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ABSTRACT

Composite materials manufactured from wood with different adhesives are
being used increasingly in the construction of furniture frames and buildings. In
this study, LVLs were manufactured from pine (Pinus sylvestris L.), poplar
(Populus tremula L.) and mulbery (Morus alba L.) veneers with phenol-
formaldehyde (PF), polyvinyl acetate (PVAc), Desmodur-VTKA (D-VTKA) and
urea —formaldehyde (UF) adhesives. Dimensional stability of LVL were measured
after being exposed to steam for 2,6,12,24,48 and 96 hour-period according to the
procedure of the Turkish Standards (TS) 3639. As a result, the highest density was
determined for LVL with PF adhesive in all wood species. The highest weight
increment as 113 % for poplar control , the highest radial swelling as 7.99 % for
mulberry control, the highest tangential swelling as 5.7 % for mulberry control
and the highest longitudinal swelling as 0.58 % for mulberry LVL with PF and
PVAc adhesive were determined after being exposed to 96 h steam. Mulberry
wood and VTKA and UF are proposed to manufacture of LVL used in damp
condition
Key Words: Mechanical properties of adhesives, Composites, Steam

FARKLI TUTKALLARLA URETILEN LAMINA KAPLAMA ELEMANLARIN BUHAR
DENEYi SONRASI BOYUTSAL KARARLILIGI

OZET

Yapilarda ve mobilya gergeve konstriiksiyonlarinda, farkli tutkallar kullanilarak
elde edilen kompozit malzemelerin kullanim: artmaktadir. Bu ¢aligmada lamine
kaplama elemanlar, fenol formaldehit, PVAc, desmodur- VTKA ve iire
formaldehit tutkallar1 kullanilarak, ¢cam (Pinus sylvestris L.), kavak (Populus
tremula L.) ve dut (Morus alba L.) odunlarindan iiretilmistir. Lamina kaplama
elemanlarin boyutsal stabilitesi, TS 3639 standardina gore 2, 6, 12, 24, 48 ve 96
saat su buhari etkisinden sonra dl¢iilmistiir. Sonuglara gére en yiiksek yogunluk,
fenol formaldehit tutkali kullanilarak elde edilen lamina kaplama elemanlarda
gozlemlenmistir. En yiiksek agulik artisi, % 113 ile kavak agact kontrol
orneklerinde, kalinlik artist % 7,99 luk ve liflere dik yondeki genislik artis1 da %
5,7’lik artis ile dut kontrol drneklerinde, liflere paralel artis ise % 0,58’lik artig ile
fenol formaldehit ve PVAc tutkali kullanilarak dut odunlarindan iiretilen
laminalarda belirlenmistir.

Anahtar Kelimeler: Boyutsal stabilite, Lamine kaplama eleman, Tutkallar, Su
buhart testi

1. GIiRiS 1. INTRODUCTION

Rutubet degisikliklerinin sonucu olarak higroskopik
materyal olan aga¢ malzeme rutubet alir ve rutubet verir.
Higroskopik malzeme olan aga¢ ve diger lignoseliilozik
malzemeler rutubet degisiminde boyutlarin1 degistirir. Bir
yap1 materyali olarak aga¢ malzemenin, siirekli rutubete
ve cevresel faktorlere maruz kalmasindan dolay1 olusan
boyutsal degisiklikler, aga¢ malzemeden faydalanilmayi
etkileyecektir(1)

Dogal veya islenmemis durumdaki aga¢ malzemede
onemli rutubet degisiklikleri beklendiginde nisbeten genis
yillik halkali agaglardaki boyutsal degisiklige olan
yatkinlik bilinmelidir. Ornegin, tutkalli yapilabilecek

Wood is a hygroscopic material, which loses and gains
moisture as a result of changes in humidity. Hygroscopic
materials such as wood and other lignocellulosic material
change their dimensions with fluctuations in relative
humidity. Based on the current moisture content of the
wood and its surrounding conditions, dimensional
changesin wood as a construction material will influence
its effectiveness (1).

It should be appreciated that every application of wood
in its natural or unprocessed state is affected potentially by
the tendency to a relatively large cross-grain dimensional
change whenever significant moisture content changes in
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birlesmeler istisna, odunun yapisindaki farkli boyutsal
degisiklikler, baglarin yapisindaki tutunma giiciinii
etkileyebilir. Lamine aga¢ malzemelerin tutkall
birlestirmelerinde bile ¢ekme ve sisme etkisi gosteren
parcalar rutubetli ortama birakilirsa ayni tepkiyi
vermezler(2).

Giinlimiizde, 1slak ve kuru ortamlarda kullanilacak agag
malzemeye gore sentetik regineler iiretilir. Tutkallar biiyiik
imalathane ve igyerleri i¢in kullanilmaya misaittir.
Aragtirma  caligmalari, malzemenin pargalanmasini
onlemek ve kaliteyi artirmak igin, tutkallarin yeni
uygulama alanlart ve gelistirilmesi iizerine
yogunlagsmistir(3).

Siirekli artis gosteren global popiilasyondan dolay1, lif
levha, lamine ahsap malzeme ve kontraplak gibi iriinlere
miihendislikte talep artmaktadir. Lamine aga¢c malzemeyi
olusturan her katman, bitisik katmana paralel gelecek
sekilde olusturulur(4). Yap:t malzemesi olan lamine agag
malzemede boyutsal kararlilik ve homojenlik olmasi igin,
dayanikli ve dengeli malzemenin kullanilabilmesi
istenmektedir(5).

Kontraplak gibi lamine aga¢ malzeme panelleri,
kullanilacaklari yere bagl olarak farkli sentetik recineler
kullanilarak  iretilir.  Genellikle fenol formaldehit
recineleri retilen panellerin dis katmanlarinda kullanilir.
Melamin-iire formaldehit recineleri rutubetli ortamlarda
degerlendirilecek  panellerde  kullanilir.  Ancak iire
formaldehit regineleri dis ortamlarda fenol formaldehit
regineleri kadar direngli degildir(6). Cremonini ve
arkadaglari, iire formaldehit tutkalinin su itici Ozeligini
arttrmak icin melamin formaldehit ilavesinin oldukca
etkili olacagini gostermislerdir(7).

