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ABSTRACT

Reasons of loss in strengths of acetylated wood based composites were still under
question. This research was considered to study springback in acetylated particleboard
and medium density fibreboard. Chips and fibres were acetylated by using acetic
anhydride to gain different percentage of acetylation (WPG). Boards were made based
on target thicknesses. Thickness of the boards as well as moduli of elasticity and rupture
was determined after conditioning at room temperature and relative humidity of 65%.
Results showed increase of the thickness in the test boards after conditioning. It was
revealed that the springback was correlated with the weight gain and it was increased as
the WPG was raised in the test boards.

INTRODUCTION

Advantages of the acetylation have been reported by many authors. The wood and the
wood based composites become moisture repellent due to due to the acetylation reaction
(Rowell 1983, 1996). The reaction is accompanied by substitution of hydrophilic
hydroxyl groups by hydrophobic acetyl groups in wood cell wall polymers and causes
increase in bioresistance (Nilsson et al. 1988, Takahashi ef al. 1989, Militz 1991,
Larsson-Brelid 1997, Ibach et al. 2000, Mohebby 2003); resistance against weathering
(Evans et al., 2000) and decrease in board roughness (Evans et al. 2000), reduction in
moisture absorption (Rowell et al. 1988, Rowell et al. 1989, Ohmae et al. 2002,
Mohebby and Hadjhassani 2008). In spite of those advantages, there are different
reports indicating that the mechanical strengths are diminished in the acetylated wood
based composites (Rowell et al. 1988, Rowell et al. 1989, Rowell 1996, Fuwape and
Oyagade 2000, Mahlberg 2001). There are different opinions to explain reasons of the
strength loss; e.g. type of adhesive (Vick and Krzysik, 1991), less press pressure, etc. It
has been proposed to apply higher press pressure to increase the strengths (Rowell ef al.,
1988, 1989, Rowell 1996). However, no report has paid detailed attention to springback
in the acetylated composites and relationship with the strength losses. It is known that
the springback in the wood based composites occurs usually after manufacture of the
boards. Springback is an irreversible thickness swelling which occurs after wetting of
the composites and is attributed to the release of applied stresses accompanied by some
loss of glue bonds (Geimer and Price 1978, Palardy et al. 1989). Springback indicates
debonding of adhesion between wood elements and adhesives. Result of debonding in
the boards is loss of the strengths (River 1994), which occurs in the specimens subjected
to different exposures because of a lowering of board density (River 1994). The
mechanical properties that were presumably most directly affected by the springback are
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the shear strength, the modulus of elasticity, and the modulus of rupture because these
properties depend somewhat on the strength that is developed by the mechanical
interlocking of the compressed particles in the composites (Hann 1963).Current research
was focused on relationship between the acetylation and strength changes in the wood
based composites, medium density fibreboard (MDF) and particleboard (PB), which is
associated with the springback.

EXPERIMENTAL

Acetylation- Poplar wood fibres were provided by Khazarchoob Company,
manufacturer of MDF in Iran, and required chips were prepared by a laboratory chipper
from Oriental beech wood (Fagus orientalis Lipsky). Both fibres and chips were dried
in an oven for 24 h at 103+2 °C. Afterwards, the acetylation was carried out in a
stainless steel reactor at 120 °C for varying time to obtain different weight percent gains
(WPGs). Acetic anhydride was used for the acetylation reaction. Acetylated fibres and
chips were washed in rinsed water to remove formed acetic acid as by-product of the
reaction. Afterwards, they were oven dried for 24 h to determine the WPGs in the
acetylated fibres and chips. The WPGs were determined based on oven dry weights of
parallel samples which were treated at the same conditions as the main samples. The
WPG was calculated according to equation 1:

WPG: (Wact - Wunt) / Wunt X 100 (1)

Where: WPG indicates weight percent gain (%); Wit and Wy oven dry weight after
and before the acetylation (g), respectively.

Manufacture of boards — Sample boards were made based on required target densities
with thicknesses of 10 and 15 mm for MDF and PB, respectively. Urea formaldehyde
(UF) was applied as resin for 10% based on oven dry weights of the used fibres and
chips in the board mats. Pressure (30 bar) was applied at press temperature of 170 °C for
10 min.

