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O2z: Bu calismada, Ebony Macassar (Diospyros celebica Bakh.) odununda balmumu uygulamasinin yapilmasi son-
rasindaki renk, beyazlik indeksi (WI*) (lifler dik ve paralel yonlerde) ve parlaklik 6zellikleri (lifler dik ve paralel
yonlerde ve 20, 60 ve 85 derecelerde) belirlenmistir. Bir kontrol grubu olusturularak kat uygulamasina sahip 6r-
neklerle sonuglar kiyaslanmigtir. Biitiin kat uygulamalari ile L*, b* ve C* degerlerinde azalislar belirlenmistir. 60 ve
85 derecelerde en diisiik sonuglar balmumu uygulanmamis 6rneklerde bulunmustur. Buna ek olarak, balmumu
uygulamalart ile artiglar elde edilmistir. WI* degerleri her iki yonde de elde edilen sonuglar balmumu uygulamasina
ait kat sayisinin artmasiyla azalmigtir. AE* degerleri 1 kat uygulama ile 5.86, 2 kat uygulama ile g.01 ve 3 kat uygu-
lama ile 9.22 olarak hesaplanmigtir. AE* degerleri 2 ve 3 kat balmumu uygulamalart ile birbirine ¢ok yakin sonuglar

vermistir. Sonug olarak; 3 kat uygulamaya gerek duyulmadig séylene bilinir.

Anahtar Kelimeler: Ebony Macassar; renk; Diospyros celebica Bakh; parlaklik; balmumu; beyazlik indeksi

A Study on Wax Application on Ebony Macassar (Diospyros
celebica Bakh.) Wood
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Abstract: This research investigated the impact of wax application on ebony Macassar (Diospyros celebica Bakh.)
wood, focusing on color and whiteness index (WI*) (fibers perpendicular and parallel directions) and glossiness
properties (fibers perpendicular and parallel directions at 20, 60, and 85 degrees). A control group was established
to compare results with samples lacking wax treatment. Across all wax applications, decreases in L*, b*, and C*
values were observed. Samples without wax treatment exhibited the lowest values at 60 and 85 degrees, whereas
wax treatments led to increases. WI* values declined in proportion to the number of wax application layers. AE*
values were determined as 5.86 for a single layer, 9.01 for two layers, and 9.22 for three layers. Given the close
similarity between AE* values for two and three layers of wax application, it can be concluded that a three-layer

application may not be necessary.

Keywords: Ebony Macassar; color; Diospyros celebica Bakh; glossiness; wax; whiteness index
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1. Girig

Dogal balmumlari, bitkilerden, hayvanlardan ve minerallerden olusmaktadir ve biyo-
lojik ve abiolojik balmumlar: olarak siniflandirilabilir. Biyolojik balmumlari, canlilarin ko-
ruyucu maddeleri veya besin maddeleri olarak olugur. Biyolojik balmumlarinin insan sagli-
gina ve cevreye zararli olmadigi, ancak insanlarin giinliitk yasaminda dogal bir hediye olarak
bazi 6zel 6zelliklere sahip oldugu bilinmektedir (Ruguo ve ark., 2011). Balmumlarinin 6zel-
likleri hem fiziksel yontemler (6rnegin, fraksiyonlama) hem de kimyasal yontemler kullani-
larak degistirilebilir. Balmumlarinin kimyasal degisikligi yontemlerinden biri olan oksidas-
yon, balmumlarinin polar balmumlarinin olugsmasini saglar ve balmumlar: mikroemdilsiyon
dretimi i¢in kullanilir. Balmumlarinin emiilsiyon formunda uygulanmasi, 1sitma ve eritme
ihtiyaci olmaksizin kolay kullanim saglar ve ayrica organik ¢6ziiciilerin kullaniminin gerekli
olmadig bir ortam yaratir (Antosz ve Syrek, 2014).

Petrol veya madenden elde edilen balmumlari, dogal kaynaklarinin bol olmasindan do-
lay1 ahsap endiistrisinde daha yaygin olarak kullanilmaktadir (de Freitas ve ark., 2019). Bal-
mumunun bilegenleri, diisiik polariteye sahip organik ¢6ziiciilerde kolayca ¢6ziinebilen ali-
fatik bilesiklerin farkli bir karigimini icerir. Yiizey ekstraktifleri genellikle triterpenoidler,
flavonoidler ve fenolik lipitler de igerir. Alifatik bilesikler, n-hidrokarbonlar ve belirli kar-
bonlarda hidroksi (OH) ve keton (O) gibi bir veya daha fazla fonksiyonel grubu olanlari da
icerir. Bunlarin arasinda, alkanlar, aldehitler, birincil alkoller, yag asitleri ve B-diketonlar en
sik goriilenleridir. Zincir uzunluklar: genellikle her bilesik sinifinda ¢ogunlukla cift veya tek
sayida homolog bulunan 20 ila 34 karbon arasinda degisir. Bir balmumunun bilegimi sadece
bitkiden bitkiye, organdan organa ve bazen hiicreden hiicreye degil, ayni zamanda gelisim
agamasina ve ¢evresel kosullara bagh olarak da degisir (von Wettstein-Knowles, 2012).

Balmumu emiilsiyonlar1 vakum/basing igslemiyle ahsaba uygulandiginda, balmumlari
UV bozulmasindan etkilenen bolgenin otesine niifuz eder. Balmumu ile islem gérmiis ah-
sabin kullanim siiresi boyunca performans gostermesi beklenir (Zahora, 1991). Mumlar, ma-
cun, s1vl1, pasta, serit, ince pullar ve toz halinde piyasada bulunur (Hammond ve ark., 1969).
Balmumu uygulamalarina ait bagka caligma alanlarina bakildiginda; ayakkabr cilasi ve ruj-
larda yag baglama, sekerleme ve endiistriyel kaplamalarda su gecirmezlik, firinlanmuis tirtin-
lerde ve plastiklerde serbest performans, ara¢ cilalarinda ve miirekkeplerinde gizilmeye
kars1 dayaniklilik, sicak eriyiklerde ve sakizlarda plastiklestirme, kalemlerde ve metal isleme
alaninda yaglama, maskaralarda ve toniklerde dagilma, tarimsal ve farmaso6tik matrislerde
gecikmis salim ve seramiklerde ve kozmetik pudralarda baglama &zellikleri (Bayer ve ark.,
20m) gibi konular da igerdigi bildirilmistir.

Literatiirde gesitli agac tiirlerine ait yiizeyler tizerinde balmumu uygulamalarinin ya-
pildig: goriilmektedir [zeytin (Olea europaea L.) (Peker ve ark., 2024a), erik (Prunus domes-
tica L.) (Peker ve ark., 2024b), balau red (Shorea guiso) (Peker ve ark., 2024c), lodgepole
camu (Pinus contorta Douglas ex Loudon.) ve (Eucalyptus saligna) (Zhang ve ark., 2022),
ceviz (Juglans regia) ve akcaaga¢ (Acer pseudoplatanus) (Liu ve ark., 2022), melez (Larix
gmelinii) (Zhang ve ark., 2020), Pterocarpus macrocarpus Kurz (Yang ve ark., 2021), lodge-
pole ¢amu (Pinus contorta Douglas ex Loudon.) (Wang ve ark., 2020)]. Ama yapilan arag-
tirma sonunda Diospyros celebica Bakh ahsabi iizerinde bir balmumu ¢aligmasinin yapilma-
di81 belirlenmistir.

Bu agag¢ tiiri hakkinda bilgi vermek gerekirse; Diospyros cinsi, tropikal ve iliman bol-
gelerde yetisen yaklasik 500 tiir aga¢ ve ¢ali icermektedir. Afrika, Hindistan ve Giineydogu
Asya’daki tropikal baz1 Diospyros tiirlerinin koyu siyah 6z odunu siyah lekeler veya ¢izgilerle
karakterize edilmektedir. Genellikle siyah aga¢ veya ebony agaci olarak adlandirilir. Bu ah-
sabin yiiksek bir degeri vardir (Noda ve ark., 2002; Karlinasari ve ark., 2020).

Diospyros celebica Bakh genellikle Sulawesi, Endonezya’da yetistirilir ve Ebenaceae,
Diospyros ailesine aittir. Bu agag farkh isimlerde taninmaktadir (cennet kusu, kizil ejder
balig1 ve ahgabin siyah incisi) (Chen ve ark., 2018). Fidanlari, bir gélgelik altinda iyi gelisir-
ken, kii¢lik bogluklar: tercih eder. Agac tek basina biiytidiigiinde, siirgiinler solmakta veya
govdeler 6lmekte olup, ardindan da yan siirgiinler biiylimektedir (Seran ve ark., 1988).

Bu tiirtin 6z odun tretip tiretmedigi biiylik 6l¢tide agacin ne kadar bityliidiigiine bagli-
dir. Ancak ayni tiiriin bireylerinde bile 6z odun ve diri odunun oraninda genis bir varyasyon
oldugundan, diger kosullara da baghdir. Uretilen 6z odun, pembe, sarimsi, kahverengi veya
kil renginde ¢izgili siyah olabilir.

Kaplan, $. et al. GreenTech 2024, 2(1). https://doi.org/10.5281/zenodo.1097705. 2 of 8
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Genellikle beyazimsi, sarimsi veya kirmizims: diri odunun ince ila ¢ok genis bir ban-
dindan keskin bir gekilde ayrilir. Dokusu ince, diiz ve (6zellikle 6z odun) ¢ok yogundur. Lif
genellikle ¢ok diizdiir (Schneider, 1916).

Ahsabin sertligi sert ila ¢cok sert arasinda, agirlig: ise agir ila ¢ok agir arasindadir. Diri
odun kirilgan iken esnek ve dayanikhidir. Oz odun ¢ok dayaniklidir. Diri odun ortalama da-
yaniklidir. Iyi bir sekilde kurutmak zordur. Kiitiikler neredeyse her zaman 6zden disariya
dogru birkag yonde c¢atlar, kesilmis kereste ise egilmeyi 6nlemek icin dikkatlice istiflenme-
lidir. Ancak tamamen kuruduktan sonra ¢ok kararlt hale gelir. Cok yiiksek yogunlugu odu-
nun islenmesini zorlastirir. Ancak keskin aletler yardimi altinda giizel bir ylizey elde edile-
bilmektedir (Schneider, 1916).

Bu ¢alismada, ebony Macassar (Diospyros celebica Bakh.) ahgabinda balmumu uygula-
masinin yapilmasi sonrasinda meydana gelen bazi yiizey degisimleri incelenmistir.

2. Deneysel Calismalar

2.1. Materyal
2.1.1. Ahsap malzeme

Ebony Macassar (Diospyros celebica Bakh.) deney 6rnekleri 100 mm x 100 mm x 20 mm
boyutlarinda bir kereste saticisindan satin alinmistir. Daha sonra 8o, 100 ve 120 numaralt
zimparalar ile zimparalanmigtir. Deney 6rnekleri tizerinde iklimlendirme uygulamalari ya-
pilmistir (20+2°C ile %65 bagil nem) (ISO 554, 1976).

2.1.2. Balmumu

Balmumu 6zel bir firmadan satin alinma y6ntemi ile temin edilmistir. Dogal ve sentetik
balmumlarinin karigimina sahip yag (gériiniim: macun, renk: nétr, koku: karakteristik, suda
¢ozliniirlik: dagilabilir fakat ¢6ziinmez, kuru artik: %30 ve pH degeri: 7.6) kullanilmigtir.

2.2. Metot
2.2.1. Balmumunun ahsap malzeme yiizeylerine uygulanmasa

Calismada, dogal ve sentetik balmumlarinin karigimina sahip balmumu ahgap mal-
zeme ylizeylerine 1, 2 ve 3 kat olarak bir fir¢a yardimiyla uygulanmustur.

2.2.2. Renk ozelliklerinin belirlenmesi

Renk degisimi, (ASTM D 2244-3, 2007) CS-10 (CHN Spec, Cin) [CIE 10° standart goz-
lemci; CIE D65 151k kaynagi, aydinlatma sistemi: 8/d (8°/daginik aydinlatma)] cihazi ile 61-
clilmigtiir. Asagidaki formiiller ile toplam renk farkliliklar1 belirlenmistir.

C* = [(a*)* + (b*)*]°s ()

h° = arctan (b*/a*) (2)

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

AE* = [(AL*)* + (Aa*)* + (Ab*)*]°5 (8)

Kaplan, $. et al. GreenTech 2024, 2(1). https://doi.org/10.5281/zenodo.1097705. 3 of 8
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Tablo1. Aa* AL Ab* ve AC* degerlerine ait tanimanalar (Lange, 1999).

