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Abstract 

In this study, fast grown Ailanthus Altissima (Mill.) Swingle wood and screening machine wastes occurred 

during the particleboard manufacturing were used for particleboard manufacturing. The purpose of this study is 

to determine the effects of screening machine wastes (dust and rude particles) usage on the mechanical (modulus 

of rupture, modulus of elasticity and internal bond strength), physical (thickness swelling) and surface quality 

(roughness), and formaldehyde emission of particleboard. 10% dust usage positively affected the surface 

roughness, thickness swelling, and mechanical properties of particleboard panels. 20 % dust usage did not 

statistically affect the mechanical strength properties, surface roughness, and formaldehyde emission. Thickness 

swelling of the panels was improved by using 20% dust. Increasing dust usage to 30% caused poorer the 

mechanical strength properties and surface smoothness. 10% rude particle usage did not statistically influence the 

quality properties of particleboard. Increasing rude particle usage from 10% to 20 % and 30% negatively 

influenced the mechanical resistance properties and thickness swelling of the particleboards. The results showed 

that fast grown Ailanthus Altissima (Mill.) Swingle wood can be used particleboard manufacturing. Dust (in 

surface and core layers) and rude particles (in core layer) usage should not exceed 20% and 10 %, respectively. 
 

Keywords: Ailanthus Altissima (Mill.) Swingle, dust, particleboard, quality properties, rude particles, screening 

machine wastes 

 

 

Yongalevha Üretimi İçin Elek Makinesi Atıklarının Kullanımı 
 

Öz 

Bu çalışmada, yongalevha üretiminde hızlı büyüyen bir tür olan Ailanthus Altissima (Mill.) Swingle odunu ve 

yongaların elenmesinde oluşan atıklar kullanılmıştır kullanılmıştır. Bu çalışmanın amacı elek makinası atıklarının 

kullanımının (toz ve kaba yonga) yongalevhanın mekanik (eğilme direnci, elastikiyet modülü ve çekme direnci), 

fiziksel (kalınlığına şişme) ve yüzey kalitesi (pürüzlülük) ve formaldehit emisyonu üzerine etkilerini 

belirlemektir. % 10 toz kullanımı yüzey pürüzlülüğü, kalınlığına şişme ve mekanik özellikleri pozitif yönde 

etkilemiştir. % 20 toz kullanımı mekanik direnç özellikleri, yüzey pürüzlülüğü ve formaldehit emisyonunu 

istatistiksel olarak etkilememiştir. Panellerin kalınlığına şişme değerleri % 20 toz kullanımı ile iyileşmiştir.  Toz 

kullanımının % 30’a çıkması ile mekanik direnç özellikleri ve yüzey düzgünlüğü da zayıf olmasına neden 

olmuştur. % 10 kaba yonga kullanımı yongalevhanın kalite özelliklerini istatistiksel olarak etkilememiştir. Kaba 

yonga kullanımının % 10’dan % 20 ve % 30’a çıkarılması yongalevhaların mekanik direnç özellikleri ve 

kalınlığına şişme değerlerini negatif yönde etkilemiştir. Sonuçlar hızlı büyüyen bir tür olan Ailanthus Altissima 

(Mill.) Swingle odununun yongalevha üretiminde kullanılabileceğini göstermiştir. Toz (dış ve orta tabaka) ve 

kaba yonga kullanımı (orta tabaka) sırasıyla % 20 ve % 10’u aşmamalıdır. 

Anahtar Kelimeler: Ailanthus Altissima (Mill.) Swingle, toz, yongalevha, kalite özellikleri, kaba yongalar, elek 

makinesi atıkları. 
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1. Introduction 

New studies have increased due to technological improvements (Sogutlu and Dongel, 2007; Zor, et al., 2016). 

Particleboard is a wood based panel composite manufactured by pressing of particles of wood or other ligno-

cellulosic fibrous materials with the addition of a adhesive under pressure and temperature. Typical applications 

of particleboard are furniture, floor underlayment, cabinets, housing, shelving, vanities, bulletin boards, 

structural sheathing, electronic game consoles, table tennis, sliding doors, pool tables, lock blocks, displays, 

speakers, counter tops, stair treads, paneling, kitchen worktops, interior signs, wall and ceiling panels, packing 

materials, insulators, educational establishments, building and other industrial product applications (Rokiah, et 

al., 1987; Wang and Sun, 2002; Wang, et al., 2008). 

