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Arastirma Makalesi

Elektrospinning Yontemi ile Aktif Karbon Katkih PA66 Nanolif-
lerin Elde Edilmesi ve Lif/Cap Analizi

Abdullah Giil *

Yozgat Bozok Universitesi, Kenevir Aragtirmalari Enstitiisii, Malzeme ve Enerji ABD, 66100, Yozgat/Tiirkiye
* Sorumlu yazar: abdullahgul46@gmail.com

O2z: Bu calisma, nanolif yapili membran iiretimi igin aktif karbon (AK) katkil poliamid-66 (PA66) esash polimerik
nanoliflerin tiretimine odaklanmaktadir. Bu ¢alisma kapsaminda nanoliflerin tiretimi i¢in elektrospinning tekno-
loji kullanilmis olup membranlarin ortalama lif ¢aplar1 degerlendirilmistir. Elde edilen nanoliflerin ortalama ¢api-
nin 180 ile 250 nm arasinda oldugu tespit edilmistir. Ayrica SEM goriintiilerinden tiretilen malzemelerde piirtizsiiz
ve ¢ok ince nanoliflerin olustugu belirlendi. PA66 polimer ¢6zeltisinde aktif karbon katkilamast ile ¢6zeltinin ilet-
kenliginin arttig1 ve buna bagli olarak fiber ¢apinin inceldigi gézlendi. Bununla birlikte boncuklu yapilarin gézlen-

memesi diizenli lineer lif yapisinin varligini kanitlamaktadir.

Anahtar Kelimeler: P66; nanolif; aktif karbon; SEM

Obtaining Activated Carbon Doped PA66 Nanofibers by Electro-
spinning Method and Fiber/Diameter Analysis

Abstract: This study focuses on the production of activated carbon-doped polyamide-66 (PA66) based polymeric
nano-fibers for the production of nanofiber structured membranes. Within the scope of this study, electrospinning
technology was used to produce nanofibers and the average fiber diameters of the membranes were evaluated. It
was determined that the average diameter of the resulting nanofibers was between 180 and 250 nm. In addition, it
was determined from SEM images that smooth and very thin nanofibers were formed in the production methods.
It was observed that with the addition of activated carbon in the PA66 polymer solution, the conductivity of the
solution increased and accordingly the fiber diameter became thinner. At the same time, the absence of beaded

structures proves the existence of a regular linear fiber structure.
Atf: Giil, A. Elektrospinning Yon-
temi ile Aktif Karbon Katkili PA66
Nanoliflerin Elde Edilmesi ve Lif/Cap Keywords: P66; nanofiber; active carbon; SEM
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1. Girig

Son zamanlarda elektrospinning yontemiyle elde edilen nano boyutlu lif esash malze-
melere olan ilgi, tistiin 6zellikleri (hacme gore genis yiizey alani, ¢ok kiigiik gozenek boyutu,
esnek yiizey islevselligi, istiin mekanik 6zellikler) ve yaygin uygulama alanlan (filtrasyon,
kompozit, tibbi vb.) nedeniyle olduk¢a artmustir. Elektrospinning nano fiber membranlar,
yiksek gozeneklilige, yiiksek spesifik ylizey alanina ve benzersiz birbirine bagli yapiya sa-
hip-tir (Chen et al. 2020). Bu nedenlerden dolay1 nano yapili lifler ve nanolif bazli malzeme-
ler hem arastirma gelistirme ¢alismalarinda hem de endustride giderek daha popiiler ve
o6nemli hale gelmektedir (Gibson, 2001; Cetin ve Tiyek, 2021).

Nanolifler bir¢ok yontem ile tiretilebilmektedir. Elektrospinning yontemi, uygulama
kolaylig1 ve kontrol edilebilir bir lif elde edilebilme a¢isindan avantaj sunmaktadir. Bununla
birlikte kullanilabilecek polimer cesitliligi acisindan da bir¢ok arastirmaci tarafindan tercih
edilmektedir (Ramakrishna ve ark., 2006). Ayrica elektrospinning, mikron ve mikron alt1
¢ap araliginda nanoliflerin tiretimi i¢in popiiler bir tekniktir (Kili¢, 2008). Elektrostatik kuv-
vet kullanilarak polimerik filamentlerin iretildigi elektrospinning yonteminin patenti ilk
kez 1934 yilinda Formhals tarafindan alinmistir (Giil, 2022). Eriyik ve kuru ¢ekme, 1slak
egirme vb. gibi geleneksel elyaf egirme sistemlerinden farkli olarak elektrospinning iglemi,
bir polimer jetini cekmek ve germek i¢cin mekanik kuvvet yerine elektrik alan kuvvetini kul-
lanir (Danwanichakul, 2012). Bir polimer ¢6zeltisine bir elektrik alan1 uygulandiginda, poli-
mer c¢ozeltisi yiiklenecek ve yikli ¢6zelti kilcal uctan disar: cekilecektir. Kiiciik ¢apli jet,
gerilme ve biikiilme kararsizligina maruz kalacaktir. Bu agamada solvent hizla buharlagir ve
polimer ¢ozeltisi bir toplayici tizerinde nanolifler halinde katilasarak nano lifi olusturur (Ti-
yek ve ark., 2019).
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Sekil 1. Nandlif tretimsistervinin (elektrospinning) semetik gosterimi.

Bir elektrospinning sistemi temel olarak bir besleme iinitesi, bir yiiksek gerilim gii¢
tedarikgisi ve bir toplayicidan olusur (Sekil 1). Elektrospinning prosesindeki parametreler
sistem, ¢Ozelti ve cevresel parametreler olarak siniflandirilabilir. Sistem parametreleri uy-
gulanan elektrik alani, toplayici ile igne ucu arasindaki mesafe, polimer ¢6zeltisinin besleme
hiz1 vb., ¢6ziim parametreleri konsantrasyon, viskozite, iletkenlik, yiizey gerilimi vb. ve ¢ev-
resel parametreler ise ortam nemi, sicakliktan olugsmaktadir (Giil ve Tiyek, 2023). Nanolifle-
rin yapist ve morfolojisi, sistem, ¢ozelti ve cevresel parametreler morfolojisinin sinerjik et-
kisi ile belirlenir. Ornegin, daha ince elyaf caplar1, daha kiiciik capli igne uclarindan egrilir.
Daha yiiksek voltaj uygulanmasi fiber ¢apimi azaltir ancak boncuklu bir fiber yapisi ortaya
¢ikar (Deitzel, 2001).

Elektrospinning elyaf tiretim teknigini etkileyen malzeme 6zellikleri su sekildedir; po-
limer konsantrasyonu, ¢6zelti viskozite degeri, ¢cozeltinin elektriksel iletkenligi ve polimerin
scOziiclisii. Membran malzemesi 6zellikleri arasinda ¢ozelti konsantrasyonu, nanofiber ya-
pnin stabil tutulmasinda 6nemli bir rol oynar. Clinkii ayn1 zamanda ¢6zeltinin viskozite
degerini, ¢ozeltinin yiizey gerilimini ve iletkenlik degeri gibi ¢ozeltinin diger karakteristik
ozelliklerini de etkiler. Kullanilan ¢6ziictiniin tiird bir diger 6nemli faktordiir. Clinki ¢6-
zicl 6zelligi ¢ozeltinin ylizey gerilimini ve elektrik alanindaki buharlagma siirecini etkiler.
Ucucu ozelliklere sahip solventler, elyafin ylizey morfolojisini ve genis ags: bir yapinin olu-
sumunu etkiler (Nirmala ve ark., 2010).

Yapay liflerin 6nciisii olarak bilinen PA66 lifi, 1928 yillarinda Carothers dnciiligiinde
ortaya ¢ikarilmigtir. PA66 polimeri, hegzametilendiamin ve adipik asitin polikondenzas-
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yonu yontemiyle sentezlenmektedir. PA66'nin kapali olarak formiilii (Ci..H..O.N:)n sek-
linde gosterilirken kimyasal yapisi sekil 2’de paylagilmistir. Termoplastik yapida bir polimer
olan PA66'nin erime noktasi 245/260 °C araliginda olup yogunluk degeri ise 1,14 -1,18 g/cm3
civarindadir (Gl ve ark., 2023).

i bl 0
‘(N_(CH:)S_N_C_(CHQ)A_ Cln

Sekil 2 PA66Nin kimyasal yapis.

Bu calismada, ileri teknolojiye sahip polimerik malzeme esasli nanolif tiretiminde en
et-kili yontemlerden biri olan elektrospinning yontemi kullanilarak aktif karbon katkilt
nano ¢aplara sahip polimerik membran ylizeylerin elde edilmesi amag¢lanmigtir. Bu amag
dogrultusunda, nanolif uygulamalarina yonelik; fonksiyonel daha ince membran 6zellikleri
i¢in lif Gretim ve c¢ap analizi yapilarak yenilikei bir ¢alisma ortaya konmustur. Gzenekli
yapidaki aktif karbondan istifade edilmesi 6zellikle membran teknolojilerinde yeni yaklagim
ile katki-da bulunulmasina hem de yeni nano yiizeye sahip lifler gelistirilmesine imkan sag-
layacaktir. Elde edilen nano yapidaki liflerin, morfolojik karakterizasyonu i¢in SEM calis-
malar1 yapilirken nanoliflerin ylizey analizleri ve lif cap degeri de ortaya konmustur.

2. Deneysel Calismalar

2.1. Materyal

Caligmada kullanilan PA66 polimeri pellet formunda olup (Formiile edilmis agirhig:
262.36 g/mol, yogunluk: 1.19 g/mL) Sigma Aldrich’den ve polimer ¢6zeltisinin hazirlanma-
sinda ¢bziicii olarak kullanilan formik asit (HCOOH, >98%, 1.22 g/cm?) ve asetik asit
(CH5;COOH, %100, 1.05 g/cm?) Merck firmasindan satin alinmustir.

2.2. Metot

AK katkili ve katkisiz olarak hazirlanan ¢ozeltiler toplam kat1 igerigi agirlik¢a %20 ola-
cak sekilde PA66/AK orami agirlik¢a 100/0, 75/25 ve 50/50 olmak iizere 100 ml halinde 3
farkli ¢6zelti hazirlandi. Coziicii olarak 1:1 oraninda formik asit ve asetik asit kullanildi. Her
¢ozelti once 1siticili manyetik karigtiricida 50°C'de 30 dakika karigtirildi, daha sonra oda si-
cakliginda 12 saat (600 rpm) karigtirildi. Karigtirilan ¢ozeltiler son olarak 30 dakika boyunca
oda sicakliginda ultrasonik bir banyoda igleme alindu.

Elektrospinning islemleri, Kahramanmaras Siit¢ii imam Universitesi USKIM Malzeme
Arastirma Laboratuvari'nda bulunan Inovenso marka NanoSpinner PilotLine model yar1 en-
distriyel ¢ok igneli elektrospinning cihazinda (Sekil 3) gerceklestirildi

Sekil 3. inovenso elektrospinning cihaz.
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Karisimlarin cihazdan ekstraksiyonu sirasinda giig, besleme, igne ucu-toplayict mesa-
fesi gibi parametreler hassasiyetle belirlendi. Hazirlanan polimer ¢ozeltileri sirasiyla 10
mLlik plastik siringaya cekilerek cihaza yerlestirildi. Elektrospinning cihazinda temel mal-
zeme olarak 12 g/m? agirliga sahip 48 cm genisliginde kalenderle igslenmis polipropilen bazli
beyaz dokunmamis kumas malzeme kullanildi. Plriizsiiz ve siirekli bir nanofiber membran
yiizeyi elde etmek i¢in bu ¢aligmada kullanilan proses parametreleri Tablo 1'de verilmistir.

Tablo1. Caligma planina ait nanalif Uretimparametreleri.

od a=n Sire Beslere Mesafes Voltaj
(2 (Ssat) (MmN () ®)

100/0 PG5/ (100-0) 2 07401 1905 22
75/25 PSS / (715-25) 2 07401 190:5 )
50/50 PGS / (50-50) 2 07401 1905 )

Karisim ¢ozeltilerinin elektriksel iletkenlik analizi i¢in Hanna HI marka iletkenlik ci-
hazinda pS/cm olarak ayr1 ayr 6l¢iildi. Nanolif yapili yiizeylerin tiretiminde kullanilan ¢6-
zeltilerin viskozite degerleri Brookfield DV-I + Viskozimetre cihazinda 4 numarali mil kul-
lanilarak oda sicakliginda, ISO 2555 standardina gore 100 rpm donts hizinda yapilmisgtir.
Numunelerinin morfolojik yapisini incelemek amaciyla 6ncelikle numunelere Cressington
108auto altin kaplama cihazinda altin kaplama yapild1 ve daha sonra ZEISS marka EVO/LS10
model taramali elektron mikroskobu (SEM) ile goriintiileri elde edildi. Her numunenin SEM
goriintiileri tizerinde 20 6l¢iim yapilarak membran numunelerinin ortalama lif ¢aplar: be-
lirlendi.

3. Bulgular ve Tartisma

Elektrospinning prosesi i¢in hazirlanan polimer ¢ozeltilerinin karakterizasyonu igin
elektriksel iletkenlikleri ve viskozite degerleri 6l¢iildii. Elde edilen nanolif yiizeylerin morfo-
lojik yapilar1 SEM analizleri ile incelenmistir.

3.1. Cozelti Karakterizasyon Calismalar:
3.1.1. Cozelti iletkenlik analizi

Cozeltideki AK karisim oranlarina bagh olarak karisimlarin elektriksel iletkenlik 6l¢iim
sonuclar1 Sekil 4’te grafiksel olarak verilmektedir.

380 1 1 1

375 -

370 -

365 -

360 -

iletkenlik (uS/cm)

355 =

350 -

106/0 75}25 50}50
PA66/AK orani (%)

Sekil 4 PAG/MKkangmoranlanna ait giizelti elektriksel iletkenlik defisimarafidi.

Elektrospinning ¢ozelti karisim oranlarinda AK'in artmasiyla ¢6zeltinin elektriksel ilet-
kenligi arttif1 gozlenmistir. Bu artan elektriksel iletkenlik degeri, polimer c¢o6zeltilerinin
elektrospinning cihazi ile galisma siirecini dogrudan etkilemis olup, polimer karisimindaki
AK oraninin artmasina bagh olarak jet tizerindeki ¢ozelti donma veya tikanma gibi prob-
lemlerle karsilagilmamaistir. Bunula birlikte karbon yapisina bagli olarak artan iletkenlik ¢6-
zeltide de iletkenligi artirdigi literatiir galigmalar ile uyumlu oldugu saptanmigtir (Yalgin-
kaya, 2022; Awad ve ark., 2021).
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3.1.2. Cozelti viskozite analizi

AK karisim oranlarina bagli olarak hazirlanan polimer ¢ozeltilerinin kinematik visko-
zite 6lcimiinden elde edilen viskozite degeri grafigi Sekil 5'te verilmistir.

1030 L

1020 o

1010 4 L

1000 ~ o

Viskozite (cP)

990 4 o

980 o

970

106/0 75}25 5l]|/5[l
PA66/AK orani (%)

Sekdl 5. PAb6/AKkangmaranlanna ait giizelti viskazite degisimgrafig.

Elde edilen sonuclara gore ¢ozelti karisim oranlarinda AK orani arttik¢a viskozite dege-
rinin gozle gorilir sekilde arttig1 gorilldi. Cozeltilerde viskozite degeri yiizey gerilimine ki-
yasla aktif karbon konsantrasyonun artmasina bagl olarak nispeten arttig1 daha 6nceki ¢a-
ligmalarda bildirilmistir (Yasin, 2019). Elde edilen bu degerler literatiirde yapilan ¢aligma-
larla uyumlu oldugu ve bu sonucu destekleyen ¢aligsmalara yer verilmistir (Yalginkaya, 2022;

Fong, 1999).

3.2. Nanolif Yiizeylerinin Karakterizasyon Cahsmalar:
3.2.1. SEM analizi

Elde edilen PA66/AK bazli nanolif yapili ylizeylere ait numunelerinin SEM goériintiileri
Sekil 6’da ve SEM goriintiilerinden elde edilen lif ¢apr degerleri Sekil 7'de paylagilmistir.

PA66/AK (100-0)

PA66/AK (75/25)

PA66/AK (50/50)

. 4 | 7 - W L ",

Sekdl 6, PA64/AK nandlif yapili yizeylere ait SEMgdriintiileri (a: 10000X, b:20000X).
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SEM goériintiilerinden elde edilen nanoliflerin morfolojik yapisi incelendiginde genel
olarak nanolif yapilar agikca gortilmektedir. Bu goriintiilerde boncuk yapisinin bulunma-
masi, elektrospinning islemi i¢in uygun bir viskozite degerinin ve iletkenlik degerinin yaka-
landigin1 géstermektedir. Boylece tiim numuneler i¢in tekdiize bir nanolif yapisinin olustu-
gunu gostermektedir.

245 +
240 L
235 +
230 4 +
225 +
220 +
215 +
210 +
205 4 +
200 +
195 +
190 +
185 +
180

Ortalama Lif gap (nm)

106/0 75}25 50|/50
PA66/AK orani (%)

Sekil 7. PAb4/AKkangmaranlanna ait lif cap degismgrafi.

Sekil 7'de goriildiighi gibi nano yapili membran fiberin ¢aplari, PA66 ve AK bilesenleri-
nin kiitle oranlarindaki degisime gore farklilik gosterebilmektedir. Karigim orani igerisinde
AK oram arttik¢a lif capinin da bariz bir sekilde azaldig1 goriilmektedir. AK karisim orani
tzerinden yapilan ortalama lif ¢cap1 degerlendirmesinde ortalama lif ¢ap1 en ince olan nu-
munenin 50/50 oranina sahip numune oldugu gériilmektedir.

