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NOTICE

This report is an internal Forintek Canada Corp. ("Forintek") document, for release only by permission of 
Forintek. This distribution does not constitute publication. The report is not to be copied for, or circulated to, 
persons or parties other than those agreed to by Forintek. Also, this report is not to be cited, in whole or in part, 
unless prior permission is secured from Forintek.

Neither Forintek, nor its members, nor any other persons acting on its behalf, make any warranty, express or 
implied, or assume any legal responsibility or liability for the completeness of any information, apparatus, 
product or process disclosed, or represent that the use of the disclosed information would not infringe upon 
privately owned rights. Any reference in this report to any specific commercial product, process or service by 
tradename, trademark, manufacturer or otherwise does not necessarily constitute or imply its endorsement by 
Forintek or any of its members.



SUMMARY

Composite panels were manufactured from waste wood and recycled, mixed plastics. The effects of key 
processing parameters including wood fibre content on the mechanical and physical properties of panels produced 
were evaluated. Chemical treatments of the recycled wood fibre were conducted to improve the dispersion and 
adhesion of fibres within the matrix. The morphology of the plastic/wood interface was examined critically using 
a scanning electron microscope (SEM).

Experimental work on the hot processing of panels showed that a commercial high speed mixer, (K-mixer) failed 
to produce a uniform dispersion of the composite materials. The wet process studied presented a good option for 
making composites from recycled wood and plastics. A significant improvement in bending strength and stiffness 
was observed for panels containing up to 60 percent of wood fibre. However, because of the large amount of 
water required for the wet process, this technique was considered a less desirable approach. Dry processing 
appears to be the most environmentally sound method and produced panels with mechanical properties similar to 
those produced by the wet process.

The SEM study on fracture interfaces elucidated the relationships between wood fibre/plastic matrix and 
mechanical properties of panels. Chemical treatments of recycled wood fibres were found to relieve the 
compatibility problem between wood and plastic, improving the adhesion between these components. 
Experimental work has also revealed that a commercial microwave generator can be employed to preheat mats 
prior to hot pressing.
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1.0 OBJECTIVES

To develop a technique for making composite panel products from combinations of recycled wood and mixed 
waste plastics.

To study ways of improving the adhesion between wood and plastic.

To study the morphology of the plastic/wood interface.

2.0 INTRODUCTION

In recent years, the increased volume of municipal solid waste (MSW) and the shortage of landfill sites have 
become a growing concern. Separating different plastics once they are mixed is technically difficult and presents 
a serious challenge for materials recycling. As a result, it has been possible to recycle only a limited amount of 
mixed plastics causing something of a crisis. This situation has arisen at a time when the availability of landfill 
sites has been decreasing.

On the other hand, the increasing demand for raw materials for the production of composite wood products 
represents a strain on our natural resources. Since two of the largest components of MSW are plastics and wood- 
based materials, economic and social forces require that all options for recycling be considered. Recycling 
probably offers the best solution for conserving our limited landfill space and meanwhile extending our fibre 
supply.

Cellulosic fibres have been considered suitable for use as reinforcement agents for thermoplastic materials. They 
offer good mechanical properties, unique flexibility in design, and ease of fabrication. In fact, wood fibre 
reinforced plastic composites have been used for interior trim components of automobiles.

Several disadvantages concerning the use of wood fibres in polymer composites have been identified in the past. 
The most critical one relates to the fact that wood fibres are hydrophilic by nature while plastics are hydrophobic. 
These inherent properties make these materials incompatible and hence the adhesion between wood fibres and the 
plastic matrix is very poor. Several methods of enhancing the plastic-fibre bonding have been proposed by 
investigators. For example, use of the reactive functional oligomers or monomers of the isocyanate family have 
been reported as an aid in fibre-to-plastic adhesion.

Uses for these unwanted materials must be found if we are to transform them from a negative value waste into 
revenue generating materials to support recycling. Ideally, mixed plastics and paper/wood should be used without 
any segregation process so that production costs can be minimized. Accordingly, this project focussed on the 
utilization of reclaimed wood-based materials for incorporation into reclaimed mixed plastics.

3.0 LITERATURE REVIEW

Recently, there has been a dramatic increase in interest in using wood fibre as a reinforcement for thermoplastic 
composites. Numerous groups in North America and elsewhere have been conducting research projects in this 
field.