Paranetre Peeitif durunnda Neggtif durunda
AL* Referanstan daha agk Referanstan daha koyu
Ad* Referanstan daha krmz Referanstan daha yesil
Ab* Referanstan daha san Referanstan daha mavi
AC* Referanstan daha net, daha parlak Mat, referanstan daha bulanik

*A C: kroma kism veya doygunluk farks ve A A ton bdlimii veya gdge fark.
AE* kiyaslama kriterleri (DIN 5033, 1979) Tablo 2’de verilmistir.

Tablo2 AF* defferlendirmes igin kiyaslama kriterleri (IN5033, 1979).

Toplamrenk farka (AF) Girsel renk puani farka
02 Aglanamaz
02ila05 Cok zayf
05ila1l5 Zayf
15ila30 Belirgin
30ila60 Gok belirgin
60ila120 Giiclii
>120 Cok giiclii

2.2.3. Beyazlik indelksi (WT*) ozelliklerinin belirlenmesi

Whiteness Meter BDY-1 cihazi ile beyazlik indeksi (WTI*) degerleri liflere paralel ve dik
yonlerde belirlenmistir (ASTM E313-15€1, 2015).

2.2. 4. Parlaklk ozelliklerinin belirlenmesi

Parlaklik testleri ETB-0833 model gloss meter cihazinda ¢ farkh agilarda (20°, 60° ve
85°) liflere dik ve paralel yonlerde olacak gekilde yapilmigtir (ISO 2813, (1994).

2.2.5. Istatistiksel analiz

Bir istatistik programu ile standart sapmalari, maksimum ve minimum degerleri, orta-
lamalar homojenlik gruplari, varyans analizleri ve ytizde (%) degisim oranlari hesaplanmig-
tir.

3. Bulgular ve Tartisma

Renk parametrelerine ait olan varyans analizi sonuglar1 Tablo 3’de verilmigtir. Bu so-
nuglara gore, biitiin renk parametreleri i¢cin uygulanan balmumu kat sayis1 faktoriintin an-
laml olarak elde edildigi goriilmiistiir (Tablo 3).

Tablo3. Renk paranetrelerine ait dan varyans analizi sonuglan.

Varyans kaynag Test Kareler toplam Serbestlik derecesi Qrtalama kare Fdegeri a<0.05
Igklitik (2) 494258 3 164753 423780 0.000*
Krma (&) renk tonu 60545 3 20182 289.89 0.000*
Kat sayis San () renk tonu £9.846 3 16615 99.336 0.000*
Kroma (C) L4434 3 1481 86.280 0.000*
Ton (#) ags 10824210 3 3608070 277707 0.000*
Iklitik (2) 13996 3% 0389
Krma (&) renk tonu 2506 3% 0070
Hita San (8) renk tonu 6021 3% 0167
Kroma (C) 6180 3% 0172
Ton (#) ags 481725 3% 12992
Iklitik (2) 36243.44) 40
Krma (&) renk tonu 63480 40
Toplam San (8) renk tonu 84761 40
Kroma (C) 911.705 40
Ton (#) ags 313341497 {0
Iklitik (2) 508.254 39
Lo Krma (&) renk tonu 63.052 39
aﬁ;? San (69 renktonu 55,867 »
Kroma (C) 50614 39
Ton (#) ags 11291935 )
**p0.05
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L* degeri i¢in en yiiksek kontrol deney gurubunda (34.79) bulunurken, en diigiik sonug
3 kat balmumu uygulanmis érnekler tizerinde (26.12) belirlenmistir. Kat sayisinin artmasi
ile L* degerleri azalmistir (azalig oranlari sirasiyla 1, 2 ve 3 kat icin %16.61, %24.55 ve %24.92)
(Tablo 4).

a* degeri igin en yiiksek kontrol 1 kat balmumu uygulanmig 6rneklerde (1.54) goriliir-
ken, en diiglik sonug 2 kat balmumu uygulanmis 6rnekler iizerinde (-1.33) tespit edilmistir.
a* degerinde 1 kat balmumu uygulamasi ile %144.44 oraninda artis elde edilirken, 2 ve 3 kat
balmumu uygulamalari ile sirasiyla %31u.11 ve %298.41 oranlarinda azaliglar gortlmustiir
(Tablo 4).

b* degeri i¢in en yiiksek kontrol deney gurubunda (5.65) belirlenirken, en diisiik sonug
3 kat balmumu uygulanmis 6rnekler tizerinde (3.14) elde edilmistir. b* degerlerinde kat sa-
yisinin artmast ile azaliglar goriilmiistiir (1, 2 ve 3 kat uygulamalar sirasiyla %3.36, %37.17 ve
%44.42) (Tablo 4).

C* degeri i¢in en yliksek kontrol deney gurubunda (5.69) elde edilirken, en diisiik so-
nug¢ 3 kat balmumu uygulanmig érnekler izerinde (3.39) goriilmustiir. C* degerlerinde kat
sayisinin artmasi ile azaliglar belirlenmistir (1 kat uygulama ile %0.18, 2 kat uygulama ile
%33.22 ve 3 kat uygulama ile %40.42) (Tablo 4).

h° degeri i¢in en yiiksek 2 kat balmumu uygulamasina sahip 6rneklerde (110.83) tespit
edilirken, en diigiik sonug 1 kat balmumu uygulanmig 6rnekler tizerinde (74.30) bulunmus-
tur. h® parametresinde 1 kat balmumu uygulamasi ile %11.30 oraninda azalis tespit edilirken,
2 ve 3 kat balmumu uygulamalart ile sirasiyla %32.30 ve %33.28 oranlarinda artiglar belirlen-
mistir (Tablo 4).

Tablo4 Renk parametrelerine ait olan varyans analizi sonuglan.
Test Bimumuwgdames (Odimsays Qtalame % deism Hmgjenlikgrubu Standart sspre. Minimum  Mikainum Varyans katsayis
3479

Kontrol 10 - A 22 22 3583 318
P 1kat 10 2.0 11661 B 2830 2830 2931 m
2 kat 10 2625|2455 c 2558 2558 2682 132
3kat 10 2612 12492 c* 2536 2536 2642 1.27
Kontrol 10 063 - B 021 032 097 3315
4 1kat 10 154 M44b4 A 031 107 196 2001
2 kat 10 -1.33 13nn c* 025 -1.67 -098 -1897
3kat 10 125 |29841 C 028 -1.67 083 -219
Kontrol 10 5.65 - A 064 466 633 1n.25
5 1kat 10 5.46 1336 A 035 480 590 615
2 kat 10 355 13717 B 034 312 397 9.63
3kat 10 314 | 4442 c* 019 275 355 602
Kontrol 10 569 - A 065 469 6.4 n43
¢ 1kat 10 5.68 1018 A 038 49 619 664
2 kat 10 380 13822 B 029 338 412 762
3kat 10 339 14042 c* 019 305 37 573
Kontral 10 877 - B 154 8125 8622 184
» 1kat 10 7430 N30 c 262 7049 7826 352
2 kat 10 108 13230 A 463 103.87 T6.46 418
3kat 10 mes 13328 A 462 10490 n7.97 413

Horrojentik Grubu situnu igin *en yikeek deger, *en diisik deder

Toplam renk farkliliklarina ait hesaplanmis sonuglar Tablo 5’de sunulmaktadir. AE*
degerleri 1 kat uygulama ile 5.86, 2 kat uygulama ile g.01 ve 3 kat uygulama ile 9.22 olarak
tespit edilmistir. Renk degistirme kriterleri (DIN 5033, 1979) ile elde edilen sonuglar kiyas-
landig1 zaman 1 kat balmumu uygulamasi ile “gok belirgin (3.0 ila 6.0)” sonucuna ulasilirken,
2 ve 3 kat balmumu uygulamalar ile “gii¢li (6.0 ila 12.0)” sonucu elde edilmistir. 2 ve 3 kat
balmumu uygulamalarina ait sonuglar birbirlerine ¢ok yakin olarak elde edilmistir. AL* (re-
feransa gore daha koyu), Ab* (referansa gore daha mavi) ve AC* (referansa gore daha bula-
nik) degerleri negatif olarak bulunmustur. Aa* degerleri 1 kat uygulama ile pozitif (referansa
gore daha kirmizi) olarak belirlenirken, 2 ve 3 kat uygulamalari ile negatif (referansa gore
daha yesil) yonde tespit edilmistir. AH* degerleri 1 kat uygulama ile 0.94, 2kat uygulama ile
2.17 ve 3 kat uygulama ile 2.12 olarak hesaplanmigtir (Tablo 5).
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Tablo5. Toplamrenk farkliikianna ait hesaplanms sonuglar.

Ugdane saves A A AP AC___AH AP Rekdejglimekriterler (ONSIS3,1979)
1 kat balmunu 578 092 -019 -001 094 5.86 Cok belirgin (30ila 6.0)

2 kat balmunu -854 -1.96 -210 -1.88 217 9.01 Giclii (60ila120)

3kt balmumu 868 187 25 230 212 92 Giidli (601la120)

Parlaklik degerlerine ait olan varyans analizi sonuglar1 Tablo 6’da verilmistir. Bu so-
nuglara gore, biitiin parlaklik degerleri i¢in uygulanan balmumu kat sayisi faktoriiniin an-
laml olarak elde edildigi gériilmiistiir (Tablo 6).

Tablo . Parlaklik degjerlerine ait olan varyans analizi sonuglan.

Varyans kaynag Test Kareler toplam Serbestlik derecesi Qrtalama kare Fdegeri a<0.05
120°de parlakiik 0.000 3 0.000 - -
1 60°de parlaklik 0649 3 0216 16158 0.000*
Kat sas 1857de parlaldik 271.202 3 92401
20°de parlaklik 0577 3 0192
60°de parlaklik 10189 3 339%
85”de parlaklik 99.565 3 33188
120°de parlaklik 0.000 3% 0.000
160°de parlaklik 0482 3% 0013
Heta 1 85°de parlaklik 2402 3% 0067
20°de parlaklik 0081 3% 0002
60°de parlaklik 4910 3% 0136
85de parlaklik 8133 3% 0.226
120°de parlaklik 0.400 40
160”de parlaklik 183.460 40
185°de parlaklik 1311.840 40
Toplam 20de partakik 1990 40
60°de pariaklik 294940 40
85°de parlaklik 2769.490 40
120°de parlakiik 0.000 39
1 60°de pariaklik 1131 39
Dirzeltilis 1857de parlaldik 279.604 39
toplam 20°de parlaklik 0658 39
60°de parlaklik 15.099 39
85”de parlaklik 107.698 39
*anlaml, *énersiz

Tablo 7'de parlaklik degerlerine ait olan 6l¢iim sonuglari verilmistir. 20 derecede liflere
dik yonde Sl¢timlerde balmumlar1 uygulamalar ile hi¢bir degisiklik olmadig: gézlemlen-
mistir. Ama ayni derce icin paralel yonde ise artiglar tespit edilmistir. Buna ek olarak, 6o ve
85 derecelerde biitlin yonlerde artiglar goriilmiistiir. Bu derecelerde en diigiik sonuglar kont-
rol deney grubuna ait 6rnekler tizerinde tespit edilmistir (Tablo 7).

Tablo7. Parlaklik degerlerine ait dlan dlgiimsonuglan.
Test Bl mumuwygdames (gdimsays Qtalame % defism Hmojenlikgrubu Standart sspre Minimum Makainum Varyans katsayis

Kontrol 10 010 A 000 010 010 0.00

Lo 1 kat 10 010 000 A 000 010 010 0.00
2kat 10 010 000 A 000 010 010 0.00

3kat 10 010 000 A 000 010 010 0.00

Kontrol 10 193 - c* 005 190 200 250

Lé 1 kat 10 213 11036 B 005 210 220 227
2kat 10 22 11503 AB 004 220 230 190

3kat 10 226 11710 A 022 210 260 9.60

Kontral 10 o9 - D™ 021 070 120 2343

L85 1 kat 10 1T 175385 A 018 7.60 800 235
2kat 10 482 142967 c 024 450 520 5.06

3kat 10 682 164945 B 036 620 7.20 526

Kontral 10 010 - B* 000 010 010 0.00

|2 1 kat 10 039 129000 A 007 030 050 1892
2 kat 10 012 12000 B 004 010 020 3514

3kat 10 012 12000 B 004 010 020 3514

Kontrol 10 204 - c* 008 200 220 413

& 1 kat 10 337 16520 A 043 300 400 1267
2 kat 10 234 147 c 008 220 240 360

3 kat 10 283 13873 B 059 190 340 2087
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Beyazlik indeksi (WI*) degerlerine ait olan varyans analizi sonuglar1 Tablo 8'de veril-
mistir. Bu sonuglara gore, biitiin WI* degerleri i¢cin uygulanan balmumu kat sayisi faktori-
niin anlamli olarak elde edildigi belirlenmistir (Tablo 8).

