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Abstract

There is limited and controversial experience within industry and academia related to the decay of wood
plastic composite (WPC) materials subject to laboratory testing and exterior exposure. There is also a lack of
data comparing laboratory test results with the field performance for these composites. The objective of this
work was to generate data to address this niche.

Experimental WPCs were made for testing in such a way that they matched the manufacturing process,
dimensions, and water absorption of selected commercial decking boards. Samples made were divided into
two identical groups of materials. The first group was exposed in exterior conditions in Vancouver, BC and
Hilo, Hawaii at sun and shadow sites. Water absorption and biological activity were monitored by field
inspection, density change measurement and optical and scanning electron microscopy. The second group
of samples were used for soil block culture testing performed according to ASTM D1413 (or AWPA E10).
Specimens of different sizes were conditioned by exposure to cold or warm water as well as a high humidity
environment at elevated temperature. Results of decay fungi activity were reported as specimens weight loss
or corresponding density decrease. The observed density changes during field exposure and soil block
culture testing were compared.

It was found that experimental WPC exposed to aggressive exterior conditions underwent decay, which
was detected by microscopic inspection of boards cross-section and calculated density decrease. However,
no characteristic decay fungi fruiting bodies were found on sample surfaces during field inspections. The
decay process of tested materials in the field seems to require an initiation period dependent on exposure site.
The shortest initiation time and the most aggressive environment for decay WPC were found at the sunny site
in Hilo. Laboratory soil block culture testing showed weight loss and density decrease of experimental WPC
dependent on conditioning. To match the density decrease in field exposure with that observed in laboratory
testing, conditioning of samples was required.
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Sample Composition

Table 1. Composition (weight percent) of experimental WPC #8 and #12

uv
Sample # yeood F(Il?ur HD.PI(Ez, Stabilizer | Lubricants” Talc®
Pine Resin 3)
Package
8 65.93 28.57 1.50 3.00 1.00
12 67.00 29.00 -- 3.00 1.00

" Wood flour grade 2020 (American Wood Fibers Inc.)

® HDPE - resin B-53 35H flakes (Solvay)

B uV stabilizer package — Tinuvin 770 (Ciba Geigy) 20 wt%, Tinuvin P (Ciba Geigy) 20 wt%,

metal oxides pigments 60 wt%

“ Lubricants — blend of: zinc state (Ferror Chemical) 67 wt%, EBS Wax (GE Specialty Chemicals) 33 wt%
®) Talc - Nicron 403 (Luzenac America Inc.)
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Wat er Absorpti on

Comparison of Water Absorption at Equilibrium for
Experimental and Commercial WPC's
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Sample Preparation
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Manufacturing of experimental WPC boards
at WSU Wood Materials and Engineering Lab
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Exterior Exposure

Vancouver, BC Hilo, Hawaii

Shadow
Exposure
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Exterior Exposure

Vancouver, BC

Sun

Shadow
Exposure

61 months
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Exterior Exposure
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Field Exposure
Microscopic Inspection I 52 months
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Field Exposure
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Moisture content distribution from the

upper board surface
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Field Exposure i Density Decrease
from Leaching and Decay, HI

Density Loss
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Field Exposure i Density Decrease
from Leaching and Decay, BC

Density Loss from Leaching & Decay for WPC Sample #8 Exposed in
Vancouver, British Columbia

14%

12%
% 10%
o
2 OSun
2 8%
n
éc) @ Shadow

6%

0,

4% Leaching

1.4%
2% ‘¥
26 40

Months of Exposure

11th International Conference on Wood
and Biofiber Plastic Composites



http://www.polymerengineering.ca/

Field Exposure T Weight Loss, HI

Weight Loss from Leaching & Decay
for WPC Sample #8 Exposed in Hilo, Hawaii
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Field Exposure i Weight Loss, BC

Weight Loss

Weight Loss from Leaching & Decay for WPC Sample #8
Exposed in Vancouver, British Columbia
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Field Exposure 1 Weight Loss in Wood, HI

Weight Loss in Wood from Leaching & Decay for
WPC Sample #8 Exposed in Hilo, Hawalii
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Field Exposure 1 Weight Loss in Wood, BC

Weight Loss in Wood from Leaching & Decay
for WPC Sample #8 Exposed in Vancouver, British Columbia
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Soil Block Culture Test ASTM D1413
Sample Preparation
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Soil Block Culture Test ASTM D1413

Sample Conditioning
1. No conditioning
2.2 weeks immersion in water at RT - A
3.5 days immersion in water at 70°C - B

Room Temperature PR T
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Soil Block Culture Test ASTM D1413

Brown-rot fungus, Gloeophyllum trabeum ( WP CG6s contain pi
Test duration 12 weeks
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Soil Block Culture Test ASTM D1413
Sample Weight Loss
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Soil Block Culture Test ASTM D1413
Loss of Weight in Wood

Weight Loss

20%
18%
16%
14%
12%
10%
8%
6%
4%

2% |

0%

Weight Loss in Wood from Leaching & Decay
after Soil Block Test for WPC Sample #8

No conditioning Conditioning A*

BFungus ®No Fungus

Conditioning B**

11th International Conference on Wood
and Biofiber Plastic Composites

/4

FP


http://www.polymerengineering.ca/

Soil Block Culture Test ASTM D1413

Decrease in Density

Density Loss

Density Loss from Leaching & Decay after Soil Block Test
for WPC Sample #8
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Density Changes Comparison

Density Loss from Leaching & Decay
for WPC Sample #8 Exposed in Hilo, Hawaii
12% Density Loss from Leaching & Decay
for WPC Sample #8 after Soil Block Test
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Comments and Conclusions

The rate of decay of WPC varies in the field. As can be expected, this rate depends on the time of exposure, climatic zone,
and exposure location (sun or shadow). During field exposure, there is an initiation time period where no change in density
or weight loss (from leaching or decay) is observed. After this period, rapid weight loss or density decrease of the sample
(most likely due to wood decay) has been found. This initiation period for the material tested was 27 months for sunny
exposure and 40 months for shadow exposure in Hilo, Hawaii. This period is extended to about 70 months for both sunny
and shadow exposure in Vancouver, BC.

Laboratory evaluation of WPC samples of identical material using ASTM D1413 test method showed different decay rates,
depending on conditioning prior to exposure to fungi. The lowest rate of decay was observed for non-conditioned samples,
which showed 4.75% total weight loss or 7.20% weight loss in wood. Samples exposed to two weeks of water immersion at
room temperature showed 8.59% total weight loss or 13.03% weight loss in wood. Samples conditioned for five days by
water immersion at 70°C showed the largest total weight loss at 12.88%, or 19.54% weight loss in wood.

The obtained results indicate that in order to simulate field performance of WPC using soil block culture test in the
laboratory (ASTM D1413), samples must be conditioned prior to exposure to fungi. Conditioning depends on the climatic
zone of field exposure and exposure time. For example, the results presented here indicate that 40 months of sunny
exposure in Hilo, Hawaii requires conditioning of WPC in water for five days at 70°C. 52 months of shadow exposure in
Hilo may require conditioning of samples for two weeks in water at room temperature. 70 months of sunny exposure in
Vancouver may not require conditioning, but extension of the exposure time may likely require conditioning.

WPCs may contain biocide additives to combat decay. This has to be taken under consideration during the design of
specimen conditioning to understand the potential for depletion of the biocide , which may be facilitated by small specimen
sizes and direct contact with warm water. Recently, we have been working on conditioning methods different from those
described above..
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