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Abstract Particles derived from milling three-layer par-

ticleboards, with sizes from 0.5 to 3 mm, were used for

making composites with polypropylene by an injection

moulding method. Maleated polypropylene was used as a

coupling agent. The objective of this study was to evaluate

the mechanical and physical properties of the composites

made from particleboard and polypropylene with respect to

the content of particles derived from particleboard and

coupling agent addition. Properties of the composites did

not differ significantly from those of composites with vir-

gin industrial wood particles used for manufacturing par-

ticleboards. Moreover, these properties were comparable

with the properties of typical wood–plastic composites

with wood flour. Particles derived from milling particle-

boards have proved to be an effective alternative wood

component of wood–plastic composites.

1 Introduction

Wood–plastic composites (WPCs) have been rapidly

developed in recent years due to their numerous advanta-

ges. One is the possibility of using recycled materials, both

recycled polymers and wood, for WPC manufacturing.

Many studies have shown that the properties of WPCs

made from recycled polymers, especially from polypro-

pylene and high-density polyethylene, are only slightly

inferior to those of WPCs made from virgin polymers.

Most WPC companies in the United States use recycled

polymers (Winandy et al. 2004). The wood component of

WPCs is very often made from waste generated by wood

industry. Wood flour which is commonly used in WPC as a

wood component is mainly produced from sawdust which

is the primary waste product of sawmills. Post-consumer

wood pallets (Stark 1999) and poles (Kamdem et al. 2004)

proved to be a good source of wood flour. The second

common wood component in WPCs is recycled wood fibre

including newspaper fibre. The usefulness of fibres from

old newspapers has been confirmed by Sanadi et al. (1994),

English et al. (1996), Ashori and Nourbakhsh (2009), As-

hori (2010), Ashori and Sheshmani (2010), Lopez et al.

(2012). Ashori and Nourbakhsh (2008) proved that ligno-

cellulosic fibres from old corrugated containers could be

considered as a potential filler of WPCs.

In some countries wood waste, like plastic and paper

waste, is a major component of municipal solid wastes in

landfills. A large part of the wood waste is post-consumer

wood-based panels. The volume of these panels generated

per year is still growing. In Poland, their annual supply was

490,000 tons in 2002 and is estimated to reach 665,000

tons in 2015 (Ratajczak et al. 2003). The most common

wood-based panels are particleboards. Only a small num-

ber of recycled particleboards are used for making new

particleboards; most of them are destined for landfill or

burned. One of the possibilities of recycling these boards is

using them for manufacturing WPCs. Kamdem et al.

(2004) studied the properties of WPCs made from recycled

urea–formaldehyde (UF) resin bonded particleboard and

virgin or recycled high-density polyethylene. Particle-

boards were milled to obtain particleboard flour with a

particle size from 0.15 mm (100 mesh) to 0.6 mm (30

mesh). Compression moulding was used to manufacture
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WPCs with 50:50 particleboard flour-to-plastic weight

ratio. For comparison WPCs from virgin pine wood flour

were prepared. In general, the mechanical properties of

WPCs with particleboard flour were almost the same as

those of WPCs with wood flour. The thickness swelling of

WPCs containing particleboard flour was much smaller.

The properties of WPCs made from recycled particleboard

with UF resin as a binder were also investigated by

Chaharmahali et al. (2008). They used the sawdust from

particleboard sawing and the flour from particleboard

milling. The obtained particles were smaller than 0.6 mm

(30 mesh). The sawdust and flour particles were mixed at a

ratio of 50:50 by weight. The WPCs were made by com-

pression moulding method using recycled high-density

polyethylene and 60:40, 70:30 and 80:20 particleboard

particles-to-plastic weight ratio. The mechanical properties

of these WPCs were similar to, or in some cases better than

those of conventional particleboards.

In previous studies on WPCs made from recycled par-

ticleboards (Kamdem et al. 2004; Chaharmahali et al.

2008) only small particles, smaller than 0.6 mm, were

used. These WPCs were made by compression moulding

method and high-density polyethylene was used as a

composite matrix. WPCs can also be produced from large

wood particles, larger than 0.6 mm (30 mesh). These par-

ticles contribute to better mechanical properties of WPCs

because they usually have a higher length-to-thickness

ratio. This was confirmed in the studies on WPCs with

virgin industrial wood particles used for manufacturing

particleboards (Bledzki and Faruk 2003; Gozdecki et al.