Tablo8 Beyazlik indeksi (W) degerlerine ait dlan varyans analizi sonuglan.

Varyans kaynaQ Test Kareler toplam Serbestlik derecesi Ortalama kare Fdegeri a<0.05
Kat s W (L) 173000 3 57,667 48320  0000F
=y wr () 14568 3 4,85 2910 0000
it W (L) 429 % ong
w () 083% 3% 0023
W (L) 736800 40
Toplam w () 96060 4
Diizeltilrris W (L) 17729 39
toplam w () 15.404 39

Tablo g’da beyazlik indeksi (WI*) degerlerine ait olan 6l¢iim sonuglar1 gosterilmistir.
Her iki yonde olgiilen WI* degerleri igin en yiiksek sonuglar kontrol deney gruplarinda (L:
7.34 ve || : 2.40) bulunurken, en disiik sonuclar 3 kat balmumu uygulanmis 6rnekler tize-
rinde (L: 2.44 ve ||: 0.84) tespit edilmistir. Kat sayisinin artmast ile her iki yénde dlgiilen
WI* degerleri de azalmigtir (1, 2 ve 3 kat uygulamalar i¢in sirasiyla (L: %64.03, 65.40 ve
66.76 ile || : %40.83, %57.50 ve %65.00).

Literatiirde cesitli agac tiirlerine ait yiizeyler tizerinde balmumu uygulamalarinin ya-
pilmasi sonrasinda renk parametrelerinin, parlaklik degerlerinin ve beyazlik indeksi deger-
lerinin degistigi bildirilmistir [zeytin (Olea europaea L.) (Peker ve ark., 2024a), erik (Prunus
domestica L.) (Peker ve ark., 2024b), balau red (Shorea guiso) (Peker ve ark., 2024c)].

Tablo7. Parlaklik degerlerine ait dlan dlgiimsonuglan.
Test Bl mumuwygdames (gdimsays Qtalame % deism Hmojenlikgrubu Standart sapre Minimum Makainum Varyans katsayis

Kontral 10 134 - A 069 6.00 800 9.33

W 1 kat 10 264 16403 B 005 260 270 196
2 kat 10 254 16540 B 005 250 260 203

3kat 10 244 16676 B* 005 240 250 212
Kontrol 10 240 - A 024 210 270 10.02

wi| 1 kat 10 142 14083 B 015 130 170 1091
2 kat 10 102 15750 c 009 090 120 9.01

3 kat 10 084 165.00 D™ 005 0.80 090 615

Fomojenlik Grubu sikunuicin "en yiikeek deger, “en dsik deger

4. Sonuclar ve Oneriler

e 60 ve 85 derecelerde 6l¢iilmiis olan parlaklik degerlerinde en diisiik sonuglar balmumu
uygulanmamis 6rneklerde tespit edilmistir. Buna ek olarak, balmumu uygulamalari ile
artiglar gorilmistir.

e  Beyazlik indeksi degerleri liflere dik ve paralel yonlerde elde edilen sonuclar balmumu
uygulamasina ait kat sayisinin artmasiyla azalmigtir.

e  Toplam renk farkliliklarina ait (AE*) degerleri 2 ve 3 kat balmumu uygulamalar ile
birbirine ¢ok yakin sonuglar verdiginden 3 kat uygulamaya gerek duyulmadig: sdylene
bilinir.

e  Biitiin kat uygulamalari ile L*, b* ve C* degerlerinde azalislar goriilmugtiir.

e Elde edilen balmumu ile kaplanmig 6rnekler tizerinde dogal veya yapay yaslandirma
uygulamalarinin yapilmasi 6nerilmektedir.

Yazar Katlalart: Kavramsallastirma, U.A., $.K. ve E.H.B.; metodoloji, U.A. ve O.C.; yazilim, S.K. ve
E.H.B.; dogrulama, S.K., O.C., E.H.B. ve U.A,; igerik analizi, $.K., O.C., E.H.B. ve U.A,; arastirma, X.X.;
cahisma olanaklari, U.A., $.K. ve E.H.B.; veri diizenleme, $.K., O.C., E.H.B. ve U.A.; yazma—orijinal
taslak hazirlama, U.A. ve O.C.; yazma—inceleme ve diizenleme, O.C. ve S.K.; gérsellestirme, E.H.B,;
siipervizyon, U.A.; proje yonetimi, U.A. ve $.K,; fon saglama, S.K., O.C., E.H.B. ve U.A. Tiim yazarlar
makalenin yayinlanan versiyonunu okumus ve kabul etmistir.

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

Cikar Catismalary: Yazarlar arasinda herhangi bir ¢ikar ¢atismasi yoktur.
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Abstract: Among the environmental pollution components that are among the most critical troubles of the pre-
sent day, air contamination and, specifically, heavy metal (HM) contamination, whose release rises with industrial
doings, are of great significance. One of the most effective methods for screening the differences in HM concen-
trations in the atmosphere over time is using annual rings of trees as biomonitors. This study tried to determine
the changes in the concentrations of Fe and Al, the most common heavy metals, in the annual rings of the Cedrus
atlantica tree, which was cut down at the end of 2019 in Kastamonu province, depending on the plant organ, age-
range, and direction. According to the study results, the concentration of Fe element in the plant is not caused by
traffic, while the concentration of Al increases due to traffic and enters the plant from the air. Study results show

that both elements can be transferred in Cedrus atlantica wood.
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Oz: Giiniimiiziin en kritik sorunlarindan biri olan cevre kirliligi bilesenleri arasinda hava kirliligi ve 6zellikle en-
dustriyel faaliyetlerle salinimi artan agir metal (HM) kirliligi biiyiik 6nem tasimaktadir. Atmosferdeki HM kon-
santrasyonlarinda zaman iginde meydana gelen farklhiliklar: taramanin en etkili yontemlerinden biri, yillik aga¢
halkalarinin biyomonitér olarak kullanilmasidir. Bu ¢alismada, Kastamonu ilinde 2019 yili sonunda kesilen Cedrus
atlantica agaciin yillik halkalarinda en yaygin agir metaller olan Fe ve Al konsantrasyonlarindaki bitki organi,
yasina ve dogrultusuna bagl olarak degisimler belirlenmeye ¢alisilmigtir.  Caligma sonuglarina gore tesisteki Fe
elementinin konsantrasyonu trafikten kaynaklanmazken, Al konsantrasyonu trafik nedeniyle artarak havadan te-
sise girmektedir. Caligma sonuglar Cedrus atlantica agacinda her iki elementin de aktarilabildigini gostermekte-

dir.

Anahtar Kelimeler: Agir Metal; Biyomonitér; Cedrus atlantica
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1. Introduction

Today, environmental pollution is one of the biggest crises around the world. The in-
stantaneous increase in population with the industrial revolution, integrated with migration
from rural to metropolitan areas, has induced a significant increase in population density
in metropolitan areas (Kilicoglu et al., 2021; Sen et al., 2018). While approximately 9% of the
world's population, which was around 700 million in the 1900s, lived in metropolitan areas,
today, roughly 56% of the world's population lives in urban areas, and it is estimated that
this rate may reach 90% by 2030 (Cetin et al., 2023). The urbanization trouble is shown as
one of the irreversible crises that the world has to deal with today (Dogan et al., 2022).

Rapid population growth and urbanization bring with them many problems. One of
the most critical negativities is undoubtedly environmental dirtiness (Canturk, 2023; El-
sunousi et al., 2021; Key, Kulag, et al., 2023). This process has resulted in pollution of air
(Ateya, Bayraktar, & Koc, 2023; Ateya, Bayraktar, & Kog, 2023), water (Ucun Ozel et al., 2020;
Xue et al., 2022), and soil (K. Isinkaralar et al., 2023; Istanbullu et al., 2023; Li et al., 2022)
due to the release of various contaminants used as raw materials in the industry. In partic-
ular, air contamination has reached such severe levels that, according to the WHO (World
Health Organization), about 9o% of the population inhales contaminated air (Key, Kulag,
et al., 2023), and air contamination causes the death of roughly 7 million people every year
(Ghoma et al., 2022). In fact, as a result of studies, air contamination is shown to be the
foremost cause of global warming (Tekin et al., 2022). Global climate change (Key, Kulac, et
al., 2023; Kog, 2022b) and urbanization, which are stated to occur as a result of the change
in the composition of the atmosphere, are considered to be the most significant problems
on a global scale (Dogan et al., 2022). These problems are related to environmental pollu-
tion, especially air contamination (Key, Kulag, et al., 2023; Koc et al., 2024).

HMs are of specific importance among air contamination factors. HMs do not break
down or disappear quickly in nature. HMs tend to bioaccumulate in living bodies, and some
have lethal or carcinogenic outcomes even at lower concentrations (Kuzmina et al., 2022).
Even HMs, which serve as micronutrients for living things, can have toxic effects on humans
at higher concentrations (Cobanoglu et al., 2022; Elajail et al., 2022; Kog et al., 2022). There-
fore, watching HM concentrations in the atmosphere is of great significance.

The most effectively used method for screening HM pollution in the atmosphere is
biomonitors. Live plants used as biomonitors can accumulate HMs in various organs, and
defining the HM concentration in these organs provides essential evidence about the con-
centration of HMs in the atmosphere. HMs collected in the annual rings of trees over an
extended span can provide us essential details about air contamination history. Reports on
the usability of annual rings of plants as biomonitors have been conducted for a while (Ce-
sur et al., 2022; Cobanoglu et al., 2023).

Within the scope of this study, the changes of iron (Fe) and aluminum (Al), which are
the most common HMs, in the annual rings of a Cedar tree (Cedrus atlantica) growing in
Kastamonu, Ttirkiye, were determined based on year, direction, and organ.

2. Experimental

This study was conducted on Atlas cedar (Cedrus atlantica) samples acquired from the
Kastamonu urban center. Samples were obtained from the log taken from the main trunk
in late autumn 2019 within the study scope. The site where the tree from which the samples
subject to the study were taken occurs is located along the busiest street in terms of traffic
density, which specifies entrance to the city midpoint. To the east of this park is the main
street, where traffic density is relatively high, and to the north is the main road, with low-
density traffic. The location of Kastamonu province is shown in Figure 1.
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Hgure 1. Location of study site, Kastanonu, Turkiye.

A log sample approximately 10 cm thick was taken from the cedar tree trunk about 50-
cm from the soil level, with the north direction marked on the log. The upper surface of the
taken log was sanded smooth in the laboratory to make the annual rings more clearly visible.
The annual rings of the Cedar tree, determined to be 33 years old, are grouped from 1 to 1,
from inside to outside, for three years, considering their width.

After the wood part was divided into clusters and age series were defined, examples
were obtained from the outer bark, inner bark, and wood of each age category with the help
of a steel-tipped drill and positioned in glass petri dishes. The wood examples taken were
shredded and turned into sawdust. First, drying and then pre-burning processes were ap-
plied to the samples, and then Fe and Al concentrations were determined with the ICP-OES
device. The method used in the study is one of the most frequently used techniques in HM
analysis in the recent past (Aricak et al., 2019; Erdem et al., 2023; K. Isinkaralar, Kog, et al.,
2022; K. Isinkaralar, Koc, et al., 2022; Key, Kulag, et al., 2023). Variance analysis was applied
using the SPSS 21.0 software program to the obtained data. As a result of the variance anal-
ysis, the results were evaluated by applying the Duncan analysis for the facets that were
determined to have statistically significant differences at least a 95% confidence level

(p<0.05).

3. Results

The change in the concentration of Fe, one of the elements evaluated in the study,
depending on the direction and organ, is displayed in Table 1.

