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Decking and fencing – 51%
Moulding and trims  - 39%
Windows and doors  - 4%
Others                          - 6%

WPC sales are expected to advance
10.5 – 11.1% annually thru 2013*

*Freedonia report 

Presenter
Presentation Notes
Wood Plastic Composites represent new materials based on natural fibres employed recently by humans on a large commercial scale.  The advantage of these composites is that either the wood or the thermoplastic material, or both, could come from a recycled raw materials stream.  WPC represents a rapidly growing market all across the world with the leading demand in North America for exterior decking.  
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Presenter
Presentation Notes
Regardless of the well establish position of these composites in the construction industry, long term durability of WPC is still is a subject with many unanswered questions.  Tests developed for plastic or wood products are not always fully applicable for composites, and experience with exterior exposure also cannot be directly applied.  For this reason, Polymer Engineering Company Ltd. has been conducting research on aging of wood plastic composites exposed to exterior conditions for over 10 years.
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Presenter
Presentation Notes
Polymer Engineering Company Ltd. is a privately owned research laboratory working in the field of polymer technology and located in Vancouver, BC, Canada that responds to the needs of North American industry and Canadian government.  For over two decades, one focus of our activity has been the interaction of polymeric materials with wood.  We have built our knowledge in this field by working with major North American forest companies such as MacMillan Bloedel, Trus Joist and Weyerhaeuser.  For this reason, more recent involvement with WPC has been a natural further extension of our experience.
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Wood particles are encapsulated in 
plastic

Polyethylene water saturation ~0.01%

Wood fiber water saturation ~25%

Presenter
Presentation Notes
In this presentation I would like to focus on water absorption of wood plastic composites and briefly discuss the effect of UV radiation as these are still controversial but important factors that influence composite durability. On one side there is a perception within industry that wood particles are effectively and permanently encapsulated and sealed in plastic impervious to water.  Water is present everywhere on Earth and even during dry sunny summer weather we may see long periods of dew formation from early evening to late morning of the following day.  However, It is suspected that water absorption by WPC may influence composite mechanical properties, dimensional stability, and freeze-thaw resistance as well as intensify biological activity.  In this presentation I would like to share with you some results of the evaluation of water absorption and the effect of UV light on experimental WPC during exposure primarily at two sunny sites in different climatic zones.
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Comparison of Water Absorption at Equilibrium for 
Experimental and Commercial WPC's

ExperimentalCommercial

Presenter
Presentation Notes
Experimental WPC used in our experiment were designed in such a way that they matched the water absorption and moisture content characteristics of many commercial WPC decking available on the North American market between the years 2000 and 2002.  Materials #6 and #12 represented the extreme performance in this respect.


http://www.polymerengineering.ca/�


Ingredients
Formulation ID #

1 3 4 5 6 8 10 11 12 13 27 28 31 33

Wood - Pine 50 50 50 50 50 65 65 65 65 65

Wood - Oak 50 50 65 65

HDPE 45 45 45 45 45 30 30 30 30 30 45 45 30 30

Talc % 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Lubricants % 3 3 3 3 3 3 3 3 3 3 3 3 3 3

UV Stabilizer Yes Yes Yes No No Yes Yes Yes No No Yes Yes Yes Yes

Zinc Borate % 0 2 3 0 3 0 2 3 0 3 3 0 0 0

Board 

Cross-section 

(inches)

6 x ½ 6 x ½ 6 x ½ 6 x ½ 6 x ½ 6 x 1 6 x 1 6 x 1 6 x 1 6 x 1 6 x ½ 6 x ½ 6 x 1 6 x 1

Quantities are approximate

Presenter
Presentation Notes
The formulation of all materials tested is shown on this slide.  They were compounded using similar formulations with pine and oak wood content of 50% to 65%, high density polyethylene, 1% talc, a lubricant package and optionally a UV stabiliser package and zinc borate.
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Presenter
Presentation Notes
Samples were extruded in the form of standard decking boards with thickness of ½” and 1” using a Millicron 55 mm. twin screw extruder in the Materials and Engineering Laboratory of Washington State University in Pullman, Washington.
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Hilo, Hawaii Vancouver, BC

Presenter
Presentation Notes
These boards were exposed horizontally in sunny locations for up to 70 months (almost 6 years) at two sites in different climatic zones:  near Vancouver, BC, Canada and Hilo, Hawaii, USA.
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Vancouver, BC

Annual Weather Data
precipitation:   1118 mm

average low temperature:   0oC (January)
average high temperature:  23oC (July)

hours of sunshine:  1950
pan evaporation:  22 (Bellingham, WA)

Scheffer index:  ~50

Presenter
Presentation Notes
The Vancouver site is located within the temperate climate rainforest zone. The climate there is represented  by relatively moderate temperatures and an average annual precipitation of about 1200 mm at the airport, which increases to about 2000 mm at higher elevations along the mountains where the samples were located.  This resembles to a large extent the ocean climate of many places in Western Europe.
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Hilo, Hawaii 

Annual  Weather Data
precipitation:  3200 – 5100 mm
minimum temperature:   12oC
maximum temperature:  34oC

hours of sunshine: 2100 
pan evaporation:  91 (Honolulu)

