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Abstract 
This report as Part I of the series of the experimental work carried out in the Forintek Eastern Laboratory. 
Medium density fibreboard (MDF) was produced in the pilot plant with two different treatment of 
chemical agent at two different dosages. The chemicals were sulphur dioxide (SO2) and sodium bisulphite 
(NaHSO3). Preliminary test results indicate that: 
 

• With the dosage used in the experiment (0.1 – 0.2% of SO2 or 0.16 – 0.8% of NaHSO3 on dry 
wood fibre), no improvement in dimensional stability (TS and WA) and mechanical properties 
(IB, MOR and MOE) can be observed. 

 
• The results suggest that the dosage used for SO2 or NaHSO3 was higher than required and better 

result might be achieved with lower dosage as increasing the dosage from lower level to higher 
level for both SO2 and NaHSO3 reduced the panel strength and dimensional stability. 

 
• Based on general observation in the experiment, the runability was good with the introduction of 

either chemicals. However, SO2 was introduced into the system easier than NaHSO3 without extra 
process procedures. 

 
• The experimental work was verified that it is feasible to inject SO2 into the preheater without the 

gas leakage or contamination to the atmosphere.  
 

• Further experimental work is required to identify the optimal chemical dosage for the treatment 
and their interaction with different resin systems and wood species. 
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1 Objectives 
The objectives of this research project were to: 
 

• Undertake a feasibility study of chemical pre-treatment of wood furnish and quantify its effects 
on resin consumption, energy consumption and panel dimensional stability. 

• Extend the knowledge and understanding on chemical modification and its interrelation with 
process condition and adhesives. 

• Reduce process cost. 
 
With these main objectives, the sub-objectives for this experiment were to: 
 

• Identify suitable chemical agents for the chemical pre-treatment of MDF wood furnish. 
• Develop a process procedure or methodology to introduce the chemicals into the system. 
• To test the performance of the chemicals in terms of dimensional stability, panel properties and 

possibility of cost reduction. 
 
 

2 Introduction 
2.1 Effect of Chemical Pre-treatment on Panel Properties 

Mansikkamaki (1984) studied the effect of chemical treatment on the dimensional stability of wood and 
cellulose-based materials.  The experiment result showed that the dimensional stability of wood was 
effectively and permanently improved by chemical modification with certain Lewis acids or sulphur 
dioxide. However, some negative traits were observed as result of the chemical modification, which 
decreased or nullified the benefits gained with the treatments. The benefits gained with the gas-phase 
formaldehyde treatment of wood and paper investigated by the author are primarily an increase in 
dimensional stability and decay resistance. On the other hand, the strength properties of the material 
always deteriorate due to the acid catalysts. In the optimum conditions prevailing during the investigation, 
the dimensional stability of wood and paper increased by 55-60%, the tensile strength of paper decreased 
by 15-20%, and the bending and impact bending strength of wood decreased by 20-30%. In the best 
cases, the dimensional stability of paper increased by almost 80%, but the tensile strength decreased 
simultaneously also by almost 80%.  Young and Caulfield (1986) also carried out a study to crosslink 
double-wall corrugated fiberboard by a chemical crosslinking treatment that used formaldehyde and 
sulphur dioxide in a large-scale, specifically designed reactor. The study examined the effect of 
formaldehyde crosslinking on wet stiffness and wet compressive strength of the linerboard component 
and on wet compressive strength and dimensional stability of the combined board after 24-h water 
soaking.  Fiberboard wet-to-dry property ratios increased proportionally with increasing bound 
formaldehyde content. 
 
Rozman et al (1997) reported a study on chemical modification of wood with maleic anhydride and 
subsequent copolymerisation with diallyl phthalate. Rubberwood (Hevea sp.) meal was plasticised and 
pressed to a well conformed board with enhanced properties. The air dried meal was chemically modified 
with maleic anhydride followed by copolymerisation with the multifunctional monomer diallyl phthalate 
and benzoyl peroxide as radical initiator. The mixture was compression moulded at elevated temperature 
of 150ºC in a hydraulic press for 30 min. The results demonstrated ability of maleic anhydride to react 
with wood fibre to form ester attachments. Greater stability in water was demonstrated for modified 
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samples compared to unmodified samples. Infra red spectrometry revealed that the unsaturated adducts 
reacted with unsaturated diallyl phthalate to form grafted chains and cross linked networks. 
 