Table1. Change of Fe element depending on direction and organ

Drections Fvalue
Ogen Sath west Noth Bd
Quter Brk 972258 1522030 82TI65A 5584430b 1562
Inner Brk BQ1L5.4A 3298138 6037280 L0T299Cab 1T193.0%
Wood 383908 21803408 3991158 29259080 28*
Falue 1462ns 8635* 2698 s 1™

" Different lettersfollowing each cther signify the statistical alteration at £0.05. Capital Letters signify harizontal way while lowercase letters vertical
direction ns: nat significant; *<0.05; **<0.01; **€.001. These descriptions are also valid for all Tables

When the table values demonstrating the Fe element change are tested, the change in
direction based on the variance analysis results differs statistically significantly. The peak
Fe value of the outer bark part is obtained in the east direction (117634.1 ppm), the highest
values of the inner bark and wood parts are found in the north (109790.2 ppm and 39911.5
ppm), while the lowest values are found in the outer bark part in the north. (24624.0 ppm),
in the inner bark part in the south direction (31453.2 ppm) and the wood part in the west
(21803.4 ppm). The change of Fe concentration in wood depending on the direction and age
category is displayed in Table 2.
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Table 2 Fe concentration changes in wood depending on age category and direction

Orections Fvalue
Age categary Sath ™ Nath Bt
19871989 5182280 1320800 224400 20457655 BB
1990-1992 17662910y 1662128 462280 266853t 28193
1993-1995 16601980 2048730 10757.8% 199010 BBL
1996-1998 2840440 2654000 874080 2598968 ¢590.7
1999-2001 15126088 968728 1709468 2134056 154*
2002-200% 16987.00b 1876358 204690c 20559.70d 2%
2005-2007 17987500 1512368 BI040 925534 1320
2008-2010 1836428c (8T8 5063765 1685504 5106
2012013 20531.04c 31386.45 7085860F 208541Ade 5862
2014-2016 299988 1437884 7579800y 4O5T.00 BRI
2007-209 I35 4B 285120 121685.40h £969650 9358%
Fyalue 276 6269.0 4679 53435

" Different lettersfollowing each cther signify the statistical alteration at <0.05. Capital Letters signify harizontal way while lowercase letters vertical
direction. ns: nat significant; *40.05; **0.01; **<0.001. These descriptions are also valid for all Tables

When the change of the Fe element in wood is examined, the change based on age in
all directions and directions in all age categories is statistically significant. Looking at the
table values, out of 11 age categories, 4 of the lowest values were achieved in the west and 3
in the other directions. The difference in the Al element concentration evaluated in the
study depending on the direction and organ is displayed in Table 3.

Table 3. Change of the element Al depending on direction and organ

Drections Fvalue
Ogen Sah Vst Nth et
Quter Bark 19522 08¢ 17385.4AC 1613340 2036730 43899.0"
Inner Bark 162383/ 12680.0Bb 176690 14854808b 98952
Wod 94127a 83825a 77789 98203a 19ns
Fvalue 30681 13653 2108* 5536+

" Different Lettersfollowing each cther signify the statistical alteration at £0.05. Capital Letters signify harizontal way while lowercase letters vertical
direction. ns: nat significant; *0.05; **<0.01; **<0.001. These descriptions are also valid for all Tables

When the change of Al concentration on an organ basis is examined, it is listed as outer
bark>inner bark>wood in all directions. While there was no statistically significant differ-
ence between the directions in the wood part, the highest values in the barks were obtained
in the north and east directions. The change of Al concentration in wood depending on the
direction and age category is displayed in Table 4.

Table 4 Change of Al element in wood depending on age category and direction

Drections Fvalue

Age categry Saih Vst Nath Bt
19871989 610430 86630 411834 8135400 5300
1990-1992 1429880 58590 690430 8976801 156,47
1993-1995 852580 1571520 480854 1348900 51965%
1996-1998 1008480 10897.6Ch 475100 70537 05
1999-2001 57327Ca VUL 616320 35908 247
2002-2004 753160 668228 78810 5752200 (3598
2005-2007 798588 1005260 8529.20cd 5863.2bc P51
2008-2010 952500 B4TATR: 875860 408284 1019.4%
2002013 1012338 10578205 89628Mde 1017128 AT
2062006 119%8Ch 70857Ad 964808 1290210h IO
2007-2019 1183088 89390 13056.80F 2605080 2918

Fyalie o AT 804 45480

" Different Lettersfollowing each cther signify the statistical alteration at p0.05. Capital Letters signify harizontal way while lowercase letters vertical
direction. ns: nat significant; *Q0.05; **<0.01; **<0.001. These descriptions are also valid for all Tables

When the table values are examined, the age category in all directions and the change
in direction in all age categories are statistically significant. Another striking result in the
table is that although there is a difference of nearly three times between neighboring woods,
there are no sharp differences between the values.
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4. Discussion and Conclusions

As a consequence, it was found that Fe and Al elements changed significantly on an
organ basis. The highest values in all aspects of the Al element were obtained in the outer
bark and the lowest in the wood. At the same time, this was not the case for the Fe element.
According to these results, the Fe accumulation in the barks of the species subject to the
study is soil-borne, and the Al accumulation is air-borne. HMs enter the plant body directly
from the soil through root cells and the air through foliages and stem (Key, Kulag, et al.,
2023). However, the concentrations obtained in the bark are much higher for many HMs.
Studies have pointed out that HMs in the atmosphere stick to particulate matter (PM) and
contaminate the PM with HMs. As this PM settles on plant organs, the HM concentrations
in these organs increase (Cesur et al., 2022). The rough external structure of the outer bark
makes it easier for PM to adhere there (Kog, 2021). Therefore, according to the study results,
Al in the bark probably settles in the bark together with PM from the air, while Fe is taken
from the soil.

As a consequence of the study, the topmost Al concentrations in the outer bark were
obtained in the northern and eastern directions. However, there is no significant difference
between the directions in Fe. There are hectic highways to the north and east of the point
where the sample was taken. This result can be interpreted as Al being caused by traffic.
Studies show that vehicles are one of the most significant sources of HMs (Aricak et al.,
2019; Ghoma et al., 2023).

As a result of the study, it was determined that Fe and Al concentrations in wood were
highly variable and that there was a several-fold difference between the concentrations ob-
tained in neighboring wood samples. However, there is still a relatively moderate transition
between values. However, in studies conducted to date, it has been determined that there
are huge differences between neighboring wood samples in many HMs (Key, Kulag, et al.,
2023; Koc et al., 2024). Therefore, the study results can be interpreted as the transfer of both
elements in the wood of the species subject to study, albeit limited.

The study results show that the species subject to the study can accumulate both HMs
intensively. The potential of plants to absorb and accumulate HMs depends on many fac-
tors, such as organ structure, weather conditions, plant habitus, and the structure of the
HM and its link with the plant (Savas et al., 2021). These factors are also linked to other
factors. For example, plant physiology is shaped by genetic structure (Hrivnak et al., 2024;
Sevik et al., 2012) and environmental conditions (Ertugrul et al., 2019; Ko¢ & Nzokou, 2022b,
2022a; Sevik et al., 2019). Therefore, all features affecting tree physiology also distress the
entry and accumulation of HMs into the tree, which affects plant physiology: genetic struc-
ture (Kurz et al., 2023; Sevik et al., 2016), edaphic (Yigit et al., 2023), climatic (O. Isinkaralar
et al.,, 2024; Isinkaralar et al., 2023; Sevik et al., 2017) factors, stress factors (Cantiirk et al.,
2023; Halil Baris Ozel et al., 2021; Kog, 2022a; Kog¢ & Nzokou, 2023). Thus, several of these
features, directly and indirectly, distress plants’' HM accumulation potential, and infor-
mation about this complex mechanism is still restricted (K. Isinkaralar, Koc, et al., 2022;
Sulhan et al., 2023; Varol et al., 2022).

In conclusion, the concentration of Fe element in the plant is not caused by traffic,
while the concentration of Al increases due to traffic and enters the plant from the air. It is
concluded that both elements can be transferred in Cedrus atlantica wood.
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Abstract: Organic materials such as agricultural wastes and forest industry wastes can be successfully used as
organic fillers in polymer composite production. Wood polymer composites are generally defined as a group of
materials formed by combining two or more materials in a polymer matrix. As a result of their studies to improve
the performance level, researchers have determined that this situation can be eliminated by using nano materials
as reinforcing reinforcement material in wood plastic composite structure. The aim of this study is to determine
some surface properties of wood plastic nanocomposites reinforced with nano-sized SiO.. Four wood polymer
nanocomposites containing nano SiO; at four different ratios were produced for the purpose. Surface roughness
and hardness values of the wood polymer composites were determined. It was determined that the surface rough-
ness values of wood polymer nanocomposite groups decreased as the SiO. nano material ratio increased. On the
other hand, when the data on pencil hardness values were analyzed, it was determined that the pencil hardness

values of wood polymer nanocomposite groups increased as the SiO. nanomaterial ratio increased.
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Oz: Polimer kompozit tiretiminde organik dolgu maddesi olarak tarimsal atiklar ve orman endiistri atiklar1 gibi
organik maddeler basarili bir sekilde kullanilabilmektedir. Ahsap polimer kompozitler genel olarak bir polimer
matris icerisinden iki ya da daha fazla sayida materyalin bir araya getirilmesiyle olusturulan malzeme grubu olarak
tanimlanmaktadir. Arastirmacilar performans diizeyinin gelistirilebilmesi i¢in yaptiklar ¢aligmalar neticesinde bu
durumun nano materyallerin ahsap plastik kompozit yapi icerisinde giiglendirici takviye malzemesi kullanilarak
bertaraf edilebilecegini belirlemislerdir. Bu ¢alismanin amaci; nano boyutlarda SiO:. ile desteklenmis ahsap plastik
nanokompozitlerin bazi yiizey 6zelliklerinin belirlenmesidir. Amaca y6nelik dort farkli oranda nano SiO. iceren
ahsap polimer nanokompozit {iretilmistir. Uretilen ahsap polimer kompozitlerin yiizey piiriizliigii ve sertlik de-
gerleri belirlenmistir. SiO, orani arttik¢a ahsap polimer nanokompozit gruplarinin yiizey piiriizliiliik degerlerinin
azaldig1 belirlenmistir. Diger yandan sertlik degerlerine iligkin veriler incelendiginde, SiO. orani arttik¢a ahsap

polimer nano-kompozit gruplarinin sertlik degerlerinin de arttig1 géralmustiir.

Anahtar Kelimeler: ahsap; polimer; nanokompozit; ylizey pirizlaligi; sertlik
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1. Introduction

As a composite term, it is a new material group formed by the combination of two or
more materials. Composite materials can be divided into different subgroups according to
their composition. In general, it is possible to classify composites as ceramic matrix, metal
matrix and polymer matrix composites. Petroleum-based plastics are largely used in the
production of polymer composites. In addition to plastics, inorganic fillers such as talc, do-
lomite and calcium carbonate are mostly used as filling materials in the production of pol-
ymer composites. In the polymer composite industry, alternative raw materials have been
sought for reasons such as the wear that inorganic fillers cause on machine parts during
production and their high costs. The fact that organic fillers can be used in high amounts,
require low energy, are biodegradable and can be found all over the world has accelerated
the studies in this field. Organic materials such as agricultural wastes and forest industry
wastes can be used successfully as organic fillers in polymer composite production. As a
result of developing technology and changing human needs, polymer-based composites
have brought about some changes, as in other material groups. The change and develop-
ment of technology has provided the opportunity to apply different methods and use dif-
ferent tools to use material groups for different purposes (Karian, 2003; Kaymakci, 2019).

The development of nanoscience and nanotechnology has enabled the use of a wider
range of material groups in this regard and has led to the industry gaining a different per-
spective by allowing the production of high value-added products. The superior properties
of nanomaterials have enabled the use of polymer composites in many applications such as
food, biomedical, electroanalysis, energy storage, wastewater treatment, automotive, etc.
(Autthawong et al., 2021; Taghiyari et al., 2022)

Wood polymer composites are generally referred to as a group of materials formed by
combining two or more materials in a polymer matrix. Wood-based fillers used in the pro-
duction of wood polymer composites not only improve performance but also reduce the
price of'the final product. However, the performance of polymer composites reinforced with
lignocellulosic fibers within certain ratios, depending on the place of use, does not meet
user demands sufficiently (Eukawski et al., 2022). As a result of their studies to improve the
performance level, the researchers determined that this situation can be eliminated by using
nano-materials as a reinforcing reinforcement material in the wood plastic composite struc-
ture (Rangappa et al., 2021). For this purpose, different types of natural and synthetic clays,
carbon materials (nano-sized carbon black, single or multi-walled carbon nanotubes, exfo-
liated graphite layers, etc.), various nano-sized metals, metal salts and metal oxides, amor-
phous silica, polyhedral silicon compounds (silsesquioxane, etc.) and cellulose fibers can be
used. Studies have focused on improving the physical, mechanical and thermal properties
of nanomaterials, but studies on the change of surface properties of wood plastic nanocom-
posites have been limited (Ayrilmis et al., 2013; Deka & Maji, 2013; Ghasemi et al., 2012; Hem-
masi et al., 2013; Kaymakci, 2016; Madhoushi et al., 2021). Therefore, the aim of this study is
to determine some surface properties of wood plastic nanocomposites supported with nano-
sized SiOs.