Scheffer index:  ~330

Presenter
Presentation Notes
Hilo has an aggressive tropical climate with a steady temperature and annual average precipitation of 3200 mm, increasing to approx 5100 mm higher up on the hill of the volcano.  It has to be mentioned that, although one side of The Big Island has nice sunny weather that welcomes tourists, Hilo, on other side of the volcanoes, usually gathers clouds with heavy tropical rain. 
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Location Scheffer Index*
Vancouver, B.C. ~50

Prairie Provinces ~35

Denver, CO ~35

Phoenix, AZ ~7

Wilmington, NC ~80

Miami, FL ~120

Hilo, HI ~350

*Tool for quantifying climatic exposure conditions and 
predicting wood above-ground performance – based on 
Average Annual Temperature and the # days/month with 
measurable precipitation

Presenter
Presentation Notes
The aggressiveness of a climate with respect to biological activity is characterized in North America by the Scheffer index.  The higher the index value, the more aggressive the climate.  The Scheffer index for some locations is shown on this slide.  Please note that the Scheffer index for Seattle or Vancouver is only 50, and for Miami (Fla) about 130, but Hilo has a Scheffer index as high as 350.  This also means that our samples were exposed at the one of the most aggressive places on Earth.


http://www.polymerengineering.ca/�


B C

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

65% Pine (#12)

W
at

er
 A

bs
or

pt
io

n 
/ M

oi
st

ur
e 

Co
nt

en
t (

%
)

MC DECAY INITIATION 

0

10

20

30

40

50

60

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

M
OI

ST
UR

E 
CO

NT
EN

T 
(%

)

DISTANCE FROM SURFACE (mm)

#12A 70 Months Exposure

MC DECAY INITIATION 

Water 
Absorption

Moisture 
Content

Presenter
Presentation Notes
Exposed samples were periodically inspected and removed from the sites by cutting the ends of the boards and cross-sectioning them in the laboratory as shown on the slide.  Special care was taken to avoid moisture dislocation or loss during material handling.  By drying section B, the average of water absorption for the tested board was established.  With the knowledge of the wood content, moisture content in the wood was calculated.  By wafering and drying section C we were able to find water absorption and moisture content with the distance from the board surface.  Dry samples were also examined under optical and Scanning Electron Microscope for signs of decay and surface photo-degradation.  In addition, FTIR and Raman spectroscopy were employed to quantitively measure the composites photo-degradation.
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Sunny Exposure in Vancouver, BC 5A

12A
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Presenter
Presentation Notes
This slide shows moisture content and its distribution in samples of WPC exposed in Vancouver BC in a sunny location for a period up to 70 months.  As can be seen, during the first four years moisture content in the tested samples grew rapidly and later on, between the 4th and 6th years, a plateau seemed to be achieved.  However, looking at water distribution within the boards, we could see a constant increase in the moisture content in the centre of the boards with some decrease in MC near the surface.  Surface variation could be a result of climatic variability prior to sample harvesting.  The minimum moisture content (25%) required for decay initiation was exceeded in a significant number of the specimens which can be seen on these and the majority of the other graphs in this presentation.
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Presenter
Presentation Notes
Wood content, as expected, seems to be an important factor in the increase of water absorption by WPC as shown on this slide.  Just an increase in wood content from about 50 to 65% caused an increase in moisture content of about 100% regardless of the exposure period.  There was a significant difference in MC distribution within the boards caused by both wood content and board thickness variability.
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Sunny Exposure in Vancouver, BC  
(70 months)
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Presenter
Presentation Notes
Also, water absorption seems to be dependent on the wood species used and oak seems to absorb less in comparison to pine.  
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Exposure in Vancouver, BC       
(46 months)
and Hilo, Hawaii (51 months)
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Presenter
Presentation Notes
Very surprising were the relatively small differences in moisture content between samples exposed in Vancouver and Hilo.  Samples exposed in Vancouver showed even higher MC that those exposed in warm and very wet Hilo.  This may be explained by the higher evaporation rate under the tropical sun and the fact that samples in Vancouver were always harvested at the end of the wet winter months
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Sunny Exposure in Vancouver, BC 
(70 months)
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Presenter
Presentation Notes
Additives used in our UV stabiliser package seemed to increase the water absorption and MC of the samples.  This applied to both the formulations with higher and lower wood content.  A large increase in MC occurred near the board surface as well as the centre.
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Sunny Exposure in Vancouver, BC 
(70 months)

