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Abstract

In this study, Black Locust (Robinia pseudoacacia L.) one of the fast-growing
trees in Black Sea Region of Turkey was investigated for manufacturing
particleboard. The other purpose of this study was to determine ifjuvenile and
mature woods adversely affects the thickness swelling (TS), water absorption
(WA), static bending (SB) and internal bond (IB) strength properties of
particleboards. Particleboards made from juvenile wood had lower static
bending, internal bond, water absorption and thickness swelling values than
those of board made from mature wood. Results shovved that particleboard
produced at 0,70 g cm'3density had the requirements of IB and SB according
to the EN standards. However, WA and TS values were higher than the required
levels of the Standard. The hydrophobic substance was not used in the production
of particleboard. For this reason, additiona! work is needed to improve the
physical properties of particleboard produced from Black Locust (Robinia
pseudoacacia L.).
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1. INTRODUCTION

Due to environmental reasons, landfill regulations, recycling trends, green movement, the
available supply of wood is becoming scarce in the developed countries. Owing to the poor resources
of wood for particleboard production in the developing countries such as Turkey, the fast-growing
wood species will play a major role in providing the balance between supply and demand. For this
reason, researches in Turkey have been carried out on a wide variety of fast-grown raw materials:
i.e., Pinuspinaster (Kalaycioglu, 1991), Eucalyptus camaldulensis Dehn. (Nacar, 1997) e.g. Over
the last decades, fast-growing plantations have steadily spread worldwide and their number, for
softvvood and hardvvood, will continue to increase until they become predominant. Fast- grown
Robinia pseudoacacia L. is a common hardtvood species in Black Sea Region of Turkey, its usage
has recently increased greatly. This mainly used for erosion control.

Juvenile wood exists in every tree. It is classified as that portion of the xylem, surrounding
the pith in a cylindrical column that the cells have not fully matured. Compared to mature wood,
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the juvenile wood is characterized by lovver specific gravity, shorter tracheids, larger fibril angle,
lower transverse shrinkage, lower strength, lower percentage of late wood, higher moisture content,
thirmer celi walls, larger lumen diameters, and less cellulose but higher lignin content (GEIMER
and others. 1997). It can be either sapvvood or heartwood (KRAHMER 1986). Juvenile wood
generally has lovver mechanical properties than mature wood. Researchers generally agreed that the
juvenile core occurs in the first 5 to 20 grovvth rings, depending mostly upon species
(ERICSON/ARIMA, 1974; SHIOKURA 1982).

In this study, Black Locust (Robinia pseiidoacacia L.) one of the fast-growing trees was
investigated for manufacturing particleboard. The purpose of this study was to determine if juvenile
and mature woods adversely affects the thickness svvelling, water absorption, static bending and
intemal bond of particleboard.

2. MATERIALS AND METHODS

The wood used in this study was obtained from 23-year-old Robinia pselidoacacia L. grown
in Black Sea Region of Turkey, Trabzon. Juvenile (defined in this study as the first 10 grovvth rings),
mature (10+ grovvth rings) and sound (juvenile+mature) vvoods vvere used for the manufacturing
particleboard.

First, the bark was removed. A hacker vvas used to first chipping. Then, a knife ring flaker
wvas used to reduce the hacker chips to particles. After these processes, particles vvere dried to 3%
moisture content and separated by the vibrating horizantal screen.

For the blending, as an adhesive urea formaldehyde 8% and 10% of the éven dry vveight
of particles in the core and face layers, respectively, as an hardener 30% of ammonium chloride
solution vvhich vwas 1% of the dven dry' vveight of particles, vvere used for the manufacturing of
particleboards. The solid content of urea formaldehyde wvas 60%. The boards vvere pressed by the
single daylight press at 150°C temperature for 5 min. under 2.5 N/mm2pressure. After pressing,
particleboard wvas conditioned at a temperature of 20°C and 65% relative humidity. Three panels
vvere made for each group. The dimensions of the panels vvere 56.5 x 56.5 x 2 cm.

