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Development of wood-substituted materials based on highly filled systems of wood
flour and benzoxazine resin
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General Introduction

Wood is an important raw material, which has been used by human beings since early
years. The reason for its diverse and great utilization is related to its good physical strength,
aesthetically pleasing characters, and low processing cost. As the world economy ascends to a
new stage, demand for wood increases proportionally. Current statistics show that the timber
trade in the world market has exceeded 1,500 million m3. The demand for good-quality timber
will lead to nonrenewable logging of tropical hardwood forests in many developing countries, and
give rise to serious global concern, especially in Asian countries. Indonesia’s current dominance
of export market is expected to end within 20 years at present rates of logging, while Thailand has
banned all commercial logging in its hardwood forests. Therefore, a rise in the cost of natural
timber products is expected in the near future. The development of new materials with the natural
wood’s properties to be used for substituting natural wood can partially reduce the consumption

of natural wood.

Wood composite provide a unique combination of material properties and; therefore,can
substitute many conventional materials. The combination of three driving forces has created an
opportunity for advanced composite materials. The first driving force is the continuing population
explosion, which has created a growing worldwide demand for building materials. The second
driving force is the municipal solid waste crisis. Probably the most popular response to the

municipal solid waste problem has been recycling, i.e., paper, glass, and metals. The third driving
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force creating an opportunity for composites is the increase in price and decrease in the
availability of wood. Polymeric matrices reinforced with special wood fillers are enjoying rapid
growth due to their many advantages, such as light weight, reasonable strength, and stiffness. The
processing is flexible, and economical. On the other hand, the use of waste wood will help

solving the severe environmental problem.

There are two types of matrices for wood-polymer composite. The first type is
thermoplastic i.e. polyethylene, polypropylene, polystyrene, polyvinyl chloride, and ABS, in
which the filler in a form of wood particle, is dispersed into a thermoplastic matrix. Many
researches in recent years have gained much attention in this type of matrix due to 2 its ability to
give promise for improved performance composites that may be produced from recycled
materials. However, the main problem encountered in using this type of matrix is its rather poor
interfacial adhesion between the untreated wood particle and the matrix. This behavior results in
its characteristics of low strength, low stiffness and high moisture sorption. Another major
shortcoming of this type of matrix is that relatively low filler content of less than 50-60 % by
weight can be added into the matrix. To obtain higher filler content, a modification at the
interface between the wood particle and the matrix is required by using some physical and
chemical treatments. The effect of treatment wood particle can be improved the interfacial

adhesion between wood particle filler and the matrix.

The second type, which has been increasingly used, is thermosetting matrix. This type of
matrix is generally used with an introduction of some reinforcement fillers, such as natural fibers
and/or particles, to the polymeric matrix. The thermosetting matrix was first introduced for a
commercial purpose in the early 1900s under the trade name "Bakelite’ which is composed of
phenol- formaldehyde and wood flour. Many efforts have continued on studying in this field over
the past decade both from the academic and application points of view. The main application of
thermosetting matrix is found in composites, particularly, in the production of particleboard. The
addition, it shows promising application in packaging, construction, and automotive industrials.
However, due to the problem in shortage of high-quality wood at present, the reconstituted wood

materials become the important products of wood-based industries.
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Filler particles are often incorporated into polymers to modify their properties to meet
performance requirements. A wide variation of mechanical, thermal, and physical properties can
be developed through an appropriate compounding of polymer and fillers. For polymeric
matrices, phenolic resin was the first synthetic polymer derived from a condensation of phenol
and formaldehyde in the presence of acid or alkaline catalysts and up to now is one of the most
widely used thermosetting resins. The major advantages of phenolics are; high temperature
resistance, flame retardancy, chemical resistance, dimension stability, and electrical insulation
properties. Thus, traditional phenolic resins have been used in many applications such as
construction and automotive industries. However, traditional phenolic resins still have many
shortcomings. These include the need of strong acid or alkaline catalysts in the synthesis step, the
release of by-product such as water or ammonia during the processing step, and their brittleness
and limited shelf-life. A polymer that we choose as a matrix in this wood-substituted composite is

polybenzoxazine.