Presenter
Presentation Notes
Something interesting and unexpected was the incorporation of zinc borate into the WPC formulation.  Zinc Borate is known to be an effective biocide.  The presence of zinc borate in the WPC composition seemed to decrease water absorption in practically all of the tested formulations.  
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Presenter
Presentation Notes
One of the results of exterior exposure of WPC boards was decrease in their density due to permanent dimensional changes and in some cases decay. This could be seen on this slide for board #8.
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Presenter
Presentation Notes
One of the consequences of high moisture content, that exceeded 25% in many of the tested samples, seemed to be the development of wood decay.  After a thorough inspection of the samples, the initial signs of decay were found in one of the boards after only 28 months exposure in Hilo.  No decay was found in the corresponding samples containing zinc borate (Borogard ZB®).  Taking the Scheffer index that was mentioned earlier under consideration this should  not be surprising.  An initial brief look at the sample did not show anything unusual.  Only a further careful inspection of the board cross-section using a magnifying glass showed some strange surface topography in the centre, and some darker than usual wood particles.  Further examination of the sample with optical and SEM microscopes revealed what seemed to be advanced decay with evidence of fungal mycelia in some places.
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Presenter
Presentation Notes
Water is only one of weather elements that affect WPC longevity.  The UV portion of the solar radiation spectrum is another.  The effect of UV radiation on polyolefins, particularly in polyethylene based WPC, can be identified and measured as oxidation visible in the change of  intensity of certain absorption bands in the IR spectrum.  This can be expressed as a carbonyl index, which increases in value with the increased time of resin exposure and corresponding oxidation intensity.  
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1. WPC Exposed

2. WPC Unexposed

3. HDPE Strip

Carbonyl Index
1.    WPC (100 hours QUV)                        0.070
2. WPC (unexposed)                               0.011
3. HDPE Strip (100 hours QUV)             0.015

1471  1462

1716

Presenter
Presentation Notes
By comparing  the carbonyl indexes for polyethylene in WPC and pure polyethylene exposed to UV radiation,  it was found that oxidation is significantly higher in resin from WPC . This means that the presence of wood accelerates the UV degradation of plastics.  This acceleration depends on the species of wood, and pine seems to be more aggressive than oak in this respect.
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Pine 50%

UV Stablizer

Zinc Borate 3%

Pine 50%

UV Stablizer Pine 50%

Carbonyl Index:

0.237 (36 months)

0.140 (4 months)
Carbonyl Index:

0.244 (36 months)

0.179 (4 months)
Carbonyl Index:

0.246 (36 months)

0.234 (4 months)

Presenter
Presentation Notes
An interesting relationship could be found between the carbonyl indexes and WPC surfaces’ degradation during exterior exposure.  The data presented was obtained for samples 1, 4 and 5 containing 50%  wood, exposed in Vancouver for a period of up to 36 months.  There is evidence of progressive surface damage caused by UV radiation and a good correlation of the condition of the surface with the carbonyl index measurement.  In particular, the numbers measured early in the experiment after only 4 months of exposure differed significantly.  This also indicates that the carbonyl index could be used for early assessment of sensitivity of WPC to UV degradation well before surface damage is evident.  
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Presenter
Presentation Notes
Based on the carbonyl index measurements, we attempted to establish for WPC  the relationship between the time of accelerated weathering and exterior exposure in different climatic zones.  A short term experiment indicated that 4 months of summer exposure in Vancouver was the equivalent of approximately 400 hours of accelerated weathering. A similar comparison showed that 4 months exposure in the cloudy Hawaiian winter in Hilo was equivalent to only about 200 hours of accelerated weathering, and 4 months exposure in sunny California equalled approximately 650 hours laboratory exposure.  The presented data also indicates that the carbonyl index measured for WPC in exterior exposure is not proportional to laboratory exposure time, likely due to some surface erosion and biological activity.  
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Raman spectroscopy* oxidized HDPE layer thickness ~0.6 mm

* Courtesy Thermo Nicolet
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Presenter
Presentation Notes
UV degradation of WPC is annoying to manufacturers due to material colour fading.  However, the depth of the reaction of UV light with the composite not protected by UV absorbing additives is only 0.3 to 0.6 mm, as can be seen in a cross-section of the sample exposed to 2000 hours accelerated weathering (QUV) analysed using Raman spectroscopy.
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Wood Plastic Composite (WPC) boards progressively absorb a significant quantity of water 
during exterior exposure.  Moisture content distribution in the board cross-sections has a 
characteristic U-shape, frequently exceeding the concentration required for decay initiation. 
Decay was observed for some samples exposed in extreme conditions. 

A major factor in water absorption by WPC was the ratio of wood to plastic binder; with the 
increase of wood content, moisture content progresses very quickly.  Another factor in water 
absorption is the composition of WPC.  Certain additives may significantly increase or decrease 
water absorption (for example zinc borate decreased water absorption in the tested 
formulations).  Climate may not be a major factor here.

Various FTIR techniques can be used to track the oxidative degradation of polyethylene binder in 
WPC.  Analysis of FTIR spectroscopic data can be used for assessment of the relative progress 
of weathering and the effect of different additives.  FTIR analysis of WPC after a few months of 
exterior exposure may serve as an indicator of long-term performance.  

Wood can accelerate photo-oxidation of polyethylene in WPC.  The intensity of the process 
seems to be related to wood species.  WPC degradation by UV light seems to be only a surface 
and shallow subsurface phenomenon

•Some additives commonly used in WPC may have a positive or negative effect on polyethylene 
photo-oxidation.  Zinc borate can be seen as an example of a biocidal additive which also 
inhibits photo-oxidation.
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