Cremonini ve Pizzi(8) iire formaldehit karigiml
tutkallarmm daha iyi yapisma direnci sonucu verdigini
belirtmislerdir. Gii¢lii tutkallarla yapistirilmis lamine agag
malzemelerin sigmesi ve tutkal tiirliniin sismeye etkisi
cahigilmadi. Bunu bagli olarak, iire formaldehit (UF),
desmodur-VTKA (D-VTKA), polyvinil asetat (PVAc) ve
fenol formaldehit (FF) tutkallan ile yapistirtlmis lamine
aga¢ malzemenin su buharma maruz kalmasi sonucu
olusan sigsme miktarlart karsilagtiriimistir.

2.MATERYAL VE METOT
2.1. Agac Tiirleri

Ankara’da bulunan kereste saticilarindan rasgele
yontemle secilen, saricam (Pinus sylvestris L.), kavak
(Populus tremula L.) ve dut (Morus alba L.) agaglar
tercih edilmistir. Aga¢c malzeme O6zel olarak segilerek
alinmistir. Buna gore, budaksiz, diizgiin gévdeli, bocek ve
mantar zararlilarina maruz kalmamis olmalart ve 6zellikle
diri odun kismindan segilmistir.

2.2. Tutkallar

Bu ¢alismada asagidaki tutkallar kullanilmistir: PVAc,
kokusuz, yanici olmayan tutkaldir. Oda sicakliginda ve
hizli bir sekilde katilagir. Bu tutkalin uygulanmasi ¢ok
kolaydir, makinelerde kesilmesi durumunda makinelere
zarar vermez. Ancak, 1s1 arttikga PV Ac tutkalinin mekanik
ozellikleri azalir. 70°C’nin istiinde yapigma direncini
kaybeder. Uygun sartlarda malzemenin sadece bir
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service is expected. For example, the performance of
every structural connection in wood, with the possible
exception of a glued joint, can be affected by different
dimensional changes in the members. Even simple glued
joints, including those in laminated wood members, show
shrinkage or swelling stresses if the pieces put together do
not have identical moisture response properties (2).

Today, synthetic resins are being produced according
to the wood materials used on dry and damp conditions.
They are also convenient for use in the workshops and
straight manufacturing. To prevent material scraps and
increase the quality, research studies have been carried on
the development of glue and its new application areas (3).

The demand for engineered wood products such
asoriented strand board, glulam and laminated veneer
lumber - LVL has increased due to a constant increase in
the global population. The grain of each layer of veneer
assembled into LVL runs parallel with each adjacent ply
(4). Being a homogeneous and dimensionally stable
building material, LVL can be used where strength and
stability are required (5).

LVL panels, like plywood, are manufactured using
different synthetic resins depending on where they are
used. Phenol formaldehyde resins are generally used as a
binder for exterior grade panel production. Melamine-urea
formaldehyde resins are also used for panels evaluated in
damp conditions. However, it was stated that the panel
bonded with Urea- formaldehyde resins under exterior
conditions was not as resistant as the panel bonded with
phenol formaldehyde resin (6). To increase water
repellency, the addition of melamine to a urea
formaldehyde (UF) glue mixture was found to be quite
effective by Cremonini et al. (7),

Cremonimi and Pizzi(8) and a better shear strength
results were obtained from the urea formaldehyde glue
mixture. The effects of adhesive types and swelling of
LVL on bonding strenght of panels were not studied.
Therefore, the aim of this study was to compare swelling
of LVL bonded with phenol-formaldehyde (PF), polyvinyl
acetate (PVAc), Desmodur-VTKA (D-VTKA) and urea —
formaldehyde (UF) adhesives after exposed steam.

2.MATERIAL AND METHOD
2.1. Wood Species

Scots pine (Pinus sylvestris L.), poplar (Populus
tremula L.) and mulbery (Morus alba L.) were chosen
randomly from timber merchants of Ankara, Turkey. A
special emphasis was put on the selection of the wood
material. Accordingly, non-deficient, proper, knotless,
normally grown (without zone line, reaction wood, decay,
insect and fungi damages) wood materials were selected.

2.2. Adhesives

The following adhesives were used in this experiment:
PVAc is an odorless, non-flammable adhesive. It can be
used in room temperature and solidifies quickly. The
application of this adhesive is very easy and it does not
damage the tools during the cutting process. However,
mechanical resistance of PVAc adhesive decreases by
increasing heat. It loses bonding resistance capacity over
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yiizeyine 150-200 g/m? tutkal siiriiliir(9).

TS 3891 standardina gore PVAc tutkali uygulanmistir.
PVAc tutkalmim yogunlugu, 1.1 g/cm?®, viskozitesi 16.000
+ 3.000 mPa's, pH degeri 5 ve kiil oram1 % 3’diir. Pres
stiresi % 6-15 rutubet derecelerinde, soguk preste 20
dakika ve 80 °C’deki preste 2 dakika olarak tavsiye
edilmektedir. Sicak pres siirecinden sonra, malzeme
normal sicakliga gelinceye kadar beklenilir(10). PVAc
tutkali, izmit’te iretim yapan firmadan temin edilmistir.

Uretici firma tarafindan(11), tek komponentli olarak
belirtilen Desmodur-VTKA tutkali mobilya endiistrisinde
montaj kademelerinde oldukca fazla kullanilmaktadir. Tek
komponentli, serbest ¢o6ziiciili tutkaldir. Odun, metal,
polyester, tas, ¢am, seramik, PVC ve diger plastik
malzemeleri yapistirmada kullanilir. Uygulamada yiiksek
rutubetli yerlerde tavsiye edilir. 20 °C ve % 65 rutubette
yapistirma  iglemi  gerceklestirilir. Uretici  firmanim
onerisine gore, tutkal yiizeye 180-190 g/m* olarak
uygulanir. Tutkalin viskozitesi 25 °C’de 14 000 + 3000
mpa s, yogunlugu ise 20 °C’de 1.11 + 0,02 g/cc ve soguk
hava sartlarma kars1 dayaniklidir.

