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INTRODUCTION

» Poplar, especially trembling aspen (Populus tremuloides michx) is abundant in
Canada, it is one of the top components of the Canadian forests.

> Poplar wood is well suited for fiber particle, flake, and strand-based composites due
to its low density, ease of cutting, low processing cost and availability.

» Poplars are important species as fiber for pulp and paper and as solid wood for
lumber and engineered wood products. Its wood is highly valued for structural
engineered wood products such as oriented strand boards (OSB) and laminated
veneer lumber (LVL).

» The use of poplar for these applications generates considerable quantities of small
size residues from chipping, peeling, sanding, etc. These residues are mainly used
for energy but have good potential for wood-polymer composites (WPC)
manufacturing.




INTRODUCTION

>

Wood polymer composites (WPCs) are composites made of wood fiber/flour &
thermoplastics (PE, PP, PVC) & thermosets (Epoxy , Phenolic);

Up to 80% wood could be used in WPC formulations;

Compared to other wood composites WPCs have the advantage of high
dimensional stability, and the possibility to produce complex shapes;

WPCs combine features of wood (Strength/Rigidity) and polymer (Dimensional
stability);

Compared to other composites, WPCs have several advantages including: Easy
maintenance; Dimensional stability and water resistance; No need for coating or
finishing; Uniform with no apparent defects; Easy industrial production without
residues; Low investment for industrialisation; Recyclable materials;

The main advantage of WPC is economical:
» Wood fibre price is around (~100-200 $/ton)
> Polymer / plastic price varies from 800 up to 1800 $/ton

Main disadvantages of WPCs: Non structural products; Depend on non renewable
resource; The polymeric components of the composite are not biodegradable.



INTRODUCTION: POTENTIAL USE OF WPC IN NEW APPLICATIONS:
EVOLUTION OF WPC USES IN CONSTRUCTION

Material Performance

Source : http://www.wpcinfo.org/markets/



OBJECTIVES

The objectives of this study were:

1) to evaluate the potential of poplar fibores compared to fibres from
other species for WPC manufacturing and

2) to investigate the impact of carbon and nanoparticles addition on
the poplar WPC properties.




Material and Methods

Materials

Fibers: Poplar (trembling aspen), black spruce and white birch wood fibres and aspen
and with fibers black spruce bark fibers..

Polymers: High density polyethylene (HDPE) (DMDA-8907, Dow Chemical, USA) and
polypropylene (PP) (4150H, Pinnacle Polymers, USA) were used as matrix.

Coupling agents: Maleated polyethylene (MAPE) and maleated polypropylene
(MAPP)

Carbon fibers: (Panex, type-65) were supplied by Zoltek (Bridgeton, Missouri, USA).

Nanoparticles: Aluminium oxide (Aeroxide Alu C805, highly dispersed hydrophilic
fumed aluminium oxide treated with octylsilane), Silicate (Aeorosil R805, hydrophilic
fumed silica treated with octylsilane), and montmorillonite (modified with quaternary
ammonium, treated with methyl benzyl dehydrogenated tallow).



Material and Methods

Methods

» Composites were made using a two steps process: Extrusion of WPC and

molding injection of test samples.
> Rheological properties were measured by Torque Rheometer
» Composites morphology were characterized using SEM

» Mechanical and physical properties of the composites were measured

according to ASTM standards

> Thermal stability and thermal properties were evaluated by TGA and DSC



Materials and Methods

Methods
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RESULTS AND DISCUSSION

Fibres chemical and morphological properties

Cellulose Lignin Extractives*® Ash Aspect
Fibre type .
[Y%] [%%] [%] [%%] ratio

Aspen wood 50.7 21.9 5.0 0.67 5.8
Birch wood 47.3 22.1 3.5 0.27 2.5
Spruce wood 43.0 27.0 5.0 0.3 5.8
Aspen bark 32.0 17.0 17.6 5.3 4.1
Spruce bark 33.5 16.4 20.3 1.6 4.6

v Despite the fact that the fibers were milled with the same

procedure and the same fiber class was used, different aspect

ratios were obtained.