2011, 2012; Kociszewski et al. 2012). In this study, the

novel particleboard-polypropylene composite made by

injection moulding method was tested. Large particles

derived from particleboards containing the UF resin were

used to prepare this WPC. The objectives of the study were

to evaluate the mechanical and physical properties of these

WPCs as affected by (1) particleboard particle content, (2)

coupling agent addition, and to compare these properties,

(3) with the properties of WPC made from virgin industrial

wood particles and (4) with the properties of WPC made

from wood flour.

2 Methods

2.1 Materials

The polypropylene (PP) used in this study was homopol-

ymer Moplen HP648T (Basell Orlen Polyolefins, Poland).

Its density was 0.9 g/cm3, and its melt flow index was

53 g/10 min (230 �C/2.16 kg). Maleated polypropylene

(MAPP) Fusabond P353 (DuPont) with a density of

0.9 g/cm3, melt flow index of 470 g/10 min (190 �C/2.16 kg),

and graft degree of 1.4 % was used as a coupling agent.

Three kinds of wood particles (WPs) were used as fill-

ers: recycled wood particles (RWPs), virgin wood particles

(VWPs) and wood flour (WF). The RWPs were derived

from three-layer particleboards with a density of 0.7 g/cm3,

a thickness of 18 mm, a shelling ratio (the ratio of the

thickness of the face layers to the thickness of the core

layer) of 40:60, bonded with UF resin using a resin content

of 10 % in the face layers and 8 % in the core layer. Pine

wood was a raw material of the wood particles of these

particleboards. The particleboards were supplied by

Kronospan Szczecinek, Poland. The freshly produced

industrial particleboards were used because their compo-

sition was known. They were milled by a laboratory

hammer-mill, and then screened by an analytical sieve

shaker (LAB-11-200/UP, EKO-LAB Poland), using 3 and

0.5 mm sieves. Particles that passed through the 3 mm

sieve and remained on the 0.5 mm sieve were used as a

filler of WPCs.

The VWPs were derived from industrial pine wood

particles used for manufacturing three-layer particleboards,

from fine particles for the face layers and coarse particles

for the core layer. These particles, which were supplied by

Kronospan Szczecinek, Poland, were the same as those

used for producing particleboards described in the previous

paragraph. The fine particles were screened and only those

that remained on the 0.5 mm sieve were used. Regarding

the coarse particles, those that passed through the 3 mm

sieve and remained on the 0.5 mm sieve were used. In

order to simulate a similar content of fine and coarse par-

ticles as that in particleboards, the mix consisting of 40 %

fine particles and 60 % coarse particles was prepared as a

filler of WPCs. The WF from softwood, of type Lignocel�

BK 40/90 was supplied by J. Rettenmaier & Söhne GmbH,

Rosenberg, Germany.

The fraction analysis of each kind of WPs was per-

formed using three, 100 g oven dry samples. Each sample

was placed on the top sieve (the 2.0 mm sieve for RWPs

Table 1 Fraction analysis per weight of the wood particles used

Screen hole size range (mm) WF (%) VWP (%) RWP (%)

\0.1 5.0 – –

0.1–0.25 24.5 – –

0.25–0.5 65.9 – –

0.5–0.75 4.1 22.6 9.5

0.75–1.0 0.5 22.3 19.0

1.0–1.5 – 19.2 31.3

1.5–2.0 – 20.6 34.1

2.0–3.0 – 15.4 6.1
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and VWPs, and 0.75 mm sieve for WF) and shaken on an

analytical shaker for 20 min. Portions of WP samples

remaining on each screen were weighed with an accuracy

of 0.01 g and expressed as the percentage of total sample

weight. The WP mass loss during sieve analysis did not

exceed 0.2 %. The average results of the fraction analysis

of three samples of each kind of WPs are presented in

Table 1. The RWPs and VWPs of the fraction 1.0–2.0 mm,

and the WF are shown in Fig. 1.

2.2 Wood particle geometry

The WPs, both the RWPs and VWPs, were measured to

determine their geometry. The length, width and thickness

of 200 randomly selected RWPs and VWPs for each of the

three fractions, 0.5–1.0, 1.0–2.0 and 2.0–3.0 mm were

measured using an optical microscope with a measuring

scale. The dimensions of 200 randomly selected WF par-

ticles were also measured. The length-to-thickness and

width-to-thickness ratios of particles were calculated for

each group of particles.