Ure formaldehit, ire ile formaldehit’in
polikondenzasyonu sonucu olusan bir amin reg¢inesidir.
Ure formaldehitin temel bilesenleri, iire ve formaldehittir.
CO (NH,), ve H,O igerisinde basing ve sicaklik etkisinde
karbon dioksit (CO,) ve amonyum’un (NH;) sentezidir.
Hem Amonyum hem de karbon dioksit dogal gazlardan
iiretilir. Ure ticari olarak boncuk seklinde kristalimsi bir
yapidadir.

Formaldehit, metanol (CH3;0H) i¢inde metan (CHy) ve
oksijen’den (O) sentez edilir. Metan, oksijen ve ham
petrolden elde edilir. Metanol bir katalizér yardimiyla
HCHO ve H,’den formaldehit’e doniisiir. Formaldehit
renksiz bir gazdir.

Ure ve formaldehit, UF reginesi iginde bir karistirict
yardimiyla birlestirilir. Yaklasik % 65°lik kati icerik ve
kolloidal ¢dzelti olarak ahsap {riinleri fabrikalarinda
isleme alinmaktadir. Bu sivi, kokusuz, hafifce opak ve
kesinlikle yanmazdir. Islem esnasinda, iire formaldehit
reginesi baglar1 giiglendirilmis ve polimerize edilmistir.
Ure formaldehit, odun hiicrelerinin hidroksil bilesenleri ile
tepkime verir. Genellikle tutkal, yiizeye 100-150 gr/m2
olarak uygulanir. 20 °C’lik soguk preste pres siiresi 3-
5 saat, sicak preste ise siire azalarak 3-5 dakika
olmaktadir(11). Ure formaldehitin molekiiler yapis: figiir
1’de verilmektedir.

70°C. Using 150-200 g/m* the adhesive seems to be
suitable on condition that it is applied to only one surface

).

TS 3891 standard procedure was used for applying
PVAc adhesive. The density of PVAc was 1.1 g/cm3 , the
viscosity 16.000 + 3.000 mPa's, and pH value and ash
ratio were 5 % and 3 %, respectively. A pressing time of
20 min for the cold process and 2 min and 80°C are
recommended with 6-15 % humidity for the joining
process. After a hot-pressing process, the materials should
be attended until its normal temperature is reached (10).
PVAc adhesive was supplied from a producer firm in
[zmit, Turkey.

Producer firm (11) describes Desmodur-VTKA
adhesive having one component polyurethane based and
widely preferred for the assembly process in the furniture
industry. It has one component, solvent free adhesive. It is
used for gluing wood, metal, polyester, stone, glass,
ceramic, PVC and other plastic materials. Its application is
specially recommended in locations subject to high-level
humidity. Gluing process was carried out at 20 °C and 65
% relative humidity. According to the producer firm’s
advice, adhesive should be applied 180-190 g/m® to the
surfaces. Its viscosity was -14 000 + 3000 mpa s at 25 °C;
density 1.11 £ 0,02 g/cc at 20 °C and it has resistance
against the cold air.

Urea-formaldehyde is an amine resin made from the
polycondensation of urea (carbamide) with formaldehyde.
The building blocks for UF are urea and formaldehyde.
Urea is synthesized from ammonia (NH;) and carbon
dioxide (CO,) under heat and pressure into CO
(NH,), and H,0O. Both ammonia and carbon dioxide are
obtained from natural gas. Urea is a whitish crystal traded
in pellet form.

Formaldehyde is synthesized from methane CH, and
oxygen O into methanol CH3;0OH. Methane is obtained
from crude oil and oxygen from the air. With the help of a
catalyst, methanol is converted into formaldehyde, HCHO
and H,. Formaldehyde is a colorless gas.

Urea and formaldehyde are combined in a reactor into
UF resin. It is shipped to engineered wood product plants
as a colloidal aqueous solution with a solid content of
about 65 %. This liquid is odorless, slightly opaque, and,
of course, not flammable. When shipped, the UF resin is
already polymerized and cross-linked to a certain degree.
Urea-formaldehyde reacts with a wooden cell wall
hydroxyl. Adhesive is usually applied on the surfaces 100
— 150 gr/m™ If cold press is applied at 20 °C, the period of
press is 3-5 h. In hot press, this period decreases to 3 — 5
min (11). Molecular structure of urea formaldehyde is
given in Figure 1.
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Folymerization and Condensation from Urea
and Formaldehyde towards a Resin

Polimeﬁﬁzzasyon ve kondenzasyon ile iire ve formaldehitten regine eldesi

e HN - GHoOH
Lo 0 ¢
| * i 1 f=':' Monome thyleld Urea
MH = HH2 Monometil iire
Formal-
vrea  dehyde /Ure formaldehit
HM -CH20H HnI -CHo0H
P
| 0 + H- C::I—} ':.I--E':' Dimethylold Urea /Di metil iire
HHo HN -C:H 20H
HH-C:-H 2 ?
i H HG-CHE-HH-&NH-CHE-H-é-nH-CH_g-
m"I’-’ mlfz Conden - o
OH M | sation 1
Konden HCI-CHE-bil-lﬁ-NH-GHE-H-Iﬁ-HH-OI'FE-
Zasyon CHz O

Figure 1. Molecular Structure of Urea Formaldehyde (12)
Sekil 1. Ure Formaldehitin Molekiiler Yapisi(12)

Fenol formaldehitin temel bilesenleri, fenl ve
formaldehittir. Fenol ham petrolden elde edilir. Fenol’un
temel bilesenleri toluen ve benzendir. Toluen benzoik
asitten donistiiriilir, benzen ise propilen ve cumen’in
karigimidir. Benzoik asit ile birlikte fenolii olusturur.

