayni donemlerde 6zellikle Fransa’da hakim olmaya baglayan Rokoko stiline 6zgii kivrimlar
goriilmiistiir. Daha onceki ylizyillarda Felemenk iilkelerine yakin bir tarz benimsemis olan
Ingiltere, bu dénemde de ayni1 tutumu siirdiirmiistiir. Sandalye arkaliklar1 Fransa’dakilere gore
daha yiiksektir ve cercevenin ortasinda kumas doseme yerine bicimi kemani animsatan
genisge, dikey bir ahsap levha yer alir. Kabriyal ayaklar Queen Anne déneminde biraz daha
genistir; yere degen kisimlar ise yayvandir. Onceleri sade olan ayak uglar1 giderek aslan,
sonra da top tutan kus pengesi bi¢imini almistir (Boyla, 2012).

Erken Georgian ve gegis dénemlerine ait ingiliz mobilyalar1 ise Queen Anne stilindeki
Hollanda etkilerini tamamen birakma egilimi gostermektedir. Sandalye arkaliklar1 kisalmis ve
dis hatlar1 daha ¢esitli hale gelmistir. Yeni mobilya tiirleri de ortaya ¢ikmistir. Kabriyal ayak
varligmm siirdiirmiistiir ancak top tutan penge ayak, yuvarlak Felemenk ayagmin yerini
almistir (Dyer, 1917) (Sekil 7).

Sekil 7. Kisalmis arkalikli, ¢capraz kayitsiz, tipik Queen Anne stili sandalye —c. 1714
(Tipping, 1918)
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Tipik Queen Anne stili oturma mobilyalarinda tekli kullanimlarin yaninda, ikili ve ti¢li
arkalik kullanimlar1 da goriilmektedir. Bu tiir mobilyalarda kimi zaman daha az islemeli ve
sade oymal1 (6rnegin, Kabriyal ayagin iist kivriminda yani diz kisminda tekli deniz kabugu
oymasi bulunan) versiyonlar kullanilirken (Sekil 8); kimi zaman ayaklarin daha kisa ve kalin
kullanildig1 ve tizerlerinin derin oymalarla ve yogun islemelerle kapli oldugu goriiliir (Sekil 9)

Sekil 8. Kiiciik boyutlu, az oymali, konut tipi, Queen Anne stili oturma mobilyas1 — c. 1710
(Tipping, 1918).

E Pl o &

Sekil 9. Biiyiik boyutlu, liglii arkaliga sahip (ceviz), derin oymali ayakli Queen Anne stili
mobilya - c. 1730 (Tipping,1918)

Fransa’da 1715-1774 yillar1 arasinda XV. Louis donemi hakim olmustur ve bu donemde
de Kabriyal ayakli pek ¢ok mobilya tiirii kullanilmistir (Sekil 10).

XV. Louis stili, Rokoko olarak da adlandirilmaktadir. Mobilyalarda oyma ve
siislemelere genis yer verilmistir. XV. Louis donem mobilyalarinda diiz hatlara rastlamak
neredeyse imkansizdir. Kabriyal ayak, bu dénemde sandalye ve koltuklarda genellikle
uygulanan ayak seklidir. Ayaklarin yere degen kisimlarinda genellikle ko¢ boynuzu veya disa
dogru ¢ikintili kivrimlarla beraber tizerinde fitil ve genellikle bitkisel sekilli oymalar goriliir.
On ayaklarin alin kisminda gesitli yaprak, stilize edilmis ¢igek oymalari uygulandig1 gibi sade
birakilanlarda fitil ve oluklar da bulunabilmektedir (Aras ve Uzun, 2010: 132). Rokoko
mobilyanin en dnemli 6zelliklerinden biri, 6zellikle Régence doneminde ayaklar arasinda yer
alan c¢apraz kayitlarin ortadan kalkmasidir. Ayaklarin govdeye yan baglantilarla
birlestirilmesiyle bu donemde daha saglam c¢atkilar elde edilmeye baslamistir ve gergilere
gerek kalmamistir. Kabriyal ayaklar eskisine gore bazi bigimsel degisikliklerle neredeyse
biitiin mobilyalarda goriilmiistiir. Daha ince yapililardir ve kivrimlari daha belirgindir. Kimi
orneklerde, disa kivrimli boliimiin iizerinde oyma ile yapilmis bitkisel motifler de
bulunmaktadir. Yere gelen ugta ise hayvan pengesi yerine ruloya benzer bir kivrim yer
almistir (Boyla, 2012).
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Sekil 10. XV. Louis donemi yazi masasi - Bernard 11 van Risenburgh — c. 1755 (The Met
Museum, 2023)

Sekil 11. Rokoko stili oturma mobilyas1 ve Kabriyal ayak kullanimi — c. 1754-1756 (The Met
Museum, 2023)

Simetrik olarak yerlestirilmis Rokoko siislemeleri, ¢icek buketleri, palmiye dallar1 ve
tepe tacinin ortasinda yer alan biiyiik bir deniz kabugu figiiriiyle zenginlestirilen sandalyenin
dalgali hatlar1 dikkat cekmektedir (Met Museum, 2023) (Sekil 11).