Water absorption and thickness svvelling according to the EN 317 (1993), static bending
according to the EN 310 (1993), intemal bond EN 319 (1993) and vvater absorption according to
the ISO 819 (1975) vvere conducted. Ali specimens vvere conditioned to equilibrium at a temperature
of 20°C and 65% relative humidity. Thirty specimens vvere used for the tests. Table 1 shovvs the
experimental design of the study.

Data for each test vvere statistically analyzed. Multifactor analysis of variance wvas used
(alpha=0,05) to test for significant difference betvveen factors and levels. When the variance analysis
indicated a significant difference among factors and levels, a multiple comparison of the nieans wvas
done employing a Duncan test to identify vvhich groups vvere significantly different from other
groups.
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Table 1: Esperimental Design
Tablo I: Deneme Dizeni

Type sgb’ iWE o Mwx SW¥
Tipi  Yogunluk (g/cm3)

1 0.60 + - -
2 0,60

3 0.60 -

4 0,70 +

5 0,70 - +

6 0,70 - - +

*SGB- Specific gravity of the particleboard, JW-Boards made from juvenile wood, MW-Boards
made from mature wood, SW-Boards made from sound wood (Juvenile+Mature , Usage ratio:l/3)

3. RESULTS AND BISCUSSION

Static bending (SB) data ranged from 10,17-15,61 N/ mm2 The SB requirs of 11,5 N/ mm2
for general purpose boards,: 13 N/mm2 for interior fitments (including fumiture), 15 N/mm2 for
load-bearing and 18 N/mm2for heavy duty load-bearing boards by EN 312-2 (1996), EN 312-3
(1996), EN 312-4 (1996) and EN 312-6 (1996), respectively. Except for particleboards produced
from juvenile wood (Type 1) and juvenile wood+mature wood (Type 3) at 0,60 g/cm3 specific
gravity, ali of the boards had higher SB than the requirements for general purpose. Particleboard
at 0,70 g/cm3specific gravity produced from mature wood had higher SB than the requirements
for load-bearing boards. The particleboard at 0,70 g/cm3specific gravity can be used for interior
fitments (including fumiture). The average static bending (SB), intemal bond (IB), water absorption
(WA) and thickness swelling (TS) were showed in Table 2.

Table 2: The Average Values of SB, IB, WA and TS.
Tablo 2: Egilme Direnci, Dik cekme Direnci, Su Almave Kalinhigina Sismenin Ortalama Degerleri

Board SB 1B WA-2 h WA-24 h TS-2h. TS 24 h.
Type Egilme Dik ¢cekme Su Alma Sualma- Kalinhgina Kalinhgina
Levha direnci direnci (%) sisme sisme
Tipi  (N/mm2  (N/mm2) (%) (%) " (%)

1 10,17 0,296 23,12 48.32 13,13 18.22

2 12,34 0,350 25,68 51,25 15,74 21,14

3 11,28 0,332 24,53 50,57 14,45 20,45

4 13,39 0,403 19,81 52,21 9.94 22,18

5 15,61 0.481 22,46 54,74 12,58 24,66

6 14.56 0,455 2US .. 53,55 11,13 23,46 ,

The range of data in EB was from 0,296 N/mm2to 0,481 N/mm2. The IB requires of 0,24
N/mm2for general purpose boards, 0,35 N/mm2for interior fitments, load-bearing boards and 0,50
N/mm2for heavy duty load bearing boards by EN 312-2 (1996), EN 312-3 (1996), EN 312-4 (1996)
and EN 312-6 (1996), respectively. Ali of the particleboards produced from Black Locust had IB
higher than the requirement for general purpose. Except for 1 and 3 types of the boards, the other
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boards had higher IB than the requirements for interior fitments and load bearing. Multifactor
analysis of variance relating effects of specific gravity, juvenile wood and soaking time on the
mechanical properties of particleboard are given in Table 3.