Lightsey, Short and Sinha (1977) tested pulp mill residues as a filler for low density polyethylene (LDPE) and 
polystyrene (PS) to form composites using a Brabender Rhomex extruder. Pulp residues from Kraft pulp mills 
located in Georgia, Flonda, and Louisiana supplied the wood pulp residue with the major species being southern
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yellow pine (loblolly and slash pine). Lightsey et al. concluded that the tensile strength and modulus of elasticity 
of the composites containing wood residues were slightly greater than those of composites filled with wood flour. 
Bonding between the polystyrene matrix and the filler was very weak.

Woodhams et al. (1984) claimed that the stiffness characteristics of pulp fibre-filled polyolefin can be favorably 
compared to talc or glass reinforced polyolefin composites. By using carboxyllix wax as a dispersion aid, waste 
wood fibres and reclaimed newsprint were incorporated into high density polyethylene (HDPE) and isotactic 
polypropylene (PP) plastics. They concluded that the addition of carboxylic waxes permits inclusion of 40 to 50 
percent by weight of wood fibres into the plastic materials. Flexural strengths of 70 MPa and flexural moduli of 
5 to 6 GPa were obtained for both isotactic PP and HDPE when filled with 40 to 50 percent of wood fibres.

Henequen fibres were employed as a reinforcing material with waste polyethylene (PE) and formed into a panel 
by Ramirez and Solis (1984). The panels were examined for physical and mechanical properties and were 
compared with those of commercial panels. The waste PE was recovered from waste packaging films. River sand 
in the form of feldspar and quartz was added to the matrix to increase environmental resistance (e.g., ultraviolet 
(UV) light). Ramirez and Solis concluded that the composite material had good mechanical and physical 
properties and an increase in environmental resistance of about 1000% due to the incorporation of sand. In 
addition, the fibres did not degrade in the molding process, but maintained their inherent mechanical properties.

The effect of alkali treatment on the adhesion of sisal fibres to polyester resin was examined by Navin and 
Rohatgi (1986). Retted sisal fibres from Bhopal, India were soaked in an aqueous solution of NaOH (5 wt%) for 
various time periods. Alkali treatment significantly increased the wetability of the surface of sisal fibres by 
polyester resin. In addition, Navin and Rohatgi found that alkali treatment of sisal fibres for 90 hours significantly 
improved their adhesion with polyester and resulted in an increase in tensile strength.

Composites prepared by Hua, Zadorecki and Flodin (1987) involved combining unsaturated polyester with 
surface-treated cellulose as a reinforcing material. Formaldehyde and dimethylolmelamine (DMM) were used as 
surface treatments for cellulose fibres derived from bleached kraft paper. The experimental design utilized five 
treatments. Tensile strength and elongation of the cellulose fibres were determined in dry and wet conditions 
along with tensile strength and modulus of the cellulose-polyester composites. DMM was found to be an 
effective surface modifying agent for cellulose fibres. An improvement of more than 50% was achieved in the 
wet strength of the composite, along with a reduction of about 50% in water uptake by the composite.

Raj et al. (1989) studied the reinforcement of thermoplastics with wood fibres. Aspen chemical- 
thermomechanical pulp (CTMP) was dispersed in linear low density (LLDPE) and high density (HDPE) 
polyethylenes usmg four different isocyanates as coupling agents. The tensile properties of the aspen fibre-filled 
composites compared favorably with glass and mica fibre-reinforced composites. The isocyanate provided 
significant improvement in mechanical properties (i.e., stress and modulus) for both HDPE and LLDPE 
composites.

Aspen fibres in the form of thermomechanical pulp (TMP) were used as a filler in high density polyethylene 
(HDPE) by Gogoi (1989), who studied the mechanical properties of the product. He also studied the effect of 
fibre pretreatment, screw configuration, and compounding temperature on the mechanical properties of the 
composite. Gogoi found that the screw configuration which has the longest mixing time imparted the best overall 
strength, although it produced maximum damage to the fibres. Gogoi observed better adhesion to acetylated and 
untreated fibres than to heat-treated fibres at a 30 percent fibre concentration.

Highly bleached cellulose from hardwood, was added to polypropylene at different concentrations by Bataille et 
al. (1989) to study the effects of surface pre-treatment of cellulosic fibres and the processing time and 
temperature on the cellulose-containing polypropylene. Little adhesion occurred between the untreated fibres and
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polypropylene at high elongation levels. Interfacial adhesion was significantly improved with the addition of 
coupling agents. Noteworthy was the improvement in adhesion and dispersion of fibres in the matrix with the 
presence of maleic anhydride modified polypropylene.