Rokoko stili oturma mobilyalarinda, 6zellikle dosemeli mobilyalarda kullanilan kisa
Kabriyal ayaklarin, uzun Kabriyal ayaklara gore daha kalin ve islemeli olarak tasarlandig
goriilmektedir. Boyun ve bilek kisimlarinin kesit kalinliklar1 arasindaki fark, kisa ayaklarda
¢ogu zaman daha azdir. Bir bagka anlatimla, kisa ayaklarda yukaridan iniste kalinlik azalmasi
daha azdir. Uzun Kabriyal ayaklar, ince ve zarif inmekte, ayak ucunda yani zemine temas
eden noktada kiiciik bir kivrimla sonlanmaktadir. Benzer yaklasimlar, yiliksek ayakl
depolama {initelerinde de kullanilmistir.

Sekil 12. Gotik siislemeli, Italyan stili, Fransiz ayakli depolama iinitesinde Kabriyal ayak
kullanimi — ¢.1745 (Tipping, 1920:82)

Sekil 12.°de yer alan ve Gotik siislemelere sahip depolama finitesinde kullanilan
Kabriyal ayaklarda, italyan kokenli Akantus yapragi islemesinin bulundugu goriilmektedir
(Tipping, 1920:82). Depolamaya yonelik mobilyalarda ve masalarda kullanilan Kabriyal
ayaklarm, uzun, ince ve zarif yapida oldugu goriilmektedir. isleme ve oymalar ise genellikle
ist kiviimda yani diz kismindadir ve ayak boyunca devam edebilen fitil hatlar1 da
gorulebilmektedir.
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Bu dénemde, Kabriyal formun, ¢ogu zaman tiim ayaklara uygulandigi goriilmektedir.
Ancak kimi zaman cesur hamlelerin de yapildigi; Kabriyal ayaklarin, tiim ayaklar hatta sadece
On ayaklar yerine, sadece arka ayaklara uygulandigi nadir ornekler de goriilmektedir.
Donemin tavrinin bir sembolii olmamakla birlikte, farkli kullanimlara 6rnek teskil etmesi
bakimindan asagida bu tiir bir mobilya gorseline yer verilmistir (Sekil 13).

Sekil 13. Thomas How’a atfedilmis bir sandalye — ¢.1724-1736 (The Met Museum, 2023)

Neoklasik donemde ise Dort Blyiklerden (1718-1806), Thomas Chippendale, Kabriyal
ayak kullanimi ile dikkat ¢ekmektedir. Chippendale, tasarimlarinda, temelde, Cin, Gotik ve
Rokoko stillerinin etkileri gortlmektedir. Her zaman bu ayak turind kullanmasa da
Chippendale, Kabriyal ayak bigimini kendi tarziyla bir¢ok mobilyasinda kullanmis ve
gelistirmistir (Sekil 14) (Dyer, 1917: 473).

Sekil 14. Top tutan penge figiirlii ayagi ile bir Chippendale sandalyesi (Dyer, 1917).

Chippendale tasarimlarinda, Kabriyal ayaklarn kivrimlarini olusturan yaylarin kimi
zaman daha genis (yani egimin daha belirsiz), kimi zaman ise daha dar (yani egimin daha
belirgin) oldugu goriilmektedir (Sekil 15).

Sekil 15. Chippendale’in {i¢ farkli yaklagim ile Kabriyal ayak kullanim1 (Chippendale, 1754)

Sonralart Rokoko, Felemenk ve Cin etkileri terk edilmis; 1785 sonrasinda Kabriyal
ayak yerini diiz ayaklara birakmis ve hafif konstriiksiyon neredeyse bir kural haline gelmistir.
Ormegin yine Dort Biiyiiklerden Robert Adam stili mobilyalarda, diiz ve ince ayaklar
kullanilmig; Kabriyal ayaga neredeyse hi¢ yer verilmemistir (Dyer, 1917: 474).