2. Experimental

2.1. Material

Industrial pine wood flour was used as lignocellulosic filler. Pine wood flour used as
filler was obtained from the sawmill factory operating in Kastamonu region. In this study,
industrial 40 mesh pine wood flour was used. Polypropylene (PP) (Borealis) homopolymer
was used as the polymer matrix. Details of the polymer used are given in Table 1. Maleic
Anhydride Polypropylene (MAPP) (Optim-425/ Pluss Polymers Pvt. Ltd) was used to elim-
inate the incompatibility between the plastic and the lignocellulosic filler and to increase
the binding. The properties of MAPP are shown in Table 2. Silicon dioxide (SiO-) (Graphene
Company) was used as reinforcing filler material in the study. Technical information about
the reinforcing filler material is shown in Table 3.
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Table1. Some physical and process properties of the polymer used

Properties Value
Appearance White pellet
Density 910 kg/r?
Melting flowrate (230G/216 ko) 25kg/10min
Tensile modulus 1750 MPa
Thermral melting tenrperature (0.45 ) 1n5c
Inrpact resistance (Notched)) 35kt
Hardness, Rockwell (R-scale) 98
Melting terrperature 220-206C
Table 2 MAPP properties.
Properties Value
Appearance White transparent pellet
Melting flowrate (190 G/216 ko) 120g/10min
Density 091 gl

Table 3. Some physical and technical properties of silicon dioxide

Properties Value
Appearance White powder
Average particle size 800 nm
Density 229 gfav?
Purity 99.8%
2.2. Methods

Since the raw materials used within the scope of the research, plastic, pine wood flour,
reinforcing filler materials, incompatibility agent and lubricants are used as purchased from
the manufacturer, the production of wood plastic nano composites is described below.

2.2.1. Production of wood plastic nanocomposites

The production of wood plastic nanocomposites was carried out in a single screw ex-
truder. For this purpose, plastic, wood flour and SiO- nano materials were processed in a 30
mm single screw extruder with a length-to-diameter (L/D) ratio of 30:1. The eight-barrel
temperature zones of the extruder were controlled at 175 and 190 °C. This mixture was
melted in the extruder and pushed towards the outlet with the screw in the extruder. After
the material coming out of the mold at the end of the extruder was cooled, it was divided
into small pieces with the help of a crusher. The granules were then dried in a drying oven
to a certain moisture content. The pellets obtained from here were turned into plates with
the help of a press. Samples were then cut and prepared according to the relevant standards
from the plates obtained in this way. The planned study in the production of wood plastic
nanocomposites was carried out according to the experimental design given in Table 4.

Table 4 Wbod plastic nano conrpasite production design

D Plastic Rate (%) Wood Aour Rate (%) MAPP (%) Nano Meterial Rate (%)
A 50 50 3 0
B 50 50 3 2
C 50 50 3 4
D 50 50 3 6

2.2.2. Determination of properties of wood plastic nanocomposites

Ten samples from each wood polymer nanocomposite group reinforced with SiO. were
used for surface roughness measurements. Mitutoyo SJ-301 surface roughness tester, stylus
type profilometer was used for surface roughness tests. The three roughness parameters
characterized by ISO 4287 (1997), namely average roughness (Ra), average hill-to-valley
height (Rz) and maximum hill-to-valley height (Ry) were considered. Roughness values
were measured with a precision of 0.5 um. The measurement speed, pin diameter and pin
top angle were set to 10 mm/min, 4 pm and go° respectively. Measurements were performed
at room temperature and the pin was calibrated before the tests.
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Ten specimens from each group of wood polymer nanocomposites reinforced with SiO.
were used for hardness measurements. A total of 40 hardness measurements were per-
formed, four of each of the ten samples for each composite formulation type in accordance
with ISO 4586-2 (2018). An Elcometer 3092 Sclerometer hardness tester was used for the
pencil hardness tests. A spring (gray spring (0-3 N), red spring (1-10 N), blue spring (0-20 N)
and green spring (0-30 N) were used for hardness determination. The force at which the tip
leaves a mark or destroys the surface was observed by making short and straight movements
while gradually increasing the load.

3. Results and Discussion

Data on Ra, Ry and Rz values of SiO. reinforced wood polymer nanocomposites are
presented in Table 5.

Table 5. Surface roughness values of wood polymer nanoconposites

ID Ra () Ry () Re ()
A 182 1263 865
B 175 1232 837
c 162 1.8 783
D 155 134 13

When the values shown in Table 5 are analyzed, it was determined that the surface
roughness values of the wood polymer nanocomposite groups decreased as the SiO. nano-
material ratio increased. While the lowest surface roughness values were determined in the
nanocomposite groups containing 6% nanomaterial, the highest surface roughness value
was determined in the composite groups, which we express as the control group without
nanomaterial. The lower surface roughness values of the wood polymer nanocomposite
groups reinforced with SiO- are attributed to the nanomaterial filling the voids on the sur-
face and filling the microcracks on the surface by acting as a filler between wood flour and
polymer.

Data on the pencil hardness values of SiO- reinforced wood polymer nanocomposites
are presented in Table 6.

Table & Hardness values of wood polymer nanoconrposites.

D Hrdess(N
A 512
B 598
C 657
D 7.32

When the data on pencil hardness values shown in Table 6 were analyzed, it was de-
termined that the pencil hardness values of the wood polymer nanocomposite groups in-
creased as the SiO. nanomaterial ratio increased. The highest pencil hardness values were
determined in nanocomposite groups containing 6% nanomaterial, while the lowest pencil
hardness values were determined in composite groups without nanomaterial. The pencil
hardness value of wood polymer nanocomposites reinforced with SiO. increased by 42.97%
as the SiO. value increased from 0% to 6%. This is thought to be due to the interaction of
nano-sized materials with the polymer matrix, the strengthening of nanometer-scale phys-
ical and chemical connections and the increase in the hardness and strength of the nano-
composite.

4. Conclusions

The aim of this study is to determine some surface properties of wood plastic nano-
composites supported with nano-sized SiO.. In this context, surface roughness and pencil
hardness tests were performed on wood polymer nanocomposite groups. According to the
results obtained; it was determined that the surface roughness values of wood polymer
nanocomposite groups decreased as the SiO. nano material ratio increased. On the other
hand, when the data on pencil hardness values were analyzed, it was determined that the
pencil hardness values of wood polymer nanocomposite groups increased as the SiO- nano-
material ratio increased. In the light of the data obtained within the scope of this study, it
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was determined that the use of SiO. nano material improves the surface properties of wood
polymer nanocomposites.

Funding: This research received no external funding.
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Oz: Bu calismada, Amazon Rosewood (Dalbergia spruceana Benth.) ahsabinda agartma [kimyasallar: oksalik asit
(C.H.0,) ve hidrojen peroksit (H.O.) + sodyum hidroksit (NaOH)] uygulamalari yapildiktan sonra meydana gelen
bazi ylizey degisimleri [renk parametreleri, beyazlik indeksi: (WI*) ve parlaklik degerleri] incelenmistir. Agartma
islem goérmds ylizeyler ile gormemis (kontrol) yiizeyler birbirleri ile kiyaslanmigtir. Elde edilen sonuglara gore,
liflere dik yonde 20 derecede yapilan 6l¢timler disinda biitiin testler izerinde kimyasal tiirii i¢in varyans analizle-
rinde anlamli sonuglar tespit edilmistir. b*, C*, he ve WI*|| degerlerinde her iki kimyasallarin ahsap malzeme yii-
zeylerine muamele edilmesi sonrasinda artiglar gérilmistir. C.H.O, kimyasali ile L* degerinde azalmalar ve a*
degerinde ise artiglar belirlenirken, H.O. + NaOH ile bu iki parametrede zit bir durum elde edilmistir. Her iki

y6nde yapilan 60 ve 85 derecelerdeki parlaklik degerlerinde de azalislar belirlenmistir.

Anahtar Kelimeler: beyazlik indeksi; amazon rosewood; renk; Dalbergia spruceana Benth; agartma; parlaklik
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Abstract: In this study, some surface changes [color parameters, whiteness index: (WI*) and glossiness values]
occurring after bleaching treatments [chemicals: oxalic acid (C.H.O,) and hydrogen peroxide (H.O.) + sodium
hydroxide (NaOH)] on Amazon Rosewood (Dalbergia spruceana Benth.) wood were examined. The bleached sur-
faces were compared with unbleached (control) surfaces. According to the obtained results, significant results
were found in variance analyses for all tests except measurements made at 20 degrees’ perpendicular to the fibers
for the chemical type. Increases were observed in b*, C*, h°, and WI || values after treating the wood material
surfaces with both chemicals. While decreases in L* value and increases in a* value was determined with the
C.H.O, chemical, the opposite situation was obtained with H.O. + NaOH for these two parameters. Decreases

were also determined in glossiness values at 60 and 85 degrees in both directions.

Keywords: whiteness index; amazon rosewood; color; Dalbergia spruceana Benth; bleaching; glossiness
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1. Girig

Bir tiir yenilenebilir ve ¢evre dostu dogal polimer malzeme olarak ahsap, insanlarin
giderek daha fazla ilgisini cekmekte olup, gii¢lii mekanik 6zellikler, iyi sekillendirilebilirlik,
yiiksek mukavemet-agirlik oran1 ve dogal doku yapisi gibi benzersiz dogal 6zellikleri nede-
niyle binalar ve mobilyalar i¢in bir yap: malzemesi olarak yaygin olarak kullanilmaktadir
(Yuan ve ark., 2019).

Ahsap yiizeyinde istenilen rengi elde etmek ve baska bir renk uygulamasindan 6nce
ahgab1 temizlemek i¢in agartma da kaginilmaz bir segenektir (Panigrahi ve ark., 2021).

Glinlimiizde ahsap malzemenin agartilmasi islemlerinde gesitli kimyasallar kullanil-
maktadir. Bunlardan bazilar oksalik asit (C.H.O,), sodyum hidroksit (NaOH) ve hidrojen
peroksit (H.O.)'tir.

C.H.O, temel bir kimyasal bilesik olarak ¢esitli endiistrilerde hayati 6nem tasir. Beyaz-
latma, mermer cilalama, pas giderme ve metal yiizeylerin temizligi gibi genis uygulama
alanlar bulur, bu da demir oksitlerini ¢6zme yetenegi sayesindedir (Panias ve 1997; Lee ve
ark., 2007; Al Ebraheem ve ark., 2024).

H.O., ac1 bir tada sahip, renksiz bir sividir ve suyla oldukga ¢6ziintir, asidik bir ¢zelti
verir. H.O,, tekstil, seliiloz hamuru, sag, kiirk ve gida gibi bircok endistriyel uygulamada
oksitleyici bir madde olarak kullanilir, ayrica su ve atik suyun aritilmasi, tohum dezenfek-
tan1 olarak ve sarap damitiminda nétralize edici madde olarak da kullanilir. Diigiik konsant-
rasyonlarda H202, yagmur ve ylizey sularinda, insan ve bitki dokularinda, gidalarda ve ige-
ceklerde ve bakterilerde bulunmustur (Anonim, 1999; Tredwin ve ark, 2006).

NaOH, lignini ¢ikarma yetenegi ile iyi bilinir (Boon ve ark., 2017). NaOH ¢ozeltisi agir
is temizleyicisidir ve toz, yag ve kir gibi kauguk par¢aciklarini temizleyebilir (Khorrami ve
ark., 2010).

Renk koordinatlarinin L*, a* ve b*’den olustugu goriilebilir. a'nin pozitif ve negatif de-
gerleri sirasiyla kirmizimsi ve yesilimsi renkleri temsil eder. b*'nin pozitif ve negatif deger-
leri sirasiyla sarimsi ve mavimsi renkleri temsil eder. Kutupsal koordinatlar icin renk tonu
acisi, kirmizi, sari, yesil, mavi ve tekrar kirmiziya uzanan bir gékkusagi 6lcegini takiben o
ile 360 arasinda degisir. o, 9o, 180 ve 270 saf kirmizi, sar1, yesil ve mavi renklere. Kroma,
kroma sifir olan nétr eksenin sifir baglangi¢c noktasindan baglar ve daha sonra renk icerigini
artirarak daha renkli hale gelir (Luo, 2016).

Parlaklik, ylizeye gelen 1sik huzmesini farkli yonlerde yansitir. Bu yansiyan 1s181n sid-
deti cihazlar tarafindan farkli agilardan 6l¢tlir ve parlaklik degeri belirlenir. Isigin yogun-
lugu, farkli yonlere yansiyan 1s18in miktarina gore degisir. Parlaklik degeri ve buna baglh
olarak sinif da él¢iilen agiya gore degisir (Leloup ve ark., 2019).