EFFECT OF FIBER ORIGIN
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RESULTS AND DISCUSSION

Effect of wood species on WPC properties

Fibre type MOE MOR Impact energy Thickness swell*

[GPa] [MPa] [kd/m?] [%]

Aspen wood 2.55 52.9 18.1 1.07

Birch wood 2.31 49.2 15.3 2.17

Spruce wood 2.45 46.9 11.7 1.27

Aspen bark 1.38 32.9 10.7 1.63

Spruce bark 1.42 33.7 9.4 2.15

HDPE 0.56 19.9 - -

v Aspen fibers led to superior composite performance compared to
other fibers. This result is explained by the higher cellulose content
and higher aspect ratio compared to other fibers.
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EFFECT OF CHEMICAL COMPOSITION
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SURFACE CHEMISTRY

Peak intensity associated with lignin vs tensile strength
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EFFECT OF FIBRE TYPE
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EFFECT OF THE COUPLING AGENT ON THE MECHANICAL
PROPERTIES OF POPLAR WPC
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IMPACT ON

USE OF CARBON FIBER
FLEXURAL PROPERIES
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USE OF CARBON FIBER: IMPACT ON TENSILE
PROPERIES

N
o

N
o

Module d'élasticité (GPa)
o n

0.5 r

0.0
PP PP+Fibres PP+Bois PP+Bois+Fibres
carbone carbone @

Data from Kada et al. 2016




USE OF CARBON FIBERS: IMPACT ON TENSILE
PROPERIES
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USE OF CARBON FIBER: IMPACT ON TENSILE
PROPERIES

Weak adhesion: Strong adhesion:



EFFECT OF NANOPARTICLES ON POPLAR WPC PROPERTIES

Nanoparticle type and MOE MOR Impact energy Water
proportion [%] [GPa] [MPa] [kd/m?] absorption* [%]
Effect of nanoparticle type (at 40% poplar wood content)

0% 2.54 52.8 18.2 1.64

5% Alumine 2.01 41.2 10.3 2.76

5% Silice 2.07 42.6 13.8 2.65

5% Garamite 2.82 57.8 9.4 3.28

Effect of nanoparticle proportion (at 20% poplar wood content)

0% 1.40 38.7 22.5 0.81

1 % Alumine 1.38 24.8 14.9 1.26

3% Alumine 1.29 24.2 17.3 1.11

5% Alumine 1.25 23.5 17.5 1.00




EFFECT OF NANOPARTICLES ON MECHANICAL PROPERTIES

2.5
© 20
o
Q
2 15
o
)
n
)
D 10
ke)
9
3
§ 0.5 26
24
0.0

CBP +5%AL CBP +5%GA CBP + 5%SI
Type de nanoparticules

- - N N
(o] (o] o N
T T

Résistance a lI'impact (kJ/m?)
=

—_
N

CBP CBP+1%AL CBP+3%AL CBP +5%AL
Teneur en nanoparticules d'aluminium (%)

Data from Hadidane et al. 2014




EFFECT OF NANOPARTICLES ON PROCESSING
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USE OF NANOPARTICLES:
EFFECT ON THE PROCESS
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CONCLUSIONS

» Compared to spruce wood, white birch wood, spruce bark and poplar
bark, poplar wood produced WPC with significantly superior
mechanical and physical properties. This result was explained mainly
by its fiber chemical and morphological properties and its compatibility
with the polymer matrix.

> The addition of a small proportion of carbon fibers showed the best
results for mechanical properties development of poplar WPC.

» The use of mineral nanoparticles had a negative or a low impact on
the physical and mechanical properties of the WPC.

> Nanoparticles addition improved the WPC manufacturing process
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END USES AND MARKET DEVELOPMENT

WPC production for 2012 in Europe, USA

and China
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WPC PROPERTIES VS WOOD COMPOSITES

Particules

(ANSI 1999; ANSI 2002; Bodig et Jane 1993; Cloutier [s.d.])
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WPC MECHANICAL PROPERTIES DEVELOPMENT

WPC mechanical properties depend on:
Polymer properties
Fiber properties
Adhesion between the matrix and the fiber
Fiber properties are highly variable:
Fiber nature (Species, type, separation mode, etc.)
Chemical composition and surface chemistry
Fiber strength
Fiber morphology



END USES AND MARKET DEVELOPMENT

Application fields of WPC in Europe in
2012 (Total production 260.000 tons)

« Decking

Sidingand  Techineal Furniture;  Consumer
 Automotive parts fencing; 6% _applications; 1% goods; 1%

« Siding and fencing

« Technical applications
« Furniture

« Windows and doors

« Consumer goods
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