Zadorecki and Michell (1989) examined the potential use of cellulose wood fibres as reinforcements in synthetic 
organic polymers to form composites. Wood cellulose proposed as reinforcement was in the form of wood fibres, 
cellulose fibres, microfibrillar, and microcrystalline cellulose. Zadorecki and Michell concluded that more 
sophisticated processing would be required to bring the fibres together in such a way that their full potential for 
reinforcement would be achieved. Furthermore, in the commodity field, it is expected that cellulose fibre 
thermoplastics with coupling agents will be introduced commercially, to compete with mineral filled polymers.

Cellulose in the form of highly bleached hardwood pulp, was used as a filler in linear low density 
polyethylene(LLDPE) and high density polyethylene (HDPE), by Bataille et al. (1990). Benzol peroxide (BPO) 
was applied to the cellulose fibres both prior to ("MS" method) and during processing ("DM" method). No 
significant effect of the various treatments was observed, except for the benzol peroxide treatment using the DM 
method. Higher yield strengths were observed for LLDPE than HDPE, probably due to easier interaction between 
the polymer chain and other constituents.

Kokta et al. (1990) studied the mechanical properties of treated aspen (chemical thermomechanical pulp (CTMP) 
and sawdust) incorporated into polyvinyl chloride. The fibres were latex coated or grafted with vinyl monomers, 
in addition to treatment with coupling agents (e.g., maleic anhydride, obietic acid, and linoleic acid) and various 
additive dispersants (e.g., stearic acid or anhydrides). Generally, the mechanical properties improved, compared 
to untreated composites. Grafting of the fibres was most effective. Coupling agents performed better than 
dispersants, of which linoleic acid was the most promising. Kokta et al. studied the potential of the recycling of 
polystyrene aspen fibre (CTMP) composites. They evaluated the dimensional stability and mechanical properties 
of the recycled composites and the original polymer. The influences of a coupling agent and various treatments 
on the properties of polystyrene-hardwood fibre composites were also studied, They concluded that treated wood- 
fibre-filled thermoplastic composites offer excellent mechanical properties and dimensional stability under 
extreme conditions (e.g., exposure to boiling water). Moreover, in comparison to the original composites, the 
mechanical properties and dimensional stability of the recycled composites did not change significantly even after 
exposure to extreme conditions.

Keal (1990) studied the effect of combining two additives with high density polyethylene (HDPE) and 30 percent 
by weight of aspen wood fibres. The additives studied were stearic acid, a dispersing agent; ion monomer 
modified polypropylene; and maleic anhydride modified polypropylene. No significant improvement was gained 
by the combination of additives as compared to the use of one additive, except for modulus of elasticity. In 
addition, Keal concluded that the use of additives improved most properties, except impact strength.

4.0 MATERIALS AND METHODS

The design of this study was based on the recognition that the mechanical properties of composite panels are 
influenced mainly by the effectiveness of the dispersion of fibre into the matrix and by the quality of the adhesion 
between components. Experimental panels were prepared in the laboratory using standardized procedures 
simulating commercial techniques.

4.1 Materials

All recycled plastic feedstocks used in this research, high and low density of polyethylene (HDPE and LDPE), 
polypropylene (PP), polystyrene (PS), polyvinyl chloride (PVC) and polyethylene terephthalate (PET) were
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supplied by Recyclage De Plastiques Métivier Inc., Saint-Damien, Quebec. They were rinsed with water, air dried 
for 48 hours and ground to mesh 20. The material was further screened and particles retained on number 14 and 
1000 screens were used for the study. Table 1 lists the composition and percentage of the commingled (mixed) 
plastics. Wood materials obtained from mill residues and chips, were refined by a thermo mechanical disc refiner 
into fibres. The material was air dried for a week and hammermilled without a screen plate, prior to use as 
furnish. A list of materials used in this study is shown in Table 2.