Literatiirde gesitli agag tirleri tizerinde agartma uygulamalarinin yapildigi gériilmek-
tedir [maritime ¢ami (Mehats ve ark., 2021), izombé (Peker ve ark., 2023c), olon (Peker ve
Ayata, 2023), hus (Betula (Liu ve ark., 2015), bulletwood (Peker ve ark., 2023a), satinwood
ceylon (Ayata ve Camlibel, 2023), movingui (Peker ve ark., 2023b), ilomba (Ayata ve Bal
(2023), bambu (Nguyen ve ark., 2019), lotofa (Peker, 2023b), balau red (Shorea guiso) (Peker
ve ark., 2024), canelo (Peker, 2023a), sigilli hugs (Mononen ve ark., 2005), thlamur (Camlibel
ve Ayata, 2023a), cocobolo (Camlibel ve Ayata, (2024b), okoumé (Camlibel ve Ayata, 2024a),
basralocus (Ayata ve Bal, 2024), yalanc akasya (Peker ve Ulusoy, 2023), hug (Yamamoto ve
ark., 2017) ve ekop (Camlibel ve Ayata, 2023b)]. Bu agartma ¢aligmalarinda meydana gelen
baz1 ylizey degisimleri agiklanmustir. Ancak, literatiirde Amazon rosewood (Dalbergia spru-
ceana Benth.) ahsabi tizerinde herhangi bir agartma uygulamasinin yapilmadigi gériilmiis-
tlir. Bu agac tiirti hakkinda kisaca bilgi vermek gerekirse;

Dalbergia, Leguminosae-Papilionoideae familyasina ait pantropikal bir cinstir ve yak-
lagik olarak 250 tiirii kapsadig: bildirilmistir (Klitgaard ve Lavin, 2005). Amazon rosewood
(Dalbergia spruceana Benth.) yar1 dbkmeyen ormanlarin ikincil bitki értiisiintin bir bilegeni
olup, campinarana alanlarinda, kuru toprak ormanlarinda ve Amazon savanlarinda bulunur
(Carvalho, 1997; Lima ve ark., 2023).

Bu agac orta ila hizli biiytime hizina sahip ve kolayca tretilebilen bir ttir oldugu igin
agaclandirma ve orman restorasyon programlari i¢in 6nerilir (Gama ve Pinheiro, 2010). Bu
bitki, nemli tropiklerin bir bitkisidir ve genellikle deniz seviyesinden 200 ila 1.200 metre
yiikseklikte bulunur. Bu cinsin tiirleri genellikle vahsi ortamlarda kumlu topraklarda ve ki-
rectast yamaclarinda yetisir. Yetistirildiklerinde, verimli, killi toprak ve tam giineste bir ko-
numda iyi gelisme gosterme egilimindedirler (Huxley ve Griffiths, 1992).
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Genellikle Amazon giil agaci, jacaranda do Par4, facheiro ve timbo pau olarak bilinir ve
Amazon Ormant'na 6zgiidir; Brezilya'nin Amazonas, Amapa, Acre, Rondonia ve Pard eya-
letlerinde bulunur. 10 metreye kadar biiyliyebilen kiiciik ila orta biiytikliikte bir agagtir. Eko-
nomik potansiyeli, sertligi, agirhgi ve dayanikliligi nedeniyle mobilya ve dekoratif objelerin
imalatinda gekici bir iist ylizey islemine sahip bir malzeme sunar (Souza, 2012; Lima ve ark.,
2023). Buna ek olarak, ahsabi, ince ve homojen dokulu; diiz taneli, siki, sert, agir ve daya-
niklidir (Uphof, 1959).

Bu ¢aligmada, Amazon Rosewood (Dalbergia spruceana Benth.) ahgabinda agartma uy-
gulamalar1 yapildiktan sonra meydana gelen bazi ylizey degisimleri incelenmisgtir. Elde edi-
len sonuglar ile bu agag tiirtine ait kullanim alanlar1 agisindan yeni bir kullanim yerinin
olusmasi ve agac tirt hakkinda 6nemli bilgilerin belirlenmesi hedeflenmistir.

2. Deneysel Calismalar

2.1. Ahsap Malzeme

100 x 100 X 18 mm boyutlarinda Amazon rosewood (Dalbergia spruceana Benth.) deney
ornekleri tizerinde 20+2°C ile %65 bagil nemde olacak sekilde iklimlendirme uygulamalar:
yapilmistir (ISO 554, 1976). Ahsap malzeme yiizeyleri 80, 120 ve 150 numarali zimparalar ile
zimparalanmustir.

2.2, Agartma Kimyasallar

Aragtirmada, tek komponentli [oksalik asit (C.H.O,): siv1, renksiz, kokusuz, pH degeri
2.0+0.5] ve ¢ift komponentli [pH degeri 7, siv1, kokusuz, renksiz, ¢ézliniir, seyreltici maddesi
su, hidrojen peroksit (H.O.): A bilegeni ve sodyum hidroksit (NaOH): B bilegeni, 2:1 ora-
ninda] kimyasallar kullanilmigtir. Calismada kullanilan kimyasallar 6zel bir sirketten sivi
halde satin alinma yolu ile temin edilmis olunup, firma &nerileri dogrultusunda hazirlan-
mustir.

2.3. Agartma Uygulamasmim Yapilmasi

Stirme teknigi ile bu kimyasallar ahsap malzeme yiizeylerine bir stinger yardimiyla tek
kat olarak uygulanmuigtir.

2.4. Uygulanan Testler

Parlaklik testleri ETB-0833 model gloss meter cihazinda ¢ farkl agilarda (20°, 60° ve
85°) liflere dik ve paralel yonlerde olacak sekilde (ISO 2813, 1994), shore D sertlik degeri
shore meter cihazinda (ASTM D 2240 2010), Whiteness Meter BDY-1 cihazi ile beyazlik in-
deksi (WTI*) degerleri liflere paralel ve dik yonlerde (ASTM E313-15€1, 2015) ve renk 6zellik-
leri, CS-10 (ASTM D 2244-3, 2007) cihaz ile dlgilmustiir. Asagidaki formiiller ile toplam
renk farkliliklari belirlenmistir.

C* = [(a*)* + (b*)*]°> @

h° = arctan (b*/a*) (2)

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

AE* = [(AL*)* + (Aa*)* + (Ab*)*]°s (3)
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Literatiirde AC*: kroma kismi veya doygunluk farki ve AH*: ton bdlimi veya golge
farki olarak tamimlanmistir, ayrica diger parametrelere ait tanimlamalarda Tablo r'de
(Lange, 1999) ve AE* renk farkinin gorsel degerlendirmesi i¢in kiyaslama kriterleri (DIN
5033, 1979) Tablo 2'de verilmistir.

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

Paranetre Pogitif durunda Negetif durunda
AL* Referanstan daha agik Referanstan daha koyu
Aa* Referanstan daha kirmz Referanstan daha yegil
Ab* Referanstan daha san Referanstan daha mavi
AC Referanstan daha net, daha parlak Mat, referanstan daha bulanik

*A C: kroma kism veya doygunluk farka ve A A: ton bliimii veya gdige fark.

Tablo2 AF* defferlendirmes igin kiyaslama kriterleri (IN5033, 1979).

Toplamrenk farka (AF) Girsel renk puani farka
02 Aglanamaz
02ila05 Cok zayf
05ila1l5 Zayf
15ila30 Belirgin
30ila60 Gok belirgin
60ila120 Gliclii
>120 Cok giiclii

2.5. Istatistiksel Analiz
Bir istatistik programi ile maksimum ve minimum degerleri, standart sapmalari, ho-

mojenlik gruplari, ortalamalar, varyans analizleri ve yiizde (%) degisim oranlar1 belirlenmis-
tir.

3. Bulgular ve Tartisma

Renk parametrelerine, parlaklik degerlerine ve beyazlik indeksi (WI*) degerlerine ait
olan varyans analizi sonuclar1 Tablo 3’de verilmistir. Bu sonuglara gore, agartma kimyasali
tlrd 20 derecede liflere dik yondeki parlaklik testi anlamsiz olarak tespit edilirken, diger
biitiin testler {izerinde anlamli olarak elde edildigi goriilmiistiir (Tablo 3).

Tablo 3. Renk paranetrelerine, parlaklik degerlerine ve beyazlik indeksi (A7) degerlerine ait dlan varyans analizi sonuglan.

Test Kareler toplam Serbestlik derecesi Ortalame kare F degeri a< 005
Iskdilik (£ 792848 2 396.424 72375 0.000*
Kirma (&) renk toru 153964 2 76982 670973 0.000*
San (4 renk tonu 21527 2 107.636 750543 0.000*
Krama (0) 83537 2 4769 229568 0.000*
Ton (#) ags 2672398 2 1236199 1893223 0.000*
1207de parlakiik 0003 2 0001 2250 0125
L607de parlaklik 1283 2 0.641 13921 0.000*
185de parlaklik 2904 2 1452 1633500 0.000*
[| 20°de parlakiik 0024 2 0012 13500 0.000*
|| 60°de partakiik 1352 2 0676 60840 0.000*
|| 857de parlakiik 54168 2 27,084 362014 0.000*

*anlari, * anlamsiz

Renk parametrelerine, parlaklik degerlerine ve beyazlik indeksi (WI*) degerlerine ait
olan 6l¢iim sonuglar Tablo 4'de verilmistir.

L* i¢in en yiiksek sonug H.O. + NaOH ¢6zeltisi uygulanmig 6rneklerde (54.48) bulu-
nurken, en disiik sonug ise C.H.O, ¢ozeltisi ile islem goérmiis deney 6rnekleri {izerinde
(42.46) belirlenmistir. L* degerinde C.H.O, ile %6.08 oraninda azals gorilirken, H.O. +
NaOH ile %20.50 oraninda artis tespit edilmistir (Tablo 4).

a* degerinde en diisiik sonu¢ H.O. + NaOH ¢6zeltisi uygulanmig 6rneklerinde (5.29)
gortiliirken, en yiiksek sonug ise C.H.O, ¢ozeltisi ile islem gormiis deney 6rneklerde (10.38)
elde edilmistir. a* parametresinde C.H.O, ile %6.08 oraninda artis elde edilirken, H.O- +
NaOH ile %45.74 oraninda azalis bulunmustur (Tablo 4).

b* degerinde en diisiik sonug agartma islemi olmayan 6rnekler tizerinde (14.08) belir-
lenirken, en yliksek sonug ise H.O. + NaOH ¢6zeltisi uygulanmig 6rneklerinde (20.54) tespit
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edilmistir. b* degerinde C;H.Oy, ile %15.84 ve H.O. + NaOH ile %45.88 oranlarinda artiglar
elde edilmistir (Tablo 4).

C* parametresinde ise en yiiksek sonug¢ H.O. + NaOH ¢6zeltisi uygulanmis 6rneklerde
(21.21) belirlenirken, en diigtik sonug agartma islem gormemis deney ornekleri tizerinde
(17.13) bulunmustur. C* degerinde C.H.O, ve H.O. + NaOH kimyasallari ile sirasiyla %12.84
ve %23.82 oranlarinda artiglar elde edilmistir (Tablo 4).

h° degeri icin en yiiksek sonu¢ H.O- + NaOH ¢6zeltisi uygulanmis 6rnekler iizerinde
(75.57) bulunurken, en diigiik sonug agartma iglem gérmemis deney érneklerinde (57.54)
elde edilmigtir. h° parametresinde C.H.O, ve H.O. + NaOH kimyasallarinin ahsap malze-
meye ylizeyine uygulanmasi ile sirasiyla %4.09 ve %36.70 oranlarinda artiglar gormdustir
(Tablo 4).

Tablo4 Renk paramretrelerine, parlaklik degerlerine ve beyazlik indeksi (I47) degerlerine ait olan dlglimsonuglan.