Timar et al (2004) developed a method to chemically modified wood composites. The modification was 
obtained via the compression moulding of thermoplasticised Aspen (Populus tremula) sawdust. This 
sawdust was previously prepared by esterification with maleic anhydride (MA) and subsequent 
oligoesterification with maleic anhydride and glycidyl methacrylate (GMA). The thermoplastic properties 
of the chemically modified wood resulting from different modification procedures were confirmed and 
compared by compression-moulding experiments leading to preliminary and final products. An SEM 
study of the resulting products clearly showed that the oligoesterified wood had partially melted under 
pressure and temperature, such that the overlapping and surface melting of particles ensured adhesive 
bonding between those particles. A new type of wood/thermoplastic-wood composite was obtained. In 
these composites, the melted part of the modified wood plays the role of the cohesive matrix whilst none-
melted wood remains as a fibrous reinforcing material. FTIR spectra suggested that changes in the 
chemical structure of the modified wood are possible during the thermal forming process (e.g. 
polymerisation of C=C double bonds). The final composites were yellowish-brown, glossy, plastic-like 
products that showed interesting physical, mechanical and biological properties. They are water-resistant 
and dimensionally stable and display good electrical insulating behaviour. Their mechanical properties 
(bending strength of ca. 64 MPa and tensile strength of ca. 36 MPa) are in the typical range for plastics 
and conventional wood-fibre/plastic composites, and are superior to common wood products such as 
fibreboards and particleboards. Furthermore, the outstandingly high internal bond (ca. 3.0 MPa) 
highlights the totally different adhesion mechanism operating in these new types of composites. Although 
the novel composites are much more resistant to decay than the original unmodified wood, they remain 
ultimately biodegradable plastic-like composites.  With similar technology, Nenkova et al (2005) 
modified the wood and wood flour with maleic anhydride and produce composites using modified wood 
flour and polypropylene (PP). Samples of poplar, beech and pine wood and of wood flour were treated 
with 5%, 10% and 15% solutions of maleic anhydride in acetone. A functional analysis of treated and 
untreated wood flour was conducted to determine the number of carboxyl and carbonyl groups. Untreated 
and modified wood flour was also characterized by infrared (IR) spectroscopy. Tablets were prepared of 
composites of modified wood flour and PP by pressing at 2 MPa and the impact strength, flexural 
strength and tensile strength determined. The free hydroxyl groups of the wood were esterified by the 
maleic anhydride. The modified wood had good swelling resistance and impact strength. The physical and 
mechanical properties of the composite were improved by the modification of the wood flour. 
 
Korai (2001a) carried out a study on ozonation of acetylated fibre. The acetylated fibres with a 24.8% 
weight gain by acetylation were ozonated with 0% - 2.0% ozone on fibres. Fiberboards were then made 
from these treated fibres.  IB and MOR of the acetylated fibreboards increased drastically with increasing 
ozone charge up to 0.5% -10%. Whereas the thickness swelling of the fiberboards decreased. Ozone 
selectively cleaves the aromatic rings of hydrophobic lignin and introduces a hydrophilic carboxyl group 
into lignin. Thus, the wettability and thermoplasticity of acetylated fibres increased, and this structural 
modification improved the interfibre contact.  As a result, IB and MOR increased. In an addition, steep 
density profiles were formed by the ozonation, resulting in high bending strength. The high compaction 
ratio accelerated the effect of ozonation. The optimum ozone charges for improving mechanical 
properties were 0,5%-1.0%.  Korai (2001b) also did a study to look at the effect of low bondability of 
acetylated fibres on mechanical properties and dimensional stability of fibreboard. Fibreboard was 
prepared from acetylated fibres with 0, 4.7, 9.7, 18.5 and 24.8 weight percent gain (WPG) respectively.  
The effects of low bondability of acetylated fibres on mechanical properties and dimensional changes 
were determined.  As for accelerated weathering and the outdoor exposure test, the decreased mechanical 
properties of acetylated fibreboard are mainly due to low bondability.  The result showed that the 
thickness changes in 4.7-18.5 WPG boards were much higher than those in 0 WPG board and 24.8 WPS 
board. The high thickness change is due to low bondability. Although 24.8 WPG board also has low 
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bondability, the thickness change of 24.8 WPG board decreased, indicating that the high dimensional 
stability of acetylated fibre with high WPG probably outweighs the dimensional change caused by low 
bondability.  On the other hand, during boiling test, the thickness changes in 24.8 WPG board and the 4.7-
18.5 WPG boards were higher than those in 0 WPG board.  The effect of the boiling test is more severe 
than that for accelerated weathering and outdoor exposure test; therefore, the effects of the low 
bondability probably cancel the effects of the high WPG. 
 