4. Sonuclar ve Oneriler

Bu ¢alismada nanolif olarak kullanilacak modifiye ylizeyler iretmek amaciyla
PA66/AK karigimlarindan (100/0, 75/25, 50/50) oranlarinda polimer ¢ozeltileri hazirlandi.
Hazirlanan PA66/AK polimer ¢ozeltilerinden nanolif tiretimi i¢in en uygun elektrospinning
parametreleri belirlendi. Bu parametreler kullanilarak elektrospinning yontemiyle nanolif
ylizeylerin tiretimi basariyla gerceklestirilmistir. Bu kapsamda elde edilen bulgulara gore.

e PA66 ile AK karigimi igin homojen ¢6zelti karigimi elde edilebildigi gortilmektedir.

e  AK konsantrasyonun PA66 i¢indeki orani arttik¢a daha ince liflerin elde edilmesinde
olumlu katki sundugu ortaya ¢ikmustir.

e Elde edilen nanoliflerin yiizeyleri incelendiginde boncuklu yapilarin gézlenmemesi
ozellikle ¢alisma esansinda ¢ozelti donma ve tikanma olaylarinin ortadan kaldirdig:
goriilmekte. Bu da sorunsuz ytizey olusumunda olumlu katki sundugu goriilmektedir.

e  Yapilan 6nceki ¢caligmalardan farkli olarak bu ¢alismada PA66 polimeri igerisine agir-
likea farkli konsantrasyonlarda caligma imkan: sunulmustur. Bu yoénii ile literatiirde
kasitl: olan polimer {izerinde farkl bir ¢alisma ortaya konularak miihendislik polimeri
olan PA66 icin farkli bir yaklagim sergilenmistir.

e  Bucalismadan elde edilen sonuclar 1s1g1nda gelecek ¢alismalarda elektrospinning pro-
sesleri i¢in farkli voltaj (20-25-30) ve ¢ozelti agirlikga orani %20 yerine (10-20-30-40)
gibi oranlarda calismalarin yapilmasi 6nerilmektedir.

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

Tesekkiir: Bu ¢alismanin yapilmasinda elektrospinning cihazinin kullanimini tarafima a¢an Dog. Dr.
Ismail TIYEK’ tesekkiirlerimi sunarim.
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Oz: Giiniimiizde ahsap malzemeyi korumak i¢in ¢esitli balmumu bazli iiriinler bulunmaktadir. Bu ¢alismada, sa-
ricam (Pinus sylvestris L.) 6z ve diri odunlarina uygulanmis modifiye edilmis ar1 balmumlarinda (zeytinyag:, Hin-
distan cevizi yag1 ve keten tohumu) renk parametreleri, beyazlik indeksi (WI*) degerleri ve parlaklik 6zellikleri
arastirilmustir. Belirlenmis olan test sonuglarina gore, biitiin modifiye edilmis yaglar tarafindan 6z odunda he, b*,
C* ve L* degerleri artarken, biitiin parlaklik degerleri ve a* degerleri azalmigtir. Buna ek olarak diri odunda ise,
biitiin modifiye edilmis yaglar tarafindan biitiin parlaklik degerleri, h° ve L* degerleri azalirken, b*, a* ve C* deger-
leri artmigtir. AE* degerleri 6z odunda zeytinyag ile 7.01, keten tohumu yag: ile 7.02 ve Hindistan cevizi yag ile
6.67 olarak elde edilirken, diri odunda zeytinyagi ile 21.09, keten tohumu yag ile 16.00 ve Hindistan cevizi yag: ile
16.01 olarak hesaplanmgtir. WI* degerlerinde ise ile odun kisminda (6z ve diri) ve modifiye edilmis yaglarda kont-

rol 6rneklerine gore farkli sonuglar tespit edilmisgtir.
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Abstract: Today, there are various wax-based products available for the protection of wood materials. In this
study, the color parameters, whiteness index (WI*) values, and glossiness properties of modified bee waxes (olive
oil, coconut oil, and linseed oil) applied to the heartwood and sapwood of Scots pine (Pinus sylvestris L.) were
investigated. According to the determined test results, in the heartwood, all modified oils increased h°, b*, C*, and
L* values, while all glossiness values and a* values decreased. Additionally, in the sapwood, all modified oils de-
creased all glossiness values, h°, and L* values, while b*, a*, and C* values increased. The AE* values were obtained
as 7.01 with olive oil, 7.02 with linseed oil, and 6.67 with coconut oil in the sapwood, while in the heartwood, they
were calculated as 21.09 with olive oil, 16.00 with linseed oil, and 16.01 with coconut oil. The WI* values showed

different results in both wood parts (heartwood and sapwood) and modified oils compared to the control samples.
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1. Girig

Ahsgap koruma, 6ncelikle ahsap ile ortam havasi arasindaki nem aligverisinin 6nlenme-
siyle ilgilenir. Hava nemli oldugunda, ahsap nemi emer ve siser. Hava kuru oldugunda, ah-
sap nemi serbest birakir ve biiziiliir. Cogu malzeme, hava nemindeki degisikliklere bagl
olarak genisler ve biiziiltir. Ancak, ahsapta bu sikigtirma ve genlesme yalnizca tek bir yénde,
yani lifler boyunca gergeklesmektedir. Ahsap, lifler boyunca yalnizca hafifce buiziilir ve ge-
nisler. Balmumu bazli kaplamalar, ¢evre dostu olma ve ekonomi a¢isindan modern gereksi-
nimleri karsilar. Balmumu elastik, nefes alabilen bir kaplama olugturur ve ahsabi ¢evresel
etkilerden koruyarak giizelligini ve elastikiyetini korur. Bu nedenle, dogada bir¢ok bitkinin
yapraklar1 mikro kristaller, lameller vb. seklinde ince bir balmumu tabakasiyla kaplidir
(Tsvetkova ve ark., 2019).

Mumlar, polar olmayan lipitler sinifina aittir. Bu durum, onlarin higbir polar bileseni
olmadig1 veya pratikte suyla etkilesime izin vermeyen hidrofilik bir kisma sahip olduklar
an-lamina gelmektedir. Bu durum ile karakter mumlarin neden en etkili lipit bariyerleri ol-
dugunu agiklamaktadir. Proteinler ve polisakkaritlerle etkilegimler, amfifilik karakterlerin-
den dolayi, basta elektrostatik ve hidrofobik olmak tizere farkli dogadaki kuvvetler arasin-
daki ince dengeden kaynaklanmaktadir. Lipidlerin etkinligi cesitli faktorlere bagl olmakta-
dir. Ancak esas olarak digerlerinin yani sira filmin homojenligine, yapisina ve fiziksel duru-
muna baghdir (Callegarin, 1997; Aguirre-Joya ve ark., 2016).

Balmumu emiilsiyonlar1 dogada her yerde bulunmaktadir. Endiistride genis bir uygu-
lama yelpazesi bulunmaktadir. Emiilsiyon, belirli bir koloit tiirtidiir. Koloit, bir maddenin
mikroskobik diizeyde digerinin iginde dagildig: bir karisim olmaktadir (Rattle, 2012; Kwao-
Boateng ve ark., 2017).

Ar1 balmumu, yenilebilir bir malzeme katmani olarak kullanilabilir ve meyve yiizeyi
icin oksijen, dis kaynaklardan gelen mikroorganizmalar, nem ve ¢dziicii hareketine karsi bir
bari-yer saglayabilir (Nasrin ve ark., 2020; Alahakoon ve Sarananda, 2024).

Balmumlarinin gesitli ¢ok heterojen bir bilesime sahip oldugu rapor edilmistir: [asit
polyesterler (%2), hidrokarbonlar (%14), hidroksipoliesterler (%8), monoesterler (%35),
trys-terler (%3), hidroksimonoesterler (%4), diesterler (%14), asit monoesterler (%1), serbest
asit-ler (%12) ve tanimlanamayan malzemeler (%7)] (Tulloch, 1971; Tulloch ve Hoffman,
1972; Gaillard ve ark., 20m1).

Literatiirde farkli balmumu ve balmumu tiirevli kimyasallarin ahsap malzeme yiizey-
leri-ne uygulamasi tizerine ¢esitli aragtirmalar bulunmaktadir [Mangurya digbudag: (Niu ve
Song, 2021), saricam (Beluns ve ark., 2022), Amerikan cevizi (Ayata, 2024), Cin disbudag:
(Liu ve ark., 2019), ak mese (Ayata ve Ayata, 2024), kayin (Wafdmann ve Ahmed, 2020), ma-
nolya (Ayata ve ark., 2024a), gam (Tsvetkova ve ark., 2019), ak mege (Liu ve ark., 2024), ladin
(Janesch ve ark., 2020), maun (Ayata ve ark., 2024b), beyaz digbudak (Zhang ve Song, 2023),
armut (Sultan ve ark., 2021), Sibirya ¢ami1 (Camlibel ve Ayata, 2024), Cin kavak agac1 (Ning
ve ark., 2022), kayin (Slabejovéa ve ark., 2019), gbknar (Stanciu ve Teacd, 2024), thlamur, ka-
vak, sarigam ve thlamur (Akgay, 2020), Norve¢ ladini ve Avrupa kirazi (Petric ve ark., 2004)].

Bu ¢alismada, saricam (Pinus sylvestris L.) 6z ve diri odunlarina uygulanmig modifiye
edilmis ar1 balmumlar: sonrasinda elde edilen yiizeylerde renk parametreleri, beyazlik in-
deksi (WTI*) degerleri ve parlaklik 6zellikleri kargilagtirilmusgtir.

2. Materyal ve Metot

2.1. Materyal

Sarigam (Pinus sylvestris L.) 6z ve diri odunlari bu ¢alismada kullamilmigtir. Deney mal-
zemesi ticari bir igletmeden 1. sinif kalitede 100 mm x 200 mm x 20 mm olarak alinmisgtir.
Ornekler TS ISO 13061-1, (2021) standardina gore hazir hale getirilmistir.

Bu ¢alismada, 3 farkli ahgap koruyucu yaglar (Hindistan cevizi yag: + ar1 balmumu ka-
rigimi, keten tohumu yagi ve ar1 balmumu karigimi ve zeytinyagi + ar1 balmumu karigimi)
kullanilmistir.

2.2. Metot

Calismada, ahsap koruyucu yaglar ahsap malzeme yiizeylerine tek kat olarak fir¢a yar-
dimuyla uygulanmuistir.
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Renk degisimi, CIELAB renk sistemi ile bir CS-10 (CHN Spec, Cin) [CIE 10° standart
gozlemci; CIE D65 151k kaynagi, aydinlatma sistemi: 8/d (8°/daginik aydinlatma)] cihazi kul-
lanilarak 6l¢tilmiigtiir (ASTM D 2244-3, 2007). Asagidaki formdiller ile toplam renk farklilik-
lar1 belirlenmistir.

C* = [(a*)* + (b*)*]°s ()

h° = arctan (b*/a*) (2)

AC* = (C*iglem gérmiis deney drnegi = C*islem gérmemis deney 6rnegi) (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 dmegi - D*islem gérmemis deney 6rnegi) (6)
AH* = [(AE*)* - (AL*)> - (AC*)?]°> (7)

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

AC*: kroma kismi veya doygunluk farki ve AH*: ton béliimii veya golge farkini olustur-
maktadir. Diger parametrelere ait tanimlamalarda Tablo r'de gosterilmektedir (Lange,

1999).

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.

Tahlo2 AF* defferlendimes igin kiyaslama kriterleri (IN5033, 1979).

Toplamrenk fark (AF%) Gorsel renk puans fark
02 Aglanamaz
02ila05 Cok zayif
05ilal5 Zayf
15ila30 Belirgin
30ilaé0 Cok belirgin
60ila120 Giilii
>120 Cok guiclii

Bu ¢alismada, Whiteness Meter BDY-1 cihazinin kullanilmasi beyazlik indeksi (WI*)
degerleri liflere paralel ve dik yonlerde belirlenmistir (ASTM E313-15€1, 2015).

Parlaklik testleri, ETB-0833 model gloss meter cihazinda {i¢ farkli agida (20°, 60° ve 85°)
liflere dik ve paralel yonlerde olacak sekilde yapilmigtir (ISO 2813, 1994).

Bir istatistik programi ve calismaya ait 6l¢lim degerlerinin kullanilmasi ile standart
sapmalar1, maksimum ve minimum ortalama degerleri, ortalamaya ait olan 6l¢iim degerleri,
homojenlik gruplari, ¢ok degiskenli varyans analizleri ve yiizde (%) degisim oranlar1 hesap-
lanmustr.
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3. Bulgular ve Tartisma

Tablo 3’te renk parametrelerine ait varyans analizi sonuglar: verilmistir. Biitiin renk
parametreleri i¢in odun kismi (A), ar1 balmumu tiirii (B) ve etkilesim (AB) anlamli olarak
tespit edilmistir (Tablo 3).

Tablo3. Renk paranetrelerine ait varyans analizi sonuglan

Varyans keaynad Test Karelertoplam Serbestlik derecesi Otalama lare Fdegeri a<005
Vi 853994 1 853994 1005173 0.000*
& 323489 1 323489 1273923 0.000*
Odun Kism Vo 12466 1 12466 30374 0.000*
C 80.300 1 80.300 153191 0.000*
” 686.968 1 686.968 1533.941 0.000*
Vi 585.261 3 195.087 229.623 0.000*
& 133.045 3 44,348 174646 0.000*
An Balmumu Turi Vo 655.351 3 218450 532253 0.000*
C 785.959 3 261.986 499.799 0.000*
” 61.87 3 20624 46.051 0.000*
Vi 158875 3 386.292 454675 0.000*
& 37.349 3 123783 487.4666 0.000*
Bkilesm Vo 6703 3 2234 5444 0.000*
C 65871 3 21.959 £41.892 0.000*
” 1120169 3 373390 833.747 0.000*
Vi 61171 T2 0850
& 18283 T2 0254
Heta Vo 29.551 T2 0410
C 37174 T2 0524
” 32245 T2 0448
Vi 406095517 80
& 7846139 80
Toplam Vo 70850.161 80
c 78701.000 80
Vi 425083667 80
Vi 2659.301 .
& 846166 .
Diizeltilrris Toplam b 70407 79
c 969.8T7 .
Jid 1901.252 9
* Alard.

Renk parametrelerine ait 6l¢tim sonuglart Tablo 4’te sunulmaktadir. L* degeri i¢in en
yiiksek sonug diri odun kontrol 6rneklerinde (78.38) elde edilirken, en diisiik sonug diri
odun orneklerine uygulanmig zeytinyagi + ar1 balmumu kimyasalinda (60.78) tespit edil-
mistir. Oz odun 6rneklerinde biitiin modifiye balmumu uygulamalar ile L* degerlerinde
artig goriliirken, diri odun o6rneklerinde azalis belirlenmistir. En yiiksek azalma orani
%22.45 ile diri oduna uygulanmis zeytinyagi + ar1 balmumu kimyasalinda belirlenirken, en
distik azalma orani ise %i15.99 ile diri oduna uygulanmig Hindistan cevizi yag: + ar1 bal-
mumu kimyasalinda elde edilmistir. En yiiksek artis 6z oduna uygulanmis keten tohumu
yag1 + ar1 balmumu kimyasalinda %4.51 olarak bulunurken, en distik artig 6z oduna uygu-
lanmis Hindistan cevizi yag1 + ar1 balmumu kimyasalinda %3.13 olarak tespit edilmistir
(Tablo 4).

a* degerinde biitiin modifiye edilmis balmumlari ile 6z odunda azaliglar ve diri odunda
ise artiglar goriilmustiir. a* degeri igin en yiiksek sonug diri odunda ar1 balmumu modifiyeli
zeytinyagi ile iglem gormiis 6rneklerde (14.66) bulunurken, en diisiik sonug diri odun kont-
rol 6rneklerinde (5.63) elde edilmistir. Oz odun 6rneklerinde biitiin modifiye balmumu uy-
gulamalari ile a* degerlerinde azaliglar goriliirken, diri odun 6rneklerinde artiglar belirlen-
mistir (Tablo 4).

b* degerlerinde biitiin modifiye edilmis balmumlar ile 6z ve diri odunlarda artiglar
gortlmustir. b* degeri icin en yliksek sonug diri oduna uygulamis Hindistan cevizi yag1 +
ar1 balmumu kimyasalina sahip 6rneklerde (31.99) goriliirken, en disiik sonug diri odun
kontrol érneklerinde (24.57) tespit edilmistir. Oz ve diri odunlarina ait 6rneklerinde yapilan
biitiin modifiye balmumu uygulamalar ile b* degerlerinde artis belirlenmistir. En yiiksek
artis orani %30.20 ile diri oduna uygulanmis Hindistan cevizi yag1 + ar1 balmumu kimyasa-
linda belirlenirken, en diisiik artis orani ise %23.23 ile 6z oduna uygulanmis keten tohumu
yag1 + art balmumu kimyasalinda bulunmustur (Tablo 4).
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C* degerlerinde biitiin modifiye edilmis balmumlar ile 6z ve diri odunlarda artiglar
gorilmisgtir. C* degeri i¢in en diigiik sonug diri odun kontrol 6rneklerinde (25.21) elde edi-
lirken, en yiiksek sonug diri odun 6rneklerine uygulanmis zeytinyag: + ar1 balmumu kimya-
salinda (35.11) belirlenmigtir. Diri ve 6z odunlarina ait deney 6rneklerinde uygulanan biitiin
modifiye balmumu kapli gruplarda C* degerlerinde kontrol 6rneklerine kiyasla artiglar tes-
pit edilmistir. En yiiksek artis oran1 %39.27 ile diri oduna uygulanmig zeytinyag: + ar1 bal-
mumu kimyasalinda belirlenirken, en diisiik artis orani ise %18.54 ile 6z oduna uygulanmais
keten tohumu yag1 + ar1 balmumu kimyasalinda tespit edilmigtir (Tablo 4).

h° degerinde biitiin modifiye edilmis balmumlari ile diri odunda azaliglar ve 6z odunda
ise artiglar goriilmiistiir. h° degeri igin en yiiksek sonu¢ 6z odunu 6rneklerine uygulanmis
keten tohumu yag + ar1 balmumu kimyasalinda (77.84) elde edilirken, en diisiik sonug ise
diri odun 6rneklerine uygulanmis zeytinyagi + ar1 balmumu kimyasalinda (65.33) bulun-
mustur. (Tablo 4).