297



Mutdogan ve Elibol, Mobilya ve Ahsap Malzeme Arastirmalar: Dergisi, 6(2),289-304

Georgian doneminde diger marangozlar tarafindan yapilmis olan, 6zellikle masalar,
Secretary tipi dolaplar ve saat kasalari gibi dikkate deger mobilya pargalari yer almistir.
Secretary tipi depolama ve yazi masalar1 benzer sekilde gelismis; Once topuz ayaklara,
ardindan yine top tutan penge figiirlii kisa Kabriyal ayaklara ve son olarak Adam ve Sheraton
stillerinin ayaklarina sahip olmuslardir (Dyer, 1917: 475). Bu egilim Amerika’ya da yayilmais;
Colonial dénemdeki birgok mobilyaya yansimistir. Ozellikle Dért Biiyiikler etkisindeki
mobilyalar ve Chippendale etkisi basta olmak {izere bu stilde {iretilen mobilyalarda kullanilan
farkl: tiplerdeki Kabriyal ayaklar dikkat cekmektedir (Sekil 16, Sekil 17).

Sekil 16. Secretary tipi mobilya — Amerika — c. 1775 (Recent Accessions in American Art,
1967)

Sekil 17. Chippendale stili kart masas1 — Amerika — c. 1775 (Recent Accessions in American
Art, 1967)

Sekil 17°de yer alan maun masa, bes adet Kabriyal ayak ile desteklenmektedir. Dordd,
diz bolgesinde Akantus figliri oymalidir ve tamami, top tutan penge figiiri ile
sonlanmaktadir. Ayaklardan besincisi olan kapi ayagi (gate-leg) ise kiglk bir ¢ekmeceyi
desteklemektedir (Recent Accessions in American Art, 1967).

18. yiizyil, farkli mobilya tiirlerinin de gorildigli bir donem olarak karsimiza
cikmaktadir. Lowboy ve Highboy tipi depolama {initeleri, donemin popiiler mobilyalar
arasindadir. Bu tiir mobilyalarda kisa veya uzun Kabriyal ayak kullanimi yaygindir (Sekil 18.,
Sekil 19.). Kisa Kabriyal ayaklar daha kalin iken, uzun Kabriyal ayaklar genellikle daha ince
ve zarif yapilidir.

Sekil 18. Lowboy tipi mobilya — William Savery - c. 1760-1775 (Halsey, 1918)
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Sekil 19. Highboy tipi mobilya — William Savery - c. 1760-1775 (Halsey, 1918)

Bu donemden sonra, yenicag ile birlikte ayaklar neredeyse tamamen diizlesmistir. XVI.
Louis (1774-1798) doneminde ve Directoire stilinde, ayaklarda Kabriyal kullanimi yok
denecek kadar azdir.

19. yiizyilin baslarinda, yani erken 1800lerde goriilen Empire stili mobilyada da gesitli
bicimlerde kivrimlandirilmis ayaklar goriilmiistiir; ancak bu kivrimh ayaklar lire benzer “U”
seklinde veya Klismos’taki gibi disa doniik, ya da hafif Kabriyal olarak sekillenmistir (Boyla,
2012: 73). Empire stili, kokenini Antik donemden, 6zellikle Misir’dan alan bir stildir. Bu
sebeple, Antik donemde goriillen kimi Ogelerin, bu donem mobilyalarinda da kullanildig:
goriilmektedir. Giig sembolii bazi figiirlerin, tam olarak Kabriyal ayak biciminde olmasa da,
Antik donemdeki kullanimlara benzer bir yapida kullanilabildigi goriilmektedir (Sekil 20).

Biedermeier (1815-1848) doneminde ise, mobilyalarin belirgin sekilde sadelestigi
goralur. Kabriyal ayak kullanimi yok denecek kadar azdir. Soyut formlardaki arkaliklari ile
dikkat ¢ceken bu donem oturma mobilyalari, genellikle diiz veya hafif tek egimli (i¢ biikey)
ayaklara sahip olmugstur. 19. yiizyilin ikinci yarisinda Biiylik Britanya’da hiikiim siiren
Kralice Victoria doneminde (1837-1901) ise mobilyalarin Rokoko stiline benzer sekilde
egmegli, oymali, islemeli bir hal aldig1 goriiliir. Kabriyal ayak kullanim1 mevcuttur. Ozellikle
dosemeli oturma mobilyalarinda kisa Kabriyal ayaklar kullanilmistir. Ayak bitislerindeki
rulolarin devaminda kimi zaman ek bir u¢ da bulunabilmektedir (Sekil 21).
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Sekil 21. Victorian donemine ait bir koltuk (Belter, 1855)

