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Abstract

Background and objective: Wood, as a natural and renewable material, in addition to its
numerous advantages, possess some disadvantages, including its deterioration when exposed to
outdoor conditions and its dimensional instability due to fluctuations in relative humidity in the
surrounding environment. Heat treatment can enhance the dimensional stability of panel products,
such as particleboard, fiberboard, and OSB. Because heat treatment causes chemical changes in
wood, including decrease in hemicellulose and the number of hydroxyl groups. The main
objective of this research was to assess the effect of steam pretreatment of orchid tree pruning -
wood particles on the physical and mechanical properties of particleboard.

Materials and methods: Industrial wood particles from Sanate Choube Shomal Company
were used. The ratio of wood chips to orchid tree pruning was used at the level of 70:30. Heat
pretreatment was conducted on the wood particles at the temperature of 180 “C with three different
retention times (15, 30, and 45 minutes). Urea formaldehyde resin was applied at 10 percent level
based on the dry weight of the raw material as well as ammonium chloride was used as a catalyst
at a 2 percent level of the dry weight of the adhesive. After the heat treatment and the mixing
processes, the raw materials were formed into a mat and then pressed at temperature of 160 °C
for 5 minutes. The physical and mechanical properties of the boards were evaluated according to
European standards test methods (EN326-1). The analysis of the physical and mechanical
properties of the panels were performed using variance analysis at a 95% probability level.

Results: The results showed that the boards made from treated particles with a 45-minute
treatment duration exhibited the highest bending strength, modulus of elasticity, and internal
bonding. Since heat treatment softens and ramified the lignin and increased the crystallization of
cellulose, which improves the strength of the board. Thickness swelling and water absorption of
the boards were significantly improved with increased treatment duration. The main reason for
dimensional stability can be attributed reduction of hemicellulose content and hydroxyl groups
within the wood component.

Conclusion: Based on the findings of this research, heat treatment significantly improved the
dimensional stability of the boards. Bending strength, modulus of elasticity, and internal bonding
in the treated samples displayed the highest measured values. In comparison to the properties of
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the treated boards at 30-minute and 45-minute duration demonstrated the potential to produce

particleboards with desirable attributes suitable for interior application (Type P2) for application
in dry conditions.

Keywords: Orchid tree pruning, Industrial wood particles, Heat treatment, Physical and
mechanical properties.
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Table 1- Characteristics of garden wood pruning

Garden wood pruning Density (g/cmd) Extractives (%) Lignin (%) Cellulose (%)
Apricot 0.872
Apple 0.769
Cherry 0.69 6.75 27.3 33
Pear 0.663
Berries 0.655
Walnut 0.670
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Table 2- Characteristics of urea formaldehyde resin

Type of resin Manufacturer Solids (%)

pH Gel time (S)  Viscosity (Cps)  Density (g/cm®)

Urea formaldehyde Samed Mashhad 63.5

7.5 54 320 1.274
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Table 3- Analysis of variance the effect of different levels of heat treatment on modulus of elasticity and bending

strength
Properties Source of variation df Mean squares F Sig
Between groups 3 2.016 212.999 0.000%*
Bending strength "
Within groups 8 0.009
Total 11
Between groups 3 45847.980 1360.02 0.000%*
Modulus of elasticity o
Within groups 8 35.105
Total 11

**Significance at the level of 99%
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Figure 1. The effect of different heat treatment levels on bending strength



sy 03 5 (S (Kb Sa Sy xSl sl ST

Pesarakloo cu b oS oz ol vVl pne 5 coes
‘5:)‘]:- )LM J\A‘" \j’j 2.5)\.) ;,‘.ag\.kn (Y’\YJ) C)‘)\Sﬂ.ﬁ 9
sdd S s catite 5 028 3 el s 03
e sl e wnlln, § s Gl L
Alion y\d).\ﬁ 9 ;w.aa- 5 W}LM dong O 4\5 [ L&w
(Pesarakloo et al., 2013; Kocaefe et <ol o545 5

[(al., 2008; Kocaefe et al., 2010

\YY

\eorz’:@ soalie ¥ o5\ L;\.a:JS;: 5 &S bl

w3La.4 ;\.buj:- A)Jé- L.S")\J’. )\.A.\J g}\.cj Ol L),:.«."Jﬁ\
Wl W 4 Cod basy a5 oies
5 i el Dl ot e Rl
S Sl gs) anls w5 & sy o] o 2eS 5wl n
wis YO 5ol slas oles Ll 3 b sl ()
wgu.a A5y s oJJS \.Lu Lpewn u\).) O Jlasl

1750
1700

Modulus of elasticity (Mpa)

a
b

1650
1600 (P2)
1550 .
1500 d
1450
1400
1350
1300

0 15 30 45

Heat treatment time (Minutes)

WiVl sde  J) 2 Dlad b ok 51 -Y S8
Figure 2. The effect of different heat treatment levels on modulus of elasticity
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Table 4- Analysis of variance the effect of different levels of heat treatment on internal bonding

Source of df Mean squares F Sig
variation
Between groups 3 0.191 790.667 0.011*
Within groups 8 0.00024
Total 11 0.006
*Significance at the level of 95%
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Table 5- Analysis of variance the effect of different levels of heat treatment on water absorption and thickness swelling

after 2h and 24h immersion in water

Properties Source of variation df Mean squares F Sig
Between groups 3 271.232 180.534 0.000%*
Water absorption after 2 h o
Within groups 8 1.502
Total 11
Between groups 3 527.701 2742.73 0.000%*
Water absorption after 24 h o
Within groups 8 0.192
Total 11
Between groups 3 135.886 610.973 0.000%*
Within groups 8 0.222
Thickness swelling after 2 h Total 11
Between groups 3 216.593 1362.22 0.000%*
Thickness swelling after 24 h o
Within groups 8 0.159
Total 11
**Significance at the level of 99%
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Figure 4. The effect of different heat treatment levels on water absorption after 2h and 24h immersion in water
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Figure 5. The effect of different heat treatment levels on thickness swelling after 2h and 24h immersion in water
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