Table 3: Multifactor Analysis of Variance Relating Effects of Specific Gravity, Juvenile
Wood and Soaking Time on the Physical and Mechanical Properties

Tablo 3: Fiziksel ve Mekanik Ozellikler Uzerine Yogunluk, Geng Odun Ve Suda Beldeme
Siiresinin Etkisine iliskin Cogul Varyans Analizi

Tests SV Ss df. MS F-Ratio SL
Deney Varyans kaynagji Kareler sebestlik Ortalama F-Orani Onem
toplami derecesi kareler seviyesi

A (Yogunluk) 1045,80 1 104580 674,23 o

SB B (Geng odun) 1873,42 2 936,71 587,61 e

A 16,25 1 16,25 175,68 o

IB B 22,18 2 11,09 142,48 e

A 123145,62 1 12314562 425,16 o

WA B 245684,32 2 122842,16 647,46 -

C(Suda bek. siresi) ~ 165436,45 1 165436,45 885,63 o

A 16454,36 1 16454,36 245,12 e

TS B 35689,45 2 17344,72 312,56 o

C 28964.78 1 28964.78  569.46 e

Note: ***=p< 0.001, SV= Source of Variation, SS= Sum.of Squares, MS=Mean Square, SL=Significant Level, A= Specific
Gravity, B=Juvenile Wood, C= Soaking Time

Tests showed that particleboard made from mature wood had better strength properties than
particleboard made from juvenile wood. This can be explained that compared to mature wood, the
juvenile wood is characterized by lower specific gravity, shorter tracheids, larger fibril angle, lower
strength, lovver percentage of latewood, thinner celi walls, larger lumen diameters, and less cellulose
(GEIMER/1997). Tensile strength, modulus of rupture, and modulus of elasticity ofjuvenile wood
are inferior to therefore mature wood because of high fibril angle, short tracheid length, and low
specific gravity (PANSFfIN/ZEEUW 1980; SMTTH/BRIGGS 1986). Reduction in selected mechanical
properties of parallel laminated veneer made from larch containing juvenile wood was reported by
JO et ali. (1981). For these reasons, particleboards made from juvenile wood had poorer strength
properties than board made from mature wood. The similar results were found by STEFANIAK
(1985), GEIMER (1986), and WASNIEW SKI (1989).

The maximum TS (24 h) requires of 15% for load-bearing boards and 14% heavy duty load-
bearing boards by EN 312-4 (1996) and EN 312-6 (1996), respectively. The thickness svvelling
values of particleboard produced from Black Locust vvere very poor (high). This may be due to not
using a hydrophobic substance in the production of boards. As a consequence, boards 'require
additional treatments such as coating of particleboard surfaces with melamine impregnated papers
or laminates (NEMLI 2000) to became stable product. According to the variance analysis, specific
gravity, soaking time and juvenile wood vvere found to be effective on the physical properties of
particleboard (p< 0.001). Increasing board specific gravity from 0,60 g/cm3to 0,70 g cm3improved
the WA and TS values for 2 h. soaking. This may be due to low porosity and difficult diffusion on
the high board density (OZEN 1981). The similar results were found by AKBULUT (1995).



EFFECTS OF JUVENILE WOODS ON SOME PHYSICAL AND MECHANICAL PROPERTIES 79

Hovvever, particleboard at 0,70 g/cm3specific gravity had higher WA and TS than those of
board in 0,60 g/cm3for 24 h. soaking. The similar results vvere found by AKBULUT (1995). This
is due to high amount of wood material in the board produced at 0.70g/cm3 specific gravity
(MALONEY 1977). WA and TS values statistically are less for particleboard made from juvenile
wood compared to board made from mature wood.

This may be due to low specific gravity, thinner celi walls, larger lumen diameters and less
cellulose of the juvenile wood. These properties will tend to offset the above mentioned advantage
ofjuvenile wood (GEIMER and others. 1997). Our study showed that thickness svvelling and vvater
absorption vvere lovver in particleboards made of juvenile vwood. The similar results vvere found by
STEFANLAK (1985), WASN1EWSKI (1989).