Fenol ve formaldehit, FF recinesi iginde bir karistiric
yardimiyla birlestirilir. Lamine aga¢ malzeme igin %
30’luk, OSB ve HB i¢in % 50’lik kat1 igerik ve kolloidal
¢ozelti olarak ahsap iiriinleri fabrikalarinda yaygin olarak
isleme alinmaktadir. Bu sivi, kokusuz, koyu kahverengi ve
kesinlikle yanmazdir. Islem esnasinda, fenol formaldehit
reginesi, tUre formaldehit reginesi gibi baglarini
giiclendirmis ve polimerize edilmistir. Fenol formaldehit
¢ozeltisi, fenol ve formaldehitin 2.2 mol oranlarinda
formaldehitin ¢ogu FF yapisi iginde {i¢ boyutlu kuvvetli
baglar ile siirekli bir sekilde yapistirilacaktir. Serbest
formaldehit, iire formaldehitin pres esnasinda birakildig:
gibi, aym sekilde pres esnasinda birakilir(12). Fenol
formaldehitin molekiiler yapis: figiir 2°de verilmektedir.

trea Formaldehyde Resin /Ure formaldehit reginesi

The building blocks for PF are phenol and
formaldehyde. Phenol is derived from crude oil. Phenol's
principal feedstock is toluene and benzene. Toluene is
converted into benzoic acid; benzene is combined with
propylene into cumene. Together with benzoic acid it
forms phenol.

Phenol and formaldehyde are combined in a reactor
into PF resin. It is commonly shipped to engineered wood
product plants as a colloidal aqueous solution with a solid
content between 30% (for LVL) and 50% (for HB and
OSB). This liquid is odorless, of dark-brownish color, and,
of course, not flammable. When shipped, the PF liquid,
just like the UF, is polymerized and cross-linked to a
certain degree. In the PF solution, phenol and
formaldehyde are available at a molar ratio of about 2.2.
most of the formaldehyde will be bonded permanently
within the three-dimensional cross-linked PF network. The
free formaldehyde released during the pressing is about
the same as the one released during the pressing of UF
(12). Molecular structure of phenol formaldehyde is given
in Figure 2.
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Folymerization and Condensation of Fhenol
and Formaldehyde towards a Resin

C:
He eH 20 HOCH2
1 | + H-C - _
HC i “H
. (e
H Formal -
Phenol eh yoie
/Fenol formaldehit
-CH
0
HOCHz - - CHpD
=Hs
Conden -
sation
':’HE':'H Konden

Trimethylolpheno 1 40"
Tri metilol fenol

Figure 2. Molecular Structure of Phenol Formaldehyde (13)

Sekil 2. Fenol Formaldehitin Molekiiler Yapisi(13)
2.3. Test Orneklerinin Hazirlanmasi

Hazirlanan test ornekleri 20 + 2 °C sicaklik ve 65 £ 3
% bagil nemde klimatize edilmistir. TS EN 3639
esaslarina  gore  boyutsal  stabilite  testi  igin,
5X100X100mm ebatlarindaki kaplamalardan
20x100x100mm  boyutlarinda 4  katmanli  olarak
tiretilmistir(14). Daha sonra TS 5430(15) standardina gore
oreklerin yiizeylerine yaklasik olarak 180 g/m” tutkal
uygulanmigtir. Tek kathh sicak pres kullanilmigtir.
Uygulanan pres basmnci 1.2 N/mm? pres siresi 7
dakikadir. Pres sicakligi iiretici firmalarin tavsiye ettigi
sicaklik derecelerinde, UF igin 110°C ve FF icin 140°C
olarak uygulanmistir. Calismada kullanilan test 6rneginin
sekli figiir 3°te verilmektedir.

-CH2 -Um:
I
CH

Fhenod Formalddehyde Resdn /Fenol formaldehit Reginesi

on Polimerizasyon ve kondenzasggn ile fenol ve formaldehitten regine eldesi

i
CH=0H
Trimethydledohenol /Trimetilol Fenol

e e pe

o 9 ’

I

iz 2 (2
— CHp —-CHs
oH oH

2.3. Preparation of The Test Samples

The test samples which had the rough size were
climatized until they were stable at 20 £ 2 °C and 65 + 3
% relative humidity in climatization room. Later on they
were cut 5x100x100 mm and 4 pieces were bonded to get
20x100x100 mm for dimensional stability tests according
to the procedure of TS EN 3639 (14). Afterwards, based
on TS 5430 (15), the adhesives were applied to the
bonding surfaces of samples approximately 180 g/m”. A
single daylight press was used for hot pressing. Press
pressure and duration were 1.2 N/mm® and 7 min.
respectively. Press temperatures were applied as 110 °C
for UF and 140 °C for PF adhesive by taking the general
curing temperatures recommended by their manufacturers
into consideration. The perspective of the test specimen is
shown in Fig.3.
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Figure 3. Steam test sample (sizes given in mm)

Sekil 3. Su Buhari Test Ornegi (6lgiiler mm olarak verilmistir)

2.4. Deneylerin Yapilis

Deney Ornekleri 49+2 °C sicaklik ve % 85+3 bagil
nem sartlarini i¢eren ¢apt 60 cm, boyu 120 cm olan deney
cihazi igerisinde bekletilmistir. Deney 6rneklerinin dl¢tiim
yerleri TS 4084 esaslarina gore belirlenmistir(16).

Deney ornekleri 2, 6, 12, 24, 48, 96 saat siire ile
bekletilmistir. Her bekletme siiresi sonunda olgtimii
yapilan Ornekler bir sonraki asama igin tekrar su buhari
etkisine birakilmigtir. Kalinlik artigt igin Olgimler her
deney 6rneginin dort noktasindan yapilmis ve ortalamalari
alinarak tek bir deger olarak kaydedilmistir.

2.5. Agirhik Artis1

Orneklerin agirhk alma miktarlar1 (A) TS 3639°da
belirtilen esaslara gére % olarak hesaplanmistir(14).
+0.01 hassasiyette analitik terazi kullanilmustir. Agirlik
artigl, asagidaki esitlik yardimiyla hesaplanmustir.