Tablo4. Renk parametrelerine ait olan dlglimsonuglan.

Test OcknKsm kﬁﬁ?jﬁ Otalame % defjigim Hnjenlikgrubu Sandart sspme Mrimum: Mdaimum Veryars ktsayis
Kortrol nE - D 5 08 74z Tz
" Zeytinyasy UA 137 B am BN BR 105
KetenTohumuYay 7549 1451 B 082 WL 70 0%
. HdstanCaviziYa 7449 1313 c a5 nn 5 069
Kortrol 788 - A 089 %8 8023 3
o Zeytinyass Q018|265 P 143 05 6369 2%
KetenTohumuYay 6597|1583 E 0% @5 62 148
HrdstanCeviziYa) 6585|1599 E 02 609 651 064
Kontrol 8% - D am 78 990 a®
& Zeytinyasy 70 (270 E 03 & 130 327
KetenTohumuYa 651|265 E 018 48 62 2m
4 HrdstenCevidYa§ 686 12327 E 016 4 72 237
Kortrol 563 B 2 7 504 632 569
o Ty Wt 11603 A 0% g B2 628
KetenTohumuYag 1289 112895 B 043 6 1378 335
HrdstanCevizYag 1228 111812 c 040 0% 128 327
Kortrol uB - c ) 2 %% 454
5 Zeytinyad) 09% 1250 B 029 W6 3% 0%
KetenTohumuYa 3050 12323 B 040 09 A0 13
» HrdstanCevidYag 3067 129 B 03 L) 109
Kortrol us1 - o 106 2% 768 429
o Zeytinyad) A0 1298 A 040 a3 2% 126
KetenTohumuYay 3157 12849 A 043 058 203 13
HrdstanCevizYag 319 13020 A 045 39 3260 14
Kontrol %2 - D 130 %06 2160 4%
& Zeytinyasy AN 1208 c 03 38 R0G a7
KetenTohumuYay 3120 11854 ¢ 04 00 3B 13
. HrdstanCavizYag 313 1194 ¢ 03 0N 38 100
Kortrol B2 - B 109 29 24 43
o Zeytinyass BN 192 S Q70 U0 Wl 200
KetenTohumuYay 34N 13530 B 043 BN 346 126
HrdstanCevizYaj 3427 1359% B 053 BU BB 15
Kortrol o - c 0% @o T 134
& Zeytinyad) T 11009 s 037 %0 T 048
KetenTohumuYag 7186 11093 A 030 T8 78 039
p HndstanCevidYag 7139 11029 8 036 %5 TS 046
Kontrol e - B 02 o6 TIT6 055
o Zeytinyad) 63 1525 P 118 409 EI8 180
KetenToumuYay 6178 11208 E B b4 8% 107
HrdstanCeviziYag 6900 11049 D 050 838 696 o

Olcim Sayis: 10; Fomojentik Grubu situnu igin "en yliksek deger, en disik deger

Tablo 5'te toplam renk farkliliklarina ait sonuglar verilmistir. Ab* (referanstan daha
sar1) ve AC* (referanstan daha net, daha parlak) degerleri her iki odun kismu igin biitiin
modifiye edilmig ar1 balmumu uygulamalarinda pozitif olarak tespit edilmistir. AL* (refe-
ranstan daha agik) degerleri 6z odunda ve Aa* (referanstan daha kirmizi) degerleri diri
odunda biitiin modifiyeli yaglar i¢in pozitif olarak tespit edilmistir. Buna ek olarak, AL* (re-
feranstan daha koyu) degerleri diri odunda ve Aa* (referanstan daha yesil) degerleri 6z
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odunda biitiin modifiyeli yaglar i¢in negatif olarak elde edilmistir. AE* degerlerine bakildi-
ginda, diri oduna (zeytinyagi: 21.09, keten tohumu yag1 16.00 ve Hindistan cevizi yag1 16.01)
ait sonuglar 6z oduna (zeytinyagi: 7.01, keten tohumu yagi: 7.02 ve Hindistan cevizi yag:
6.67) ait sonuglardan yiiksek elde edilmistir. Renk degistirme kriteri (DIN 5033, 1979) i¢in
6z odununa ait biitlin deney 6rnekleri “gli¢lii (6.00 ila 12.00)” kriterini verirken, odununa
ait biitin deney 6rnekleri “cok gli¢lti (> 12.00)” kriterini vermistir (Tablo 5).

Tablo5. Toplamrenk farkliiklanna ait sonuglar.
OnKsm A BlmmuTid A2 A A AC AH AF  Renkdefjistinre kriterleri (IN5033, 1979)

Zoytinag 261 A% 619 540 3% 701
Gz  KetenTohunuYad 326 237 574 48 38 102 Giclii (400ila 1200)
HrdistanCevidiYa 226 208 5% 51 364 667
Zeytinyag 1760 908 13 991 609 2109
Of  KetenTohuruYay  -1241 727 701 890 47 1600 Qok giiclii (-1200)

Hndistan Cevizi Yag 1253 6.65 1.62 9.06 415 1601

Beyazlik indeksi (WI*) degerlerine ait varyans analizi sonuglar1 Tablo 6’da sunulmak-
tadir. Her iki yondeki WI* degerlerinde odun kismi (A), ar1 balmumu tiirii (B) ve etkilesim
(AB) anlaml olarak bulunmustur (Tablo 6).

Tablob. Bayazlik indeksi (WP) degjerlerine ait olan varyans analizi sonuglan.

Varyans kaynaj Test Kadlertoplam  Serbestlikdereces  Ortdlamakare Fdoei  a<005
ke Wrdk (1) 564984 1 564984 1707475 0000
W paralel (|]) 240125 1 240125 TI8219 0.000*
JU—— Wrdik (1) 1740.834 3 580287 1753694 0000
Wrparalel (|]) 1195662 3 398554 192085  0.000*
Biklesim Wrdik (L) 1519.786 3 506,595 1531013 0.000*
& W paralel (])) 1257542 3 419181 1253780 0000*
Heta Wrdik (L) 2382 7] 0331
W paralel (|]) 24072 7 0334
Wrdik (L) 66401540 80
Toplam W paralel (||) 23783940 80
N Wrdik (L) 3849.428 79
DzetlmgTopam v el () 277,400 7

Beyazlik indeksi (WI*) degerlerine ait 6l¢iim sonuglar1 Tablo 7'de verilmistir. Her iki
yondeki WI* degerlerinde diri oduna uygulanan biitiin modifiye edilmis ar1 balmumlar ile
azahslar belirlenmis (zeytinyagi, keten tohumu yag1 ve Hindistan cevizi yagi i¢in sirasiyla L
icin %54.04, %45.28 ve %51.62 ve || icin %69.23, %61.69 ve %61.12) olunup, en yiiksek sonug-
lar kontrol deney 6rneklerinde (L: 40.64 ve || 27.88) belirlenirken en diisiik sonuglar ise
degerlerinde ar1 balmumu ile modifiye edilmis zeytinyag; ile islem gormiis deney grubuna
ait orneklerde (L:18.68 ve || 8.58) bulunmustur. Oz odunda ise her iki yondeki WI* deger-
lerinde ar1 balmumu ile modifiye edilmis zeytinyagi uygulamasi ile azaliglar belirlenirken,
degerlerinde ar1 balmumu ile modifiye edilmis keten tohumu yagy ile artiglar tespit edilmig-
tir (Tablo 7).
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Tablo7. Beyazlikindeksi (14%) degerine ait dlglimsonuglan.

Test OknKsm Aﬁﬁ?& Otalame % defjgim Homojenlikgrubu Sandart sspme Mrimum Mksimum Varyans katsays
Kortrdl 02 - c 0 ) a8
& Ty N2 |2 D 056 ¥ 30 185
Keten Tohurmu Yagi 232 1453 B 021 3210 3270 067
W HrdstanGavizYa 2900 |62 E 012 B0 210 040
1 Kortrol weh - I 023 030 0% 056
o Zytinya 1868|5404 He 0 m& 1970 425
KetenToumuYay 22 (4528 F 023 20 2% 10
HdstanGevizYaj 1966|5162 G 087 190 2090 )
Kortrdl meh - c 089 1650 1860 505
& Zytinya 68 |46 D 020 1650 1700 12
KetenToumu¥ay 1932 1952 B 019 1900 1950 100
W HndstanGavizYaj 1806 1238 c 057 750 1870 an
Il Kontrol 2188 - A 086 2650 2880 309
o iy 8B 6B P 043 7% 900 500
KetenTohumu¥ay 1068 L6169 E 07 950 1160 &7
Hdstan CaviziYag 1084 6112 E 014 070 100 12

Bigim Sayisi: 10; Fomojentik Grubu siunu igin "en yiikeek dedier, ™en diisik deger

Parlaklik degerlerine ait varyans analizi sonuglar1 Tablo 8'de sunulmaktadir. Odun
kismi (A) faktorii icin 85 derecede liflere dik yonde yapilan 6l¢iim anlamsiz olarak bulunur-
ken, diger biitiin testler tizerinde odun kismi (A), ar1 balmumu tiirii (B) ve etkilesim (AB)
anlamli olarak elde edilmistir (Tablo 8).

Tablo8 Parlaklik deerlerine ait dlan varyans analizi sonuglan.

Varyans kaynag Test Karelertoplam  Serbestlik derecesi Qrtalama kare Fdegeri a<0.05
120Pde parakik 1300 1 1300 525225 0000
160°de parlakiik 3280 1 3280 103960 0.000*
odnKam 185de parlaklik 0128 1 0128 2118 0150
|| 20°de partakiik 2312 1 2312 7517 0.000*
|| 60°de partakiik 1552 1 1552 662217 0.000*
|| 85”de parlakiik 8581 1 8581 317796 0.000*
1207de parlakiik 252 3 0842 378825 0.000%
160°de parlakitk 34582 3 1527 365298 0.000*
PO — 185de parlakiik 115568 3 38529 631434 0.000*
2Pde parlakiik 4378 3 1459 452891 0.000*
60°de parlakiik 56,098 3 18699 1071.936 0000
85°de parlakiik 697994 3 232665 817204  0.000*
1207de parlakiik 07R 3 0258 116,025 0.000*
160°de parlakiik 4341 3 1447 45861 0.000*
Rileim 185de parlaklik 7780 3 2593 L2904 0.000*
20°de parlakiik 1540 3 0513 159.310 0.000*
60Pde parlakiik 8292 3 2764 158.446 0.000*
85 de parlakdik 8357 3 2786 103179 0.000*
1207de parlaldik 0160 72 0002
160°de parlakiik 221 y7) 0032
Heta 1857de parlaldik 4352 72 0060
20°de parlakiik 0232 y7) 0003
60Pde parlakdik 1256 y7) 0017
85 de parlakdik 1944 y/) 0027
120°de parlaklik 62900 80
Lé0°deparlakdik 1234900 80
1 85°de parlaklik 258920 80
Toplam Wdeparlakk 71120 80
607de parlaklik 1693.600 80
85°de parlaklik 1409.540 80
1207de parlakiik 4760 9
160°de parlaklik L4476 79
s 185de parlaklik 127,848 79
Dlzeltlrrig Toplam Wepariadk 8462 79
60°de pariaklik 77198 9
85°de parlakiik TI6.876 79
*anlamli
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Parlaklik degerlerine ait 6l¢iim sonuglar1 Tablo g’da gésterilmektedir. Olgiilen parlak-
lik degerleri kontrol 6rneklerine kiyaslan biitiin modifiye edilmis balmumu uygulamalart ile
biitiin odun kisimlarinda azaliglar goriilmistiir. En yiiksek sonuglar kontrol deney grupla-
rina ait 6rnekler tizerinde tespit edilmistir (Tablo g).

Tablo9. Parlakiik degerlerine ait olan dlgiimsonuglan.

Muifiye Edlrrig o s L ] :

Test QdunKism A BT Ortalama % deggm Hmgjenlikgrubu Standart ssppma Mninum Makeimum Varyanskatsayis
Kontrol 112 - B 0.04 110 120 37
& Zeytinyag 094 1607 (o)) 005 090 100 5.9
KetenTohumuYag 096 |1429 c 005 090 100 538
2 Hndistan CeviziYag 090  |1964 D 000 090 090 000
L Kontrol 120 - A 000 120 120 000
i Zoytinyady 058  |567 E 008 050 070 1360
KetenTohuruYag 054 |5500 B 005 050 060 956
HndistanCeviziYag 058 |5167 E 0.04 050 060 721
Kontral 478 - B 012 460 490 257
& Zoytinyady 398 1674 c 018 370 420 456
KetenTohumuYag 382 2008 D 010 370 400 270
o Hndistan CeviziYag 366 | 2343 E 020 350 400 534
L Kontral 516 - & 029 480 550 557
i Zoytinyady 328|363 F 025 300 370 77
KetenTohumuYag 332 3566 F 0.04 330 340 127
HndistanCeviziYag 286 | 4457 G* 008 280 300 295
Kontral 274 - B 060 200 350 2184
& Zeytinyag 100 6350 c 018 080 120 1764
KetenTohumuYag 100 6350 c 018 080 120 1764
85 HndistanCeviziYag 022 |91.97 E 012 010 040 5588
L Kontral 388 - & 017 360 400 435
i Zeytinyag 02 |84 D 0.04 070 080 586
KetenTohuruYag 0% | 8557 D 013 040 070 259
HndistanCeviziYag 012 |9691 B 004 010 020 3514
Kontrol 122 - B 0.04 120 130 346
& Zeytinyag 098 11967 c 008 090 110 805
Keten Tohumu Yag 102 11639 c 004 100 110 413
2 Hndistan CeviziYag 100 11803 c 000 1.00 1.00 000
Il Kontrol 136 - A 013 120 150 930
i Zeytinyag 050  |6324 D* 000 050 050 000
KetenTohumuYag 050 | 6324 D* 000 050 050 000
Hndistan CeviziYag 050 | 6324 D* 000 050 050 000
Kontrol 576 - B 029 530 600 499
& Zoytinyady 440 |26 D 000 440 440 000
KetenTohumuYag 486 |1563 c 014 460 500 294
o Hndistan CeviziYag 448 |22 D 0.04 440 450 094
Il Kortrol 610 - A 007 600 620 109
i Zoytinyady 33 |449R2 P 014 320 350 426
: KetenTohumuYag 356 |44 E 005 350 360 145
Hndistan CeviziYag 344 | 4361 F 008 330 350 245
Kontral 794 - A 013 770 800 159
& Zoytinyady 218|254 B 0z 190 240 9.86
KetenTohumuYag 224|779 B 008 210 230 37
85 HndistanCeviziYag 072 19093 D 0.04 070 080 586
Il Kortrol 808 - A 031 770 860 38
i Zoytinyady 118 18540 c 014 100 140 185
Keten Tohurru Yagi 072 191.09 D 012 060 090 17.07
HndistanCoviziYag 048 9406 B 012 030 060 2561

Bigim Sayisi: 10; Fomojentik Grubu situnu igin "en yiikeek dedier, ™en diisik deger

Literatiirde yapilan gesitli balmumu uygulamalarina ait ¢aligmalarda renk, parlaklik ve
beyazlik indeksi testlerinde degisikliklerin elde edildikleri rapor edilmistir [maun (Ayata ve
ark., 2024b), Amerikan cevizi (Ayata, 2024), ak mese (Ayata ve Ayata, 2024), manolya (Ayata
ve ark., 2024a), Sibirya ¢gam1 (Camlibel ve Ayata, 2024), thlamur, kavak, sarigam ve thlamur
(Akcay, 2020)].
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4. Sonuclar ve Oneriler

Bitiin modifiye edilmis yaglarin ahsap malzeme ylizeylerine uygulanmasi ile 6z
odunda biitiin parlaklik degerleri ve a* degerleri azalirken, h°, b*, C* ve L* degerleri artmig-
tir. Buna ek olarak diri odunda ise, biitiin modifiye edilmis yaglar tarafindan biitiin parlaklik
degerleri, h° ve L* degerleri azalirken, b*, a* ve C* degerleri artmustir. Elde dilen kaplanmis
orneklerin UV lambalara veya dogal yaslandirmaya karsi birakilmasi ile meydana gelen renk
degisimlerinin arastirilmasi 6nerilmektedir.

Yazar Katkilary: Birden fazla yazarl aragtirma makaleleri i¢in, bireysel katkilarini belirten kisa bir
paragraf saglanmalidir. Asagidaki ifadeler kullamilmahdir “Kavramsallastirma, H.P., U.A. ve O.C.; me-
todoloji, U.A.; yazihm, H.P. ve U.A.; dogrulama, H.P., U.A. ve O.C.; icerik analizi, U.A. ve O.C.; aras-
tirma, H.P., U.A. ve O.C.; calisma olanaklari, H.P. ve U.A.; veri diizenleme, H.P., U.A. ve O.C.; yazma—
orijinal taslak hazirlama, H.P. ve U.A.; yazma—inceleme ve diizenleme, H.P., U.A. ve O.C.; gorselles-
tirme, U.A.; siipervizyon, H.P. ve U.A.; proje yénetimi, H.P., U.A. ve O.C.; fon saglama, H.P., U.A. ve
0O.C. Tim yazarlar makalenin yayinlanan versiyonunu okumus ve kabul etmistir.” Yazarlik, galismaya
6nemli 6l¢iide katkida bulunan kisilerle sinirli olmalidir.