4. CONCLUSION

Statistical analysis shovved that physical and mechanical properties of particleboard vvere
affected by specific gravity and juvenile vvood using. Particleboard made from juvenile vvood had
lovver static bending, internal bond, vvater absorption and thickness svvelling values than those boards
made from mature vvood. These relations vvere statistically significant in many cases. Increasing
board specific gravity improved the mechanical properties of particleboard. For 2 h. soaking, vvater
absorption and thickness svvelling values of particleboard at 0,70 g/cm3specific gravity vvere found
lovver than those of board at 0,60 g/cm3. Hovvever, in 24 h. soaking, increasing board specific
gravity resulted in an increase in the vvater absorption and thickness svvelling.

Particleboards produced from Black Locust (Robinia pseudoacacia L.) had the required
levels of static bending and internal bond. Strong particleboard can be produced from this fast-
grovvn ravv material. Hovvever, the thickness svvelling of the board vvas very poor (high). For this
reason, additional vvork is needed to improve the physical properties of particleboard produced from
Robinia pseudoacacia L.
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Ozet

Bu calismada, hizh biiyliyen agag tirlerinden biri olan ve Tiirkiye’nin Dogu
Karadeniz Bolgesinde erozyon kontrolinde basarili bir sekilde kullanilan
Yalanci akasya (Robinia pseudoacacia L.) odununun yongalevha dretimine
uygunlugu arastirilmistir. Bu calismanin bir diger amaci geng ve olgun odunlarin
yongalevhanin su alma miktari, kalinligina sisme orani, edilme ve yapisma
direncleri Gzerinde etkili olup olmadiginin belirlenmesidir. Gen¢ odundan
Uretilen yongalevhalarm egilme ve yapisma direncleri ile su alma miktari ve
kalinligina sisme oram daha disik bulunmustur. Test sonuglarina gére 0,70
g/cm3yogunlukta uretilen yongalevhalarm egilme ve yapisma direnci degerleri
standartlarda ongoriilen degerlerden yiiksek bulunmustur. Bununla birlikte,
levhalarin su alma miktari ve kalinligina sisme oranlan oldukca yiksek ¢ikmistir.
Deneme levhalarinin tretiminde hidrofobik madde kullanilmamistir. Bu nedenle
Yalanci Akasya’dan uretilen yongalevhalarinn fiziksel 6zelliklerini iyilestirmek
icin ek bir calismaya ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: Gen¢ Odun, Yongalevha, Yalanci akasya

OZET

Lif-yonga odunu kullanan yongalevha ve liflevha endustrilerinin hammadde ihtiyaclarim
karsilamak icin genelde hizh gelisen tiirlerden yararlaniimaktadir. Ozellikle plantasyonlarda yetistirilen
bu tlrler normalden daha fazla gen¢ odun igrmektedir.

Gen¢ odunun anatomik, kimyasal ve fiziksel-mekanik 6zellikleri ergin odundan énemli
olclide farkhlik gostermektedir. Geng¢ odunda; yogunluk disik, hiicre boylan daha kisa, seliiloz
orani az, lignin orani fazla, mikrofibril acilan daha blyuk, hicre ceperleri daha ince, yaz odunu
katilim oram daha diisiiktiir (GEIMER 1997, BOZKURT/ERDIN 2000).

Yukanda belirtilen farkliliklardan dolayi gerek plantasyonlarda yetistirilen hizli gelisen
turlerin yongelevha ve liflevha dretimine uygunlugu ve gerekse gen¢ odunun levha &ézelliklerine
etkisi ile ilgili calismalar yapilmistir. Bu ¢alismalar daha ¢cok Cam, Kavak ve Okaliptis tirlerinde
yogunlasmistir.