A= (Mo —Mp) * 100/M,
Burada; M, = Test 6ncesi agirlik(g)
M, o= bl¢lim esnasindaki agirlik(g)

(M

2.6. Kalinlikca Sisme

Orneklerin kalinlik artis1 (G) ise TS 3639 standardina
gore asagidaki formiile gore yiizde olarak hesaplanmugtir.

Olgiimler icin =+ 0.01 hassasiyette bir kumpas
kullanilmustur.
G=(a;_9—ap) * 100/a, 2)

Burada; a, = Ilk kalilk (mm)
a;. o= Kalilik degisimi (mm)

2.7. Liflere Paralel Sisme

TS 3634 standartina gore kalinlik¢a sismede kullanilan
formiil liflere paralel sismede de kullanilmistir(17).

2.4. Execution of the Test

The test samples were kept in test equipment having a
60 cm diameter and 120 cm length and containing 49 + 2
°C and 85 =+ 3 relative humidity. The measurement points
of test samples were determined according to the
procedure of TS 4084 (16). The test samples were kept 2,
6, 12, 24, 48 and 96 hours. After the each period the test
samples were measured, they were reexposed to the steam
test. Radial (thickness) swelling was measured from 4
different points and their average value was recorded as a
single value.

2.5. Weight Increases

The absorbed water of the samples (A) was calculated
as a percentage according to the procedure of TS 3639. An
analytic balance of 0.01 sensitivity was used. The amount
of absorbed water was calculated by using the following
equation.

A= (M]____g — Mb) * IOO/Mb
Where; M, = weight before the test (g)
M, o= weight on the measurement (g)

2.6. Radial (thickness) Swelling

(M

Radial swelling of the samples (G) is expressed as
percent and can be calculated using the following formula
according to the procedure of TS 3639. A compass of +
0.01 sensitivity was used.

G= (al___g — ab) * 100/ab
Where; a, = initial thickness (mm)
a;_ o= change in thickness (mm)

2

2.7. Tangential Swelling

The formula of radial swelling is used to determine the
tangential swelling according to the procedure of TS 3634

(17).
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2.8. Liflere Dik Sisme

TS 3634 standartina gore kalinlik¢a sismede kullanilan
formiil liflere dik sismede de kullanilmustir.

2.9. istatistiksel Yontem

Dort farkli tutkal, ii¢ farkli agac tiiri ve 30 kontrol
ornegi olmak iizere toplam (4x3x10+30) 150 6rnek su
buhart testine tabi tutulmustur. Ornekler arasinda fark olup
olmadigini saptamak igin verilere ¢oklu varyans analizi
uygulanmistir. Analiz neticesinde aralarinda fark bulunan
verilere, farkin hangi diizeyde dnemli oldugunu saptamak
icin Duncan testi uygulanmustir.

3. TARTISMA VE SONUC
3.1. Yogunluk

Farkli tutkallar kullanilarak elde edilen lamine agag
malzemelerin hava kurusu haldeki yogunluklar1 Cizelge
1’de verilmektedir.

2.8. Longitudinal Swelling

The formula of radial swelling is used to determine the
longitudinal swelling according to the procedure of TS
3634.

2.9. Data Analyses

By using four different types of adhesive, three wood
species and thirty control samples as parameters, a total of
150 samples (4x3x10+30) were prepared for the steam
test. Multiple variance analysis was used to determine the
differences among the LVL. It was determined by the
Duncan test that there is a significant difference among the
groups.

3. RESULTS AND DISCUSSION
3.1. Density

Air-dry density of LVL produced by using different
adhesives is indicated in Table 1.

Table 1. Air Dry Density of LVL and Control Samples (g / cm®)
Cizelge 1. Lamine Malzemelerin ve Kontrol Orneklerinin Ozgiil Agirliklar (g / cm®)

Wood species Control LVL with PVAc LVL with LVL with UF/ LVL with PF
Agag Tiirti Kontrol /PVAC’li VTKA/ UF’li PF’li
VTKA’l1
Scots pine/ Sarigam 0,52 0,59 0,57 0,63 0,64
Poplar/ Kavak 0,50 0,52 0,54 0,59 0,60
Mulberry/ Dut 0,65 0,67 0,69 0,73 0,74

Lamine aga¢ malzemelerin iiretiminde kullanilan tutkal
ve uygulanan basing etkisiyle aga¢ tiirlerinin yogunlugu
artmistir. Biitiin agag tiirleri igerisinde en yiiksek yogunluk
fenol formaldehit tutkali kullanilarak dut agacindan elde
edilen lamine malzemede (0,749) bulunmustur.

Lamine aga¢ malzemelerin ve kontrol &rneklerinin su
buharinda bekletilmeleri sonucu agirlik, kalinlik, liflere
dik ve paralel yonde genisliklerindeki en yiiksek artiglar
Cizelge 2°de verilmektedir.

The density of wood species increased by the effects of
adhesives and the pressure applied on the production of
LVL. The highest density (0,749) was determined for
mulberry LVL with PF adhesive in all wood species.

The highest values of weight increases, radial,
tangential, longitudinal swelling of LVL and the control
samples after being exposed to the steam test are given in
Table 2.