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

Cikar Catismalar:: Yazarlar arasinda herhangi bir ¢ikar catigmasi yoktur.
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Abstract: In recent years, medical technical textiles have gained great importance with increasing customer de-
mands, technological developments and consumer awareness. People can be exposed to many microorganisms in
daily life and these microorganisms can reproduce rapidly under the influence of appropriate temperature, humid-
ity and nutrients. These microorganisms can cause infectious diseases and deaths. Bacteria formed on textile ma-
terials negatively affect human health, and cause loss of strength, bad odor and stain formation on textile surfaces.
Nowadays, in order to prevent the harm given to the user and these negative situations occurring on the textile
surface, the tendency towards antibacterial textile products, which are of great importance especially for the health
sector, has increased. In this study, information is given about the importance of antibacterial textile products,

which are of great importance for the health sector, their development and innovative approaches in this field.
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Oz: Son yillarda artan miigteri talepleri, teknolojinin gelismesi ve tiiketicilerin bilinglenmesi ile tibbi teknik teks-
tiller biiyiik bir 5nem kazanmustir. insanlar giinliik hayatta pek ¢cok mikroorganizmaya maruz kalabilmekte ve bu
mikroorganizmalar uygun sicaklik, nem ve besinin etkisi ile hizl bir sekilde tireyebilmektedir. Bu mikroorganiz-
malar enfeksiyona dayali hastalik olusturabilmekte ve 6limlere sebep olabilmektedirler. Tekstil materyalleri iize-
rinde olusan bakteriler insan sagligini olumsuz etkilemekle birlikte, tekstil ylizeyinde mukavemet kaybu, k6ti koku
ve leke olusumuna sebep olmaktadirlar. Gliniimiizde kullaniciya verilen zararlar ve tekstil yiizeyinde meydana
gelen bu olumsuz durumlar1 6nlemek amaciyla bilhassa saglik sektorii agisindan biyiik bir 6neme sahip olan an-
tibakteriyel tekstil tiriinlerine yonelim artmustir. Bu caligmada saglik sektorii agisindan biiyiik bir 6neme sahip olan
antibakteriyel tekstil Girtinlerinin 6nemi, gelisimi ve bu alanda yapilan yenilik¢i yaklasimlar konusunda bilgiler

verilmisgtir.

Anahtar Kelimeler: tibbi teknik tekstil; antibakteriyel tekstil tirtinleri; medikal uygulamalar
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1. Introduction

Textile products, which emerged with the need for human self-protection and cover-
ing, are used in many areas of daily life today for aesthetic purposes and due to their func-
tional properties. From wet wipes to baby diapers, surgical sutures to tea bags, radiation
protection products to flame retardant products, we use many textile materials in our daily
lives and make our lives easier. Unlike traditional textile products, technical textiles have
been developed for more specific purposes. This area is constantly growing and is used in
many sectors such as fashion, agriculture, and health (Arslan & Arslan, 2024). Technical
textiles are the fastest growing area of the textile sector, produced for their functional and
performance properties rather than their decorative and aesthetic properties, and have a
wide product range with the developments in technology. In recent years, studies in this
field have gained great importance. Properties related to human health such as biodegrada-
bility, tissue compatibility, protection against microorganisms; mechanical properties such
as reinforcement, elasticity, strength; protection against chemical, mechanical, radiation,
thermal and electrical conditions; has changing properties such as waterproofing, filtration,
conductivity, insulation, absorbency and drainage. Today, textile products are used in many
areas such as medicine, protective clothing, sports equipment, transportation, industry, ag-
riculture, construction, packaging and geotextiles with interdisciplinary studies outside of
classical textile usage areas. Technical textiles include medical textiles used in hygienic and
medical products; protective textiles that provide personal and property protection such as
mechanical, chemical and radiation protection; agricultural textiles used in agriculture, hor-
ticulture, forestry and aquaculture; construction textiles used in buildings and construction;
technical clothing used in clothing and shoes; vehicle textiles used in land, air, sea and rail-
ways; geotextiles used in environment, geology and construction fields; home textiles used
in furniture, flooring and floor coverings; sports technical textiles used in sports and leisure
activities; environmental textiles used for protection purposes; packtech technical textiles
used in packaging are classified (Ekmen, 2005; Mecit et al., 2007; Karakan, 2009; Mecarci6z
et al., 2011).

Medical technical textiles are one of the most widely used technical textiles with the
expansion of the field of medical applications. In this field, surgical gowns and covers, sur-
gical sutures, medical masks, bandages, urine retention cloths, wet wipes, feminine hygiene
products, waterproof bed covers, etc. are used, most of which are single-use products (Hor-
rocks & Anand, 2002). Medical technical textiles are expected to have properties such as
durability, flexibility and air permeability during examination and operational procedures
(Akter et al., 2014). In addition, healthcare professionals use protective technical textile
products for protection from radiation they are exposed to in the hospital environment.

2. Medical Textile Products

Biodegradation, staining and odor caused by bacteria settled in textile materials pose
a threat to sterile environments (Akaydin and Kalkanci, 2014). Medical textile products are
classified as single-use and multi-use. While single-use products such as surgical gowns are
produced from nonwoven surfaces, multi-use products are produced from woven surfaces
and undergo washing and sterilization processes (Pamuk and Ondogan, 2008). In long-term
operations, features such as air permeability and liquid repellency are of great importance
in medical textile products. For this reason, medical textile products are very important in
terms of the risk of bacterial exposure and comfort for patients and personnel (Ureyen et
al., 2008). Medical textile products have the advantages of reducing infections, protecting
personnel, being cost-effective, recommended by the World Health Organization (WHO),
being comfortable, breathable, forming a barrier against blood and body fluids, suitable for
sterilization, protecting against static electricity, flexible, soft and comfortable to use
(Chinta & Veena, 2013).

A major change has been observed in medical textile products with the developments
in science and the increase in social awareness. While previously only doctor's coats, cotton,
gauze, and bandages were considered medical textile products, today textile-based implants
are used in many different areas such as artificial tendons, artificial tissue, and biodegrada-
ble suture materials.
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Table 1. Qassification of Medical Textiles (Akter et al., 2014).

Fiber Type Fabric Sructure Application Area

Cotton, viscose, lyocell, alginate, chitosan, silk Nonwoven surface Absorbent pad

Cotton, viscose, lyocell Woven, knitted, nonwoven surface Wbund contact layer

Cotton, viscose, lyocell palyarride, plastic films Wbven, nonwoven surface Base meterial

Hastoeric, Cotton, viscose, lyocell Woven, knitted, nonwoven Sinple non-elagtic and elastic bandages
Hastoeric, Cotton, viscose, lyocell Woven, knitted, nonwoven Hghly reinforced bandages
Hastomeric, Cotton, viscose, lyocell, palyester Woven, knitted Conrpression bandages

Cotton, viscose, plastic films, pdyurethane, polyester, glass ~ Woven, nonwoven surface Orthopedic bandages
Polypropylene Wbven, knitted, nonwoven surface Band-aid

Cotton, viscose, lyocell, alginate, chitosan Wbven, knitted, nonwoven surface Band-aid, gauze

Cotton, viscose, cellulosic (pulp, pdylactic, polyglycolide) Nonwoven surface Medical meterialsin the formof wadding or interlining
Carbon Spunlaid, nonwoven Aificial vein or organ

Kolajen, paliglikalid, palilaktik, polyester, poliarrid, polipro- Braided, mono-filament Hodegradable sutures

pilen

Polyethylene, palyester; collagen, silk Braided, mono-filament Non-biodegradable sutures
Polyarride Wbven, braided Artificial tendon

Polyanride, Polyester, carbon, collagen, lowdensity palyeth- Braided Artificial cartilage and artificial ligaments
ylene

Chitin, polymethylmethacrylate Nonwoven surface Atificial skin

Silicon, collagen, polyacetyl Nonwoven surface Contact lens and artificial comea
Polyethylene Nonwoven surface Artificial joint and bone

When Table 1is examined, it is seen that cotton fiber is primarily preferred in bandages
and dressings, and nonwoven surface is the most frequently used. It is seen that spunlaid,
carbon fiber and nonwoven surface are used in the production of artificial veins and artifi-
cial organs (Akter et al., 2014).

Medical textile products are defined by categorizing them as follows.

Implantable Products: These are materials that have the ability to degrade inside the
body and can be placed inside the body by assuming the role of auxiliary function in organ
transplants. Examples include surgical sutures (biodegradable or non-biodegradable), car-
diovascular implants (vascular grafts, heart valves), orthopedic implants (artificial joints,
bones), soft tissue implants (tendons, ligaments, cartilage, muscle, skin, contact lenses, ar-
tificial cornea) (Adanur, 2017; Emek, 2005; Akter et al., 2014).

Non-implantable Products: These are products used outside the body. Examples in-
clude wound dressings, gauze, tampons and bandages (Adanur, 2017; Akter et al., 2014).

Extracorporeal Products: These are artificial organs that have functional properties and
are used to purify blood and perform the functions of internal organs in operations. Exam-
ples include artificial kidneys, artificial livers and mechanical lungs (Adanur, 2017; Akter et
al., 2014; Horrocks & Anands, 2003).

Care and Hygiene Products: These are medical clothing and equipment used in med-
ical practices to ensure the health and safety of healthcare personnel. Examples include sur-
gical gowns, masks, gloves, bed sheets, urine retention pads and sanitary pads (Adanur,
2017; Emek, 2005; Akter et al., 2014).

Biocompatible polymers are especially preferred in medical textile products that come
into contact with the skin and internal organs. Antibacterial, water-repellent and breathable
products are preferred in products such as personnel clothing, surgical gowns, hospital lin-
ens (Zhumagaziyeva, 2021).

Textile products used in the medical field are used in internal applications such as drug
delivery systems, soft tissue implants, cardiovascular implants and external applications
such as wound and burn dressings, hygiene products. Some of the textile products used in
the medical field are shown in Figure 1. (Zhumagaziyeva, 2021). Wound dressings help the
wound heal quickly and hygienically. Artificial textile vessels used for arterial and venous
autografts can replace problematic blood vessels and are expected to have natural vascular
properties. Antibacterial silver ion masks are important to protect the user from bacteria.
In order to ensure that the patient continues his normal life, an artificial kidney that per-
forms the same function is used instead of a kidney that cannot be used or is working prob-
lematically. Surgical sutures; are sterile, synthetic or natural materials used to combine body
tissues, fix prostheses, stop bleeding and connect the ends of tubular structures. Incision
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film is a transparent, air-permeable and hypoallergenic barrier product that prevents bac-
terial transfer by covering the surgical site (Zhumagaziyeva, 2021; Gemci & Ulcay, 2004; Eren
& Ulcay, 2010; Giil, 2007; Demirag et al., 2007; Felix Nonwovens, Films and Laminates, 2024).

Figure 1. (a) Hydrocdlloid dressing (b) Artificial vein; (¢) Silver ion mask d) Artificial kidneys €) Mondfilament surgical thread ; f)
Incision film Zhumegaziyeva, 2021; Inan & Seker; 2021, Salani et al,, 2018; Chellamani et al.,. 2013; Felix Nonwovens, Flms and Lami-
nates, 2024).

2.1. Healing of Damaged Tissues and Organs Using Textile Products

With their biomimetic properties and cell regeneration-promoting structures, the use
of nanofibers in wound dressings, stopping bleeding, preventing infection and tissue scaf-
folds contributes to tissue healing (Rosic et al., 2013). For this purpose, artificial kidney,
artificial liver, artificial heart and artificial textile vein are used (Ersoy et al., 2015).

2.2. Wound and Burn Dressings

Traditional wound dressings consist of gauze, bandages and plasters. They require reg-
ular changes and are limited in the wound healing process. Modern wound dressings in-
clude varieties such as hydrocolloid, hydrogel and foam. They accelerate healing by provid-
ing a moist environment on the wound surface. Their most important features are that they
are biocompatible and biodegradable, microbial control and infection prevention, easy to
use and economical (Souto et al., 2020, Zhumagaziyeva, 2021). In medical textiles, film dress-
ings, hydrocolloids, alginates, hydrofiber dressings, foam dressings, hydrogels, collagens
and antimicrobial dressings are used as wound and burn dressings (Mirasoglu, 2024).

Medical textiles are widely used for surgical and hygienic purposes. However, the in-
creasing demand for disposable products increases waste generation. The environmental
impacts of these wastes can be reduced with recycling and reuse strategies. For sustainabil-
ity, the circular economy model should be adopted, products should be produced from bi-
odegradable materials and recycling processes should be improved (Oncii & Kaygusuz,
2023).

2.3. Nonwoven Medical Textiles

The medical textile market is based on nonwoven products with their high perfor-
mance and easy-to-change features. They are used in a wide range of areas such as diapers,
dressings, gauze, surgical drapes and garments, hospital gowns (Zhumagaziyeva, 2021).

3. Antibacterial Textiles

People are in constant contact with bacteria that can multiply rapidly under suitable
conditions in their daily lives. These microorganisms can cause bad odors, infections and
product spoilage. The substances used in antibacterial textiles should be non-toxic, prevent
bad odors and should not harm human health. Features such as flexibility, comfort, strength
and breathability should be preserved. Many bacteria develop at 30-37°C, and food sources
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such as skin residues cause microorganisms to multiply rapidly on textile surfaces. Antibac-
terial tests are applied to detect the decrease in the number of microorganisms. Agar-based
inhibition zone tests are applied qualitatively and bacterial count tests are applied quanti-
tatively. AATCC 147 is widely used in the qualitative test method, and AATCC 100 and SNV
195- 920 and 921 in the quantitative test method. AATCC 147 and AATCC 174 test methods
are especially suitable for hydrophilic textile materials and antimicrobial chemicals released
from the surface. In quantitative methods, the amount of live microorganisms is measured
after the appropriate contact time. Shake Flask method uses more microorganism cultures,
while AATCC 100 method uses less microorganism cultures. The Japanese JIS Ligo2 stand-
ard has been developed and applied as the Hohenstein test method. The AATCC 100 method
is a reliable method to numerically evaluate antibacterial activity, but it is technically de-
manding and time consuming (Service, 1998; Lindemann, 2000; Thiry, 2001; Mucha et al.,
2002). Almost all antibacterial textile products have antibacterial properties against gram-
positive S. aureus bacteria. Staphylococcus aureus, Streptococcus pneumoniae, Mycobacte-
rium tuberculosis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus
mirabilis, Salmonella typhosa and Shigella dysenteriae bacteria are microorganisms used in
the medical field to determine antimicrobial activity. Gram-positive and gram-negative bac-
teria are used in antibacterial tests. Gram-positive S. aureus bacteria are the main cause of
cross-infection in hospitals. Gram-negative E. coli and P. aeruginosa bacteria are the most
troublesome bacteria in burn wounds. S. aureus bacteria cause 19% and E. coli bacteria cause
1% of surgical infections (Rowell, 2012). In order to prevent unwanted situations caused by
microorganisms, it is desired for medical technical textile products to have antibacterial
properties. While substances such as silver, zinc, mercury, tin, titanium and lead have the
ability to kill microorganisms, they can have toxic effects on humans and the environment
during application. Therefore, attention should be paid to the usage rate. Antibacterial tex-
tile products should not harm humans and the environment and should not adversely affect
the properties of the textile product. Alginate, soy and chitosan are naturally antibacterial
fibers. Natural fibers such as cotton, linen and wool are more sensitive to bacteria than syn-
thetic fibers due to their porous hydrophilic structure. Antibacterial fabric finishing is done
with chemical finishing agents. The antibacterial properties on textile surfaces can decrease
with the washing process. Antibacterial activity is maintained by applying high concentra-
tion finishing agents (Sari, 2020).

Antibacterial properties are imparted to fibers through surface applications, placement
of chemical substances into the fiber structure and chemical combination (Altinok, 2008).
In antibacterial finishing processes, one of the following methods is used: impregnation,
shrinkage, coating transfer, vacuum application, maximum liquor application, spraying,
foam application. Coating, impregnation and spraying methods are the most commonly
used methods (Seventekin et al., 2001). The most important antibacterial substances are
metals, halogens, phenol and its derivatives, alcohols, zeolites, oxidizing agents, chitin, chi-
tosan biquanidines, isothiazolones, ammonium compounds and organotin compounds.
(Devrent and Yilmaz, 2004, Seong et al., 1999).

4. Development of Antibacterial Medical Technical Textile Products

Antibacterial medical technical textile products increase the quality of healthcare ser-
vices, diversify biomedical applications and general living standards with innovations in this
field.

Anita et al. (2011), applied copper oxide nanoparticles to cotton fabric by microencap-
sulating them. It was observed that the fabric coated with encapsulated copper oxide has
antibacterial properties and can be used in the production of medical clothing.

Dizaj et al. (2014), used metal and metal oxide nanoparticles and found that particle
size is the main parameter determining antimicrobial efficiency. It was observed that the
toxicity of metal and metal oxide nanoparticles can be used as an alternative to antibiotics
and disinfectants in medical applications by minimizing them.

Combria et al. (2019), investigated the antibacterial properties and drug release behav-
iors of gentamicin sulfate (GS) loaded nanofibers using polylactic acid (PLA), polycaprolac-
tone (PCL) and polylacticcoglycolic acid (PLGA). It was observed that the nanosurfaces were
released immediately and had antibacterial properties against S. aureus bacteria.

Oguz, N. S. GreenTech 2024, 2(2). https://doi.org/10.5281/zenodo.14427385. 22 of 25



Current Potential Use of Antibacterial Textile Products in Medical Technical Textiles 23 of 25

Ferreira et al. (2019), applied polydimethylsiloxane (PDMS) and silver nanoparticle
based antimicrobial coating studies using the solution blowing spray method. It was ob-
served that the surfaces had antibacterial properties against E. coli and S. aureus bacteria.

Orhan et al. (2019), investigated the antibacterial properties of silver-containing cotton
and cotton/polyester blend surfaces after 7 days of use by doctors and patients. It was found
that antibacterial-treated doctor's gowns and sheets used for patients had high antibacterial
properties against S. aureus and E. coli bacteria; It is seen that its use in crowded places such
as hospitals and hotels will provide advantages.

Xia et al. (2019), aimed to produce an antibacterial wound dressing loaded with ciprof-
loxacin (CPF) drug using polylactic acid/gelatin (PLA/GE) nanofibers. Centrifugal spinning
method was used in the study. It was seen that drug-loaded PLA/GE nanofibers can be used
as an antibacterial wound dressing.

Abdoli et al. (2020), aimed to produce electroextruded nanofibrous tissue scaffolds for
a transdermal drug delivery system using tetracycline active ingredient containing graphene
oxide and polyvinyl alcohol and gum tragacanth polymer mixture. It was seen that the nan-
ofibrous composite structure has antibacterial properties and can be used in other biomed-
ical fields with controlled drug release.

