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Effect of wood flour type on tensile properties of wood-polymer composites
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Abstract: Effect of wood flour type on tensile properties of wood-polymer composites. The aim of the study was
to evaluate the effect of wood flour type on the mechanical properties in tension for two wood-polymer
composites: one with polypropylene and the other with polyvinylchloride. Two types of wood flour with
different wood particle size were used. The mechanical properties in tension (tensile modulus and tensile
strength) were determined. It was found out that these properties for both composites substantially depend on the
type of wood flour.
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INTRODUCTION

Wood-polymer composites (WPCs) are good substitutes for wood, particularly in
outdoor applications. They do not require painting, toxic additives and preservative treatments
and they can be worked with typical tools used for woodworking. Therefore, they are
becoming increasingly popular in the world. One of the advantages of WPCs is a possibility to
control its properties. Some important properties considered in evaluating composite materials
are their mechanical properties. These properties of WPC depend on many factors, whose
effects have been the subject of many studies. The effects of wood species, kind of polymer,
wood content, and coupling agent content have been mainly investigated, whereas there are
relatively few studies on the effects of wood particle size. Typical WPC are made of small
wood particles or short wood fibers. The effect of the size of small wood particles on WPC
mechanical properties has been mainly evaluated for wood-polypropylene composites (Stark
and Berger 1997, Stark and Rowlands 2003, Zaini et al 1996, Salemane and Luyt 2006, Khalil
et al 2006, Kumari et al. 2007, Pan et al. 2009). Mechanical properties of WPCs with PVC as
the matrix and small wood particles have rarely been studied (Bledzki et al. 1998, Takatani et
al. 2000, Xu et al. 2008). Chen et al (2006), Gozdecki et al. 2008, 2011, 2012; Kociszewski et
al. 2012 studied the effect of particle size on mechanical properties of WPC made of large-
sized wood particles. They suggested using of large wood particles larger than 1 mm as a
good alternative to a standard wood flour (WF). Generally, it was found out that increasing
wood particle size enhanced mechanical properties of WPC.

The most common wood fillers used for the production of WPC is currently WF of
different particle sizes and shapes, and from different wood species. This causes that
manufacturers of WPCs often apply the economic criterion and do not take into account the
effect of WF type on the properties of products made from WPC. Usually this is due to
insufficient knowledge of the effect of WF size on the properties of WPC. The objective of
the study was to evaluate the effect of particle size of typical WF on the tensile properties of
WPC made of different thermoplastic polymers.

MATERIALS AND METHODS
Two types of typical soft WFs: C120 and L9, obtained from J. Rettenmaier & S6hne

GmbH+Co. (Germany) (Fig.1), was used as a filler. Characteristics of these WFs are
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presented in Table 1. Wood particles of WF L9 were much greater than those of WF C120. A
size of WF L9 particles was 0.07-0.15 mm (170-100 mesh) whereas WF C120 particles had a
size of 0.8-1.1 mm (35-16 mesh).

The polypropylene (PP) used in the study was homopolymer Moplen HP648T with a
density of 0.90 g/cm®. The polyvinylchloride (PVC) used was POLANVIL S-58 with a
density of 0.97 g/cm?>. Both polymers were obtained from Anwil S.A. (Poland).

Fig. 1. Wood flour: a) C120, b) L9

Table 1. Characteristics of WFs used to prepare WPCs.

Factor C120 L9
Strukture fibrous cubic/fibrous
Fraction 0.07-0.15 mm 0.8-1.1 mm

Mesh 170-100 35-16

Bulk density 100 -135 g/1 140 -210 g/1

First wood components were dried at 100 °C in an air-circulation oven for 24 hours in
order to achieve a moisture content of less than 3%. Next, the WFs were mixed with PP or
PVC at 40% by weight. Test specimens were made by injection moulding using a screw
injection moulding machine Wh-80 Ap. The temperature profile was 160, 175 and 180 °C.
The injection pressure time, hold pressure time and cooling time were 3, 6 and 40 s,
respectively. The specimens were made according to EN ISO 527. After processing,
specimens were stored under controlled conditions (50 % relative humidity and 20 °C) for 2
weeks prior to testing. In this way four kinds of WPC were obtained: PP with WF C120
(PP/C120), PP with WF L9 (PP/L9), PVC with WF C120 (PVC/C120) and PVC with WF L9
(PVC/L9). Ten specimens were produced for each kind of WPC.

Tensile properties were determined according to EN ISO 527, using an Instron 3367
machine. Cross-head speed was 2 mm per min. All tests were performed at a room
temperature of 20 °C and a constant relative humidity of 50 %. The obtained data were
statistically analyzed using the Statistica version 10.

RESULTS

Table 2 presents the results of the one-way ANOVA test on the effect of WF type on
the tensile properties of WPCs. They show that both tensile properties of WPC vary
significantly depending on the type of WF.

The mean values of the tensile modulus and strength of the tested WPCs are given in
Figs. 2 and 3. Tukey’s test was used to evaluate statistical significance (at a = 0.05) between
the mean values of tensile properties of WPCs containing different WF types. The values
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marked with different letters for a given property are significantly different at the 5%
significance level. Small letters represent the significance of the differences between the mean
values of tensile properties of WPC containing PP. Capital letters indicate Tukey's test result
of WPC containing PVC.

Table 2. One-way ANOVA test on the effects of WF kind on WPC tensile properties (p-values).

Variable WPC with PP WPC with PVC
tensile modulus tensile strength tensile modulus tensile strength
WF type <0.0001* 0.0103%* 0.0016* 0.0001*

*Denotes significance at 0.01; **denotes significance at 0.05.
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Fig. 2. Tensile modulus of tested composites. The mean values with different letters for a given property were
significantly different at the 5% significance level.
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Fig. 3. Tensile strength of tested composites. The mean values with different letters for a given property were
significantly different at the 5% significance level.
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The use of WF L9 as a filler of WPCs increases both tensile properties in comparison
to the WPCs containing WF C120. The tensile modulus of WPC with WF L9 is 26% and 8%
greater than that of WPC with WF C120, for WPC with PP and PVC, respectively. The tensile
strength of WPC with WF L9 is 11% and 13% greater than that of WPC with WF C120, for
WPC with PP and PVC, respectively. The greater tensile properties of WPCs with WF L9
than those of WPC with WF C120 is due to the fact that particles of WF L9 are larger than
particles of WF C120.

CONCLUSIONS

The tensile properties of WPCs with WF as a filler substantially depend on type of
WEF. WF L9 with larger wood particles provides better tensile modulus and strength of WPCs
than WF C120 with smaller wood particles.
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Streszczenie: Wphw rodzaju mgczki drzewnej na wlasciwosci mechaniczne przy rozcigganiu
kompozytow drzewno-polimerowych. Celem badan byta ocena wpltywu rodzaju maczki
drzewnej na wilasciwo$ci mechaniczne przy rozcigganiu dwoch kompozytéw drzewno-
polimerowych — kompozytu drewno-polipropylen i kompozytu drewno-polichlorek winylu.
Uwzgledniono dwa rodzaje maczki drzewnej o roznej wielko$ci czastek drzewnych.
Wyznaczano modul sprezysto$ci przy rozcigganiu 1 wytrzymato$¢ na rozciaganie
kompozytow. Stwierdzono, ze wlasciwosci te dla obu kompozytow istotnie zaleza od rodzaju
zastosowanej maczki drzewne;.
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