Hashizume et al (1988) developed a new preparation method for wood-polymer composite (WPC) using 
liquid ammonia as a preswelling agent in order to enhance the dimensional stability of the wood. This 
procedure consists of three steps executed at a low temperature of - 75 degree C: (1) preswelling by liquid 
ammonia; (2) release of ammonia by acetone replacement; (3) impregnation of monomers and then 
polymerization under electron beam irradiation. It was found that the degree of antishrink efficiency 
reached ca. 80% for polystyrene-WPC prepared using liquid ammonia as a preswelling agent. Moreover, 
the results of X-ray diffraction, viscoelastic and dielectric measurements for the WPC samples suggest 
that the swelling caused by liquid ammonia brings about the decrystallization of the wood and gives rise 
to an increase in the number of reactive sites in the cellular part of wood.  However, it would be very 
difficult to apply into the industrial scale operation due to the complex of technology. 
 
Schmidt (2002) carried out an investigation to compare the chemical properties of wheat straw and beech 
fibres following alkaline wet oxidation and laccase treatments.  In his experiment, wheat straw (Triticum 
aestivum) and beech (Fagus sylvatica) were used to evaluate the effects of two pre-treatment processes 
(alkaline wet oxidation and enzyme treatment with laccase) on lignocellulosic materials for applications 
in particleboards and fibreboards. Wheat straw and beech fibres reacted differently in the two processes. 
The chemical composition changed little following enzyme treatment. After alkaline wet oxidation, fibres 
enriched in cellulose were obtained. With both materials, almost all hemicellulose (80%) together with a 
large portion of the lignin were solubilised by alkaline wet oxidation, but essentially all cellulose 
remained in the solid fraction. Following enzyme treatment most material remained as a solid. For wheat 
straw, reaction with acetic anhydride indicated that both treatments resulted in more hydroxyl groups 
being accessible for reaction. The enzyme treatment gave a more reactive surface than alkaline wet 
oxidation for wheat straw, whereas the opposite was observed for beech. Fourier transform infrared (FT-
IR) spectroscopy showed an almost complete loss of the ester carbonyl stretching signal and the 
corresponding C-C-O stretching in wet oxidized materials. This proved that alkaline wet oxidation breaks 
ester bonds in wheat straw and beech. On the other hand, FT-IR could not detect any tangible effects of 
the laccase treatment.     
 
Kharazipour et al (1998) developed a process treating the fibre with enzyme peroxidase and H2O2 and the 
fibreboard made from the treated fibre was tested.  When commercially produced wood fibres were 
treated with the enzyme peroxidase and H2O2 for a certain time and then pressed together under 
conditions usually employed during the process of making fibreboards.  The properties of the board were 
close to the required standards for German medium density fibreboards (MDF). Peroxidase in this system 
gave the same results as laccase, for which this reaction had been described previously by the same 
authors. 
 