Table 2. The highest values of weight increases, radial, tangential, longitudinal swelling (%)
Cizelge 2. Agirlik, Kalinlik, Liflere Dik Ve Paralel Yondeki En Yiiksek Artislar(%)

Adhesive Weight / Agirlik Radial Swelling Tangential Longitudinal
Type/ (%) Kalmlik Swelling/ Geniglik ~ Swelling / Genislik
Tutkal Tiirii (%) (Liflere Dik) (%) (Liflere Paralel) (%)
Mulberry Poplar Pine  Mulberry Poplar Pine Mulberry Poplar Pine Mulberry Poplar Pine
Dut Kavak Sarigam Dut Kavak Saricam Dut Kavak Saricam Dut Kavak Saricam
PVAc 21,6 39 65 3,51 3,61 2,82 1,91 2,86 3,73 0,58 0,33 0,55
VTKA 29 38 51 5,72 3,02 6,38 2,31 3,78 3,60 0,43 0,27 0,24
UF 21 43 59 3,28 3,36 5,52 2,29 3,57 2,82 0,38 0,27 0,19
PF 25 58 53 3,42 5,64 6,53 2,04 3,47 3,67 0,58 0,30 0,51
Control/ Kon 47 78 113 7,99 2,12 4,32 5,70 425 2,67 0,20 0,36 0,54

En yiiksek agirlik artist (% 113) kavak kontrol
orneklerinde goriilmiistiir. Bunun yaninda, lamine agag
malzemelerdeki en yiiksek agirlik artis1 ise PVAc tutkali

The highest weight increment (113 %) was determined
in poplar control samples. Also, poplar LVL with PVAc
gave the highest weight increment as (59 %), in level LVL
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kullanilarak kavak odunundan elde edilen 6rneklerde ( %
59) gorlilmiistiir. En yiiksek kalinlik ( % 7,99) ve liflere
dik yondeki genislik artist (% 5,70) dut kontrol
orneklerinde ve en yiiksek liflere paralel yondeki genislik
artisida (%0,58) FF ve PVAc tutkallar1 kullanilarak dut
agacindan  Uretilen lamine aga¢  malzemelerde
bulunmustur.

Lamine aga¢ malzemelerde en yiiksek kalmlik artist, %
6,53 ile FF tutkali kullanilarak kavak agacindan iiretilen
lamine malzemede, liflere dik yondeki en fazla genislik
artist % 3,78 ile  VTKA tutkali kullanilarak ¢am
agacindan elde edilen ve liflere paralel yondeki en fazla
geniglik artisida % 0,58 ile FF ve PVAc tutkallari
kullanilarak dut agacindan fretilen lamine agag
malzemelerde bulunmustur

Su buhar testi sonucu elde edilen verilere uygulanan
coklu varyans analizi sonuglart Cizelge 3’te verilmektedir.

G.U. J. Sci., 18(4):681-691 (2005)/ Burhanettin UYSAL*, Seref KURT

samples. The highest increment in radial (7,99 %),
tangential swelling (5,70 %) for mulberry control samples
and longitudinal swelling (0,58 %) was determined in
mulberryLVLs with PVAc and PF adhesives. The highest
radial swelling as 6.53 % for poplar LVL with PF, the
highest tangential swelling as 3.78 % for pine LVL with
VTKA and the highest longitudinal swelling as 0.58 % for
mulberry LVL with PF and PVAc adhesive were
determined.

The multy variance analyze applied on the data
obtained from the steam test is given in Table3.

Table 3. The Multy Variance Analyze Connected with Weight Increase, Radial, Tangential, Longitudinal Swelling of
LVL and Control Samples After being exposed to Steam ) )
Cizelge 3. Su Buhar1 Ortaminda Bekletme Siiresinin Lamine ve Masif Kontrol Ornekler Uzerinde Agirlik, Genislik ve

Kaliliga Etkisine iliskin Coklu Varyans Analizi

Source Type III Sum of Df Mean Square F Sig.
Varyans Kaynagi Squares/ Kareler ~ Serbestlik Kareler Ortalamast F Degeri P Degeri
Toplami derecesi
Corrected Model 59,997 419 ,143 135,575 ,000
Uygulanan Model
Factor A ,559 2 ,279 264,464 ,000
Factor B 9,255 6 1,542 1460,402 ,000
Factor C 1,424 4 ,356 337,107 ,000
Factor D 16,621 3 5,540 5245,640 ,000
A*B ,835 12 6,959E-02 65,886 ,000
A*C ,122 8 1,531E-02 14,492 ,000
B*C ,768 24 3,199E-02 30,290 ,000
A*B*C ,197 48 4,110E-03 3,891 ,000
A*D 1,517 6 ,253 239,383 ,000
B*D 19,110 18 1,062 1005,181 ,000
A*B*D 2,302 36 6,395E-02 60,553 ,000
C*D 3,236 12 ,270 255,360 ,000
A*C*D ,996 24 4,149E-02 39,287 ,000
B*C*D 2,299 72 3,193E-02 30,232 ,000
A*B*C*D ,756 144 5,248E-03 4,969 ,000
Error/ Hata 3,992 3780 1,056E-03
Total/Toplam 75,396 4200
63,989 4199

Corrected Total
Diizeltilmis Toplam

Factor A = Wood species (pine , poplar and mulberry)/ Agag Tiirii (Dut, Kavak, Cam)

Factor B = Exposing time (Control, 2, 6, 12, 24, 48, 96 h)/ Bekleme Siiresi (Kontrol, 2, 6, 12, 24, 48, 96 saat)
Factor C = Adhesive type (PVAc, VTKA, UF and PF)/ Tutkal Tiirii ( Masif Kontrol, PVAc, VTKA , Ure Formaldehit, Fenol

Formaldehit )

Factor D = Measurement (Weight increase, radial, tangential and longitudinal swelling)/ Olgiim ( Agirlik, Kalinlik, Genislik

Liflere Dik, Liflere Paralel)

Varyans analizi sonucuna gore, agac tiirliniin, tutkal
tiriinlin ve su buharinda bekletme siiresinin agirlik,
kalinlik, liflere dik ve paralel yondeki genislik artisina
etkisi istatistiksel olarak anlamli bulunmustur. Faktorler

According to the variance analysis, the effects of wood
species, adhesive type and exposing time on weight
increase, radial, tangential and longitudinal swelling were
statistically significant. The interaction between factors



Dimensional Stability of Laminated Veneer Lumbers .../ Farkl Tutkallarla Uretilen Lamina Kaplama...

arasindaki etkilesim istastistiksel olarak 6nemlidir(p<
0.05). Farkliligin hangi uygulamalarda énemli oldugunu
belirlemek igin yapilan Duncan testi sonuglar1 Cizelge
4’de verilmistir.