Decreasing forestlands and amount of raw material, forest fires have caused new studies to ensure more 

efficient use of trees. Social demands, environmental movemement, recycling trends, green movement lead to 

the continuous effort of finding new raw materials and wastes as an alternative wood (Yang et al., 2007). Works 

have been showed on many alternative raw materials and wastes such as sunflower, topinambour and cup-plant 

stalks (Klimak, et al., 2016), coir fiber and waste banana stem fiber (Wang and Hu, 2016), tree pruning wastes 

(Nasser, et al., 2016), sugarcane bagasse (Oliveria, et al., 2016), tetra-pak and polyethylene waste (Bekhta, et 

al., 2016), corn stalk rinds (He, et al., 2016), vine prunings (Yeniocak, et al., 2016), canola straws (Kord, et al., 

2016), cotton stalks (Nazerian, et al., 2016), flax and hemp fiber (Sam-Brew and Smith, 2015), rice straw 

(Kurokochi and Sato, 2015), poppy husk (Keskin, et al., 2015), peanut shell and coconut husk fiber green 

(Cravo, et al., 2015), maize cob (Scatoloni, et al., 2015), branch wood (Rios, et al., 2015), sorghum stalk fibers 

(Khazaeian, et al., 2015), hardwood sawmill residue (Gamage and Setunda, 2015), and yerba mate pruning 

residues (Carvalho, et al., 2015). 

The purpose of our study was to investigate the effects of using chip screening machine wastes on the quality 

properties of particleboard. 

 

 

2. Materials and Methods 

Five Ailanthus Altissima (Mill.) Swingle trees were taken from a forest in Trabzon. 14 years old trees were 

chosen and their diameters were determined as 18 cm. The bark was raised from logs before chipping process. 

After the trimming process of the foliage, a flaker was used to chip the trees. Then, the chips were converted to 

smaller pieces with help of a hammer mill and dried to reach 3% moisture content of the pieces. After that, the 

pieces were categorized into two layers with help of screening machine: the core and face layers. Dusts passed a 

0.5 mm opening and rude particles unpassed the 3.0 mm opening were collected for adding them to particles in 

standard dimensions. In the following step, a pneumatic spray gun was used for resin application. Taking as a 

reference of oven dry particle weight, core particles are prepared using 10% urea formaldehyde adhesive with a 

solid content of 65% while 12% was chosen for surface particles. For all prepared samples, a shelling ratio of 

0.40 was set. As a hardener, ammonium sulfate, which has concentration of 25%, was added into the urea 

formaldehyde resin by about 1% of the solid resin amount. At a temperature of 150°C using a pressure of 2.5 

N/mm2 for 6 min, mats were pressed to make experimental panels (1.2 cm thickness and 0.75 g/cm3 average 

target density) in a 55 x 60 cm frame. Following all these processes, 14 experimental panels were produced 

containing 2 panels for each type of particleboard (see Table 1). 

The conditioned room was set to a relative humidity of 65% and a temperature of 20 °C to keep the 

particleboards until they reached equilibrium moisture. Mechanical properties- modulus of rupture (MOR), 

modulus of elasticity (MOE) and internal bonding (IB)- and physical property- thickness swelling (TS)- of the 

panels were determined according to European standards (EN 310, 1993; EN 317, 1993; EN 319, 1993) 

respectively. Thirty experimental samples were used for each type of property. Formaldehyde emission (FE) 

was determined in keeping with perforator method based on EN 120-1 standard (EN 120-1, 1993). Three 

samples were used for determining FE. 

The samples were sanded to use them in the surface roughness tests. The surface qualities were measured by 

employing a fine stylus profilometer (Mitutoyo SJ-301). For the surface roughness measurements, ten 

experimental samples were processed from each panel types. Following quantities of roughness, characterized 

by ISO 4287 standard, were considered to utilize the board surface: maximum peak-to-valley height (Ry), mean 

peak-to-valley height (Rz), and average roughness (Ra) (ISO, 1987).  