19. ylizyilin sonlar1 ve 20. ylizyil, bir¢cok konuda oldugu gibi mobilya konusunda da
biiyiik bir donlim noktast olmustur. Endiistrilesme ile birlikte gelen teknik gelismeler, el ile
uretimden seri Uretime gegilmesi, mobilya tasarimlarinda ge¢misten gelen 6gelerin devam
ettirilmesi yaklagiminin yerine dogadan ilham alinmasi ve sonrasinda soyutlamanin 6n plana
cikmas1 gibi pek ¢ok faktor; Arts and Crafts, Art Deco, Art Nouveau ve en nihayetinde
Modernizm gibi akimlari, stilleri ve yaklagimlar1 dogurmustur. Kabriyal ayak, yavas yavas,
yerini, diiz eksenli veya ¢ok hafif tek egimli ayaklara birakmigtir. Antoni Gaudi (1852-1926)
gibi kimi tasarimcilarin mobilyalarinda, soyutlanmis halde kullanimlar goriilse de (Sekil 22),
bu donemin sembol ayag degildir artik Kabriyal.

Sekil 22. Antoni Gaudi’ye ait Art Nouveau stili sandalye (Gaudi, 1898-9)

Tabiidir ki tekil kullanimlar, uygulamalar her donemde bulunabilmektedir; ancak bu
calismada belirtilmek istenen, donemlere 6zgii tipi yaklasimlarin ortaya konmasidir. Yakin

donemlere gelindiginde, tasarimci bazinda kullanimlarin mevcut oldugu goriilmektedir (Sekil
23).
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Sekil 23. Tarihsel siiregte Kabriyal ayagin muhtemel kdkenleri ve versiyonlarinin yeri
3 Sonug ve Oneriler
Calismanin sonuglar1 ve bu yonde sunulan 6neriler asagida 6zetlenmeye ¢alisilmistir:

e Kabriyal ayagin aslin1 olusturan iki énemli unsur bulunmaktadir: S kivrimi ve hayvan
bacagina referans veren detaylar. Hayvan bacagi ve ayagini yansitan kullanimlarin Antik
donemde, 6zellikle Misir’da kullanildig: bilgisi literatiirde yer almaktadir. Sonralari Roma
doneminde ve Ortacag’da da baz1 uygarliklara ait mobilyalarda gesitli hayvanlara yonelik
kismi figiirlerin kullanildigi da goriilmektedir. Bu ayak tipleri incelendiginde, Kabriyal
ayagm iki onemli unsuru olan havyan detaylar (6zellikle ayak, penge vb.) ve ikili, yani S
kivrimin, bu Orneklerde de yer aldigi goriilmektedir. Dolayisiyla Antik donemdeki ve
Ortacag’daki bu orneklerin, formal anlamda Kabriyal ayaklar i¢in bir arketip niteligi
tastyabilecegi diisliniilmiistiir.

Kabriyal ayagin, tam anlamiyla yani yerlesik tipoloji dahilinde kullaniminin ise tarihsel
slirecte, 17. yiizyilin sonlarina dayandig: goriilmistiir. Kabriyal ayagin ilk 6rneklerine bu
zaman diliminde rastlamak mumkdindur.

e 18. yiizyihn baslarinda, Ingiltere'de Queen Anne doénemiyle birlikte, mobilya
tasarimlarinda Kabriyal ayaklar yaygin olarak goriilmeye baslamistir. Eszamanh
denebilecek Fransiz etkisi ile Kabriyal yayginlagmis, yiizyilin ortalarinda, tam anlamiyla
karakterize olmus Kabriyal ayak ortaya c¢ikmistir. XV. Louis doneminde etkili olan
Rokoko stilinde iiretilen mobilyalarda S kivrimlari benimsenmis ve tipik Kabriyal ayak
olusmustur. Bu doneme ait mobilyalarda ayak iistlerindeki oymalar da dikkat ¢ekmektedir.
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Bu doneme ait sandalye, masa ve depolama gibi pek ¢cok mobilya tiiriinde bu ayaklarin
kullanildig1 goriilmektedir.

e 18. yiizyilin ortalarma gelindiginde, Ingiliz etkisi tekrar agir basmis ve Dért Biiyiikler
doneminin 6nemli temsilcisi Thomas Chippendale tarafindan da Kabriyal ayaklarin
kullanilmasi ile bu ayaklarin popiilerligi daha da artmistir. Doneminde oldukg¢a 6nemli ve
etkili bir Ingiliz mobilya iireticisi olan Thomas Chippendale, Kabriyal ayaklarini
tasarimlarina genellikle oyma detaylartyla dahil etmistir. Rokoko stilinde bu kullanim
doruga ulasmustir.