2.3 Processing

All WPs and WF were dried at 80 �C in an air-circulation

oven for 24 h prior to the mixing process in order to

achieve a moisture content of less than 3 %. WPs, WF, PP

and MAPP were dispensed into the hopper using three

DSH screw feeders (Hydrapress, Poland) and then mixed in

a one-step mixing process in the feed zone of AH-80

(METALCHEM, Poland) injection moulding machine. The

temperature profile was 120 and 180 �C in feed zone 1 and

zone 2, respectively. The injection pressure time and hold

pressure time were 3 and 6 s, respectively. To minimise

mechanical degradation of WPs during moulding, the

diameter of the injection die was enlarged to 4.5 mm and

the diameter of the sprue bush to 8 mm. The cross section

of the runner and the gate was 10 9 10 and 6 9 6 mm2,

respectively.

Three kinds of specimens for tensile tests according to

EN ISO 527-2 (type 1A), for flexural tests according to EN

ISO 178, and for impact strength tests according to EN ISO

179-1 were made. After processing, they were stored in

controlled conditions (50 % relative humidity and 20 �C)

for 2 weeks prior to testing.

Six experimental WPCs were prepared according to the

formulations shown in Table 2.

Four WPCs with the RWPs were produced in order to

determine the effect of the WP content and the effect of

MAPP. Two WPCs, with the VWPs and the WF, were

produced for comparison purposes.

2.4 Mechanical testing

Mechanical properties of tested WPCs were evaluated in

relation to tensile, flexural, and impact properties. Tensile

and flexural tests were performed according to EN ISO

527-2 and EN ISO 178, respectively, using an Instron 3367

machine. The speed of the cross-head was 2 mm/min.

Unnotched Charpy impact strength tests were conducted

according to EN ISO 179-1. Ten replicates were run for

each test. All tests were performed at room temperature

(20 �C) and at constant relative humidity (50 %).

Fig. 1 a RWPs, b VWPs of the fraction 1–2 mm, c WF

Table 2 WPC formulations (percent by weight)

WPC

code

Type of

wood particles

Wood

content

PP

content

MAPP content

RWP-20-3 RWP 20 77 3

RWP-40-3 RWP 40 57 3

RWP-60-3 RWP 60 37 3

RWP-40-0 RWP 40 60 0

VWP-40-0 VWP 40 60 0

WF-40-0 WF 40 60 0
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2.5 Water absorption and thickness swelling

Water absorption and thickness swelling of WPCs were

determined using the same specimens as those used in

flexural tests. Ten specimens of each WPC formulation

were dried in an oven for 24 h at 100 �C, and the weight

and thickness of oven-dried specimens were measured. The

specimens were then immersed in distilled water and after

24 h their weight and thickness were measured. The same

procedure was followed after 28 days. The values of water

absorption were calculated according to the formula:

Water absorption ð%Þ ¼ Wt �W0

W0

� 100 ð1Þ

where Wt is the specimen weight after a given immersion

time, W0 is the oven-dried weight. The values of thickness

swelling were calculated with the following equation:

Thickness swelling ð%Þ ¼ Tt � T0

T0

� 100 ð2Þ

where Tt is the specimen thickness after a given immersion

time, T0 is the oven-dried thickness.

2.6 Statistical analysis

The obtained data were statistically analyzed using the

Statistica version 10. The one-way analysis of variance

(ANOVA) was conducted to determine the significance of

the effect of RWP content on WPC mechanical properties.

Tukey’s and Student’s test were applied to evaluate the

statistical significance between mean values of the prop-

erties of WPCs with different WPs and of WPCs made with

and without MAPP, respectively.

3 Results and discussion

3.1 WP geometry

Table 1 presents the fraction analysis of RWPs, VWPs and

WF. The RWPs had a greater content of the fractions

1.0–1.5 and 1.5–2.0 mm, whereas the VWPs had a fairly

uniform distribution of fractions. The main WF fractions

were 0.1–0.25 and 0.25–0.5 mm. The dimensions of

RWPs, VWPs and WF as well as their length-to-thickness

and width-to-thickness ratios for several fraction groups are

listed in Table 3.