ANOVA (analysis of variance) was performed to evaluate the effects of dust and rude particle usage on the 

quality properties of the particleboards. İmportant differences between the average values of each type of 
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particleboard were determined employing Newman-Keuls test. The experimental design is indicated in Table1. 

 

Table 1. Schematic of the study. 

Panel types Dust usage * 

(%) 

Rude particle usage** 

(%) 

A 0 0 

B 10 0 

C 20 0 

D 30 0 

E 0 10 

F 0 20 

G 0 30 

Note: * Added to total outer and core layers weight of the panels, ** Added to only total core layer weight of 

the panels. 

 

 

3. Results and Discussion 

The properties of physical and mechanical, formaldehyde emission, and surface roughness of the particleboards 

are presented in Table 2-4, respectively. 

 

Table 2. Mechanical strength of particleboards 

Panel 

types 

MOR 

(N/mm2) 

MOE 

(N/mm2) 

IB 

(N/mm2) 

A 

B 

C 

D 

E 

F 

G 

    15.49 (2.85) a A 

17.29 (2.81) b 

15.34 (2.14) a 

12.88 (2.87) c 

 15.20 (2.80) A 

 13.47 (1.65) B 

 11.93 (2.98) C 

    2278.99 (194.86) a A 

2439.82 (191.83) b 

2269.25 (172.24) a 

2156.38 (169.27) c 

 2174.82 (186.94) A 

 2045.46 (209.87) B 

 1910.61 (240.15) C 

   0.517 (0.054) a A 

0.565 (0.037) b 

0.509 (0.040) a 

 0.421 (0.021) c 

 0.505 (0.049) A 

 0.451 (0.022) B 

 0.354 (0.044) C 

Note: Statistical differences at 95% confidence level (standard deviations). Each letter corresponds to different level of statistical 

differences. 

 

Table 3. Thickness swelling and formaldehyde emission of particleboards 

Panel 

types 

TS * 

(%) 

TS ** 

(%) 

FE 

(mg CH2O) 

A 

B 

C 

D 

E 

F 

G 

   13.65 (1.19) a A 

12.98 (1.25) b 

12.01 (1.14) c 

10.85 (1.06) d 

13.89 (1.12) A 

15.76 (0.86) B 

17.58 (1.33) C 

   24.96 (0.56) a A 

23.68 (0.41) b 

22.23 (0.60) c 

20.65 (0.33) d 

 25.23 (0.58) A 

 27.19 (0.99) B 

 29.13 (1.10) C 

   7.28 (0.12) a A 

7.21 (0.11) a 

7.34 (0.15) a 

7.37 (0.07) a 

  7.33 (0.14) A 

  7.37 (0.13) A 

  7.40 (0.12) A 

Note: Statistical differences at 95% confidence level (standard deviations). Each letter corresponds to different level of statistical 

differences. *: after 2 hours sinking, **: after 24 hours sinking. 

 

Table 4. Average surface roughness of the particleboards 

Panel 

types 
Ra (µm) Ry (µm) Rz (µm) 

A 

B 

C 

D 

E 

F 

G 

   5.54 (1.30) a A 

4.55 (1.13) b 

5.74 (1.74) a 

7.09 (1.52) c 

 6.01 (1.33) A 

 6.05 (1.29) A 

 6.11 (1.37) A 

   41.85 (6.96) a A 

36.03 (7.72) b 

42.35 (8.41) a 

50.26 (9.01) c 

   42.78 (11.38) A 

   42.87 (10.97) A 

   42.91 (10.03) A 

   26.27 (4.40) a A 

22.46 (6.70) b 

26.34 (5.27) a 

32.15 (4.94) c 

 26.59 (7.12) A 

 26.71 (6.84) A 

 26.79 (6.79) A 

Note: Statistical differences at 95% confidence level (standard deviations). Each letter corresponds to different level of 

statistical differences. 
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12.5 N/mm2 and 13 N/mm2 are the minimum conditions of the panel rupture modulus for general uses and 

interior fitments, respectively, while the minimum modulus of elasticity for interior fitment (including furniture) 

is 1800 N/mm2 based on EN 312 (2010) standard. All panels satisfied the minimum MOE requirement for 

interior fitments (including furniture). Panel type G did not have the required level of MOR for general uses and 

furniture manufacturing. Named panel types in the tables had the essential levels of MOR for general uses and 

interior fitments. Based on EN 312 standard, the minimal condition of internal bond strength for general uses is 