 
Rozman et al (1996) carried out a refining experiment studying the effect of fibre activation with silane 
on MDF panel properties.  Thermomechanical pulp (MDF fibre) was reacted with gamma -
aminopropyltriethoxysilane. The adducts formed was mixed with urea formaldehyde (UF) resin followed 
by hot press. Modified boards showed significant improvement in modulus of elasticity, modulus of 
rupture and water absorption. The total swelling performance of the modified boards was attributed to 
predominantly by irreversible swelling. 
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Hardesty et al (1987) described a method of chemical treatment of wood chips or fibre to produce high 
density fibreboard.  High strength and high density wood fibreboard is formed by treating the wood fibre 
source material with a highly alkaline solution, such as sodium hydroxide solution, before interfelting the 
fibres into a loose mat. Based on their observation, the wood source material can be treated after refining, 
but preferably before fibrillation. Further, wood fibre source material may be partially neutralized before 
felting without substantial change in the resulting densities and strengths.  The characteristics of the 
method is simultaneous addition of a highly alkaline aqueous solution sufficient to form an aqueous slurry 
having a pH of at least about pH 12 and defibration temperature below the boiling point of the aqueous 
slurry and imparting an about at least three-fold increase in the zeta potential of fibres.  The result showed 
that modulus of rupture was greater than 500 psi and densities were greater than 20 pounds per cubic foot. 
 
Huttermann et al (1998) proposed three different industrial processes for the production of compounded 
materials.  The cell walls of woody plants are compounded materials made by an in situ polymerisation of 
a polyphenolic matrix (lignin) into a web of fibres (cellulose) catalyzed by polyphenoloxidases (laccases) 
or peroxidases. The transfer of this construction strategy to the actual production of compounded 
materials required the adaptation of a process that takes weeks in nature to technical conditions in which 
reaction times of only a few minutes are allowed. Three strategies have been developed to find conditions 
under which lignin becomes so active that the reaction may be feasible for technical purposes: (1) wood 
composites either by the addition of adhesives composed of lignin and phenoloxidases or activation of the 
wood fibres by these enzymes; (2) compound materials made from lignin and carbohydrates; (3) 
duroplasts from lignin and other monomers. The main advantage of all these substances is that they are 
totally compatible with the terrestial carbon cycle. 
 
2.2 Effect of Chemical Pre-treatment on Energy Consumption 

Georg (1993) described a method to chemically treat raw material including lignocellulose, such as wood 
shavings, wood chips, and pre-ground wood or sawdust for reducing refining energy.  In the described 
process for manufacturing chemo-mechanical and/or chemo-thermo-mechanical wood pulps, raw 
materials are first impregnated with an aqueous alcoholic SO2 solution and then heated to a temperature 
between 50 and 170ºC for a period up to 300 minutes. The wood furnish is then ground to the desired 
degree of fineness in the refining process. The process makes it possible to achieve up to 50 % reduction 
in energy consumption comparing with known chemo-thermo-mechanical processes.  Within a few 
minutes of duration of this pre-chemical treatment, the objective of the lignin plasticizing is achieved, but 
it should not be so large that it comes to a separation of the fibres in the range of the central lamella.  
Further positive aspect of the sulphonation is the production of flexible fibres. 
 
Iwasaki (1990) introduced a new explosion pulping process (Stake process) developed by Stake Co., as a 
high yield pulping method. Chips are at first pretreated by single sodium sulphite solution or mixed 
solution including a small amount of caustic soda to suppress the oxidation and acid hydrolysis reaction at 
explosion. Then, treated chips are carried to cooker and explosion chamber to be processed by saturated 
steam of 30kg/cm2 and refined after discharged under atmospheric pressure through a discharging valve. 
Strength of Stake processed pulp prepared by using aspen wood is higher than that prepared by the 
conventional CMP/CTMP method. Brightness (or whiteness) of unbleached pulp is inferior but that after 
bleaching is identical. Chips become soft and defibration occurs by the explosion, so that the refining 
energy necessary to the constant freeness becomes smaller. Even if refining energy decreases, steam of 
medium pressure is required for a batched type, which is not economical and energy saving, indicating 
some problems. 
 
Petit-Conil et al (1998) studied the application of ozone in the production of softwood and hardwood 
high-yield pulps with intention to save energy and improve quality.  Ozone was used on the fibres 
between primary and secondary refining stages of the TMP and CTMP processes. Different ozone 
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charges and pHs were considered. The effect of ozone on pulp quality and on energy consumption of the 
secondary refiner was determined. The results obtained at laboratory scale were confirmed with a 12 
inches single disk refiner. Ozone treatment improved the high-yield pulp quality for soft-woods (spruce) 
and for hardwoods (poplar). This enhancement of the pulp strengths was associated with no brightness 
loss and with energy savings. The bleachability of the pulps was not reduced by such a treatment. Ozone 
acted at different levels of the fibre wall: at the surface and in the cell wall, on the lignin and on the 
polysaccharides. The morphological aspect of the fibres had an important effect on the ozone transfer. 
Ozone induced a chemical refining treatment on the coarse fibres which facilitated the mechanical action 
for fibrillation. 
 