4.2 Processes #

4.2.1 Hot Process used to produce composites

The experimental work was conducted at the University of Toronto where a commercial high-speed turbine mixer, 
also called K-mixer, was employed to blend the wood fibres and plastics. Recycled, mixed or separated plastics 
were introduced into the mixing chamber followed by the addition of wood fibres. After 5 minutes of 
compounding, the hot viscous mass was discharged from the mixer, cooled and granulated into particles of about 
1/4" in diameter. The granulated particles were then injection molded using an Engel ES-30 machine equipped 
with an ASTM D-638 mold. Injection conditions are listed in Table 3.

Compression molding was also performed. A mat was hand-felted onto a steel caul plate, then preheated at 
180°C for 10 minutes prior to hot pressing at 215°C for 5 minutes. The hot panel was then cold pressed for a 
further 5 minutes as shown in Table 4. It has been reported that the addition of wood fibres into a plastic matrix 
affects the melt viscosity of the composite such that it normally increases with an increase in fibre content, i.e., 
creates a mixture with a very high viscosity. To maintain a mixture with a workable viscosity, panels were 
produced containing 30, 40 and 50% fibres.

4.2.2 Wet Process

The aim of this phase of the project was to improve the quality of fibre dispersion into the matrix. Recycled wood 
fibres from thermo mechanical disc refiner were first immersed in tap water for 24 hours. This preconditioning 
process caused the fibres to swell, preparing them for easier and more effective mixing. The soaked fibres were 
then placed in a forming box where plastic and water were added to produce a consistency of approximately 1%. 
The mixture was thoroughly dispersed with a mechanical stirrer. Following 20 minutes of stirring, the slurry was 
filtered through a screen located in the bottom of the slurry tank. The mat was cold-pressed to remove excess 
water and then ovendried at 70°C for one week. This procedure was utilized for the purpose of reducing the 
moisture content of the mat to about 10 percent. Mats were then preheated and pressed according to the 
conditions listed in Table 4. Five senes of experimental panels containing 30, 40, 50, 60 and 70 percent of wood 
fibres were prepared.

4.2.3 Dry Process

To prepare experimental panels, recycled wood fibres, as decribed above, and plastics were blended together 
in a drum-type laboratory blender. Following ten minutes of blending, the chemical components were added 
to the mixture and allowed a further 10 minutes mixing to complete the blending. Mats were hand-felted onto 
caul plates, preheated and pressed, using conditions shown in Table 4. Again, five series of panels containing 
40, 50, 60, 70 and 80 percent wood fibres were prepared in this manner. A commercial microwave oven (Menu 
Master, FS. 10.EVP) was used to preheat the thick mat (1" or thicker) prior to panel consolidation. The 
preheating conditions were determined by a series of optimizing trials to determine the effect of preheating tune 
and mat moisture content on the core temperature of the mat during hot pressing.
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Specimens of the composite materials, obtained by injection molding, were tested for tensile strength in 
concordance with ASTM D-638. The compression-molded panels were edge-trimmed and cut into test 
specimens, as illustrated in Figure 1. The specimens were then tested to determine the effect of fibre content and 
treatment variables on bending strength and stiffness (MOR and MOE), internal bond strength (IB), thickness 
swelling (TS) and water absorption. Mechanical and physical evaluations were performed in conformance with 
ASTM-1037 M.

4.3 Tests

Table 1

Composition of Mixed Plastics

Type of Plastic Composition{%) Sources

High Density Polyethylene (HDPE) 60 Bottles

Low Density Polyethylene (LDPE) 10 Films, grocery bags

Polypropylene (PP) 10 Household containers

Polystyrene (PS) 6 Cups

Polyvinyl chloride (PVC) 4 Cups

Polyethylene terephthalate (PET) 10 Bottles
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Materials Used for The Preparation of Experimental Panels

Table 2

Type Commercial Sources

Furnish
Recycled Plastics 

Recycled/Waste Wood

Recyclage de Plastique Métivier, Québec 

Mill residues and chips

Additives Lignin Tembec

Poly (ethylene) glycol Aldrich # 25322-68-3

Epolene wax Eastman Chemical Products # E-43
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Injection Molding Conditions

Table 3

Conditions

Injection pressure (MPa) 5.0

Clamp pressure (MPa) 14.0

Injection Time (s) 9.1

Cycle Time (s) 38

Zone 1 Temperature(°C) 200

Zone 2 Temperature(°C) 200

Zone 3 Temperature(°C) 200
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Compression Molding Conditions

Table 4

Preheat Hot Pressing Cold Pressing

Oven temperature (°C) 180 Platen temperature (°C) 215 Platen temperature (°C) 20

Time (s) 600 Time (s) 300 Time (s) 300
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5.0 RESULTS AND DISCUSSION