Table 4. Duncan Test Results of LVL (p< 0.05)*
Cizelge 4. Laminelerin Duncan Testi Sonuglart (p< 0.05)*

was statistically identical (p< 0.05).

The mean values of the variation sources that were
found to be significant were compared using Duncan’s test
and the results are summarized in Table 4.

Source of Weight increase/ Radial swelling  Tangential swelling Longitudinal swelling
Variance/ Agirlik artis Kalinlik artist Liflere dik artig Liflere paralel artis
Varyans kaynagi (2) (mm) (mm) (mm)
X X X X
Wood Type/ Agag Tiirii
Mulberry/ Dut 9,87 a 2,64 a 1,54 a 0,21 a
Scoth Pine/ Cam 17,83 b 2,83 b 1,61 a 0,27 b
Poplar/ Kavak 20,26 ¢ 327c¢ 1,91 b 0,28 b
Adhesive Type/ Tutkal Tiri
UF' 1245a 2,74¢ 132a 0,17 a
PF’ 1282a 453 ¢ l4la 033¢
PVAC 13,24 a 1,69 a 1,43 a 0,27 b
VTKA* 12,30 a 2,40 b 1,45a 0,18 a
Control/Kontrol 29,11b 321d 2,83 b 0,28 b
Exposing Time (h)/BeklemeSiiresi
Kontrol /Kontrol Oa Oa Oa Oa
2h 2,94 b 1,6 b 0,6 b 0,15b
6h 5,52 ¢ 25¢ 1,23 ¢ 0,22 ¢
12h 8,82d 3,2d 1,70d 0,27d
24 h 16,98 ¢ 3,75¢ 2,16 ¢ 0,35¢
48 h 27,94 £ 438f 2,79 f 035¢
96 h 49,68 g 495¢ 324 ¢ 0,38¢

* The mean values marked with the same symbol are statistically identical

'urea —formaldehyde, *Phenol-formaldehyde, *polyvinyl acetate, “Desmodur-VTKA (D-VTKA) adhesives
* Aym semboldeki ortalama degerler arasinda istatistiksel olarak fark yok

'Ure —formaldehit, *Fenol-formaldehit, *polyvinil asetat, “Desmodur-VTKA (D-VTKA) tutkallar:

En az agirlik artist lamine dut 6rneklerinde bulundu
bunun yaninda en az kalinlik artigi, en az liflere dik ve
paralel yonde genislik artist yine dut Orneklerinde
gozlemlenmistir. En yiiksek agirlik, kalinlik, liflere dik ve
liflere paralel yonde genislik artist kavak agaci
orneklerinde goriilmistiir.

Tutkal tiirleri agirlik ve liflere dik yonde genislemede
benzer sonuglar verdi fakat VTKA tutkali en az agirlik ve
iire formaldehit tutkali da liflere dik yonde en az genislik
artis1 gostermigtir. Kalinlik, liflere dik ve liflere paralel

yondeki  genislik artist  kontrol  Orneklerinde  de
goriilmiistir.  Biitin ~ tutkallar ~ sisme  miktarinm
azaltmaktadir.

Duncan testi sonucuna gore en yiiksek deger 96 saat su
buharinda bekletme sonucu 6l¢iilmiistiir.

Test oOrneklerindeki bu ortalamalar lif doygunluk
noktasina yakin degildir. Eger rutubet lif doygunluk
noktasmin iizerinde ise hiicre bosluklarindaki serbest su
daha fazla genislemeye katki saglamaz.

Mulberry wood was found the most successful LVL
material with the least weight increase, also mulberry
wood showedthe least radial swelling, the least tangential
swelling and the least Longitudinal swelling. The highest
values of weight increase, radial swelling, tangential
swelling and longitudinal swelling were measured in
poplar wood.

Adhesives gave similar values in the weight increase
and in tangential swelling, but VTKA adhesive was found
the most successful material with the least weight increase
and UF adhesive was found the mos successful in the
tangential swelling. Radial, tangential and longitudional
swelling were measured in control samples. All adhesives
decreased the value of swelling.

According to the Duncan test, the highest values were
determined after 96 h. This means that the test samples did
not reach the fiber saturation point. If the moisture is
beyond the fiber saturation point, the free water in the void
structure does not contribute to further expansion.
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4. SONUC

Uretilen lamine agac malzemelerdeki en yiiksek
yogunluk artisi, fenol fermoldehit tutkalli lamine agag
malzemede gorillmiistiir. En yiiksek yogunluk 0.74 g/cm®
ile fenol formaldehit tutkali kullanilarak elde edilen
lamine aga¢ malzemede bulunmustur.

En yiiksek degerler, 96 saat su buharinda bekletme
sonucu elde edilmistir. En yiiksek agurlik artist (% 113)
kavak agac1 kontrol 6rneklerinde, fakat en yiiksek kalinlik
(% 7,99), en yiiksek liflere dik yonde genislik (% 5,7) ve
en yiiksek liflere paralel yonde genislik (% 0,58) olarak
dut kontrol drneklerinde bulunmustur. Dut agacindan elde
edilen sonuglar diger agaclardan elde edilen sonuglardan
daha yiiksektir. Ciinkii, yogunlugu daha fazla olan
malzeme hiicre igerisine daha fazla rutubet alarak daha
fazla siser. Teget hiicre c¢eperleri radyal hiicre
ceperlerinden daha kalin oldugu igin teget yoOndeki
genisleme radyal yondeki genislemeden daha fazladir.
Teget yondeki genisleme oran1 % 8-12, radyal yonde %
4-6 ve onemli bir 6zellik olarak ta liflere paralel yonde
hacimsel genisleme meydana gelmemesidir(18).