Sabourin et al (2003) investigated a method of increasing wood defibration prior to mainline refining.  
The method was evaluated for reducing the total energy consumption of thermomechanical pulping. The 
method involves a gentle separation of fibres in wood chips using a combination of press-refining and 
refining actions in a pressurized environment. The importance of wood defibration under mild pressurized 
conditions, as opposed to atmospheric, was demonstrated on both spruce and pine wood furnishes. High-
intensity thermomechanical pulps produced using the chip pretreatment method had 10%-14% lower 
energy consumption compared to control high-intensity pulps. Increases in tear strength and refining 
intensity were also available when refining the defibrated wood chips. Further reductions in energy 
consumption were available when combining chip fiberization with chemical treatment. Separate chip 
defibration can have important implications for energy consumption, impregnation efficiency, and 
physical properties of chemi-thermomechanical and thermomechanical pulps. 
 
2.3 Effect of Chemical Pre-treatment on Bondability and Adhesive Consumption 

Laine et al (2003a, 2003b) carried out an experiment manufacturing fibreboard without synthetic resins 
from spruce and beech fibres activated by treatment with Fenton's reagent (H2O2.FeSO4) and the 
formation of radicals in the fibres by the action of Fenton's reagent was studied. The treatment resulted in 
a strong improvement of board strength and a large increase in fibre free radical content. They speculated 
that the improved adhesion is due to interfiber bonds formed by reactions of radicals or other reactive 
groups generated in the fibres by Fenton's reagent. The results showed that the reactivity of spruce fibres 
in terms of radical formation increased as defibration temperature increased. The thickness swell of the 
boards depended more on the amount of sizing agent or other additive than on the defibration temperature 
or fibre reactivity toward Fenton's reagent.     
 
Laine et al (2004) studied the effect of high defibration temperature on the properties of MDF made from 
laccase-treated hardwood fibres.  The test results showed that high temperature defibration of hardwood 
improved the reactivity of hardwood fibres during laccase-catalyzed oxidation. This is due to the 
progressive breakdown of the lignin polymer with increasing refining temperature, which makes it a more 
amenable substrate for laccase. Dry-process 12-mm thick medium-density fibreboards (MDF) of high 
mechanical strength can be made from fibres treated with laccase in the refiner blowline and without 
synthetic resins or long laccase incubation times. The internal bond strength and thickness swell 
properties of the boards improve with an increase in defibration temperature. The improvement of board 
properties correlates with the number of radicals formed in the fibres on laccase treatment in water 
suspension. The extent of radical formation depends on the amount of low-molecular weight lignin and 
other phenolic substances extractable with water or other polar solvents and present in the fibres after 
defibration. 
 
Amirbahman et al (2004) developed a system using a synthetic chelator to mimic the action of the free 
radical generating system to wood fibres in order to activate the lignin-rich fibre surface.  Wood fibres, 
after thermo-mechanical pulping, have a high concentration of lignin on the outer surface of the fibre. 
When wood fibres are oxidatively treated with a chelator produced by Gloeophyllum trabeum (a brown-
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rot fungus), in the presence of hydrogen peroxide (H2O2) and ferric iron (FeIII), free radicals are 
produced. Activating the lignin and/or extractives on the surface of the wood fibres can give lignin the 
functionality of a self-bonding adhesive. In their preliminary work, a wet-process hardwood fibreboard 
was produced using a pre-treatment with a synthetic model chelator, 2,3-dihydroxybenzoic acid (DHBA).  
The results showed an increase in the internal bond strength over that of fibreboard made without DHBA 
pre-treatment.  In this research, wet and modified dry-process softwood fibreboard exhibited increased 
internal bond, modulus of rupture, and modulus of elasticity with DHBA pre-treatment compared to that 
of fibreboard without DHBA pre-treatment.  The strongest boards produced used a 1:10 ratio of 
DHBA:FeIII with mM concentrations of peroxide. A FeIII-only treatment displayed similar bond and 
bending strengths to the chelator-mediated treatments (1:10) ratio, suggesting that natural phenolics and 
extractives in the wood were reacting similarly to low concentrations of DHBA through a chelator-
mediated Fenton mechanism. 
 