Nematpour et al. (2020), produced nanofibrous medical textile surfaces containing tet-
racycline loaded dextran, PCL and graphene oxide for transdermal drug delivery and wound
dressing by electroextrusion method. It was observed that the composite material has a
strong antibacterial property against E.coli and S.aureus and can be used as a dermal wound
dressing.

Glingor et al. (2021), aimed to use cross-linked gelatin nanofibers as a wound dressing
using the centrifugal spinning method. Silver nitrate (AgNOs) was used to give the surface
antibacterial properties. It was observed that the obtained surfaces were wound dressings
with antibacterial properties against S.aureus and E.coli bacteria.

Snari et al. (2022), obtained surfaces consisting of a sodium polylactate/polyvinyl alco-
hol/ZnO mixture with the solution blowing technique in order to obtain wound dressings
containing biocompatible nanofibers with antibacterial activity. It was observed that the
surface gained antibacterial properties, but ZnO reduced cell viability.

Kale and Altun (2022), wanted to create an environmentally friendly alternative to
medical masks due to the fact that disposable masks, which are one of the most used prod-
ucts, are not biodegradable and cause increasing damage to the environment with the
"Covid-19" pandemic. An environmentally friendly alternative to conventional methods was
offered for medical masks by designing a mask with origami folding using kombucha tea as
a cellulose source.

Kertmen et al. (2022), examined the antibacterial properties of fabrics produced using
different knitted and woven surfaces, different yarn counts and different spinning methods.
It was found that knitted fabrics with antibacterial finish and knitted fabric samples con-
taining silver fiber with antibacterial properties were the most suitable fabrics according to
performance tests.

Pektas (2024), used polyvinyl alcohol, polyamide 6, polyamide 6.6, polyacrylonitrile,
polylactic acid, polymethyl methacrylate, polyvinyl pyrrolidone, polycaprolactan, cellulose
acetate and collagen polymers, vegetable and animal oils, ozonated forms of these oils and
immortelle essential oil in order to produce a medical textile surface containing nanofibers
with antibacterial and antifungal properties. It was observed that the obtained surfaces
could be used as wound healing medical textile surfaces.

When the studies are examined, it is seen that antibacterial medical technical textile
products are open to development and promising medical textile products

5. Conclusions

Technical textiles, as a rapidly developing field, aim to meet the needs of humanity and
improve living standards with an interdisciplinary approach. Antibacterial textile products,
as one of the most important innovative elements of medical technical textiles, play a criti-
cal role in the healthcare sector in terms of improving the quality of life of patients and
reducing infection risks. These products provide an effective solution in preventing infec-
tious diseases caused by microorganisms, especially in hospital environments, while also
providing great convenience in home care, elderly and bedridden patient groups.
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In the development of textile products with antibacterial properties; the use of biolog-
ical and chemical agents such as silver ions, zinc oxide nanoparticles, and plant extracts
increases the effectiveness of the products and offers more sustainable solutions. However,
the compatibility of these products with human health, their effects on the environment
and cost-effectiveness are of critical importance for future research. It is important for an-
tibacterial textile products to maintain their antibacterial effectiveness for a long time, to
prioritize the use of natural and biodegradable materials, and to design products that are
accessible to the masses at low cost.

Antibacterial textile products offer innovative approaches in the field of medical tech-
nical textiles, providing an effective solution in infection control and a valuable contribution
to the health sector. The development and widespread use of these products will play a
critical role not only in terms of individual health, but also in protecting public health and
ensuring a sustainable and quality life.

Funding: This research received no external funding.
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Abstract: In this study, polyurethane paint and varnish were applied to the surfaces of test samples prepared from
ash (Fraxinus exelsior L.) veneer with different surface forms at 45° and 9o° angles. The objective was to determine
the changes in gloss and color values resulting from the application of these polyurethane coatings. In order to
achieve this objective, samples were prepared by bonding ash veneer with two different surface characteristics
(smooth and band sawn) onto MDF, and these were selected as test samples. Polyurethane paint-varnishes were
applied to test sample surfaces and the resulting changes in gloss and total color (AE) were evaluated following
accelerated UV ageing. The methodology employed for the UV ageing tests, gloss tests and color tests applied to
the test samples was in accordance with the relevant standards. The findings of the research indicate that the type
of protective layer and veneer surface form are effective factors influencing gloss and AE values. The gloss values
were found to be high in varnishes applied to smooth veneer surfaces, while the total color change values were

determined to be low in protective layers applied to traced veneer.
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1. Introduction

In order to circumvent the potential drawbacks associated with the inherent charac-
teristics of wood, alternative materials (MDF, particle board, etc.) have been developed and
coated with varying thicknesses of surface layers that emulate the appearance of natural
wood. In addition to smooth-form veneer, veneer with motifs and linear scratches on their
surfaces are now widely used in furniture and decoration projects where aesthetic appeal
and quality are desired. An investigation into the extent to which these applications of ve-
neer affect the performance of paint and varnish (the protective layer) could provide a new
perspective for the sector.

It is of great importance to apply protective layers that are appropriate for the task at
hand in order to extend the lifespan of wooden furniture and decorative elements. The dis-
crepancy in application methods may result in the manifestation of defects in the brightness
and color properties of the protective layer surfaces. The majority of manufacturing compa-
nies have advised that the angle of inclination of the gun with respect to the surface of the
workpiece should be maintained at 9o degrees in order to optimize the performance of the
protective layer. However, the angle of application of the protective layer often varies de-
pending on the skill of the practitioner, and it is hypothesized that this change may result
in the furniture surface gloss and color appearing defective.

In addition to their aesthetic properties, the gloss and color properties of protective
layers are effective in influencing customers' furniture selection and preference (Salca and
Cismaru, 2010; Cakicier et al., 2011; Bekhta et al., 2014; Slabejova et al., 2016; Salca et al., 2016;
Sahin et al., 2024). An increase in color change (Loganina et al., 2017) and a decrease in the
gloss effect are to be avoided. Indeed, the majority of companies market protective layers
that they produce in numerous gloss levels and a vast array of color tones, thereby enhanc-
ing the economic value of the products to which they are applied. The ability of protective
layers to withstand various effects is crucial for the durability of wooden elements in their
end-use environment (Yiirekli, 1995). While it is desirable for urethane paints and varnishes
used in outdoor areas to demonstrate resistance to heat and ultraviolet (UV) radiation (Yii-
rekli, 1995), the impact of fluorescent lighting and solar radiation on items used indoors
should not be overlooked.

The ageing process plays an important role in determining the lifespan and durability
of paints (Holzhausen et al., 2002). Aging processes can be conducted under both natural
and artificial conditions; however, accelerated aging devices are frequently utilized to re-
duce the time required for the process (Cakicier, 2007). Ultraviolet (UV) radiation is a pri-
mary factor in both aging devices and the natural environment, causing damage to wood
and particularly affecting color (Jan¢ovi¢ova et al., 2007; Giirleyen, 2021; Temiz, 2005) and
gloss values (Budakgt, 2006).

A number of studies have demonstrated that the aging process has a detrimental im-
pact on the color values of UV-cured varnishes (Cavus, 2021). Similarly, the aging process
has been shown to reduce gloss values in cellulosic, polyurethane and acrylic varnishes
(Sonmez and Kesik, 1999). The color properties of shellac polish, teak oil and liquid paraffin
are adversely affected (Sogiitlii and Sonmez, 2006). Furthermore, fluctuations in gloss val-
ues increase and decrease depending on the ageing period in different varnishes (Gorman
and Feist, 1989; Ulay, 2023; Kili¢ and S6giitld, 2020; Salca et al., 2021). The efficacy of pro-
tective layers is not solely contingent upon the aging effect. The anatomical structure of the
wood (Moya et al., 2017), the preparation stages of the wood material for surface treatments,
the quality of the protective layer, surface form to which a protective layer is applied Kesik,
2009), content of the protective layer (Aygiil et al., 2024; Calovi and Rossi, 2024), the pig-
ment ratio (Aykan et al., 2022; Song et al., 2024; Zhang et al., 2024), modification of the
protective layer (Deng et al., 2024; Mikle¢ié et al., 2024; Wang et al., 2024) and molecular
sizes (Khorshidi et al., 2024), the application method (Alvarenga et al., 2024) of the protec-
tive layer, the application location of the protective layer and the skill of the personnel per-
forming the application (Loganina et al., 2024) are significant factors in determining the
color and gloss values.

The objective of this study is to ascertain the impact of the marks on the veneer sur-
faces, the spray gun inclination angle and the accelerated UV ageing process on the gloss
and color properties of polyurethane paint-varnish layers. It is hypothesized that the for-
mation of decorative images and the development of mechanical bonds will be enhanced
by the traces created on the veneer surface during the painting and varnishing process. It is

Yildirim, E. et al. GreenTech 2024, 2(2). https://doi.org/10.5281/zenodo.14429353. 27 of 34



Effects of Ash Veneer Surface Form and Spray Gun Inclination Angle on Color and Gloss Values of Polyurethane Coatings 28 of 34

therefore important to determine the gloss and color properties of the protective layers in
coated works with different surfaces.

2. Experimental

2.1. Material

In the study, two types of ash (Fraxinus exelsior L.) veneer (smooth and band sawn)
were selected as the test material, as they represent the surface forms most commonly used
in the woodworking industry. The veneers were affixed to the medium-density fibreboard
(MDF) using a hot press and a urea-formaldehyde adhesive. All preparatory stages of the
test samples were conducted at Axis Furniture (istanbul/Tiirkiye).

Polyurethane varnish (Devilux) and polyurethane paint (Polchem) were preferred for
protective layer applications.

2.2. Preparation of Test Samples

In the study, two types of ash veneer, namely smooth and band sawn, were adhered to
MDF using a hot press, resulting in the production of 48 test samples [(4 paint-varnish)x2,
(Smooth and Band sawn)x2, (45° and 90°)x6, (sample number=96)] (Figure 1). In order to
make the UV ageing process practical, the test samples were prepared in the dimensions of
10x32x1 cm. The initial step involved the application of polyurethane primer to the test sam-
ples. This was followed by the application of topcoat polyurethane varnish and paint, with
a spray gun inclination angle of 45 and go degrees, respectively. Polyurethane varnish and
paint were applied in accordance with the manufacturer's recommendations and 125gr/m?
on the surfaces. Prior to each measurement, the test samples were acclimatized at a tem-
perature of 20 + 2°C and a relative humidity of 50 + 5%.

Vs

Fgure 1. Test Sanples

2.3. Surface Gloss Measurement

The gloss measurements were determined in accordance with the requirements set
forth in TS EN ISO 2813 (2014). In determining the gloss of paint and varnish layers, the 20°,
60° and 85° angles are employed. However, the 60° angle (Salca et al., 2021) is predominantly
utilized for the determination of surface gloss in wood materials. Gloss measurements of
varnish and painted surfaces were conducted with a gloss meter (Gloss-meter) at a 60° angle
and parallel to the fibers (Figure 2).

Fgure 2 Gloss meter measuring device.
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2.4. Color Measurement

The Minolta CR-231 color measuring device, which is a tristimulus colorimeter, was
employed in the color measurement process (Figure 3).

Fgure 3. MNOLTACR-231 color measurenent device.

The color measurements were determined in accordance with the requirements of TS
EN ISO 11664-6 (2022). The total color change (AE) of the samples prepared for the experi-
ments by acclimatization at a temperature of 20+2°C and a relative humidity of 50+5% was
determined both before and after the accelerated ageing process. In the CIE L*a*b* color
system (Figure 4), the differences in colors and their locations are determined according to
the color coordinates L*, a*, b*. Here, L* indicates the black-white axis, a* the red-green
axis and b* the yellow-blue axis. AL* is the difference in light, Aa* and Ab* are the difference
in colors.

L*=100
+b*

_a.
Green
+a*
Red
L*=0
Figure 4 QEL*a"%* colar system (LRL1).

Total color change (AE*); was calculated using the equation.
AE* =[(AL*)2 + (Aa*)2 + (Ab¥*)2]1/2 1

It is desirable to have a low color change value in protective layers exposed to any ef-
fect. Light difference (AL*), a difference (Aa*), b difference (Ab*); were calculated using the
equation.

AL*= L*2-L*1, Aa*= a*2-a*1, Ab*= b*2-b*1 2
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2.5. Accelerated UV Aging Process

The test samples to which ash veneer was glued were subjected to an accelerated age-
ing process by the application of paint-varnish. Subsequent to this, gloss and color tests
were performed on the surfaces of the samples.

The test samples were safeguarded from the effects of heat and light between the test
processes. The accelerated UV ageing tests were conducted in accordance with the require-
ments set forth in TS EN ISO 16474-3 (2021). The samples were subjected to an accelerated
UV ageing process for a period of 24 hours in an environment where eight UVA 340 lamps
were placed and the temperature was maintained at 55+2 °C (Figure 5).

Figure 5. Atlas U/ 2000 Aging Device

2.6. Evaluation of Data

In order to ascertain the color and gloss properties of the test samples processed with
the marks applied to the veneer, gun inclination angle, protective layers and the losses
caused by the UV ageing effect, statistical analyses were conducted using the SPSS package
program with data obtained before and after ageing. Multiple variance analyses were per-
formed to determine the factor effects of the obtained data, and in cases where a significant
difference was identified between the groups, the Duncan test (Homogeneity Group) was
applied to each factor.

3. Findings and Discussion

3.1. Determination of Gloss

The gloss values of the test samples that were treated with polyurethane paint-varnish
are presented in Table 1.

Table1. Goss values of the test sanples

Spray GnTilt An-
Protedtive Layer ge Veneer Surface Fom Aging Status Mean Sd Dev. N
ot i 21,5958 98Uk 2%
& w 189667 838 %
v antrd 129792 48T %
omich w 128192 5008 2%
St antrd 19925 00598 2%
w % 19,525 959834 2%
v antrd 1,847 LO83 2%
% 15667 L6TIE 2%
antrd 18733 9783 24
& Sodth w 182125 88TRL 2%
ord ontrd 9675 25981 2%
i w 98333 280398 2%
St ontrd 8 9842 2%
w w 166208 8062 2%
ord ontrd 975 3W/BE 24
w 97375 350736 2%
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The objective of the variance analysis was to ascertain whether the discrepancy in gloss
values between the protective layers of the test samples to which polyurethane paint-var-
nish was applied was statistically significant, taking into account the variables pertaining to
the veneer surface, spray gun inclination angle, protective layer type and ageing status. The
results of this analysis are presented in Table 2.

Table 2 Multiple variance analysis regarding the surface gloss values of the protective layers
Variance Degrees of

souree freech Sumdf squares Mean squares F Account Severity level % 5
FactarA 1 525,470 525,470 1021 ,002*
Factar B 1 52,363 52,363 1,018 34
Factar C 1 6013,500 6013,500 116,857 ,000*
Factar D 1 39913 39913 716 3719
Interactin AB 1 2220 2220 043 836
Interactin AT 1 499 4,99 097 156
Interaction AD 1 4,084 4,084 079 778
Interaction BC 1 1,402 1,402 027 869
Interaction BD 1 1576 1576 031 861
Interaction CD 1 33135 33135 644 423
Interactim ABT 1 19,893 19,893 387 534
Interactim ABD 1 14260 14260 271 599
Interactin ATD 1 555 ,555 an 917
Interaction BCD 1 4,420 4420 ,086 770
Interactim ABCD 1 14338 14338 219 ,598
Mstake 368 18937,337 51,460
Tatal 384 119555

Factor-A= Pratective layer type, Factor-B=Spray Gun indlination angle, Factor-G= Veeneer surface farm Factar-D= Accelerated WV aging process, *
Significant (according to o.=0.05)

As evidenced in Table 2, the primary variables, namely the protective layer type and
veneer surface forms, exert a discernible influence on the surface gloss of the test samples.
No other interactions were found to be effective in influencing the surface gloss. The results
of the Homogeneity Group (HG) test, which was conducted to determine the group that
creates a difference in the variables of the protective layer type and veneer surface forms
that are effective on the surface gloss, are presented in Table 3.

Table 3. Surface gloss values of test samples at the level of veneer surface formand protective layer type, homogeneity group test

Glossiness X H5 n

Venear Surface Fam Srooth 1894* A 9
Bindsann 1,03 B 9

Adtective Layer Type larmish 1616 A 192
Faint 1382 B 192

X Arithmetic mean, H3: Homogeneity group, * Hghest gloss value

As illustrated in Table 3, the highest gloss value was observed in samples with a smooth
veneer surface (18.94), while the lowest was noted in samples with a scarred veneer surface
(11.03). In comparison, the highest gloss value was recorded in varnished samples (16.16),
while the lowest was observed in painted samples (13.82). It was established that the veneer-
scarred surface form resulted in a reduction in gloss values. This may be attributed to the
wavy structure created by the traces on the veneer surfaces. It is anticipated that the gloss
values will be low on surfaces with traces. The existing literature indicates that gloss values
are typically high on varnished surfaces, and this result is corroborated by the present study
(Khorshidi et al., 2024; Zhang et al., 2024). Additionally, the effect of UV aging on gloss
values tends to decrease. In Yakin's study, a similar situation was discussed as application
differentiation (Yakin, 2001).
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3.2. Total Color Change (AE) Determination

AE values of the test samples applied with polyurethane paint-varnish are given in Ta-

ble 4.
Table 4 AEvalues of the test sanples
Spray GunTilt
Protective Layer Angle Veneer Suface Fom Mean Sd Dev. N
o Sroath 15,6629 370425 24
Vamish Band sann 16,5854 262157 24
P Sroath 16,3483 328109 24
Band sawn 19,8338 10,28516 24
o Sroath 16192 048468 24
Bt Band sann 21254 1,08297 24
) Sroath 1,5675 064946 24
Bandsann 1,5446 058018 24

The objective of the variance analysis was to ascertain whether the discrepancy in the
AE values of the protective layers of the test samples to which polyurethane paint-varnish
was applied was significant according to the veneer surface form, spray gun inclination an-
gle and protective layer type variables. The results of this analysis are presented in Table 5.