Dut agacindan elde edilen lamine aga¢ malzemelerdeki
agurlik artist kontrol 6rneklerindeki agirlik artislarindan
daha dusiiktir. Disiikten yiiksege dogru agulik artisi
oranlar, % 21 ile iire formaldehit tutkalli lamine
malzemelerde, % 29 ile VTKA’lI lamine malzemelerde
gozlemlenmistir. Sarigam agacindan, VTKA tutkali
kullanilarak elde edilen lamine aga¢ malzemede % 38,0 ve
fenol formaldehit tutkali kullanilarak elde edilen lamine
aga¢c malzemede % 57,80 olarak bulunan bu degerler
kontrol 6rneklerinden daha diisiik degerlerdir.

Kavak ve saricam odunundan elde edilen lamine
malzemelerdeki kalinlik artis1, kontrol drneklerinden daha
yliksek bulunmugtur. Sarigam odunundan elde edilen
lamine malzemelerde, yiiksekten diisiige dogru kalinlik
artiglari, fenol formaldehit tutkali ile % 5,64, VTKA
tutkali ile % 3,02 olarak bulunmustur. Kavak agacindan,
fenol formaldehit tutkali kullanilarak elde edilen lamine
aga¢ malzemede % 6,53 ve PVAc tutkali kullanilarak elde
edilen lamine aga¢ malzemede % 2,82 olarak bulunan bu
degerler kontrol 6rneklerinden daha yiiksek degerlerdir.
Fakat dut agac1 kontrol 6rneklerindeki kalinlik artig degeri,
dut agac1 kullanilarak elde edilen lamine malzemelerdeki
degerlerden daha yiiksek bulunmustur. Dut agaci kontrol
orneklerinde % 7,99 olan kalinlik artis degeri, dut
agacindan elde edilen lamine malzemelerdeki artistan daha
yiiksek bulunmustur.

Sarigam ve dut odunundan elde edilen lamine
malzemelerdeki liflere dik yondeki genislik artisi kontrol
orneklerinden daha diisiiktiir. Saricam odunundan elde
edilen lamine malzemelerde, yiiksekten diisiige dogru
liflere dik yondeki genislik artislari, VTKA tutkal1 ile %
3,78, PVAc tutkali ile % 2,86 olarak bulunmustur. Dut
agacindan, PVAc tutkali kullanilarak elde edilen lamine
aga¢c malzemede % 1,91 ve VTKA tutkali kullanilarak
elde edilen lamine aga¢ malzemede % 2,31 olarak bulunan
bu degerler kontrol drneklerinden daha diisiik degerlerdir.
Fakat, kavak agaci kontrol 6rneklerinde % 2,67 olan liflere
dik yondeki genislik artis degeri kavak agacindan elde
edilen lamine malzemelerdeki degerden daha diigiiktiir.

G.U. J. Sci., 18(4):681-691 (2005)/ Burhanettin UYSAL*, Seref KURT

4. CONCLUSION

After manufacturing of LVL the highest density
increment was determined in LVLs with PF adhesive. The
highest density was measured in Mulberry LVL with PF
adhesive as 0.74 g/em™

The highest values were determined in all samples after
being exposed to 96 h steam. The highest increment in
radial (7.99 %), tangential (5.7 %) and longitudinal (0.58
%) swelling was determined in control mulberry but the
highest weight increment (113 %) was determined in
poplar. The values of mulberry were determined higher
than the values of the other wood species. Because, the
higher the density is, the more swelling occurs when
moisture is added to the cell wall. Tangential cell wall is
thicker than the radial wall, more tangential swelling
occurs than radial swelling. Volumetric tangential
swelling is in the range of 8-12 %, radial 4-6 %, and, in
most species, no swelling occurs in the longitudinal
direction (18).

The values of weight increase of mulberry wood LVL
were lower than the values of weight increase of control
samples. The range from higher to lower weight increase
was , 21.0 % LVL with UF and 29.0 % LVL with VTKA.
The values of scots pine LVL were lower than the values
of control samples as follows 38.0 % LVL with VTKA
and 57.80 LVL with PF.

In radial swelling, the values of pine and poplar LVL
were higher than the values of control samples. The range
from higher to lower radial swelling of pine LVL was 5.64
% LVL with PF, 3.02 % LVL with VTKA. The values of
poplar wood LVL were 6.53 % LVL with PF and 2.82 %
LVL with PVAc higher than the values of the control
samples. But, radial swelling, the values of mulberry wood
control samples were higher than the values of mulberry
LVL. The values of mulberry wood control samples 7.99
% were higher than the values of mulberry wood LVL.

In tangential swelling, values of pine and mulberry
LVL were lower than control samples. The range from
higher to lower radial swelling of pine LVL was 3.78 LVL
with VTKA and 2,86 % LVL with PVAc. The values of
mulberry wood LVL were 1.91 % LVL with PVAc and
2.31 LVL with VTKA lower than control samples. But,
tangential swelling, the values of poplar wood control
samples 2.67 % were lower than the values of poplar
wood LVL.

The values of longitudinal swelling scots pine and
poplar wood control samples were higher than the values
of the LVL , but except for poplar LVL with PVAc. But,
longitudinal swelling, the values of mulberry wood control
samples 0.17 % were lower than the values of poplar
wood LVL.

Consequently, LVLs manufactured by using PVAc,
VTKA, UF and PF have more dimensional stability than
natureal wood. Mulberry wood and VTKA and UF are
proposed to manufacture of LVL used in damp condition.
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Sarigam ve kavak odunu kontrol orneklerinde liflere
paralel yondeki genislik artis degeri, PVAc tutkal
kullanilarak kavak agacindan elde edilen lamineler harig,
diger lamine malzemelerden daha yiiksek bulunmustur.
Fakat, dut agaci kontrol 6rneklerinde % 0,17 olan liflere
paralel yondeki genislik artis degeri kavak agacindan elde
edilen lamine malzemelerdeki degerden daha diigiiktiir.

Sonu¢ olarak, PVAc, VTKA, UF ve FF tutkali
kullanilarak elde edilen lamine malzemeler, masif
agaclardan daha iyi boyutsal stabiliteye sahiptir. Islak
sartlarda  kullanilacak lamine aga¢ malzemelerin
iiretiminde, dut agac1 ile VTKA ve UF tutkal énerilir.
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