Ban et al (2004) discussed chemical behaviour of softwood carbohydrates during high-sulfidity green 
liquor pre-treatment.  According to their observation, about 20% of the total wood carbohydrates removed 
from softwood chips from a pretreatment with a high-sulfidity, carbonate-rich solution known as green 
liquor (GL) are mainly derived from glucose and mannose. The salient chemical events occurring during 
GL pretreatment are sugar readsorption in a neutral or slightly alkaline environment and substantial 
mannan dissolution. However, it appeared that pentose saccharides were more easily adsorbed onto fibres 
than hexose saccharides. Mannose, for example, undergoes degradation easily, with no obvious 
readsorption during the entire process. A higher GL concentration can enhance both tendencies of 
reabsorption and degradation. The most interesting finding was that hydrogen sulphide appeared to react 
with wood composites during the pre-treatment phase to form a very tight bond that appears to be 
chemical in nature. The apparent chemical bonding behaviour of sulphur in wood correlated with 
carbohydrates retention: a higher level of bonded sulphur resulted in higher carbohydrates retention. 
Finally, various additives applied during GL pretreatment were found to exert a significant influence on 
sugar retention.  It suggested that other bonding mechanism may exist and may be used apart from 
currently used synthetic resin system for bonding of wood composites.  Resin consumption can be 
reduced if a suitable chemical pre-treatment method can be used. 
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3 Staff 
This research project was carried out by the following Forintek staff: 
 
James Deng Project Leader and Research Scientist 
Martin Feng Senior Research Scientist 
Gerald Bastien Senior Technologist 
Francine Côté Senior Technologist 
Nicola Déry Technologist 
Louis Gravel Senior Technologist 
Antoine Henry Technologist 
Richard Moreau Senior Technologist 
 
 

4 Materials and Methods 
4.1 Determine the Chemicals for the Pre-treatment 

Table 1 summarises the major chemicals that used prior or during the wood fibre refining for the purpose 
of improving panel properties, namely dimensional stability and bonding strength, and process efficiency.  
The chemicals listed in were compiled from the literature review conducted with this project. 
 
Table 1 Summary of chemicals that could have positive effects on panel properties and 

process efficiency 
 
No. name of the chemicals formulation or major 

compound 
key function used remarks 

1 sulphur dioxide SO2  colourless liquidfied gas, 
BP -10ºC, soluble in water 

bleaching agent, sulphite pulp 
process 

2 sodium bisulphite NaHSO3  available 38-43% 
solution 

aldehyde purification reagent 

3 sodium hydrosulphite Na2S2O4 white crystalline 
powder, MP 55ºC, soluble in 
water 

pulp paper production 

4 phthalic anhydride C8H4O3 MP 131ºC, BP 295ºC heat cured epoxy resin curing 
agent 

5 maleic anhydride (MA) C4H2O3 white or molten liquid, 
MP53ºC, BP 202ºC, soluble in 
water forming maleic acid 

used for wood acytelation 

6 ozone  O3 colourless gas waste water treatment 
7 phosphoric acid H3PO4 polymer gasoline catalyst, 

microbial fermentation 
nutrient 

8 ammonia NH3 colourless liquefied gas 
or solution (NH3.nH2O) 

 

9 caustic soda/sodium hydroxide NaOH (white fused solid 
MP315ºC, or colourless 
solution 50% BP 144ºC 
 

alkali refining agent 
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10 fluorine F2 pale yellow gas. BP: -188ºC 
soluble in water forming 
hydrofluoric acid, strong 
oxidizing agent 

 

11 glycidyl methacrylate (GMA) C7H10O3 liquid, commercial 
available 

adhesion 
promotion/crosslinking 
comonomer 

12 styrene C8H8, colourless liquid, 
BP145ºC, flush point 34ºC 

cast resin, reactive diluent 

 
As can be seen from the table, although there are many chemicals that used from previous works but only 
few chemicals can be used in our fibre refining process.  In general, the chemicals selected have to be met 
the following criteria: 
 

• The chemicals are relative economic and commonly used in the industry. 
• The chemicals are easy to handle and transport. 
• There is no significant detrimental effect to the down stream process, such as affecting the UF 

resin curing process and significantly increasing pressing time. 
• No obvious corrosion to the process equipment. 