Polybenzoxazine or oxazine-based phenolic resins are an alternative to traditional
phenolics. It is synthesized by the ring-opening polymerization of aromatic oxazines, which can
be modified by changing the functional groups on the backbone. Furthermore, it does not produce
reaction by-products and can be synthesized via a simple (without strong acid or alkaline
catalysts) solvent less technology. The resin has been reported to possess some intriguing
properties such as low viscosity, low water absorption, high temperature properties, near-zero
volumetric changes upon polymerization, and ease of processing due to self-polymerization upon
heating via ring-opening polymerization. The latter property renders no volatile by-products;
therefore, giving no void formation in the curing step (Ning and Ishida, 1994a,1994b). Low melt
viscosity is one of the outstanding properties of polybenzoxazine which results in the ability to
accommodate relatively large quantity of filler. Ishida and Rimdusit (1998) studied the effect of
particle size and its distribution on thermal conductivity of boron nitride-filled polybenzoxazine.
The authors used large aggregates of flake-like boron nitride crystals and were able to make a
composite with a maximum filler content up to 78.5 % by volume (88 % by weight). The
extraordinary high thermal conductivity value of 32.5 W/mK at the maximum filler content was

achieved.
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Materials

Woodflour (Hevea brasiliensis) was supplied by Department of Corrections, Nakorn Si
Thammarat Province, Thailand. Bisphenol-A (Commercial grade) was kindly denoted by Thai
Polycarbonate Co.,Ltd. (TPCC). Para-formaldehype (AR grade) was purchased from Merck
Company, and aniline (AR grade) was from APS Finechem Company. All chemicals were used

without further purification.

Monomer Preparation

This bifunctional benzoxazine monomer is based on bisphenol-A and aniline. The molar
ratio of bisphenol-A: para-formaldehyde: aniline was 1:4:2. The benzoxazine monomer is solid at
the room temperature. It was ground into fine powder and kept in a refrigerator. The benzoxazine

monomer was obtained as a yellow powder.

Preparation of Woodflour

The woodflour from hevea brasiliensis was selected for this work because of its
availability and this wood is widely grown in Thailand. The density of the woodflour determined
by using a gas pycnometer is 1.49 g/cm3. The particles that pass through a sieve of less than 149
m, 250-297 m, and 420-595 Llm were used in this study. The over size wood particle was
crushed using ball mill apparatus in order to reducing its particle size. All woodflour was dried at

105 oC for 24 hr in a vacuum oven and was kept in the desiccator.

Processing Method

Woodflour and benzoxazine resin molding compounds were prepared by measuring
desirable mass fraction of both components. The mixture was mixed by hand in an aluminum
container at 80 °C for at least 15 min to ensure particle wet out by the resin. The compression-
molded compound was shaped using a metal spacer of various dimensions and a curing

temperature of 180 °C. The reaction was carried out under hydraulic pressure of 35 MPa for 2.0
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hr. Finally, the specimens were left to cool down at room temperature in the open mold before

testing.

CONCLUSIONS

The effect of wood flour content and particle size on the thermal, mechanical and some
important physical properties can be summarized as follows. From DSC experiment, the fully
cured condition of the molding compound is 180°C and 2 hours. Moreover, the exothermic curing
peaks were not affected by either the wood flour content or the particle size. The storage modulus
of the composites was found to increase with the wood flour content and reach the maximum
value at 75% by weight of wood flour. Beyond wood flour content of 75% by weight, the storage
modulus decreases which may be due to the insufficient wood flour wetting in the obtained
composites. The behavior may be caused by the formation of tiny void or air gap in the specimens
and the results were confirmed by density measurement. The glass transition temperature of the
composite was found to increase with wood flour content i.e. from 160°C in the case of the
unfilled system to 220°C in the case of 75% by weight of wood flour. This indicates substantial
adhesion between the wood flour filler and polybenzoxazine matrix. The flexural modulus at
room temperature of the natural rubber wood (Hevea brasiliensis wood) is recorded as 9.7 GPa
compared to the wood flour-filled polybenzoxazine composite with 75% wood flour content
which exhibits the modulus value of 6.8-7.3 GPa. Therefore, the flexural modulus of our wood
composite is in the vicinity of that of the natural wood. The highest achievable packing density of
the composite having no void in the system is; therefore, 75 %by weight. Scanning electron
micrographs show smooth interfaces between the filler and the matrix, which further signifies
good interfacial adhesion between the wood flour filler and the polybenzoxazine matrix. In
addition, our wood composite shows outstanding properties such as relatively high thermal

stability (Tg, Td), high char yield, and low water absorption.
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