0.28 N/mm2 while it is 0.40 N/mm2 for interior fitments. While the particleboard type had essential IB level for 

general uses, all of the other panel types expect panel type G satisfied the required level of IB for furniture 

manufacturing. The produced particleboards were not required to have level of thickness swelling based on EN 

312 standard since any water-repellent agents was not used. The formaldehyde content for indoor applications 

is maximum 8 mg CH2O/100 g dry sample (EN 120-1, 1993). All panel types had the desired level of FE.  

10% dust usage improved surface roughness, thickness swelling, and mechanical properties of particleboard 

panels. 20 % dust usage was not to be found effective on the mechanical strength properties, surface roughness 

and formaldehyde emission. However, thickness swelling of the panels was improved by using 20% dust. Dust 

fills the pores between the particles. Filling of pores causes surface smoothness and more compact structure. 

Compact structure increases the mechanical strengths. The water diffusion into the particleboard is difficult 

since its structure is more compact. The thinner particles absorb less amount water. Dust usage did not 

statistically affect the formaldehyde emission.  Dust is not a formaldehyde scavenger.  Increasing dust usage to 

30% negatively affected the mechanical strength properties and surface smoothness. Increasing dust usage 

causes new layer in the surface layers. This layer was easily removed by sanding operationg. The pits are 

formed in the surface layers. Thinner particles are easily broken (Shuler and Kelly, 1976; Henderto, et al., 2006; 

Erakhruman, et al., 2008).  

It is found that 10% rude particle usage was not influential on all of the quality properties of particleboard. 

Increasing rude particle usage from 10% to 20 % and 30% statistically decreased the mechanical strength 

properties and negatively affected the thickness swelling of the test panels. Rude particles are not formaldehyde 

scavenger. They used only in the core layer of the test panels. For these reasons, rude particles usage did not 

statistically affected the surface roughness and formaldehyde emission. The amount of pores between the 

particles is increased by using thick particles.  The pores increase the water diffusion into panel and decrease 

the strength properties. The water can easily penetrate to particleboard. The thick particles soak in more amount 

of water than thin particles. Thick particles soak in more amount of adhesive. For this reason, there is not 

sufficient amount of adhesive on the particle surfaces. Low adhesive amount on the particle surfaces decreases 

the mechanical strengths (Liu and Mcnatt, 1991; Akbulut, 1995; Bardak, et al., 2010). 

 

 

4. Conclusions 

The following statements can be safely expressed as conclusions: 

 

1. Fast grown Ailanthus Altissima (Mill.) Swingle wood can be used in particleboard manufacturing. 

 

2. 10% dust usage decreased the surface roughness, thickness swelling, and raised the mechanical properties of 

particleboard. 20 % dust usage did not affect the mechanical strength properties, surface roughness and 

formaldehyde emission. Thickness swelling of the panels was improved by 20% dust usage enhanced the 

thickness swelling.  Increasing dust usage to 30% caused poorer mechanical strength properties and surface 

smoothness. 

 

3. 10% rude particle usage did not affect all of the quality properties of particleboard. Increasing rude particle 

usage from 10% to 20 % and 30% negatively affected the mechanical strength properties and thickness 

swelling of the particleboards. 

 

4. The dust can be used in the core and surface layers of particleboards by about 20 %. Dust usage in 

particleboard manufacturing should not exceed 20%. 

 

5. The rude particles can be used in the core layer of test panels by about 10%. Rude particle usage in 

particleboard manufacturing should not exceed 10 %. 

 

6. Considering all the standards related to mechanical properties, all panels except the panel type which uses 

30% rude particle in the core layer are useful for furniture and general use.  
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