 
Based on the above criteria, sulphur dioxide (SO2) and sodium bisulphate (NaHSO3) were selected for the 
experiment.  Sulphur dioxide is easy to handle and relative cheap as well as sodium bisulphate.  Ozone is 
oxidative and can react with wood chips to improve the panel dimensional stability but is expensive.  
Giving the lower molecular weight comparing to phthalic anhydride and other type of anhydride of the 
same sort, maleic anhydride is easier to handle and more economic.  However, it is still expensive to use 
comparing to SO2 and NaHSO3.  All alkaline compounds such as sodium hydroxide were not used in the 
experiment as they affect the UF resin curing reaction.  The rest of chemicals in the table do not meet the 
criteria and therefore were not used in the experiment. 
 
4.2 Raw Materials 

Black spruce (Picea mariana) chips from Quebec region were used as the refining furnish. A UF resin 
from Borden Chemicals (Quebec, Canada) was used.  The chemicals used in the experiment included 
sulphur dioxide (SO2) and sodium bisulphate (NaHSO3).  All raw materials used in the experiment are 
shown in Table 2 . 
 
Table 2 Raw material used in the experiment 
 

Raw material Quantity required 
Black spruce chips 150 kg OD weight  
SO2 (sulphur dioxide) 1 bottle (5kg) 
NaHSO3 (sodium bisulphate) 2.5 kg 
UF resin (302) 50 kg liquid (40L) 

 
4.3 Chemical Pre-treatment 

The dosage of chemicals and pre-treatment method shown in Table 3. For each type of treated raw 
material, the refining work was carried out according to the conditions shown in Table 4. 
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Table 3 Chemical pre-treatment of raw materials 
 

Chemical type Dosage of addition Treatment method 
SO2 (sulphur dioxide) 0.1/0.2% of OD wood gas injection into cooking screw 

NaHSO3 (sodium bisulphate) 0.16%/0.8% OD wood blend with chips right before 
refining in OSB blender 

Note:  
1. The batch size of raw material for each treatment is about 25kg. 
2. The chemical treatment using sodium bisulphate was carried out before refining and the lead time was 

less than 30 minutes between the treatment and actual refining run. 
 
4.4 Fibre Preparation 

The fibre used in the experiment was produced in the MDF Pilot Plant at Forintek’s Eastern Laboratory. 
The refining parameters are shown in Table 4. These refining process conditions remained unchanged 
through the whole experiment. 
 
Table 4 Refining process conditions 
 

Refining process parameters Values 
preheating retention time 3 min 
steam pressure in preheater 8 bar 
process throughput approx. 60 kg/h 
refining specific energy approx. 200kWh/t 
resin loading (blowline blending) 12% 
wax loading 1% 
target MC after dryer 10% 
refining batch size for each type of the materials approx. 25 kg 
 
4.5 Board Preparation 

Laboratory-scale MDF panels were made according to the conditions shown in Table 5. The fibre mats 
were formed manually into a 28 in. x 28 in. x 10 in. wooden box and pre-pressed. The fibre mats were 
then hot-pressed using the 34 in. x 34 in. Dieffenbacher press. 
 
Table 5 Hot-pressing parameters 
 

Hot press parameters Values 
Hot press temperature 185ºC 
Pressing time 4 min. 
Panel size 711.2 mm x 711.2 mm x 12 mm 
target density 750 kg/m3 
No. of panels of each type of fibre 2 

 
4.6 Evaluation of Panel Properties 

The panel properties tested are shown in Table 6.  
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Table 6 Lab tests of the panels 
 

Tested properties Test methods 

Internal bond ASTM D1037 

MOR/MOE ASTM D1037 

24-hour thickness swell (24h TS) ASTM D1037 

Linear expansion ASTM D1037 

Density & MC ASTM D1037 

Density profile Forintek 
 
 

5 Results and Discussion 
5.1 Refining Energy Consumption 

Table 7 shows the refining energy level of different raw materials.  The refining energy data was the 
average refining energy during each refining run.  As can be seen from the table, no obvious energy 
reduction was observed in this experiment. 
 