Bmmuwy- .. u . Hmgenlik  Sandart . : \aryasyon
Test quanes Oglimsays Qtadama  Degsm(b) aubu spma Mnimum  Maksimum etsys
Agrtlmems 10 452 - B 069 4413 409 153
r GHO: 10 Q46 1608 c* 049 462 4335 116
HO+NOH 10 5448 12050 ~ 097 5323 56.64 178
Agartilmems 10 975 - B 021 9.41 10.00 213
& GHO: 10 1038 1646 A 040 992 n12 38
HO+NsCH 10 529 14574 c* 037 473 598 7.03
Agartilmems 10 1408 - c* 039 1339 1462 275
& GHQ 10 1631 11584 B 030 1586 1680 183
HO+NsOH 10 2054 14588 & 044 212 254 213
Agrtlmems 10 1713 - c 040 1654 1770 23
¢ GHQ 10 1933 11284 B 037 187 1991 190
HO+NOH 10 2.2 12382 ~ 050 2049 22 235
Agrtlmems 10 5528 - c* 057 5406 5593 104
lig GHO, 10 5754 1409 B 101 55,69 5916 175
HO+NOH 10 7557 13670 ~ 078 7413 7693 103
Agrtlmems 10 010 - A 000 010 010 000
120 GHQ 10 010 000 I 000 010 010 000
HO+NsOH 10 012 12000 & 004 010 020 3514
Agrtlmems 10 132 - ~ 010 120 150 7.82
L6 GHQ 10 082 13188 c* 004 080 090 514
HO+NOH 10 1.00 12424 B 007 090 110 667
Agrtlmems 10 076 - ~ 005 070 080 679
189 GHO: 10 010 18684 B* 000 010 010 000
HO+NOH 10 010 18684 B* 000 010 010 000
Agrtlmems 10 010 - B* 000 010 010 000
|20 GHO: 10 010 000 B* 000 010 010 000
HO+NsOH 10 016 16000 & 005 010 020 27
Agartlmems 10 164 - ~ 018 120 180 1083
| 6 GHO 10 118 12805 B* 004 110 120 357
HO+NOH 10 120 12683 B 000 120 120 000
Agrtlmems 10 320 - ~ 045 260 380 1405
| & GHO: 10 062 18063 B 012 040 070 1983
HO+NOH 10 014 19563 c* 008 010 030 6023
Agartlmems 10 752 - B 044 690 790 58]
wa GHO: 10 728 1319 B* 015 710 740 213
HO+NOH 10 1244 16543 ~ 025 1210 1280 205
Agartilmems 10 397 - c* 051 360 470 1285
wA| CHO: 10 478 12040 B 020 450 510 428
HO+NsCH 10 1288 122443 & 062 1.70 1320 484

Fomojenlik grubu situnuiin "en yliksek dedier, ™en diisik deder-

Parlaklik degerlerine bakildiginda 60 ve 85 derecelerde her iki yonde yapilan 6l¢timler
calismada kullanilan iki agartma ¢dzeltileri ile azaldig1 gériilmiistiir. Buna ek olarak, 20 de-
recede yapilan 6l¢ciimlerde ise H.O. + NaOH kimyasali ile her iki yonde artislar tespit edi-
lirken, CH.O, ile her iki y6nde hi¢bir degisikligin olmadig: belirlenmistir (Tablo 4).

WI* degerlerine bakildiginda, 1 yonde C.H.O, kimyasal ile en diisiik sonug 7.28 olarak
ve %3.19 ile azalis elde edilirken, H.O. + NaOH ile en yiiksek sonug 12.44 olarak ve %65.43
ile artis belirlenmistir. WI* || yéndeki degerlerinde ise C.H.O, kimyasali ile %20.40 ve H,O.
+ NaOH ile de %224.43 oranlarinda artislar elde edilmistir. WI* || yondeki degerler i¢in en
yiiksek sonug kimyasali H.O. + NaOH ile muamele gormiis 6rnekler tizerinde (12.88) bulu-
nurken, en diigiik sonug ise kontrol deney érneklerinde (3.97) tespit edilmigtir (Tablo 4).
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Tablo 5'de agartma islemleri iizerine yapilan gesitli arastirmalara ait kiyaslamalar ve-
rilmistir. Bu sonuglara gére benzer kimyasallar farkl agag tiirlerinde ayni parametre tize-
rinde farkli sonuglar vermistir. Bunun sebebi ise agaclarin farkli anatomik yapiya sahip ol-
masindan dolay: kaynaklanabilecegi seklinde soylenebilinir.

Tablo5. Adartra iglerreri izerine yapilan esitli arastimelara ait kiyaslamalar.

]
:

Ko i Nt s —— AT dfEm._ Kaek
Arvezon Rosewood ((ilbergia spruceans Benth) Hgttr\%a-l ¥ I # ¥ 1 Rucalige
Gocobelo ((lbergia retusahbs,) Hgtﬁm # i # # # Cariibel ve Avata, (202%)
Ohcur (decaures e ot ] cntibdveta o2t
Basraloous (earynia guianensisArrehof) Hg'ﬁm ¥ I ¥ ¥ 1 Ayatave B, (2024)
Bulletwood (Mnilkara bidertata (ALC) A Che) Hgtﬁa-l ¥ I ¥ # 1 Peker ve ark, (2023)
Movingui (Osterrmmanthus bentharians Hgtﬁa-l ¥ I ¥ ¥ 1 Peker ve ark, (20230)
Stivoodcpen Claogmsweenot) (LT T Astavegnbe, o0
llorha (Branthus angutensisBeel) Hgtﬁm I I ¥ ¥ I Aetave B, (2029
Oen Zretogtumtista) o L L 11 rervessaem
Canelo (DHirys winteri JR Forst. &G Forst) Hc(:ttr\%a-l ¥ 1 ¥ ¥ 1 Pekeer, (20239)
Lotola (Sercudia rhingpetald Hgtﬁa-l 1 i ¥ ¥ I Peker, (2023%)
Yalana akasya (Rbinia pseudbacacial.) Hg ttr\%a-l I i ¥ I i Peker ve Uusoy, (2023)
Iarmur (Tiia tamentoss - Moench) Hgtﬁm I I # # I Carrlibel ve Avata, (20232)
Heop (Tetraterdinia bifdictataHeum) Hgtﬁm ¥ I # ¥ 1 Carrlibel ve Avata, (2023h)
Izorbé (Testules gaborensid Hg'ﬁm ¥ I # ¥ 1 Peker ve ark, (20230)
RS I NS R

Toplam renk farkliliklarina ait hesaplanmis sonuglar Tablo 6'da sunulmaktadir. AE*
degerleri C.H.O, ile 3.59 ve H.O. + NaOH kimyasali ile 12.15 olarak tespit edilmistir. Renk
degistirme kriterleri (DIN 5033, 1979) ile elde edilen sonuglar kiyaslandig1 zaman C.H.O,
kimyasalina ait uygulama ile “gok belirgin (3.0 ila 6.0)” sonucuna ulagilirken, H.O. + NaOH
kimyasalina ait uygulama sonrasinda ise “gok giiclii (> 12.0)” sonucuna ulagildigi goriilmek-
tedir. Ab* (referansa gore daha sar1) ve AC* (referansa gore daha net, daha parlak) degerleri
her iki kimyasallara ait olan uygulamalar ile pozitif olarak elde edilmistir. C.H.O, ile AL*
degerleri negatif (referansa gore daha koyu) ve Aa* pozitif (referansa gore daha kirmizi)
olarak elde edilirken, H.O. + NaOH kimyasali ile zit bir durum elde edilmistir [AL* degerleri
pozitif (referansa gore daha agik) ve Aa* degerleri (referansa gore daha yesil) negatif] (Tablo
6).

Tablo . Toplamrenk farklililanna ait hesaplanms sonuclar.

Usgdama sonras AL A Al AC AH AE Renk degjigtime kriterleri (INS033, 1979)

GHQ. =274 063 23 22 072 359 Qok belirgin (30ila 6.0)
HQ +NaCH 9.21 -blbb 6.46 408 67 1215 Qok giiclii (- 12.0)

Shore D sertlik degerine ait sonug Tablo 7'de gosterilmektedir. Shore D sertlik degeri
69.70 HD olarak bulunulmus olunup, 69.00-71.00 HD arasinda degistigi yapilan 6l¢iimler
sonrasinda goriilmisgtiir (Tablo 7).
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Tablo7. Share Dsertlik degerine ait sonug.

Ortalama Olgimsayis Standart sspma Mninum Maksinum Varyasyon kaysayis
69.70 10 0.82 69.00 71.00 118

4. Sonuclar ve Oneriler
Yapilan calisma sonucunda;

e (H.O, kimyasal: ile L* degerinde azalmalar ve a* degerinde ise artiglar belirlenirken,
H.O. + NaOH ile bu iki parametrede zit bir durum gortilmiistiir.

o WI* || degerlerinde, C*, b* ve h° parametrelerinde her iki kimyasallarin ahgap malzeme
ytizeylerine muamele edilmesi sonrasinda artiglar gorilmastiir.

e 60 ve 85 derecelerdeki her iki yonde yapilan parlaklik degerlerinde de azalislar elde
edilmistir.

e AE* degerleri C:H.O, uygulamasiyla 3.59 ve H.O, + NaOH uygulamasiyla 12.15 olarak
bulunmustur.

e Elde edilen agartilmis malzemeler tizerinde tuzlu sis korozyon, dogal veya yapay yas-
landirilmasi 6nerilmektedir.

Yazar Katkilari: Kavramsallastirma, U.A. ve E.H.B.; metodoloji, U.A.; yazihm, E.H.B.; dogrulama,
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inceleme ve diizenleme, E.H.B. ve U.A ; gorsellestirme, O.C. ve S.K.; siipervizyon, U.A.; proje yonetimi,
U.A. ve E.H.B.; fon saglama, U.A., O.C., S.K. ve E.H.B. Tiim yazarlar makalenin yayinlanan versiyonunu
okumus ve kabul etmistir.
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Abstract: The aim of this study is to investigate the physical and mechanical properties of OSB boards whose
surfaces are covered with wood veneer. In the study, veneered OSB boards were produced with a final thickness of
18 mm using poplar and beech veneers. Phenol formaldehyde and urea formaldehyde glues were used as glue. Air
dry, oven dry and wet densities of the veneered OSB boards produced were determined. On the other hand, 2, 24
and 72 hours water absorption and thickness swelling properties were determined. Bending strength and mod-
ulus of elasticity testing of the veneered OSBs produced was carried out. The water absorption and thickness swell-
ing resistance of veneered OSB boards produced using PF glue gave better results than those produced using UF
glue. It has been determined that gluing the veneers with the fiber directions perpendicular or parallel to each
other has no effect on the density. It has been understood that veneered OSBs produced using beech veneers
generally exhibit better mechanical properties than veneered OSBs produced using poplar veneers. It can be said
that covering the surfaces of OSBs with veneers affects the thermal conductivity value negatively and other physical
and mechanical values positively. In order to increase the usage areas of veneered OSBs, it is recommended to

conduct new studies using different wood species and glues.
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Oz: Bu calismanin amaci, yiizeyleri kaplama levhalar ile kaplanmis OSB levhalarin fiziksel ve mekanik 6zellikleri-
nin aragtirilmasidir. Calismada kavak ve kayin kaplamalar kullanilarak son kalinlig1 18 mm olacak sekilde kaplan-
mis OSB levhalar dretilmigtir. Levhalarin yapistirilabilmesi igin fenol formaldehit ve tire formaldehit tutkallar:
kullanilmigtir. Uretilen kaplanmis OSB levhalarin hava kurusu, tam kuru kurusu ve tam yas yogunluklar1 belirlen-
mistir. Diger yandan 2, 24 ve 72 saatlik su emme ve kalinligina sisme 6zellikleri belirlenmistir. Uretilen kaplanmig
OSB'lerin egilme direnci ve elastikiyet modiilii testleri gergeklestirilmistir. FF tutkal kullanilarak tretilen kaplan-
mis OSB’lerin su emme ve kalinligina sisme direnci degerleri, UF tutkal kullanilarak iretilenlere gore daha iyi
sonugclar vermigtir. Kaplamalarin lif y6nleri birbirine dik veya paralel olacak sekilde yapistirilmasinin yogunluga
herhangi bir etkisinin olmadig: belirlenmigtir. Kayin kaplama kullanilarak tiretilen kaplanmis OSB'lerin genel ola-
rak kavak kaplama kullanilarak iretilenlere gore daha iyi mekanik 6zellikler sergiledigi anlagilmistir. OSB yiizey-
lerinin kaplama ile kaplanmasinin 1s1l iletkenligi degerini olumsuz, diger fiziksel ve mekanik degerleri ise olumlu

etkiledigi sGylenebilir.

Anahtar Kelimeler: OSB; kayin, kavak, kaplama, 1s1 iletkenligi
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1. Introduction

Making boards from oriented strands dates back to the work of Armin Elmendorf in
America and Wilhelm Klauditz in Germany in the late 1940s and early 1950s. Elmendorf
received a new patent on this subject in 1965 as a result of the work it carried out in the pilot
production facility it established in its research laboratory in 1962. The first facility in Eu-
rope was established in 1978. Oriented strand boards (OSB) are produced by adding glue to
flakes obtained from small-diameter round woods and by routing these glued strands on
the laying line and pressing the cake template obtained under temperature and pressure.
(Dogan & Kaymakci, 2022; Istek et al., 2016; Kaya & Cifci, 2018; Kaymakc1 & Dogan, 2023;
Ozcifci et al., 2017; Thoemen et al., 2010).