Table 5. Multiple variance analysis regarding the A E values of the protective layers
Variance Degrees of

source freech Sumdf squares Mean squares F Accaurnt Severity level % 5
FactarA 1 1137398 1137398 653159 o*
Factar B 1 32695 32695 1878 0172
Factar C 1 n,7713 7713 4122 0,044*
Interactin AB 1 62552 62552 3592 006
Interaction AT 1 46207 46207 2653 0105
Interaction BC 1 12,408 12,408 0713 04
Interactin ABT 1 28683 28683 1647 0201
Mstake 184 3204137 1744
Tatal 192 31836,87

Factor-A= Protective Layer type, Factor-B=Spray Guninclination angle, Factor-C=Veeneer surface farm * Significant (according to oi=0.05)

As evidenced in Table 5, the primary variables, namely the protective layer type and
veneer surface forms, exert a discernible influence on the AE of the test samples. It can be
concluded those other interactions are not effective on AE. The results of the Homogeneity
Group (HG) test, which was conducted to determine which group creates a difference in the
variables of the protective layer type and veneer surface forms that are effective on AE, are
presented in Table 6.

Table 6. AEvalues of test sanples at the level of veneer surface formand pratective layer type, homogeneity group test

Total Color Change (AB) X H5 n

Sodh 8,79 B 96

Vereer Srface Fam Brdswn 10,02* A 96
. Vamish 17,10% A 96
Pratective Layer Type Paint 1,71 B 96

According to Table 6, the AE value was determined as the highest (10.02) in samples
with a Band sawn surface form, the lowest (8.79) in samples with a Smooth veneer surface
form, the highest (17.1) in varnished samples, and the lowest (1.71) in painted samples. It was
determined that the traced veneer surface form increased the AE values, and this may be
due to the shadowy and wavy (Kesik, 2009) structure created by the traces on the veneer
surfaces. It is an expected result that AE values are high in varnishes (Yalinkili¢ and S6nmez,
and low in paints. Most studies in the literature support this result (Khorshidi et al., 2024).
Additionally, the effect of UV aging on AE values tends to decrease (Kesik, 2009).
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4. Results and Recommendations

This study examines the impact of UV ageing on the gloss and color of polyurethane
varnish and paints applied to ash veneer veneers with varying surface forms and gun incli-
nation angles, specifically 45 and 9o degrees. The lowest gloss value was observed in ash
veneer veneers with traced surface forms and in surfaces treated with polyurethane paint.
The lowest AE value was observed in ash veneer veneers with smooth surface forms and on
surfaces treated with polyurethane paint.

The findings of this study indicate that the selection of a protective coating is a crucial
aspect in areas subjected to UV radiation. However, it is important to note that the use of a
protective coating should not necessarily result in the expectation of high gloss levels on
the surface.

Further studies investigating the performance characteristics of diverse protective lay-
ers with varying application techniques may offer valuable insights to the scientific commu-

nity.

Author Contributions: Conceptualization, E.Y. and H.I.K.; methodology, H.I.K.; software, H.I.K;
validation, E.Y. and H.1.K.; formal analysis, K.C.; investigation, E.Y., H.I.K. and K.C.; resources, H.[.K;
data curation, E.Y. and H.1.K.; writing—original draft preparation, H..K.; writing—review and editing,
E.Y. and H.1.K; visualization, K.C.; supervision, H.IK; project administration, E.Y. and H.IK; funding
acquisition, H.I.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: This study was produced from the graduation thesis under the supervision of
Dr. Haci Ismail Kesik. [Yildirim, E. (2024). Determination of the effects of spray angle and gloss dif-
ference on sur-face quality properties of protective layers applied to ash veneer veneers, Gazi Univer-
sity, Faculty of Technology, Department of Woodwork Industrial Engineering]. We thank Axis Furni-
ture for their financial support.

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

References

Alvarenga, A. C. F., Kantovitz, K. R., Turssi, C. P., Basting, R. T., Vieira-Junior, W. F., & Franca, F. M. (2024). Effect of finishing and
polishing systems on surface roughness and color stability of aesthetic restorations exposed to staining solution. Acta odontologica
latinoamericana: AOL, 37(2), 162-171.

Aygll, S., Yilmazsonmez, S., Soyalp, A., & Aytac, A. (2024). Investigation of TiO2 replacement alternatives for water-based paints using
styrene butyl acrylate. Pigment & Resin Technology.

Aykan, R., Avsar, C., Bilgi¢, M., & Kesik, H. A. C. I. (2022). Determining the effects of some bacteria on Wooden toys treated with
antibacterial protective coatings. BioResources, 17(4).

Bekhta, P., Proszyk, S., Lis, B., & Krystofiak, T. (2014). Gloss of thermally densified alder (Alnus glutinosa Goertn.), beech (Fagus sylvatica
L.), birch (Betula verrucosa Ehrh.), and pine (Pinus sylvestris L.) wood veneers. European Journal of Wood and Wood Products,
72, 799-808.

Budakci, M. (2006). Effect of outdoor exposure and bleaching on surface color and chemical structure of scots pine. Progress in Organic
Coatings, 56(1), 46-52.

Calovi, M., & Rossi, S. (2024). Exploring polyamide 11 as a novel renewable resource-based filler in wood paint: Investigating aesthetic
aspects and durability impact of the composite coating. Progress in Organic Coatings, 188, 108262.

Cavus, V. (2021). Weathering performance of mulberry wood with UV varnish applied and its mechanical properties. BioResources,
16(4), 6791.

Cakucier, N., Korkut, S., & Korkut, D. S. (2011). Varnish layer hardness, scratch resistance, and glossiness of various wood species as
affected by heat treatment. BioResources, 6(2), 1648-1658.

Cakicier, N. (2007). Aga¢ malzeme yiizey islemi katmanlarinda yaglanma sonucu belirlenen degisiklikler (Doctoral dissertation, Doktora
Tezi, Istanbul Universitesi Fen Bilimleri Enstitiisi).

Deng, J., Ding, T., & Yan, X. (2024). Effect of Two Types of Pomelo Peel Flavonoid Microcapsules on the Performance of Water-Based
Coatings on the Surface of Fiberboard. Coatings, 14(8), 1032.

Gorman, T. M., & Feist, W. C. (1989). Chronicle of 65 years of wood finishing research at the Forest Products Laboratory. Gen. Tech.
Rep. FPL-GTR-60. Madison, WI: US Department of Agriculture, Forest Service, Forest Products Laboratory. 81 pages, 60.

Gurleyen, L. (2021). Effects of artificial weathering on the color, gloss, adhesion, and pendulum hardness of UV system parquet varnish
applied to doussie (Afzelia africana) wood. BioResources, 16(1), 1616.

Holzhausen, U., Millow, S., & Adler, H. J. (2002, September). Studies on the thermal ageing of organic coatings. In Macromolecular
Symposia (Vol. 187, No. 1, pp. 939-952). Weinheim: WILEY-VCH Verlag.

Janéovicova, V., Kindernay, J., Jakubikova, Z., & Mrlldkovd, 1. (2007). Influence of photoinitiator and curing conditions on polymeriza-
tion kinetics and gloss of UV-cured coatings. Chemical Papers, 61, 383-390.

Kesik, H. 1. (2009). Degisik Kimyasallar ile On Islem Gérmiis Aga¢ Malzeme Yiizeylerinde Su Bazl Verniklerin Katman Performansi,
Doktora Tezi, G.U Fen Bilimleri, Ankara.

Yildirim, E. et al. GreenTech 2024, 2(2). https://doi.org/10.5281/zenodo.14429353. 33 of 34



Effects of Ash Veneer Surface Form and Spray Gun Inclination Angle on Color and Gloss Values of Polyurethane Coatings 34 of34

Kilig, K., & Sogitli, C. (2020). Dogal yaslanmig aga¢ malzemeye uygulanan bazi verniklerin parlaklik degerlerinin belirlenmesi.
Politeknik Dergisi, 23(4), 1423-1431.

Khorshidi, F. H., Najafi, S. K., Najafi, F., Pizzi, A., Sandberg, D., & Behrooz, R. (2024). Color and gloss changes of a lignin-based polyu-
rethane coating under accelerated weathering. Journal of Renewable Materials, 12(2), 305-323.

Loganina, V. L, Fediuk, R. S., Lesovik, V. S,, Klyuev, S. V., Sabitov, L. S., Lomov, M. I, & Vykhodtsev, L. A. (2024). Application of fractal
analysis to assess the quality of the appearance of paint and varnish coatings. Magazine of Civil Engineering, 17(2).

Loganina, V. L, Kislitsyna, S. N., & Mazhitov, Y. B. (2018). Development of sol-silicate composition for decoration of building walls. Case
Studies in Construction Materials, 9, e00173.

Mikle¢ic, J., Zeljko, M., Luci¢ Blagojevig, S., & Jirous-Rajkovi¢, V. (2024). The Effect of Polyacrylate Emulsion Coating with Unmodified
and Modified Nano-TiOz on Weathering Resistance of Untreated and Heat-Treated Wood. Polymers, 16(4), 511.

Moya, R.; Rodriguez-Zuiiiga, A.; Vega-Baudrit, J.; Puente-Urbina, A. 2017, Effects of adding TiO2 nanoparticles to a water-based varnish
for wood applied to nine tropical woods of Costa Rica exposed to natural and accelerated weathering. Journal of Coatings Tech-
nology and Research, 14(1):141-152.

Salca, E. A, Krystofiak, T., Lis, B., & Hiziroglu, S. (2021). Glossiness evaluation of coated wood surfaces as function of varnish type and
exposure to different conditions. Coatings, 11(5), 558.

Salca, E. A, Krystofiak, T., Lis, B., Mazela, B., & Proszyk, S. (2016). Some coating properties of black alder wood as a function of varnish
type and application method. BioResources, 11(3), 7580-7594.

Salca, E., & Cismaru, I. (2010). Research upon Alder Veneers under Visible Light Influence: colour. Bulletin of the Transilvania University
of Brasov. Series II: Forestry* Wood Industry* Agricultural Food Engineering, 135-142.

Slabejova, G., Smidriakova, M., & Fekiac, J. (2016). Gloss of transparent coating on beech wood surface. Acta Facultatis Xylologiae Zvolen
res Publica Slovaca, 58(2), 37.

Song, X., Guo, W., Zhu, Z., Han, G., & Cheng, W. (2024). Preparation of uniform lignin/titanium dioxide nanoparticles by confined
assembly: A multifunctional nanofiller for a waterborne polyurethane wood coating. International Journal of Biological Macro-
molecules, 258, 128827.

Sogiitlii, C., & Sonmez, A. (2006). Degisik Koruyucular ile islem Gérmiis Baz1 Yerli Agaclarda UV Isinlarmin Renk Degistirici Etkisi.
Journal of The Faculty of Engineering and Architecture of Gazi University, 21(1):151-159.

Sénmez, A., & Kesik, H. 1., (1999). Vernik Katmanlarinda Sicak-Soguk Etkisi ile Hizlandirilmis Yaslandirma Deneyleri. Journal Of Poly-
technic-Politeknik Dergisi, vol.2, no.4, 27-32.

Sahin, S., Ayata, U., & Esteves, B. (2025). The effects of thermal aging on color and glossiness in UV cured coatings applied to sessile
oak. Maderas. Ciencia y Tecnologia, 27.

Temiz, A. (2005), “Benzetilmis Dis Hava Kosullarinin Emprenyeli Aga¢ Malzemeye Etkileri”, Doktora Tezi, K.T.U Fen Bilimleri, Trabzon,
12-125.

TS EN ISO 11664-6., 2022. Kolorimetri - B6liim 6: CIEDE2000 Renk farkliligi formiild, Tiirk Standartlar Enstitiisti (tse.org.tr), Ankara.

TS EN ISO 16474-3., 2021. Boyalar ve vernikler - Laboratuvar 11k kaynagina maruz birakma metodu - Kisim 3: Floresan UV lambasi, Tiirk
Standartlar Enstitist (tse.org.tr), Ankara.

TS EN ISO 2813., 2014. Boyalar ve Vernikler - Metalik Olmayan Boya Filmlerinin 20°, 60° ve 85° Acilarda Parlaklik Tayini, Tirk
Standartlar Enstitist (tse.org.tr), Ankara.

Ulay, G. (2023). Effects of Artificial Weathering on Some Surface Properties of Anatolian Chestnut (Castanea sativa Mill.) Wood Applied
with Yacht Varnish. BioResources, 18(3):5466-5475.

URL 1, https://hakkisenkeser.blogspot.com/2018/01/renk-ve-boyar-madde-nedir.html (13,12,2024).

Wang, Q., Zhang, C., Wang, W., & Liu, X. (2024). Performance of Drying Oil Modified Chinese Lacquer and Its Gilding Effect. Coatings,
14(1), 1379.

Yakin, M. Su bazh verniklerde sertlik, parlaklik ve yiizeye yapisma mukavemetinin tespiti, Yiiksek Lisans Tezi, Gazi Universitesi, Ankara-
Tirkiye, (2001).

Yalinkilig, A. C., & Sonmez, A. (2009). Aga¢ malzemede su bazli vernikler ile su ¢6ziiciili aga¢ boyasi etkilesiminin kahverengi renk
tonuna etkisi. Politeknik Dergisi, 12(2), 121-126.Yirekli, S. (1995). Regine ve Boya Teknolojisi. Marshall Boya ve Vernik sanayii AS
Yayini, Istanbul.

Zhang, Y., Zhang, K., Yang, J., Zhang, X., Chen, D., & Yang, Z. (2024). Effects of inorganic pigments on color and accelerated weathering
of wheat straw fiber/polyvinyl chloride composites. Journal of Materials Science, 1-16.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of Journal of Green Technology and Environment, and/or the editor(s). Journal of Green Technology
and Environment, and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods,
instructions or products referred to in the content.

Yildirim, E. et al. GreenTech 2024, 2(2). https://doi.org/10.5281/zenodo.14429353. 34 of34


https://hakkisenkeser.blogspot.com/2018/01/renk-ve-boyar-madde-nedir.html

JOURDAL of GREEDN TECHNOLOGY and €NVIRONDIMENT

Arastirma Makalesi

Karacam (Pinus nigra J.F. Arnolds subsp.) Odunundan Orta Yo-
gunlukta Lif Levha (MDF) Uretimi

Mehmet Erdal Kara ", Hiiseyin Peker ¥, Osman Camlibel 3%, Umit Ayata 4

ve Goksel Ulay 5

! Kastamonu Entegre Agag San. ve Tic. A.S., Kastamonu Organize Sanayi Bolgesi, 37200, Kastamonu/Tiirkiye

= Artvin Goruh Universitesi, Orman Fakiiltesi, Orman Endiistrisi Mithendisligi B&liimii, 08000, Artvin/Tiirkiye
Kirikkale Universitesi, Kirtkkale Meslek Yiiksekokulu, i¢ Mekan Tasarimi Programi, 71450, Kirikkale/Tiirkiye
Bayburt Universitesi, Sanat ve Tasarim Fakiiltesi, i¢ Mimarlik ve Cevre Tasarimi Bél., 69000, Bayburt/Tiirkiye
Van Yiiziincii Yil Universitesi, Van Meslek Yiiksekokulu, Mobilya ve Dekorasyon Pr., 65090, Van/Tiirkiye
Sorumlu yazar: osmancamlibel@kku.edu.tr

¥ W AW

Oz: Giiniimiizde orta yogunlukta lif levha (MDF) iiretiminde farkl: tiir agaglara ait odun yongalari kullamlmakta-
dir. Bu galismada, orta yogunlukta lif levha (MDF) tiretimi olarak karagam (Pinus nigra J.F. Arnolds subsp.) odu-
nuna ait yongalar kullanilarak tretilen levhalar izerinde mekanik, fiziksel, formaldehit emisyon testi ve ylizey
purizlilagine ait 6zellikler aragtirilmis olunup, elde edilen sonuglar MDF {iretiminde istenilen standart degerlere
gore hangi sonuglar: verdigi belirlenmistir. Elde edilen sonuglara gére, kalinlik 9.19 mm, yogunluk degeri 712.37
kg/m3, rutubet %s5.01, kalinligina sisme (24 saat) % 14.12 ve su alma (24 saat) %41.28, yiizeye dik ¢ekme direnci 0.78
N/mm?, elastikiyet modiilii 2992.87 N/mm? egilme mukavemeti 28.55 N/mm?, toliien testi 159 cm, formaldehit
emisyon testi 10.30 mg/100 gr ve ylzey purtzliligl degerleri ise Ra i¢in 3.18 pm ve R; i¢in 23.43 pm olarak bulun-
mustur. Bu sonuglar neticesinde, yogunlugun, rutubet degerinin, levha kalinhiginin, formaldehit emisyon testi i¢in
E2 standardin: ve yiizey pirizliligine ait parametrelerinin, ylizeye dik ¢ekme direncinin, egilme mukavemetinin
ve elastikiyet modiiliiniin istenilen standart degerleri agisindan sagladiklar: belirlenirken, yiizey sertliginin, kalin-

lig1na sisme testinin ve su alma testinin ise standart degerlerini saglamadig1 gorillmustiir.

Anahtar Kelimeler: karacam; MDF; mekanik 6zellikler; fiziksel 6zellikler; teknolojik 6zellikler
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Abstract: Nowadays, different types of wood chips from various tree species are used in the production of me-
dium-density fiberboard (MDF). This study investigates the mechanical, physical, formaldehyde emission tests,
and surface roughness properties of boards produced using wood chips from black pine (Pinus nigra J.F. Arnolds
subsp.). The results obtained are compared to the desired standard values for MDF production. According to the
results, the thickness is 9.19 mm, the density is 712.37 kg/m3, the moisture content is 5.01%, thickness swelling (24
h) is 14.12%, and water absorption (24 h) is 41.28%. The surface perpendicular tensile strength is 0.78 N/mm?, the
modulus of elasticity is 2992.87 N/mm?, bending strength is 28.55 N/mm?, toluene test is 159 cm, formaldehyde
emission test is 10.30 mg/100 g, and the surface roughness values are Ra = 3.18 pm and R, = 23.43 pm. Based on
these results, it was determined that the density, moisture content, board thickness, formaldehyde emission test
met the E2 standard, while the parameters related to surface roughness, surface perpendicular tensile strength,
bending strength, and modulus of elasticity also met the desired standard values. However, it was observed that

the surface hardness, thickness swelling test, and water absorption test did not meet the standard values.