Table 7 Refining energy consumption for each type of raw material 
 

MDF furnish type Average refining energy (kW) 
Blackspruce sawdust without treatment 30.1 

Blackspruce sawdust with 0.16% NaHSO3 31.5 
Blackspruce sawdust with 0.8% NaHSO3 29.8 

Blackspruce sawdust with 0.2% SO2 29.8 
 
5.2 Panel Properties with or without Chemical Treatment  

The mechanical and physical properties of the MDF panel with different chemical pre-treatments are 
shown in Table 8 and Figure 1 to Figure 5. As can be seen from the Table 8 and Figure 1, the bonding 
strength was reduced with both chemical treatments. With pre-treatment, all IBs were lower than the 
MDF panels made from normal fibre without the chemical treatment.  Treatment with NaHSO3 resulted in 
lower IBs in the panel comparing to the panel treated with SO2. However, the impact of chemical dosage 
was not clearly observed as the trend was not consistent.  Increasing the content of SO2 in the fibre 
seemed to reduce the internal bond strength while the strength was slightly increased while increasing the 
dosage of NaHSO3.  This inconsistence could be from the variation of the process and the difference that 
the chemical was introduced. 
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Table 8 Properties of MDF panels with different chemical pre-treatments 
 

Identification 
IB  

(MPa) 
TS  
(%) 

WA 
(%) 

MOR 
(MPa) 

MOE 
(MPa) 

Density 
from DP 
(kg/m3) 

Density 
from 
MOE 

(kg/m3) 
control 0.991 14.7 26.9 22.2 2252 776.5 749.6 
SO2-low dosage 0.753 17.4 26.8 19.5 1908 777.6 755.5 
SO2-high dosage 0.649 23.2 57.1     734.1   
NaHSO3 low dosage 0.611 17.2 27.1 18.1 1985 777.3 740.3 
NaHSO3 high dosage 0.693 25.4 41.4 13.8 1741 782.4 742.5 

 
Figure 2 shows that TS was slightly increased with lower level of the chemical pre-treatment using either 
SO2 or NaHSO3.  The thickness swell was increased with increased dosage of SO2 or NaHSO3 in the 
panels.  With this experiment, reduction of thickness swell with treatment of SO2 or NaHSO3 was not 
achieved.  Further study needs to be carried out to exam the effect of different contents of the SO2 or 
NaHSO3 on panel thickness swell and its chemical interaction with different resin systems.  As many 
previous studies on the wood acytelation indicated that although the nature of wood fibre changed from 
hydrophilic to more hydrophobic, the compatibility of wood fibre and resin system was reduced.  
Therefore the thickness swell as the overall result does not reduce with the treatment due to lower 
bonding strength of the panel. 
 
To some extend, the above speculation can be proved by closely looking at the data of water absorption in 
Figure 3 and comparing to the panel thickness swell in Figure 2.  Water absorption of the panel with 
lower SO2 or NaHSO3 treatment was similar to the WA of the control panel while the control panels had 
significantly lower TS than the treated panels.  It suggests that the wood fibre in the treated MDF does not 
absorb more water than the control panel but swell more due to weak interface between resin and fibre or 
bonding strength. Further increase in the content of SO2

 and NaHSO3 caused higher water absorption. 
 
A similar trend can be observed for the MOR and MOE of the panels.  Both MOR and MOE were 
reduced with the chemical pre-treatment comparing to the control panels without the treatment.  The 
MOR and MOE were also further reduced when increasing the dosage of NaHSO3. 
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Figure 1 Comparison of panel internal bonding strength 
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Figure 2 Panel thickness swell with different chemical treatments 
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Figure 3 Panel water absorption with different chemical treatments 
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Figure 4 Panel bending strength with different chemical treatments 
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Figure 5 Panel MOE with different chemical treatments 
 

6 Conclusion 
The preliminary experimental results show that it is still a challenge to identify more suitable chemicals 
for the pre-treatment of MDF furnish and to optimise the dosage and the process conditions so that the 
MDF panels can be made with improved dimensional stability and lower cost. 
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