OSB is a plate-shaped material produced by mixing specially prepared strands with a
suitable glue and directing them in the desired direction during laying, and pressing the
resulting draft under temperature and pressure. Strands are generally 150mm long, 25mm
wide and 0.6mm thick. In order for OSB boards to be used instead of plywood, their physical
and mechanical properties and behavior in places of use must be the same or close to those
of plywood. Like all wood and wood-based materials, OSB boards swell when exposed to
water. But the surface layers expand faster than the middle layer. In this regard, OSB boards
should be stored in dry conditions, placed appropriately, adequate roof ventilation and the
use of side vapor barriers will help prevent problems that may occur during use on roofs.
There are no knots, knot holes, additional openings or overlaps on the surfaces of OSB
boards. However, structural plywood may have color differences, overlaps, bends, knots,
knot holes, and narrow joint openings (Akbulut et al., 2002; Dogan & Kaymakei, 2022; Kaya
& Cifci, 2018; Ozcifci et al., 2017; Thoemen et al., 2010).

As an alternative to 1/2-inch-thick plywood sheathing panels, composite wood panels
with veneer faces and unidirectionally oriented strand cores have been researched and com-
mercially manufactured. Their initial allure came from the fact that they could be made for
the same purpose at a lower cost than standard plywood. They also offered chances to use
low density hardwood logs for the core and undersized, low-quality softwood logs. But when
OSB for sheathing became commercially available, these benefits appear to have vanished.
The properties of commercially available OSB sheathing were found to be sufficient to meet
the necessary structural criteria for the intended purpose, although being lower than those
of plywood with the same thickness. This has caused a pause in the manufacturing of ve-
neer-overlaid composite panels for use as sheathing in commercial settings. This might only
be a short-term issue, as veneer-overlaid composite panels have a wide range of industrial
uses where smoother, more robust products are needed than OSB panels (Biblis, 1985; Car-
ney, 1977; Chiu & Biblis, 1973; Koeningshof, 1977; Snodgrass & Saun-ders, 1974).

The potential to create veneer-overlaid composite panel cores is made possible by OSB
manufacturing technology, which can orient layers. It is possible to create such composite
panels with OSB cores that have specific ratios of stacking thickness and high stressed ve-
neer faces that are both the right thickness and quality. To meet the characteristics and
performance requirements of the panel for its intended purpose, this concept calls for
unique design criteria. In terms of structural efficiency, OSB is not anticipated to be as good
as veneer-overlaid composite panels with same thickness (Biblis, 1985; Biblis & Mangalousis,
1983; Carney, 1977; McKean et al., 1975; Snodgrass & Saunders, 1974).

A review of the literature demonstrates, however, that little is known regarding the
extent to which veneer topping OSB would improve its flexural characteristics and dimen-
sional stability. The aim of this study is to investigate the physical and mechanical proper-
ties of OSB boards whose surfaces are covered with wood veneer. In the study, veneered
OSB boards were produced with a final thickness of 18 mm using poplar and beech veneers.
Phenol formaldehyde and urea formaldehyde glues were used as glue. Air dry, oven dry and
wet densities of the veneered OSB boards produced were determined. On the other hand,
2, 24 and 72 hours water absorption and thickness swelling properties were determined.
Bending strength and modulus of elasticity testing of the veneered OSBs produced was car-
ried out.
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2. Experimental

2.1. Materials

In this study, 1 mm and 18 mm thick OSB-2 class boards produced by Kronospan
Kastamonu / Turkey were used. Beech and poplar veneers were obtained by specially peel-
ing 1.1 mm thick first-class logs at TKS Veneer Tosya/Turkey. Since the final thickness of
Veneered OSBs is 18 mm, the thickness of the OSBs used in the interior was chosen as 1
mm. The veneers were dried in the TKS Veneer factory at a humidity level of 8%. Urea For-
maldehyde glue (UF) was supplied from Kronospan company. The amount of solid matter
is 65%. NH,CI (ammonium chloride) was used as a hardener. The mixture was prepared and
used with a hardener ratio of 10%. Phenol Formaldehyde glue (PF) was supplied from
Polisan company under the trade name “Polifen 47”. The amount of solid matter is 47.50%.

2.2. Production of Veneered OSB

Veneered OSB were produced according to the trial pattern in Table 1.

Table 1. Veneered 0SBproduction nodels.

0Boode \eneer wood spedies Veneer fiber direction Adhesive type
A Poplar Perpendicular Phend formraldehyde
B Poplar Parallel Phend farmeldehyde
C Poplar Perpendicular Urea formreldehyde
D Poplar Parallel Urea fomreldehyde
E Beech Perpendicular Phend farmeldehyde
F Beech Parallel Phend farmeldehyde
G Beech Perpendicular Urea formreldehyde
H Beech Parallel Urea forreldehyde

The press temperature for the production of veneers was determined as 1o °C for UF
and 140 °C for PF. The gluing process was carried out so that the glue amount was 200 gr/m?.
The press pressure was set to 8 kg/cm?. Pressing time was set as 13 minutes. A Cemil Usta
SSP180T brand laboratory type hydraulic press was used in the production of the veneers.
The width of the press table is 60x60 cm? and the useful area is 50x50 cm?. For each group,
veneers of 40x40 cm? (1 piece), 30x30 cm? (2 pieces) and 20x20 cm? (5 pieces) dimensions
were produced with cleaned edges.

2.3. Determination of Physical Properties of Veneered OSB

Density tests of the samples were performed according to EN 323, water absorption
tests according to EN 317 and thickness swelling tests according to EN 318 standard.

Thermal conductivity coefficient was determined in accordance with ASTM Ciu13-99
standard. The minimum dimensions for thermal conductivity measurement of samples are
s50x100 mm. The standard measurement time is 100-120 seconds. Measurements were re-
peated 10 times. The test samples were conditioned at 20+2 °C and 65+5% relative humidity
and measurements were made with the “QTM s00-meter Kyoto Electronics Manufacturing
Tokyo Japan” device. Thermal conductivity was measured and the values were recorded as
W/m°K.

2.4. Determination of Mechanical Properties of Veneered OSB

Bending strength (MOR) and modulus of elasticity (MOE) tests of the produced sheets
were carried out according to TS EN 310 standard.

Test samples were prepared with a length of 400 mm and a width of 50 mm. Accord-
ingly, the distance between the supports was determined as 320 mm. In addition to the
produced boards, 18 mm thick OSBs with properties equivalent to the OSBs used in plate
production were also tested. The plates in each group were tested 7 times.

Dogan, K. GreenTech 2024, 2(1). https://doi.org/zenodo.11528386. 31 of 34



Determination of Physical and Mechanical Properties of Veneered OSB 32 of 34

3. Results and Discussion

3.1. Physical Properties

Air dry, oven dry and wet densities of the veneered OSBs produced were determined.
The density test results of the veneered OSBs obtained can be seen in Table 2.

Table 2 Ar dry, oven dry and wet density of veneered 0SBgroups and neat 0SB

Panel type Density - ar dry (g/ar?) Density - oven dry (g/am) Density - wet (g/a?)
0sB(18mm) 061003 056 =001 072005

A 0.66 0,02 062002 078007

B 065004 060004 0.75:002

C 0.66 0,02 060001 0.76+0.04

D 063004 059002 074005

E 078002 070£002 0.82:002

F 076 +0.02 068001 081003

G 076003 071003 0.80:0.01

H 0.74+002 0.69 0.02 0.80+0.04

When Table 2 is examined, when air dry, oven dry and wet densities are compared, it
is determined that the density values of all OSB boards with wooden surface coatings (ve-
neered OSB) are higher than neat OSB boards of the same thickness. On the other hand, it
was determined that the densities of veneered OSBs produced using beech veneers were
higher than those of veneered OSBs produced using poplar veneers. In addition, it has been
understood that the densities of veneer OSBs produced using PF glue are generally higher
than those of veneer OSBs produced using UF glue. No relationship has been detected be-
tween the densities of veneered OSBs and whether veneer boards are glued with fiber di-
rections perpendicular or parallel to each other.

The water absorption and thickness swelling test results of the obtained veneered OSBs
can be seen in Table 3.

Table 3. Water absorption and thickness swelling values of veneered 0SBgroups and neat 0SB
Water sbsorption  Waterabsorption Waterabsorption Thidness swelling  Thidmess swelling  Thidkness swelling

Peltype  opars-0)  2hors—0)  Thors-0)  2hors-0)  2hhors-()  T2hars—(4)

BM8mm  N01=18 7227564 8457 2453 10552083 283080 2489100
A N62:153 652231 8260308 825107 20271239 23%:272
B 04612 5967+388 8194216 760082 19.41 £166 2159208
c DA 56294574 8517 £405 1002£053 1797147 19942207
D D5 T8 8466235 957 £0.45 172180 1837 £232
E 1695087 523550 805413 592058 1495 £3.04 1755378
F 61613 5173222 46 =478 524 +0.4] 14132212 1622264
6 19004191 6944+300 8267503 8142060 1843176 2260185
H 18602273 5882413 8204174 78509 1715148 21042207

When the 2, 24 and 72 hour water absorption values of veneered OSB boards in Table
3 are examined, it was determined that the F group boards showed the best resistance to
water, and the neat OSB and C group boards showed the worst resistance. It is thought that
the main reason why Group F boards show the best resistance to water is that the PF glue
used has better resistance to water than the UF glue, the fiber directions of the veneer
boards are glued in opposite directions, and the beech has better resistance to water com-
pared to the poplar. On the other hand, the reasons why neat OSB and Group C boards have
the lowest water resistance values are that the water resistance properties on the surface of
neat OSB boards are normally low; The use of UF glue, which has less water resistance prop-
erties than PF glue, in Group C boards; The fiber directions of the veneers are parallel to
each other; and poplar wood has lower resistance to water than beech wood. When the
thickness swelling values are examined, it is seen that the trend in water absorption values
has not changed. The fact that these situations are parallel to each other reinforces the ac-
curacy of the reasons.

The thermal conductivity values of the obtained veneered OSBs can be seen in Table

4.
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Table 4 Thermal conductivity values of veneered 0SB groups and neat 0SB

Thermel conductivity (WhrfK)

Panel type Mean Qandard deviation

o808 018 0
A 0z Qo
B 024 Qo
c 020 Qo
D 019 000
E 02 006
F 026 0w
G 024 0w
H 025 00

When the thermal conductivity results are examined in Table 4, it is seen that the low-
est value is obtained in neat OSB and similarly in group D plates, and the highest value is
obtained in group E and F boards. The main reason why neat OSBs have the lowest thermal
conductivity value may be that they contain more air voids than veneered OSBs and there-
fore their density is lower. On the other hand, it has been understood that the thermal con-
ductivity values of veneered OSBs obtained using poplar are generally lower than the sheets
produced using beech. It is thought that this is due to the density of poplar wood being
lower than that of beech wood. In addition, it is understood from Table 3 that gluing the
fiber directions of the veneers parallel or perpendicular to each other does not affect the
thermal conductivity values of the veneers. Thermal conductivity values of veneered OSBs
produced using PF glue were generally higher than those with UF glue..

3.2. Mechanical Properties
The bending resistance and bending modulus values of the veneered OSBs produced
can be seen in Table 5.

Table 5. Bending strength and modulus of elasticity values of veneered 0SB groups and neat 0SB

sl type Bending strength (Yhm) Modus of Basticity (Nfmd)
Mean Sandard deviation Mean Sandard deviation

oB(18mm) B4R 253 207455 37304
A 31 315 47232 41557
B EN) 159 431835 10653
c 2108 210 395457 4321
D 252 370 320716 18720
E 5233 49 87627 283
F 5426 148 736813 7457
G 4551 3n 673829 Q734
H 09 4 4k 598245 26495

When the MOR and MOE values in Table 5 are examined, it is seen that the highest
MOR value is detected in E and F group boards, and the lowest MOR value is detected in
neat OSB, C and D group boards. This situation is generally thought to be due to the type
of glue used, the type of wood and the fiber directions of the veneers being glued paral-
lel/opposite to each other. It is understood that the same situation occurs in MOE values.

4. Conclusions
In general, it can be said that the following results were obtained in the study;

e  The water absorption and thickness swelling resistance of veneered OSB boards pro-
duced using PF glue gave better results than those produced using UF glue.

e It has been determined that gluing the veneers with the fiber directions perpendicular
or parallel to each other has no effect on the density.

e It has been understood that veneered OSBs produced using beech veneers generally
exhibit better mechanical properties than veneered OSBs produced using poplar ve-
neers.

e It can be said that covering the surfaces of OSBs with veneers affects the thermal con-
ductivity value negatively and other physical and mechanical values positively.
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e In order to increase the usage areas of veneered OSBs, it is recommended to conduct
new studies using different wood species and glues.

Funding: This research received no external funding.
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