5.1 Hot Processing Composites

Experimental work has shown that the K-mixer employed could not produce a uniform mixture when reclaimed 
mixed plastics were blended with recycled wood fibres. This was due primarily to the fact that the rheological 
behavior of plastics was very different for each type of plastic studied, i.e., different melting/softing pomt, change 
in viscosity at different temperatures, etc. During the hot mixing process, heat is generated by friction and it was 
observed that several types of plastic became liquid while other types remained in solid form. This caused a 
reduction in the overall viscosity of the mixture which could not be controlled to develop a high enough shear to 
disperse the wood fibres into the matrix. The result was a very non-uniform dispersion. Although many trials 
were conducted, this problem with mixed plastics could not be overcome using the hot-blending system. 
Therefore, it was concluded that the commercial mixer, K-mixer, was not suitable for blending mixed plastics 
with wood/paper fibres. In order to pursue this avenue further, a sample of mixed recycled plastics was separated 
and only recycled polypropylene was used to blend with recycled wood fibres.

Figures 2 shows the effect of fibre content on the mechanical properties of injection-molded composite board 
from polypropylene reinforced with wood fibre. The results show that the tensile strength increased with the 
amount of recycled wood fibre added. Then, at higher fibre contents, the tensile strength appeared to reach a 
maximum. A reduction of stress transfer efficiency, caused by the incompatibility between wood fibres and 
plastic matrix, may contribute to this phenomenon. Figure 2 also illustrates that there is a linear relationship 
between tensile modulus and fibre content which has been proposed by various models in the literature. The 
uniformity of dispersion of wood fibre through the plastic matrix did not appear to have a strong effect on the 
elastic modulus. The results obtained show that about 40 to 5Q% of waste wood fibre can be readily mixed with a 
single plastic source when using an injection molding process.

. .1
Bendmg test results for compression-molded specimens are shown in Table 5. Similar to the injection-molded 
specimens, bending strength (MOR) and bending stiffness (MOE) for the compression-molded samples increased 
with increasing wood fibre concentration. Also, an increase in thickness swelling and a reduction in IB strength 
was observed for panels containing high fibre levels.

5.2 Wet Processing Composites

Table 6 shows the mechanical and physical properties of the wet-process panels at five levels of fibre addition:
40, 50, 60, 70 and 80 percent. MOE and MOR values for the test panels initially increased with increasing 
content of recycled wood fibres up to about 60 percent, and then decreased thereafter. The IB strength and 
thickness swelling values were also significantly affected by the addition of fibre into the matrix at high loading 
levels. With 80 percent of wood fibres, IB strength was reduced significantly while thickness swelling increased. 
This suggests that because of the incompatibility between plastic and wood fibres, at least 40% of plastic is 
required to fully cover or encapsulate the wood fibres and, hence, develop a good bond between wood fibre and 
the plastic matrix. Scanning electron microscope (SEM) investigation of the morphology of the plastic/wood 
interface has confirmed this hypothesis. Figures 3, 4 and 5 show morphological details of the interface between 
plastic and wood fibres. The "fibre-like forms" in the micrographs are the wood fibres without plastic, while the 
dark amorphous material is plastic deposited on the wood fibres (an ideal condition to produce a good composite). 
From these illustrations one can observed a relationship between the abundance of amorphous zones and plastic 
content. In terms of the uniformity of dispersion, the wet processing technique produces a composite panel 
product with high degree of uniformity. Experimental results have shown that up to 70% of recycled wood fibres 
can be readily incorporated into the matrix to form composite materials with acceptable properties. Due to the 
large amount of water used in the wet process, however, there is some concern regarding recycling the water to 
maintain an environmentally acceptable process. The large amount of energy required to dry the wet mats is also 
a concern regarding the technical feasibility of wet processing.
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Table 5

Effect of Fibre Content on the Mechanical Properties
of Compression-Molded Hot Processed Panels

Fibre Content
(%)

IB
(MPa)

MCE
(MPa)

MOR
(MPa)

T.S
(%)

W.A.
(%>

0 — 1000 8 — —

30 1.46 1395 13.3 3.2 12.9

40 1.31 1470 15.7 3.4 13.5

50 1.22 1611 18.4 3.7 14.2

M-l ANSI 
Requirements

0.40 1725 11.0 — —
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Table 6

Effect of Fibre Content on the Mechanical Properties of Wet Processed Panels

Fibre Content
(%)

m
(MPa)