e Kabriyal ayaklar 18. yiizyilda Amerika’da da benimsenmeye baslamistir. Amerikali
mobilya ureticileri, Kabriyal ayaklar1 yerli malzeme ve tekniklerle birlestiren pargalar
tasarlamis; bu ayaklar1 yerel zevklere uyacak sekilde uyarlamislardir.

e Kabriyal ayagmin popiilaritesinin dorugu 18. yilizyillda yasanmigsa da etkisi sonraki
donemlerde de devam etmistir. 19. ve 20. yiizyilda dahi mobilya tasarimcilart Kabriyal
ayagit yeniden ele alip yorumlayarak, onu cesitli canlandirma tarzlarina ve modern
tasarimlara entegre etmislerdir.

o Kabriyal ayak, tarihsel siiregte kimi versiyonlariyla giicii, kimi versiyonlariyla ise zarafeti
simgelemistir. Yalnizca bicimsel bir 68e olmanin &tesinde, anlamsal deger tasiyan,
mobilya tarihine damgasmi vuran bir ayak tipi olmustur. Uzerinde tasidigi elemani
(6rnegin oturma yiizeyi, depolama birimi, masa yiizeyi) nazik¢e 6n plana ¢ikaran, zarif
fakat direngli bir forma sahip olmasi, Kabriyal ayag: yiizyillar boyu vazgeg¢ilmez kilmistir.
Kisa versiyonlari, ¢cogu zaman gii¢lii bir yap1 sergilerken, uzun versiyonlar daha cok,
kullanildiklar1 mobilyalarin inceligine katki saglamistir.

e Gotik donem, Ronesans ve Barok donemlerinde fazla yer bulamayan bu ayak tipinin,
Régence ve Rokoko donemlerinde yiikseldigi; Queen Anne doneminde 6zellikle kalin
Kabriyal ayaklarin tipik Orneklerinin yer aldigi; Rokoko sonrasinda, XVI. Louis
doneminde, Kabriyal ayaklarin yerini tekrar diiz ayaklarin aldigi; bu dénemi takip eden
Directoire, Empire ve Biedermeier donemlerinde de Kabriyal ayaga fazlaca yer
verilmedigi goriilmektedir.

e Ulkemizdeki kullanimlar1 ise Osmanli Imparatorlugu donemine uzanan Kabriyal ayakli
mobilyalarin, 6zellikle Avrupa’daki kullanimlari takiben cografyamizdaki saraylara dahil
oldugu bilinmektedir.

e Gliniimuzde ise, klasik mobilya ile Kabriyal ayak neredeyse 6zdeslesmis durumdadir.
Hatta, Ulkemizde, tamamen modern bir yaklasimla tasarlanmis mobilyalara Kabriyal ayak
eklenmesi ile tarihsel veriler yoniinden tutarli veya tutarsiz hibrit bazi mobilyalar ortaya
konmaktadir. Burada 6nemli olan, kullanilan 6genin neyi temsil ettiginin ve hangi doneme
ait oldugunun bilinmesi gerektigi konusundaki farkindaliktir. Bu sayede, kullanilacak olan
0geyi bicimsel olarak ortaya c¢ikaran anlamsal altyapi, yani, bu 06genin gorildigii
donem(ler)in sosyo-politik ve ekonomik yapisi, kiiltiirel yapi, giindelik yasam, kullanilan
detaylarin temsil ettigi kavramlar gibi bir¢ok veriden faydalanilmis olacaktir. Bu yaklasim,
mobilya tarihinin verilerini okuma ve gelecek tasarimlara yon verebilme konusunda kilit
bir husus konumundadir.

o Kabriyal ayagin, yiikseliste oldugu ve olmadigi donemlerin kosullarinin incelenmesi ve bu
kosullar ile mobilya tasarimlar1 ve daha da 6zelde, ayak tercihleri arasindaki baglantinin
kurulmasi da ileri bir ¢alismanin konusu olabilecektir.

Yazar Katkilar:
Alm Selin Mutdogan: Arastirmanin yapilmasi, analizlerin yapilmasi, kaynaklar, denetleme,
dogrulama, makale taslak olusturma, makale yazma, inceleme ve diizenleme. Giil¢in Cankiz
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Elibol: Kavramsallastirma (arastirma fikri ve amaglarimin gelistirilmesi), metodolojinin
belirlenmesi, arastirmanin yapilmasi, analizlerin yapilmasi, kaynaklar, denetleme, dogrulama,
gorsellestirme, makale taslak olusturma, makale yazma, inceleme ve diizenleme.

Finansal destek beyani
Yazarlar bu ¢alisma i¢in finansal destek beyan etmemistir.

Cikar catismasi
Yazarlar ¢ikar ¢atismasi beyan etmemistir.
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