Keywords: black pine; MDF; mechanical properties; physical properties; technological features
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1. Girig

Sanayideki teknolojik ilerleme, diisitk maliyetli ve yliksek verimli kaliteli malzemelerin
iretilmesini saglar. Ahsap endiistrisinin biiylimesi, teknolojik yenilikler gerektirirken, ah-
sabin 6zgiin anatomisi bu siireglerin gelistirilmesi i¢in yogun aragtirmalar yapilmasini ge-
rektirmektedir (Deus ve ark., 2018).

Son yillarda birgok tilkede kontrplak, yonga levha ve lif levha gibi ahsap esasli kompo-
zit panellere olan talep oldukea artmistir. Lif levha, ahgap liflerinin bir baglayici ile birlegti-
rilip yiiksek sicaklik ve basing altinda karigimin sicak preslenmesiyle olusturulan bir ahsap
esasli kompozit tirtindiir (Thoemen ve ark., 2010).

Ahsap kompozit malzemeler, kagit ve kontrplak gibi diger iirtinlerle karsilastirildi-
ginda ¢ok eski olmayan ve nispeten yeni ahgap tirtinler kategorisinde yer alan ¢esitli lif lev-
halar, yonga levhalar, mineral baglantili ahsap esasli paneller ve kaliplama iiriinlerini iger-
mektedir (Doosthoseini, 2012; Kouchaki-Penchah ve ark., 2016).

Orta yogunluklu lif levha (MDF) (fonksiyonel birim: m3) su anda diinya ¢apinda tire-
tilmekte ve kullanilmaktadir. MDF, lif levha sektoriiniin yaklasik %88.77'sini temsil etmekte
olup, 2016 yilinda toplam iiretimi 59.04 milyon m3 oldugu bildirilmistir (Wang ve ark., 2018).

Lif levha - yapisal ve dekoratif - lignoseliilozik liflerden yapilmus, lifsi-keceli, homojen
bir paneldir. Sentetik bir regine veya bagka uygun bir baglayici sistem ile birlegtirilmis ve 1s1
ile basing altinda birbirine baglanmistir (ANSI, 1994; Ye ve ark., 2007).

MDF, ASTM (2016) tarafindan “gogunlukla seliiloz liflerinden olusan, birincil fiziksel
bitiinliigiintn 1s1 ve basing altinda kiirlenen bir baglama sisteminin eklenmesiyle saglandigi
bir kompozit panel tiriinii” olarak tanimlanmaktadir (ASTM D 1554, 2016; Zimmer ve Bach-
mann, 2023).

Formaldehit bazli yapistiricilar, su anda MDF iiretiminde kullanilmaktadir. Formalde-
hit bazli recinelerin kullaniminda iki biiyiik dezavantaj bulunmaktadir: insan sagligina za-
rarli ugucu organik bilesikler icermeleri ve formaldehit tiretiminde kullanilan petrol bazli
hammaddelerin sinirh olmasidir (Kumar ve ark., 2002; Li ve ark., 2009).

Panel zimparalama, MDF imalatinin son asamasinda kritik bir islemdir ¢linkii hem
Urtiniin kalinhiginit hem de yiizey kalitesini belirlemektedirler (Ding ve ark., 2020).

Formaldehit (HCOH), ev ingaatinda kullanilan preslenmis ahgap {irtinlerinden salin-
dig1 bilinen siipheli bir insan kanserojenidir. Bu iiriinlere, iire-formaldehit (UF) regineleriyle
(6rnegin sunta, sert aga¢ kontrplak, orta yogunluklu lif levha (MDF) ve kaplama) ve fenol-
formaldehit (PF) reginesiyle (6rnegin yumusak aga¢ kontrplak, yonlendirilmis yonga levha)
yapilan tirtinler de dahil olmaktadir (Otson ve Fellin, 1992, Kelly ve ark., 1999; Kim ve Kim,
2005).

Yonga levha ve MDF mobilya tiretmek i¢in iyi olsa da bir tiir toksik kimyasal ve ¢evresel
hormon olan formaldehit emisyonunda kritik bir zayifliga sahiptirler. Hem yonga levha hem
de MDF, esas olarak yongalanmis ahgabi birlestirmek i¢in kullanilan yapistiricilar nedeniyle
formaldehit yayar. Ciinkii ahsaptaki yongalama ve sertlestirme iglemleri sirasinda kimyasal-
lar nadiren kullanilir. Bagka bir deyisle, yonga levha ve MDF'den yayilan formaldehitin ana
kaynagi, yongalanmis ahsabi bir tahta sekline getirmek i¢in birlestirmek i¢in kullanilan ya-
pistiricilardir. Formaldehit, insan goz ve cilt rahatsizliklarini uyarabilir ve uzun siireli ma-
ruziyetten sonra solunum yolu hastaliklarina, atopiye ve kansere neden olabilmektedir
(Kim, 2019).

Mobilya ve ahsap esasli panel iiriinlerinin emisyon 6zelliklerinin anlagilmasi, etkili kay-
nak kontrol stratejileri 6nermek, zamanla degisen formaldehit konsantrasyonlarini simiile
etmek ve gercek binalardaki kullanicilarin maruziyetlerini tahmin etmek ac¢isindan anlam
olmaktadir (Liang ve ark. 2016).

Literatiirde farkli hammaddeler kullanilarak tretilen MDF calismalari bulunmaktadir.
Bunlardan bazilarina érnek olarak;

Camlibel, (2020) tarafindan dort farkli yiizde oranlarda tutkal katilarak ve %100 hus
odununun liflerinden MDF tiretimi yapilmistir. Sonuglara gore, levhalar tizerinde {ire for-
maldehit tiiketim % orani artikea testlerde degerlerin azaldig1 belirlenmistir.

Camlibel ve Aydin, (2022) tarafindan MDF iiretim i¢in demir agaci odunu kullanilmis-
tir. Sonuclara gore, levhalarin fiziksel ve mekanik 6zellikleri gekme mukavemeti diginda TS
EN standardinin tizerinde belirlendigi tespit edilmistir.

Camlibel, (2006) ¢alismasinda orman giilii, sarigam ve sapl mese lifleri ile farkli oran-
larinda (100:0, 75:25, 50:50, 25:75 ve 0:100) karistirarak MDF levhalar: tiretmistir. Sonug ola-
rak orman giiliit hammaddesinin MDF {iretiminde degerlendirilebilecegini bildirmistir.
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Yapilan bu ¢aligmalara ait bilgilerden yola ¢ikarak farkl tiirlerdeki odunsu materyalle-
rin MDF iretiminde kullanilabilecegi gortilmektedir. Ama literatiirde yapilan aragtirma so-
nunda karacam odunundan herhangi bir MDF bazli ahsap triiniin tretilmedigi gorilmiis-
tar.

Bu ¢aligmada, karacam (Pinus nigra J.F. Arnolds subsp.) odunundan orta yogunlukta
lif levha (MDF) tiretilmis olunup yapilan ¢esitli testler ile MDF iiretiminde istenilen stan-
dartlam karsilayip karsilamadiklar: belirlenmistir. Levhalarin fiziksel 6zellikleri (kalinlik, yo-
gunluk, 2-24 saat suda kalinligina sigsme), mekanik 6zellikleri (egilme mukavemeti, elastiki-
yet modiilii, cekme mukavemeti ve janka ylizey sertlik mukavemeti) ve teknolojik 6zellikleri
(toliien testi, formaldehit emisyonu, yilizey puriizlaligii) 6l¢ilmistiir.

2. Deneysel Calismalar

2.1. Materyal

Bu ¢alismada, karagam (Pinus nigra J.F. Arnolds subsp.) odunu kullanilmistir. Kullani-
lan hammaddesi Bat1 Karadeniz Orman Isletme depolarindan getirilmistir. Recine 0.96 mol
tire formaldehit tutkali Kastamonu Entegre Tutkal Tesislerinde tiretimi gerceklesmistir.
Tutkalin 6zellikleri; Kat1i madde: 64+1, iire-formaldehit mol orani: 0.96, yogunluk (20°C
gr/cm3): 1.226, viskozite (25°C cps): 20-37 s, Jel time (100°C) (20% (NH,).SO,): 20-48 s, pH:
7.2- 8.6, serbest formaldehit: %0.25 maksimum, metilol gruplari: %12-15, raf 6mrii: 8o glin-
diir. Ure formaldehit reginesinin iiretim esnasinda sicaklik altinda sertlestirilmesinde kata-
lizor olarak amonyum stilfat (NH,).SO,) kullamilmigtir. Gebze bolgesinden 6zel bir firma-
dan getirilmistir. %20’lik amonyum siilfat soltisyonun 6zelligi; yogunlugu: 0.98 gr/cm3,
pH:6.5'dir. Kirli beyaz siv1 parafin Denizli ilinden Mercan Kimya A.S.’den tedarik edilmistir.
Kat1 madde: %60, pH: 9-11, Yogunlugu: 0.98 gr/cm3dir.

2.2. Metot
2.2.1. Uretim parametreleri

Bu caligmada uygulanan parametreler Tablo 1’de gosterilmistir.

Tablo1. MF siirekli pres tiretimparametreleri.

Chetim Parametreler Levha

Hanmredde Anus nigra JFAmdlds subsp. (%) 100
Ure Formreldehit (0.96 ol / %65 katr) kg/r? 85
Sv1 Parafin (%60 kati) kg/r? 35
Sertlestirici (%20 soliisyon) kg/rr? 56
Sirekli Predeme Zamani saniye 85
Sirekli Presleme Basina kpfer? 2
Sirekli Predeme Sicakligi °C 20
Sirelli Predeme Ha nmy's 650

Levha (lciileri nm 9.2 x 2100 x 8430

Test grubu levhasi karagam Pio0 sembolize edilmistir. Uretimde prosesinde, tek tip ka-
racamdan (0.715 gr/cm3) yogunlukta MDF levhalar iretilmigtir. Test levhalar1 Kastamonu
ilinde 6zel bir firmaya ait MDF test laboratuvarinda analizleri yapilmistir.

2.2.2. MDF levhalarin iiretim:

Orta yogunlukta liflevha (MDF) tiretiminde %100 karagam tiretiminde hammadde ola-
rak kullanilmistir. Hammadde bati Karadeniz Orman Isletme depolarindan tedarik edilmis-
tir. Bu ¢alismada %100 Karagam yongalar1 yonga silosu bosaltma helezonu vasitasiyla tire-
time verilmigtir. Yongalar {izerinde Dyne screen mekanik eleme sisteminde tiretim standar-
dina uygun boyutlarda yonga ayiklama islemi yapilmistir. Yongalar, 6n pisirme silosunda
135°C’de 2.5 bar buhar basinc uygulanarak 6n buharlama iglemi yapilmistir. Buharlanan
yongalar helezon vasitasiyla Asplund-defibratoér kazan sistemine taginmigtir. Asplund-de-
fibratorde 190°C ve 8.2 bar buhar basincinda 3 dakika siireyle pisirme iglemi yapilmustir.
Mantarlasan yongalar bogaltma helezonu vasitasiyla defibrilasyon isleminden 6nce sivi pa-
rafin verilmistir. Defibrator segmentlerinde lifler iiretilmistir. Uretilen liflere blow line site-
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minde sirsiyla sertlegtirici ve lire formaldehit tutkali verilmigtir. Lifler kurutucuda %13 ru-
tubete kadar kurutulmustur. Kurutulan lifler bunkerler homojen karigimi tirmiklar vasita-
styla saglanmistir. Serme istasyonunda lifler pasta haline getirilmistir.

On presleme isleminde 120-150 kg/cm? basing uygulanarak pastalara soguk presleme
yapumustir. Pastalar; siirekli sicak presleme islemi, pres sicakligi 220°C ve pres stiresi 85 sa-
niye, pres hiz1 650 mm/s ve pres basinci 32 kp/cm? basing uygulanarak MDF levhalari tire-
tilmistir. Levhalar yildiz sogutucuda klimatize islemi yapilmistir. Levhalar ebatlama iinite-
sinde 9.2 x 2100 x 8430 mm olgiilerinde boyutlandirilmigtir (Tablo 2).

Tablo2 MF iretirrine ait dnerdi bilgiler.

(retimParanretreleri Tn? MIF Levha Chetininde Killanilan Tiketim

PresHz 650 s sireldi pres -

Pres Scakligi (O 20 -

. Senpelkanyp ContiRdll hat press 2008 nodel, -

Pres Modeli keefel, Gorrrn)

Pres Bssna 35 kgfen? -

PresSires 85 saniye -

UYFrol Orani FA1096 -

Hitkisel Materyal Turii (%) %100 karagam -

(e Formraldehit Kati Oraru (%) 6440 -
Kuru Life Gdre Regine Kati Orani (%) 1350 85 kg/n?
KuruLife Gire Sertlegtirici Kati Orani (%) %0.85 5.6 kg/r?
Kuru Life Gore Parafin Kati Orani (%) %050 35kg/n?

Levha Boyutlan (mm) 9.2 x 2100 x 8430 -

Levhalar stok alaninda 4 giin dinlendirmeye alinmigtir. Levhalar dinlendirildikten
sonra hem alt hem de st yiizeyleri 40, 100 ve 140 kum zimpara kigidi ile zimpara islemi
yapilarak kalinlik 9.2 mm kalinhiginda levha {irtinii iiretilmistir. Deneme levhalar1 hava
akimi olmayan yiizeyi diizgiin beton zemin iistiinde takoz {izerinde depolanmustir.

Deney MDF levhalar1 %65+5 bagil nem ve 20+2°C kosullarinda %:2 rutubete kadar TS
642-1SO 554 (1997) standardina gore kondisyonlama islemi yapilmusgtir.

2.2.3. Test metotlar:

Uygulan test standartlari; TS EN 326-1 (1999) levhalar numunelerinin se¢imi, kesimi,
muayene ve deney sonuglarinin gosterilmesi, TS EN 324-1 (1999) levhalarin kalinlik 6l¢timii
tayini, TS EN 322 (1999) rutubet 6l¢iimii tayini, TS EN 317 (1999) yongalevhalar ve liflevhalar
suicinde daldirma iglemleri tayini, TS EN 323 (1999) ahsap yongalevhalar ve liflevhalar 6zgiil
kiitle tayin iglemleri, TS EN 325 (2012) ahsap esasl levhalarin deney pargalarinin boyutlari-
nin tayini, TS EN 310 (1999) levhalarinin mekanik 6zelliklerini 6l¢mek amaciyla, egilme mu-
kavemeti ve elastikiyet moddilii tayini, TS EN 319 (1999) levhalarin dik ¢gekme mukavemeti
tayini, TS EN 3u (2005) ylizey sertligi tayini, TS EN 382-1 (1999) toliien testi tayini, TS EN
ISO 12460-5 (2016) formaldehit emisyonu perforator yontemiyle analiz, ASTM D 1037-12
(2020) levhalarn yiizey janka sertlik mukavemet 6l¢timleri, ISO 21920-2 (2021) levhalarin
ylizey purizliligi 6l¢iim metodu yapilmigtir.

2.2.4. Istatistiksel analiz

Testlerde 130 adet 6l¢iim yapilmistir. Her bir test grubundan 10 adet 6l¢tim yapilmustir.
Bir istatistik programu ile varyasyon katsayilari, standart sapmalari, maksimum ve minimum
ortalama degerleri ve ortalamaya ait olan dl¢iim degerleri hesaplanmustir.

3. Bulgular ve Tartisma

Uretilen MDF panellerin fiziksel, mekanik, teknolojik 6zellikleri iizerine analizler ya-
pilmistir. Fiziksek 6zellikler; levha kalinligi, rutubet orani, levha yogunlugu, kalinligina
sisme ve su alma sonuglar1 Tablo 3’te sunulmaktadir.

Bu sonuglara gore, levhalarin fiziksel 6zellikleri; kalinlik 9.19 mm, yogunluk degeri
712.37 kg/m3, rutubet %s5.01, kalinligina sisme (24 saat) % 14.12 ve su alma (24 saat) %41.28
olarak elde edilmistir. Standart degerleri ile bu arastirmada elde edilen sonuglar karsilagti-
rildiginda, levha kalinlik, yogunluk, rutubet istenilen degerden yukar olarak belirlendigi
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standartlar1 sagladig1 gortilmiistiir. Fakat kalinligina sisme, su alma testlerinin istenilen de-
gerden yukari olarak 6l¢tildiigiinden dolay: standartlara ait degerleri saglamadig gérillmiis-
tlr (Tablo 3).

Camlibel ve Aydin, (2022) tarafindan yapilan aragtirmada demir agaci odunu kullani-
larak tiretilen MDF panellerinde levhalarin kalinligina ait sisme degerleri 2 ve 24 saat i¢in
strastyla %z2.53 ve %6.01, yogunluk degeri 0.694 g/cm3 ve rutubet degerleri ise %s5.01 olarak
bulunmustur.

Tablo3. Cretilen MOF panelleri fiziksel zellikleri {izerinde belirlenris dlan; levha kalinlidy, rutubet orany, levha yogunlugu, kalinigina

sismg, su alma ait sonuclan.
" Kalini@gna Sigme Sullma
Guplar Kalinlik Rutubet Yok ) Py
MFicin Standartlar TSEN324-1 TSEN322 TSEN323 TSEN317 TSEN317
MDFicin Lirvit Defierter 9:0.2 4-1 650 -800 <12 Maksimum40
Omrek Sayis nm % ky/r? % %

1 919 535 701.93 1441 3704

2 918 515 72246 1358 3632

3 918 514 72810 1344 3627

4 919 49 73582 1347 3518

5 9.20 470 13222 1498 4101

6 919 479 721.05 1472 4251

7 9.20 483 701.05 1435 4402

8 9.20 514 69194 1414 4487

9 9.20 513 67859 1424 4766

10 919 498 70453 1390 4888

Ortalamalar 919 501 237 1412 41.28

Standart Sspma 001 020 1831 053 513

Mnirrum Deger 918 470 67859 1344 3518

Maksimum Deger 9.20 535 73582 1498 4888

Varyasyon Katsayis 009 407 257 372 12462

Uretilen MDF panelleri mekanik 6zellikleri; yiizey sertligi, ylizeye dik ¢ekme, egilme
direnci ve elastikiyet modiili sonuclar1 Tablo 4’te verilmistir.