The mean values of RWP length ranged from 2.3 mm

for the fraction 0.5–1.0 to 5.1 mm for the fraction

2.0–3.0 mm, while those of VWP length ranged from

3.9 mm for the fraction 0.5–1.0 to 16.2 mm for the fraction

2.0–3.0 mm. Thus, the RWP lengths were much smaller,

and as a result the length-to-thickness ratio of RWPs was

considerably smaller, on average 4.5 times, than that of

VWPs. The mean value of length-to-thickness ratio of WF

particles (Table 3) was smaller than that of RWPs. The

VWPs were slender, whereas the RWPs and WF particles

were thick. The mean values of width-to-thickness ratio of

RWPs and WF particles were smaller than those of VWPs.

3.2 Effect of RWP content

Figures 2, 3 and 4 show the results for mechanical and

physical properties of WPCs made from PP, RWPs and

MAPP, and having different content of RWPs. The results

of the ANOVA analysis showed that all properties

depended significantly on RWP content (Table 4).

The tensile and flexural moduli increased gradually with

increasing RWP content from 20 to 60 % (Fig. 2). The

increase of the moduli was considerable. These results

were expected because the elastic modulus of wood,

especially in the grain direction, is higher than that of the

polymer. The primary objective of wood as a filler is to

increase the stiffness of WPC. Similar results for the WPCs

consisting of PP and WF have been reported by Bledzki

et al. (2002), Stark and Rowlands (2003) and Tajvidi and

Ebrahimi (2003) for the tensile modulus, and Stark and

Rowlands (2003) and Cheng et al. (2009) for the flexural

modulus.

The tensile and flexural strengths of WPCs decreased

moderately when RWP content increased (Fig. 3). A

Table 3 Dimensions, length-to-thickness and width-to-thickness ratios of the WPs

Wood particles Fraction Length (mm) Width (mm) Thickness (mm) Length-to-thickness Width-to-thickness

VWP 0.5 \ F \ 1.0 3.9 (1.4) 0.6 (0.2) 0.3 (0.1) 16.3 (4.1) 2.5 (0.9)

1.0 \ F \ 2.0 12.2 (6.0) 1.4 (0.6) 0.6 (0.4) 20.2 (6.1) 2.6 (1.2)

2.0 \ F \ 3.0 16.2 (6.4) 2.1 (0.9) 0.9 (0.5) 20.8 (6.2) 2.7 (1.1)

RWP 0.5 \ F \ 1.0 2.3 (0.9) 0.7 (0.3) 0.5 (0.2) 5.3 (2.2) 1.4 (0.2)

1.0 \ F \ 2.0 2.9 (1.0) 1.3 (0.5) 0.9 (0.6) 3.5 (1.5) 1.4 (0.3)

2.0 \ F \ 3.0 5.1 (2.0) 2.2 (0.8) 1.5 (0.7) 3.8 (1.7) 1.5 (0.4)

WF F \ 0.75 0.7 (0.3) 0.4 (0.1) 0.3 (0.1) 3.0 (1.1) 1.3 (0.2)

Mean values from 200 measurements. Standard deviation in parentheses
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possible reason for these decreases might be a not quite

strong interfacial adhesion between the hydrophilic RWPs

and hydrophobic PP matrix, despite the presence of MAPP.

As a result, the RWPs were not able to support stresses

transferred from the matrix. The slight decrease in the

tensile strength with increasing WP content was observed

in other studies on WF-PP composites (Zaini et al. 1996;

Tajvidi and Ebrahimi 2003; Yang et al. 2006). Cheng et al.

(2009) concluded that the flexural strength of WF-PP

composite decreased slightly as WP content increased.

Bledzki et al. (2002) found that the content of soft WF did

not affect the tensile strength of WPC, and Stark and

Rowlands (2003) reported that the tensile and flexural

strengths slightly increased with increasing WF content.

These varied effects of WP content on the strengths of

WPCs may be explained by the fact that these strengths

depend on various factors including the size of WPs, their

length-to-thickness ratio and wood species, processing

methods and parameters, and type and amount of coupling

agent used.

The impact strength of WPCs decreased moderately,

like the tensile and flexural strengths, with increasing RWP

content from 20 to 60 % (Fig. 3). The RWPs as a stiff filler

provided points of stress concentration. The higher the

RWP content the more numerous these points and the

lower the impact strength. These results were in fairly good

agreement with the data reported by Zaini et al. (1996);

Bledzki et al. (2002) and Stark and Rowlands (2003).