Bu calismada, Turkiye’de Karadeniz bdlgesinde erozyon kontroli amaciyla dikilen ve hizh
gelisen bir tiir olan Yalanci Akasya (Robinia pseudoacacia L.) odunu kullanilarak, gen¢ odun ve
ergin odunun yongalevhanin 6nemli bazi 6zellikleri Gzerine etkisi arastiriimistir.
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Bu amagla, Trabzon’da 23 yasindaki bir Yalanci Akasya (Robinia pseudoacacia L.) agaci
kesilerek 6zden itibaren ilk 10 yillik odun kismi geng¢ odun, diger kismi ise ergin odun olarak
ayrilmistir.

Geng¢ ve ergin odunlardan ayni laboratuar sartlarinda yongalevha lretimine uygun yongalar
hazirlanarak %3 rutubete kadar kurutulmustur. 0.60 ve 0.70 gr/cm3yogunluklarda olmak tizere 3
grup levha Gretilmistir. Birinci grup levhalar gen¢ odundan, ikinci grup levhalar ergin odundan,
tgtincu grup levhalar ise geng+ergin odun karisimindan (1:3) yapiImistir. Bitin levha gruplarinin
iretiminde yiizey tabakalarinda %10, orta tabakalarda ise %8 oraninda Ure-Jormaldehit tutkall,
sertlestirici olarakta %1 oraninda Amonyum klorir {% 30’luk) kullaniimistir.

Her bir grup icin 3 adet olmak Uzere 56.5x56.5x2 cm boyutlarinda toplam 18 adet levha
retilmistir. Levhalarin iretiminde pres sicakhgi 150°C, pres basinci 2.5 N/mm2ve presleme siiresi
5 dakika olarak uygulanmistir.

Uretilen levhalardan alman érnekler iizerinde EN 317’ye gore kalinhgina sisme, 1ISO 819’a
gore su alma, EN 310’a gore egilme direnci ve EN 319’a gore yiizeye dik ¢cekme direnci deneyleri
yapilmistir. Her bir deney, hava kurusu hale getirilmis 30’ar émek Uzerinde yapiimistir.

0.60 ve 0.70 gr/cm3yogunluklarda geng odun ve ergin odunun levha ézelliklerine etkisini
ortaya koymak i¢in ¢ogul varyans analizi yapilmis, sonucun anlamli ¢ikmasi halinde Duncan testi
ile aritmetik ortalamalar karsilastirilarak birbirinden farkli ve esit gruplar belirlenmistir.

Bitun levha gruplarina ait deneylerden elde edilen sonuglarin aritmetik ortalamalari asagidaki
tabloda topluca verilmistir.

Table 4: Levhanin Ozellikleri

Levha Egilme  Dik gcekme Su alma - Su alma Kalinligina Kalinligina
Tipi direnci direnci 2 saat 24- saat  sisme-2 saat  sisnie-24 saat
(N/inm2  (N/mm3 (%) (%) (%) (%)
Geng odiur 0.60 gricm3 10,17 0,296 23,12 48,32 13,13 18,22
Ergin odmi 0.60 gr/cm3  12.34 0,350 25,68 51,25 15,74 21,14
Karisim 0.60 gricm3 11,28 0,332 24.53 50,57 14,45 20,45
Geng odun 0.70 gr/cm3 13.39 0,403 19,81 52,21 9,94 22,18
Ergin odtin 0.70 gr/cm3 15,61 0,481 22,46 54,74 12,58 24.66
Karigim 0.70 gricm3 14,56 0,455 21.18 53,55 11.13 23,46

Y ukaridaki tablonun incelenmesinden goruldiigu gibi egilme direnci ve ylzeye dik cekme
direnci agisindan her iki yogunlukta da gen¢ odunun kullanildigi levhalar daha diisik degerler
vermistir. Bu iki diren¢ acgisindan en iyi sonucu ise ergin odundan uretilen levhalar vermistir. Su
alma ve kalinligina sisme bakimindan genc odundan iretilen levhalardan daha iyi sonuglar elde
edilmistir. Gen¢ odunda liflerin daha kisa ve sellloz oraninin daha az olmasi bu sonuclarin elde
edilmesine neden olabilir. >
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