Tablo 4 Uretilen MOF panelleri mekanik ézellikleri iizerinde belirlenmis olan ejlme direndi, elastikiyet ol yiizeye dik cekme

ve yiizey sertligi sonuglan.
Guplar Eglme Orend Hastildyet Moditi Yizeye Ok Cekeve Drend Yiizey Sertlii
MFicin Sandartlar TSEN310 TSEN3I0 TSEN319 ASIMD1037 - 12
MFicin Lirrit Degerler >20 > 2200 > 055 >1
GmekSapa Nm? N Nt N
1 3056 3011.62 083 099
2 29.05 314327 085 086
3 B3 319359 085 095
4 3157 305891 083 078
5 2450 2671.55 095 078
6 3439 2875.89 070 079
7 2117 2991.23 052 083
8 2818 2981.88 081 085
9 2814 304321 082 082
10 2876 294555 068 083
Ortalanelar 2855 299281 078 086
Standart Sapma 282 145.06 012 007
MnirrumDeger 2439 2671.55 052 078
Maksimum Deger B3 319359 095 099
Varyasyon Katsayis 9.86 485 1555 822

Tablo 4’teki verilere gore; ylizeye dik ¢ekme direnci 0.78 N/mm?, elastikiyet modila
2992.87 N/mm?, egilme mukavemeti 28.55 N/mm? olarak bulunmus ve istenilen degerin
tizerinde oOlc¢ildigiinden standartlart sagladigi gorilmistiir. Fakat ylizey sertligi 0.86
N/mm? 6l¢tilmiis ve istenilen degerden yukar olarak 6l¢iildiigiinden standartlar: saglama-
dig1 goriilmiistiir. Uretilen MDF panelleri {izerinde belirlenmis olan formaldehit emisyon
testi ve ylizey purtzliliigine ait sonuglar: Tablo 5'te sunulmustur.
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Kaynaklar

Tablo5. Uretilen MOF panelleri teknolojik czellikleri; tolilen testi, formaldehit emisyonu ve yizey pliriizliiiigii test sonuclan.

Guplar Tolilen Formaldehit Evisyon Test Yiizey Plrlid (50
MDFicin Standartlar TSEN382-1 TSENISD12460 -5 15021920 -2

MFicin Lirrit Degerler Mnimum150 my/100 gr Ra Rz
Gmrek Sy an H<§ BR<8-30 <12im Maksinum40 im

1 140 1040 359 2343

2 158 1045 354 2456

3 160 1004 318 2398

4 165 n.ol 373 2487

5 155 10.23 294 2287

6 165 10.23 283 2315

7 160 10.32 289 2287

8 170 10.09 278 2256

9 166 1021 312 201

10 158 9.98 317 2402

Ortalamalar 159.70 10.30 318 2343

Standart Sapma 829 029 034 o9

Mnirrum Deger 140 998 278 20

Maksirmum Deger 170 n.ol 373 2487

Varyasyon Katsays 519 284 1064 389

Sonuclara gore, toliien testi 159 cm, formaldehit emisyon testi 10.30 mg/100 gr ve yiizey
purdzliliigl degerleri ise Ra i¢in 3.18 pm ve R; i¢in 23.43 pm olarak bulunduklar goriilmek-
tedir. Standartlar ile bu ¢alismada bulunan sonuglar kiyaslandiginda, formaldehit emis-
yonu; 10.30 mg/100 gr analiz sonucu E1 yakin E2 sinifinda yer almaktadir (Tablo 5).

Yapisma ve boya tutma, estetik, yiizey hazirlig1 ve tutugsma 6zellikleri acisindan MDF
panellerinde yiizey pirtzlaligi 6nemli olmaktadir. Yiizey puiriizliligiine ait parametreleri
Ra: 318 pm ve R;: 23.43 pm 6l¢iim sonuglar levha yiizeyinin piriizsiz oldugu dl¢tlmistir
(Tablo 5).

Camlibel ve ark., (2024) tarafindan yapilan ahsap bazli kompozit yilizey kapli yonga
levhalarin formaldehit gaz emisyonu ve uygulanan standartlar konulu ¢alismada MDF lev-
halarinin perforat6r yontemiyle formaldehit gaz emisyonun E2 <8- 30 mg/100 gr deger ara-
ligina ait E2 sinifinda yer aldigini bildirmiglerdir.

4. Sonuclar ve Oneriler

Calismada elde edilen sonuglar neticesinde; kalinligina gisme testinin, ytzey sertligi
testinin ve su alma testinin istenilen standart degerlerine sahip olmadiklar1 belirlenmistir.
Bu testlerin istenilen standart degerleri saglamasi i¢in, daha yiiksek zellikte baglayicilarin
kullanilmasi, buna ek olarak, presleme sicakligi, zamani ve basincini kullanarak farkli para-
metrelere ait levhalarin tiretilmesi 6nerilmektedir.

Yazar Katkilari: Kavramsallastirma, E.K., H.P., O.C. ve U.A.; metodoloji, O.C. ve E.K.; yazilim, O.C.
ve H.P.; dogrulama, E.K., H.P. ve O.C,; icerik analizi, E.K., H.P., O.C. ve U.A.; arastirma, E.K., H.P.,
0.C. ve U.A,; calisma olanaklari, E.K. ve O.C.; veri diizenleme, E.K., H.P. ve O.C.; yazma—orijinal
taslak hazirlama, E.K., H.P., O.C. ve U.A.; yazma—inceleme ve diizenleme, E.K., H.P., O.C. ve U.A ;
gorsellestirme, O.C. ve U.A.; siipervizyon, E.K. ve O.C.; proje yoénetimi, E.K., H.P., O.C. ve U.A,; fon
saglama, E.K., H.P. ve O.C. Tiim yazarlar makalenin yayinlanan versiyonunu okumus ve kabul etmis-
tir.

Tesekkiir: Kastamonu Entegre Aga¢ San. ve Tic. A.S., Kastamonu Fabrika direktorii ve yoneticileri-
nin yardimlarindan dolay: tegekkiir ederiz.

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

ANSI Standards, A208.2-1994. (1994). Medium Density Fiberboard (MDF), National Particleboard Association, Gaithersburg, MD.

ASTM D 1554, (2016). Standard terminology relating to wood-base fiber and particle panel materials, ASTM International, West Cons-
hohocken, PA, 2016, DOI: 10.1520/D1554-10R16. DOI: 10.1520/D1554-10R16.

ASTM D1037-12. (2020). Standard Test Methods for Evaluating Properties of Wood-Base Fiber and Particle Panel Materials American
Society for Testing and Materials, Philadelphia Pa.

Camlibel, O. (2006). Ormangiilii biyokiitlesinden (Rhododendron Pontificum L.) MDF (orta yogunlukta lif levha) tiretimi olanaklarinin
arastirilmasi, Abant {zzet Baysal Universitesi, Fen Bilimleri Enstitiisii, Orman Endiistri Anabilim Dali, Yiiksek Lisans Tezi, Diizce.

Kara, M.E. et al. GreenTech 2024, 2(2). https://doi.org/10.5281/zenodo0.14549477. 40 of 41



Karagam (Pinus nigra J.F. Arnolds subsp.) Odunundan Orta Yogunlukta Lif Levha (MDF) Uretimi 41 of 41

Camlibel, O. (2020). Hus (Betula pendula L.) odunu biokiitlesinden orta yogunlukta lif levha (MDF) tiretimi, Turkish Journal of Forestry,
21(2): 174-178. DOI: 10.18182/tjf.731926.

Gamlibel, O., Ayata, U., Budak, A. & Yiiksek, D. (2024). Ahsap bazl kompozit yiizey kapli yonga levhalarin formaldehit gaz misyonu ve
uygulanan standartlar, OKU Fen Bilimleri Enstitiisii Dergisi, 7(2): 592-609. DOI: 10.47495/0kufbed.1325037.

Camlibel, O. & Aydin, M., (2022). Demir agac1 (Casuarina equisetifolia L.) odunundan tiretilen orta yogunlukta lif levhalarin (MDF)
fiziksel ve mekanik oOzelliklerinin aragtirilmasi, Tirk Tarnim ve Doga Bilimleri Dergisi, 9(4): 892-899. DOI:
10.30910/turkjans.109888x.

Deus, P.R., Alves, M.C., Vieira, F.H. & Bilesky, L.R. (2018). Analysis of the cutting parameters in front milling for medium density fiber-
board, BioResources, 13(2): 3404-3410. DOI: 10.15376/biores.13.2.3404-3410.

Ding, T., Zhao, J., Zhu, N. & Wang, C. (2020). A comparative study of morphological characteristics of medium-density fiberboard dust
by sieve and image analyses, Journal of Wood Science, 66: 1-9. DOI: 10.1186/510086-020-01896-X.

Doosthoseini, K. (2012). Manufacturing and Application of Wood Composite Materials, University of Tehran press, (in Persian).

ISO 21920-2. (2021). Geometrical Product Specifications Surface Texture Profile Method Terms. Definitions and Surface Texture Para-
meters, International Standart Organization.

Kelly, T. J., Smith, D. L., & Satola, J. (1999). Emission rates of formaldehyde from materials and consumer products found in California
homes. Environmental Science & Technology, 33(1), 81-88. DOI: 10.1021/es980592+.

Kim, S., and Kim, H.J., (2005). Comparison of standard methods and gas chromatography method in determination of formaldehyde
emission from MDF bonded with formaldehyde-based resins. Bioresource Technology, 96(13): 1457-1464. DOI: 10.1016/j.bior-
tech.2004.12.003.

Kim, T., (2019). Production planning to reduce production cost and formaldehyde emission in furniture production process using me-
dium-density fiberboard. Processes, 7(8): 529. DOI: 10.3390/pr7080529.

Kouchaki-Penchah, H., Sharifi, M., Mousazadeh, H. & Zarea-Hosseinabadi, H. (2016). Life cycle assessment of medium-density fiberbo-
ard manufacturing process in Islamic Republic of Iran, Journal of Cleaner Production, mn2: 351-358. DOI:
10.1016/j.jclepro.2015.07.049.

Kumar, R., Choudhary, V., Mishra, S., Varma, I. K. & Mattiason, B. (2002). Adhesives and plastics based on soy protein products, Indust-
rial crops and products, 16(3): 155-172. DOI: 10.1016/S0926-6690(02)00007-9.

Li, X, Li, Y., Zhong, Z., Wang, D., Ratto, J.A., Sheng, K. & Sun, X.S. (2009). Mechanical and water soaking properties of medium density
fiberboard with wood fiber and soybean protein adhesive, Bioresource Technology, 100(14): 3556-3562. DOI: 10.1016/j.bior-
tech.2009.02.048.

Liang, W., Lv, M. & Yang, X. (2016). The combined effects of temperature and humidity on initial emittable formaldehyde concentration
of a medium-density fiberboard, Building and Environment, 98: 80-88. DOI: 10.1016/j.buildenv.2015.12.024.

Otson, R., & Fellin, P. (1992). Characterization and cycling. Gaseous pollutants. New York: John Wiley and Sons, 335-421.

Thoemen, H., Irle, M. & Sernek, M. (2010). Wood-Based Panels: An Introduction for Specialist. Published by Brunel University Press,
London.

TS 642-1SO 554. (1997). Kondisyonlama ve/veya Deney Icin Standart Atmosfer - Ozellikler, TSE, Ankara.

TS EN 310. (1999). Ahsap esasli levhalar-Egilme dayanimi ve egilme elastikiyet modiiliiniin tayini, TSE, Ankara.

TS EN 311. (2005). Ahsap esash levhalar - Yiizey saglamligi - Deney metodu, TSE, Ankara.

TS EN 317. (1999). Yonga levhalar ve lif levhalar-Su igerisine daldirma isleminden sonra kalinligina sisme tayini, TSE, Ankara.

TS EN 319. (1999). Yonga levhalar ve lif levhalar-Levha ylizeyine dik gekme dayaniminin tayini. TSE, Ankara.

TS EN 322. (1999). Ahsap esasli levhalar-Rutubet miktarinin tayini, TSE, Ankara.

TS EN 323. (1999). Ahsap esash levhalar-Birim hacim agirhiginin tayini, TSE, Ankara.

TS EN 324-1. (1999). Ahsap esasli levhalar-Levha boyutlarinin tayini-Bo6liim 1: Kalinlik, genislik ve uzunlugun tayini, TSE, Ankara.

TS EN 325. (2012). Ahsap esasl levhalar - Deney parga boyutlarinin tayini, TSE, Ankara.

TS EN 326-1. (1999). Ahsap esash levhalar-Numune alma kesme ve muayene boliim 1:Deney numunelerinin se¢imi, kesimi ve deney
sonuglarinin gosterilmesi, TSE, Ankara.

TS EN 382-1. (1999). Lif levhalar, yiizey absorpsiyonu tayini; Boliim 1: Kuru metodla tiretilen lif levhalarda deney metodu, TSE, Ankara.

TS EN ISO 12460-5. (2016). Ahsap esasli levhalar- Formaldehit salimimin belirlenmesi- Boliim 5: ekstraksiyon yontemini (perforator
yontemi olarak adlandirilan), TSE, Ankara.

Wang, S., Wang, W. & Yang, H. (2018). Comparison of product carbon footprint protocols: case study on medium-density fiberboard in
China, International Journal of Environmental Research and Public Health, 15(10): 2060. DOI: 10.3390/ijerphis102060.

Ye, X.P., Julson, J., Kuo, M., Womac, A. & Myers, D. (2007). Properties of medium density fiberboards made from renewable biomass,
Bioresource Technology, 98(5): 1077-1084. DOI: 10.1016/j.biortech.2006.04.022.

Zimmer, A. & Bachmann, S.A.L. (2023). Challenges for recycling medium-density fiberboard (MDF), Results in Engineering, 19: 101277.
DOI: 10.1016/j.rineng.2023.101277.

Yasal Uyary/Sorumluluk Reddi: Tiim yayinlarda yer alan ifadeler, gériisler ve veriler yalnizca yazarlara ve (varsa) katkida bulunan-
lara aittir; Journal of Green Technology and Environment ve/veya editorlerine ait degildir. Journal of Green Technology and Environment
ve/veya editorleri, igerikte atifta bulunulan herhangi bir fikir, yontem, talimat veya tiriinden kaynaklanan, insanlara veya mallara gele-
bilecek herhangi bir zararin sorumlulugunu reddeder.

Kara, M.E. et al. GreenTech 2024, 2(2). https://doi.org/10.5281/zenodo0.14549477. 41 of 41


https://doi.org/10.47495/okufbed.1325037

GreenTech

JOURDAL OF GR€EEDN
TECHDNDOLOGY AND
ENVIRONDIMEDT

www.journalgreentech.com




	GreenTech - ID2407.pdf
	1. Giriş
	2. Deneysel Çalışmalar
	2.1. Materyal
	2.2. Metot

	3. Bulgular ve Tartışma
	3.1. Çözelti Karakterizasyon Çalışmaları
	3.1.1. Çözelti iletkenlik analizi
	3.1.2. Çözelti viskozite analizi

	3.2. Nanolif Yüzeylerinin Karakterizasyon Çalışmaları
	3.2.1. SEM analizi


	4. Sonuçlar ve Öneriler
	Kaynaklar

	GreenTech - ID2407.pdf
	1. Giriş
	2. Deneysel Çalışmalar
	2.1. Materyal
	2.2. Metot

	3. Bulgular ve Tartışma
	3.1. Çözelti Karakterizasyon Çalışmaları
	3.1.1. Çözelti iletkenlik analizi
	3.1.2. Çözelti viskozite analizi

	3.2. Nanolif Yüzeylerinin Karakterizasyon Çalışmaları
	3.2.1. SEM analizi


	4. Sonuçlar ve Öneriler
	Kaynaklar

	GreenTech - ID2405.pdf
	1. Giriş
	2. Materyal ve Metot
	2.1. Materyal
	2.2. Metot

	3. Bulgular ve Tartışma
	4. Sonuçlar ve Öneriler
	Kaynaklar

	GreenTech - ID2408.pdf
	1. Introduction
	2. Medical Textile Products
	2.1. Healing of Damaged Tissues and Organs Using Textile Products
	2.2. Wound and Burn Dressings
	2.3. Nonwoven Medical Textiles

	3. Antibacterial Textiles
	4. Development of Antibacterial Medical Technical Textile Products
	5. Conclusions
	References

	GreenTech - ID2409.pdf
	1. Introduction
	2. Experimental
	2.1. Material
	2.2. Preparation of Test Samples
	2.3. Surface Gloss Measurement
	2.4. Color Measurement
	2.5. Accelerated UV Aging Process
	2.6. Evaluation of Data
	3. Findings and Discussion
	3.1. Determination of Gloss
	3.2. Total Color Change (∆E) Determination
	4. Results and Recommendations
	References

	GreenTech - ID2411.pdf
	1. Giriş
	2. Deneysel Çalışmalar
	2.1. Materyal
	2.2. Metot
	2.2.1. Üretim parametreleri
	2.2.2. MDF levhaların üretimi
	2.2.3. Test metotları
	2.2.4. İstatistiksel analiz


	3. Bulgular ve Tartışma
	4. Sonuçlar ve Öneriler
	Kaynaklar

	GreenTech - ID2405.pdf
	1. Giriş
	2. Materyal ve Metot
	2.1. Materyal
	2.2. Metot

	3. Bulgular ve Tartışma
	4. Sonuçlar ve Öneriler
	Kaynaklar