MOE
(MPa)

MOR
(MPa)

T.S
(%)

W.A
(%)

40 1.64 1442 15.9 4.2 16

50 1.48 1611 17.7 6.7 24

60 1.47 1742 16.8 7.0 28

70 1.45 1851 16.5 10.0 32

80 .59 1200 10 20.0 80

M-l ANSI 
Requirements

0.40 1725 11.0 — —
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5.3 Dry Processing Composites

Mechanical properties of the dry-processed panels are presented in Table 7. Panels made by dry processing have 
very good mechanical and physical properties compared to wet-processed panels. Again, reductions in 
mechanical properties and increases in thickness swelling were observed at high fibre loading. This is 
presumably associated with an insufficient quantity of plastic to cover or encapsulate the wood fibres.

The addition of chemical coupling agents to the wood-plastic mixture was also investigated to overcome the 
compatibility problem and to improve the quality of the wood-plastic bond. Table 8 summarizes the mechamcal 
and physical properties of panels prepared to evaluate the effect of chemical treatments. Panels containing 50 
parts of wood fibres modified by various additives and bonded with 50 parts of recycled mixed plastic, were used 
to evaluate the effect of fibre treatment. Results generally reveal positive effects from the addition of coupling 
agents on the overall properties of panels. Figures 6, 7, and 8 present SEM micrographs of the interfaces between 
treated wood and plastic.

Experimental results show that dry processing can be used to produce a wood plastic composite with good 
mechanical properties. However, the study also indicates that 10 minutes of oven preheating at 180°C was not 
enough to consolidate thick panels (1/2" or thicker). For such panels, microwave heating was employed to 
preheat mats prior to consolidation. Table 9 summarizes the effects of mat moisture content and microwave 
preheatmg time on the core temperature of the mat. The objective was to raise the temperature of the mat core to 
170°C without causing any over heating problems (local bums). As shown, mats containing 15% moisture 
content and preheated for 14 minutes produced optimum results. Table 10 shows some properties of 1" panels 
produced from recycled wood and recycled mixed plastics. The results in this table show that the microwave 
technique can be efficiently used to preheat the mat. The energy costs for microwave heating must be considered 
in the overall comparison of the various techniques tested in this study.

17



Table 7

Effect of Fibre Content on the Mechanical Properties of Dry Processed Panels

Fibre Content
(%)

m
(MPa)

MOE
(MPa)

MOR
(MPa)

T.S
(%)

W.A
(%)

40 1.59 1487 13.0 4.7 17

50 1.40 1518 13.8 7.0 25

60 1.40 1641 14.8 7.2 29

70 1.32 1711 14 12.0 37

80 .45 1000 8 25.4 92

M-l ANSI 
Requirements

0.40 1725 11.0 . . . . . .
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Table 8

Effect of Fibre Treatment on the Mechanical Properties of Dry Processed Panels

Additives
(%)

IB
(MPa)

:: MOE 
(MPa)

MOR
(MPa)

T.S
(%)

W.A
(%)

Control 1.40 1518 13.8 7.0 25

5%
Lignin

1.34 1439 18.69 5.4 15

5% Polyethylene 
glycol at pH 7.0

1.20 1664 16.39 6.0 15

5% Polyethylene 
glycol at pH5.0

1.52 1796 20.50 5.0 18

5% Epolene 
E-43

1.8 1747 19.73 3.7 14

M-l ANSI 
Requirements

0.40 1725 11.0 — —
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Microwave Preheating
Effect of Moisture Content and Time on Mat Core Temperature

Table 9

Preheating Time 
(min)

Mat Moisture Content (%)

5 ■ ' 10 15 20

First Second Temperature (°C)

8 0 70 90 115 120

8 2 85 110 130 130

8 4 90 120 160 160

8 6 110 140 170 180

8 8 150* 160* 190* 190*

* Some local burning spots observed.
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Table 10

Effect of Fibre Content on Mechanical Properties of Thick Panels (one inch)

Fibres Content IB Thickness Swelling Water Absorption
<%) (MPa) (%) (%)

50 1.74 3.8 15

60 1.56 3.8 15

70 1.50 3.9 18
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Considering the different processing methods studied, hot, wet and dry, it can be concluded that reclaimed mixed 
plastics and reclaimed wood fibre can be converted into composite materials with acceptable mechanical 
properties.