The results for the physical properties of WPCs are

shown in Fig. 4. The water absorption increased strongly

when RWP content increased. The values of water

absorption for the WPC with 60 % RWPs were approxi-

mately 2.7 times and 1.8 times greater than those for the

WPC with 20 % RWPs, for the water absorption after 24 h

and 28 days, respectively. The water absorption in the

WPC is due to the wood component because the PP

component does not absorb any moisture as a hydrophobic

material (Tajvidi and Ebrahimi 2003; Yang et al. 2006;

Ashori and Nourbakhsh 2008). The hydroxyl groups inside

the cellulose and hemicelluloses attract the water mole-

cules and form hydrogen bonding. As a result, the higher

the wood content in the composite, the higher the water

absorption. Moreover, due to the porous structure of wood

fibres, the composite with higher wood content absorbs

more water which penetrates into the pores according to the

principle of capillary flow. A similar effect of wood con-

tent on WPC water absorption was observed by Bledzki

et al. (2002) and Tajvidi and Ebrahimi (2003) for WPCs

with WF-PP after 24 h immersion, and by Khalil et al.

(2006) for WPCs with sawdust-PP after 24-h and 20-day

immersion.

(0.21)

(0.32)

(0.42)

(0.42)

(0.31)

(0.18)

0

1

2

3

4

5

6

20 40 60

RWP content (%)

M
od

ul
us

 (G
P

a)
Tensile Flexural

Fig. 2 Effect of RWP content on tensile and flexural moduli of

WPCs with MAPP (standard deviation in parentheses)

(1.7)(1.4)(1.3)

(3.7)(3.6)
(4.9)

(1.0)(1.1) (1.0)

0

10

20

30

40

50

60

70

80

20 40 60

RWP content (%)

S
tre

ng
th

 (M
P

a 
or

 k
J/

m
2 )

Tensile Flexural Impact

Fig. 3 Effect of RWP content on tensile, flexural and impact

strengths of WPCs with MAPP (standard deviation in parentheses)

(0.08)
(0.15)

(0.32)

(0.42)(0.10) (0.22)

(1.06)

(0.47)

(0.56)

(0.27)
(0.41)

(0.77)

0

2

4

6

8

10

20 40 60

RWP content (%)

W
A

 o
r T

S
 (%

)

WA after 24 hours
TS after 24 hours
WA after 28 days
TS after 28 days

Fig. 4 Effect of RWP content on water absorption (WA) and

thickness swelling (TS) of WPCs with MAPP (standard deviation in

parentheses)

Eur. J. Wood Prod. (2015) 73:87–95 91

123



The thickness swelling of WPCs, similarly to the water

absorption, increased as RWP content increased (Fig. 4).

The values of thickness swelling for the WPC with 60 %

RWPs were approximately 2.8 times and 2.6 times greater

than those for the WPC with 20 % RWPs, for the swelling

after 24 h and 28 days of immersion in water, respectively.

3.3 Effect of MAPP

The mechanical properties of WPCs containing 40 %

RWPs made with and without MAPP are presented in

Figs. 5, 6, 7, 8 and 9. The mean values marked with dif-

ferent capital letters for given property were significantly

different at the 5 % significance level. The tensile prop-

erties of WPC with MAPP (Figs. 5, 6) were moderately

greater than those of WPC without MAPP. The tensile

modulus and strength of WPC with MAPP were approxi-

mately 10 and 20 % higher, respectively. These increases

in the tensile properties were due to better chemical

bonding between the RWPs and PP matrix in the presence

of MAPP. A similar effect of MAPP on the tensile modulus

of WPCs made from PP and WF has been found by Stark

(1999), Stark and Rowlands (2003), Bledzki and Faruk

(2003), Salemane and Luyt (2006) and Ashori (2010).

Furthermore, Bledzki and Faruk (2003) found a similar

effect of MAPP on the tensile modulus of WPC made from

PP and VWPs. However, the effect of MAPP on tensile

strength presented in these studies was stronger than in the

current study.

The effect of MAPP on the WPC flexural properties was

almost the same as on the tensile properties. The flexural

modulus and strength of WPCs with MAPP were approx-

imately 10 and 20 % higher, respectively, than those of

non-coupled WPCs (Figs. 7, 8). A similar effect of MAPP

on the flexural modulus of WPCs made from PP and WF

has been found by Cheng et al. (2009). Bledzki and Faruk

(2003) and Stark and Rowlands (2003) observed that this

effect was not significant. Regarding the effect of MAPP

on the flexural strength of WPCs from PP and WF, Cheng

et al. (2009) concluded that it was slight, and Bledzki and

Faruk (2003) and Stark and Rowlands (2003) found that it

was comparable to the result of this study here. The reason

for the different results of these studies might be different

sizes and shapes of WPs used to prepare the WPCs. The

effect of MAPP on the WPC impact strength was insig-

nificant (Fig. 9).