Tests- Afterwards, the boards were conditioned at room temperature and a relative
humidity of 65% for two weeks. Thickness of the boards was measured at least at three
points of the boards. Five boards were made for any WPG. The springback was
determined according to Eqn. 2.

S = (T - To)/ T x 100 )

Where: S indicates springback of the board (%); T, and Ty indicate board thicknesses
after and before the conditioning (mm), respectively. The boards were cut into required
sizes for static bending test according to DIN 98754-1. Moduli of elasticity (MOE) and
rapture (MOR) were determined based on the bending test.

RESULTS

Determination of the moisture content (MC) in the acetylated boards after th
conditioning showed that the MC was reduced as the WPG increased (Fig. 1). It was
also revealed that the acetylation affected thickness swelling of the boards (Fig. 2) and
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caused significant reduction as the WPG increased in the boards when they were soaked
in the water.
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Figure 1: Moisture absorption in acetylated particleboard Figure 2: Thickness swelling in acetylated boards
during conditioning after 24h of soaking in water; PB: particleboard,
MDF: medium density fibreboard
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Figure 3: Correlation between springback and modulus of
rupture in acetylated particleboard (PB) and medium

density fibreboard (MDF) elasticity in acetylated particleboard (PB)

Determination of correlation between the springback and the MOR in the acetylated
boards is shown in Fig. 3. It was determined that increase of the springback in the
acetylated boards caused significant loss in the MOR. As it is shown in the Fig. 3,
coefficient of the determination (R?) was 0.996 and 0.980 for the particleboard (PB) and
the medium density fibreboard (MDF), respectively. The results indicated that the
springback reduced the MOR in the acetylated boards. Comparison between both boards
revealed higher influence of the springback on the MOR loss of the MDF. Results also
revealed high correlation (R*= 0.984) between the modulus of elasticity (MOE) of the
particleboard and the springback (Fig. 4). According to the results, increase of the
springback reduced the MOE in the acetylated particleboard. Fig. 5 shows correlation
between the WPG and the springback in the acetylated boards. As it has shown, increase
of the WPG caused increase of the springback with higher coefficient of the
determination (0.979 for the PB and 0.995 for the MDF). According to above results, it
could be expressed that the acetylation affected severely the springback of the acetylated
particleboard than the acetylated MDF.
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Figure 5: Correlation between weight percent gain (WPGs) and springback in acetylated
particleboard (PB) and medium density fibreboard (MDF)

DISCUSSION

Acetylation caused the boards to absorb less moisture during the conditioning and
become more stable dimensionally. Also the acetylated boards do not swell severely
when they are exposed to the water as the untreated one. Dimensional stability of the
boards during the conditioning was a good indication of the acetylation effect on the
thickness changes. The moisture could not affect the boards and cause significant
variation in the springback. However, the moduli of elasticity and rupture were
significantly affected by the acetylation. The results also showed that the acetylation
affected significantly the springback of the boards with springback highly correlated
with the WPGs of the boards. High correlation between the springback and the strength
losses of the boards are related to the acetylation and resulted debonding of the wood
elements. The springback is an indication of the debonding of the wood elements and
stress relief (River 1994). According to Sanders et al. (2003), the acetylation causes
bulking of the wood cell walls. Acetylated materials become denser and stiffer materials
according to authors' observation. Those materials resist against applied stresses during
pressing of the board's matt. After opening the press, accumulated stresses are gradually
relieved. Stronger bonding due suitable resins could cease the stress relief in the
composites. However, application of aqueous-based resins interfere bonding between
the wood elements due to low wettability according to reports (Vick and Rowell 1990,
Vick and Krzysik 1991). As the urea formaldehyde resin was used here to bond the
acetylated wood elements; it is likely that the acetylation interfered with adhesion of the
aqueous-based adhesive and could not properly bond the wood fibres and the chips
depending on level of the acetylation and caused strength losses in the acetylated
composites. Vick and Rowell (1990) reported also interfere between the acetylation and
the aqueous-based adhesives. Vick ef al. (1991) reported loss of the MOE and the MOR
in acetylated flakeboard.

DISCUSSION

Results of the current research showed that the strength loss in the acetylated
composites is highly correlated with the springback. And the springback itself is also
significantly depended to the extent of the acetylation and causes loss of the strengths
followed by the WPG increase.
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