Because of high viscosity, an upper limit of 50% of recycled wood fibre can be incorporated into a recycled 
plastic matrix, if hot processing is employed.

Although the wet processing technique showed excellent fibre dispersion, the environmental impacts of using 
large quantities of water and energy requirements for subsequent drying must be considered carefully.

Dry processing appears to be the most attractive technique of making panels from recycled wood and mixed 
recycled plastics. Up to 70% of recycled wood fibre can be incorporated to form a good quality panel.

The addition of wood fibre into a plastic matrix significantly improves the MOE and MOR of the resulting 
composites. The rheological behavior of plastics, pressing time and temperature need to be considered to ensure 
sufficient energy is applied to melt the plastics and achieve the desired composite product.

Coupling agents such as Epolene E-43 are very efficient to overcome the compatibility problem between the wood 
fibre and the plastic matrix.
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Figure 3. SEM micrograph of a fracture zone in a wet-process composite panel with 80 percent 
wood fibre and 20 percent recycled mixed plastic
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Figure 4. SEM micrograph of a fracture zone in a wet-process composite panel with 60 percent
wood fibre and 40 percent recycled mixed plastic
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Figure 5. SEM micrograph of a fracture zone in a wet-process composite panel with 50 percent 
wood fibre and 50 percent recycled mixed plastic
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Figure 6. SEM micrograph of a fracture zone in a dry-process composite panel with 50 percent 
wood fibre and 50 percent recycled mixed plastic
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Figure 7. SEM micrograph of a fracture zone in a dry-process composite panel with 50 percent 
polyglycol-treated wood fibre (ph 7.0) and 50 percent recycled mixed plastic
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Figure 8. SEM micrograph of a fracture zone in a composite panel with 50 percent epolene E-43- 
treated wood fibre and 50 percent recycled mixed plastic
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OPTIMIZATION OF A NEWLY DEVELOPED PROCESS OF MAKING COMPOSITES FROM 
WASTE WOOD FIBRE AN MIXED PLASTICS

The exponential growth of municipal solid waste (MSW) generation and the corresponding 
shortage of landfill sites are causes of increasing public concern. Two of the largest components 
of MSW are plastics and wood-based materials. At the same time, the wood and paper industries 
are experiencing shortages in their raw material supplies. Recycling probably offers the best 
solution for conserving our limited landfill space and meanwhile extending our wood supply.

Problem/Opportunity

Wood fibres have been considered suitable for use as reinforcing agents for thermoplastics because 
of their high strength, low density and because they are non-abrasive, non-hazardous and 
inexpensive. The use of wood fibres in plastic composites, however, has been limited due to the 
non-compatible behavior between the two components; wood fibre is hydrophilic while plastics are 
hydrophobic. The adhesion between these two components is characteristically very poor. Several 
methods of improving the plastic-wood fibre adhesion have been proposed by investigators.

Objectives

To develop a technique for making composites from recycled wood and mixed waste plastics.

To improve the adhesion between wood and plastic.

To study the microscopic morphology of the plastic/wood interface.

Approach

Experimental panels from waste wood and recycled mixed plastics were manufactured by using 
three different processing methods. The effect of key processing parameters including wood fibre 
content on the mechanical properties of the panels was evaluated. Wood fibre treatments were 
conducted to improve the adhesion and dispersion of fibres within the matrix. The morphology of 
the plastic/wood interface was studied by scanning electron microscope (SEM).



Results

A commercial high speed mixer (K-mixer), failed to produce a uniform dispersion of the 
composite materials. Wet processing presented a good option for making composites from 
recycled wood and plastics, however, because of large amount of water and energy required, this 
process was considered as a less desirable approach. Dry processing appears to be the most 
environmentally sound method and produced panels with quality similar to those produced by the 
wet process. Chemical treatments of recycled wood fibres were found to overcome the m  
compatibility problem between wood and plastics, improving the adhesion between the two 
components.

Results showed that the reclaimed mixed plastics and recycled wood fibres can be converted into 
composite materials with acceptable mechanical properties. Dry processing is the most attractive 
technique of producing panels from recycled wood and plastics. Coupling agents such as Epolene 
E-43 are very efficient in improving the adhesion between wood and plastics.

Implications
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