The water absorption and thickness swelling of WPCs

containing 40 % RWPs did not depend significantly on the

presence of MAPP (Figs. 10, 11). These results were not

confirmed in other studies. Generally, adding MAPP
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with the same letter are not statistically different; small letters—effect

of wood component kind, capital letters—effect of MAPP

Table 4 One-way ANOVA test on the effect of RWP content on WPC mechanical and physical properties (p values)

Variable Tensile

modulus

Tensile

strength

Flexural

modulus

Flexural

strength

Impact

strength

Water absorption Thickness swelling

24 h 28 days 24 h 28 days

RWP

content

\0.0001* \0.0020* \0.0001* 0.0113** \0.0007* \0.0001* \0.0001* \0.0001* \0.0001*

* Denotes significance at 0.01. ** Denotes significance at 0.05
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reduced the water absorption (Bledzki and Faruk 2003;

Najafi et al. 2008; Schirp and Stender (2010). Probably, the

weaker-than-expected influences of MAPP on the tensile

and flexural strengths, and that MAPP did not affect the

water absorption and thickness swelling of WPCs with the

RWPs may be attributed to the presence of UF resin.

Further studies are needed to clarify the role of UF resin

contained in the RWPs on the WPC properties.

3.4 Comparison of the properties of WPCs made

from different WPs

The performance of WPC without MAPP made from

RWPs was compared with that of WPC made from VWPs
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28 days. Means with the same letter are not statistically different;

small letters—effect of wood component kind, capital letters—effect

of MAPP
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Fig. 11 Thickness swelling of WPCs with 40 % wood content after

28 days. Means with the same letter are not statistically different;

small letters—effect of wood component kind, capital letters—effect

of MAPP
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(Figs. 5, 6, 7, 8, 9, 10, 11). The mean values marked with

the same small letter for given property were not signifi-

cantly different at the 5 % significance level. There were

no statistical differences between the properties of these

WPCs. It was expected that the mechanical properties of

WPC with the VWPs would be better. The VWPs had

much higher length-to-thickness ratio than the RWPs

(Table 3) and it should result in improving the WPC

mechanical properties (Zaini et al. 1996; Stark and Row-

lands 2003; Gozdecki et al. 2012; Kociszewski et al. 2012).

Probably, the fact that the mechanical properties of WPC

with RWPs were not worse than those of WPC with VWPs

may be attributed to the presence of UF resin in the RWPs.

The properties of WPC without MAPP made from

RWPs were also compared with those of WPC made from

WF (Figs. 5, 6, 7, 8, 9, 10, 11). Among the mechanical

properties, the tensile and flexural moduli and the impact

strength of compared WPCs did not differ significantly,

whereas the tensile and flexural strengths of the WPC with

RWPs were greater, approximately by 15 %, than those of

the WPC with WF. This increase in the strengths may be

attributed to higher length-to-thickness ratio of RWPs and

the presence of UF resin in the RWPs. These results agreed

with Bledzki and Faruk (2003), who concluded that the

tensile and flexural moduli of the WPC with chips were

almost the same, and the tensile and flexural strengths of

that WPC were slightly greater in comparison with the

WPC with soft WF. Gozdecki et al. (2012) found that all

mechanical properties of the WPC with WPs of the size

1–2 mm were better than those of the WPC with soft WF.

The water absorption of the WPC with RWPs was less, by

approximately 25 %, than that of the WPC with WF,

whereas there was no significant difference between the

thickness swelling of these WPCs.

4 Conclusion

The RWPs derived from milling three-layer particleboards

was found to be a good wood material for making com-

posites with PP by an injection moulding method. These

particles had sizes from 0.5 to 3 mm, and were shorter and

had considerably smaller length-to-thickness ratio than the

industrial VWPs used for producing particleboards. Nev-

ertheless, neither the mechanical nor physical properties of

WPC with RWPs differed statistically from those of WPC

with VWPs. Moreover, the properties of WPC with RWPs

were comparable with the properties of typical WPC made

from WF. Further studies are needed to clarify the role of

UF resin contained in the WPCs with RWPs.
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