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Summary 
Commercialisation of a low-maintenance transparent coating is expected to assist wood products to 
maintain residential market share in the face of competing materials and potentially expand market share 
in recreational and non-residential applications. Testing of a range of commercial products had identified 
one outstanding performer and arrangements were made to work with the developer of this coating to 
further improve its performance, targeting a 15-year life under Canadian conditions. A series of exposure 
tests were set up to evaluate potential improvements in resistance to UV and to black stain fungi. This 
report covers the initiation of a test of the second generation of UV protectant pre-treatments and biocide 
combinations. It also evaluated the apparent beneficial effect of a supposedly inert formulating agent. UV 
protectant combinations were tested under a water-based two-step transparent coating and under a water-
based clear exterior urethane. The biocide combinations were used as pre-treatments and incorporated in 
steps one and two of the water-based two-step transparent coating. After six months’ exposure in 
Mississippi and Vancouver, all the material in the UV protectant test was rated 7 or higher on a 0 to 10 
scale. There were early indications of deterioration for the controls with Inert B (no UV protectants), for 
2.5% HALS and for 7.5% HALS. Most of the downgrading was due to black stain fungi, suggesting that 
the biocide combination and concentration used in this part of the test was still inadequate to provide 
long-term protection. In the biocides test there was a substantial beneficial effect on black stain resistance 
of additional coats of step one. It was clearly beneficial to have some pre-treatment and it was also clearly 
important to include the biocides in the coating and not just in the pre-treatment. There were early 
indications of a positive effect from the incorporation of ZnO with the organic biocides. There was no 
consistent pattern to allow the effects of Inerts A and B to be distinguished. 
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1 Objectives 
To develop an economically, technically and environmentally viable transparent coating that will provide 
long-term weather protection without masking the natural colour and texture of wood. 
 
 

2 Introduction 
Wood products compete with an increasingly wide range of alternative materials in markets for structural 
and decorative construction materials. Non-wood alternatives including concrete, metal and plastics are 
entrenched in the non-residential market and are increasingly competing for the residential market. These 
products often mimic wood’s appearance and promise long-term durability with minimal maintenance. If 
wood is to retain and expand its market share, it must be able to offer similar low-maintenance 
performance. It must also be able to capitalize on its natural appearance.  
 
Sun (UV and visible light), moisture and microorganisms act together to deteriorate unfinished surfaces 
of wood products used outdoors, creating a “weathered” appearance within a few weeks or months 
(Williams 1996). Options to prevent this include: pressure treatment with copper-based water-borne 
preservatives, paint, stain and transparent coatings. The same causes of deterioration also act on the 
surface coatings. Paints can provide adequate performance over 5 to 15 years, the duration depending on 
the care taken with surface preparation, the paint quality, coating thickness and exposure. However, paint 
hides the natural colour and figure of the wood and does not provide a distinct look to separate wood from 
competing non-wood materials.  
 
Most industry observers anticipate a change from copper-based preservatives to metal-free combinations 
of organics for residential, treated wood products within the next one to five years. While the chromium 
in chromated copper arsenate (CCA) and the copper in alkaline copper quat (ACQ) and copper azole 
(CA) provide considerable protection against UV, the metal-free formulations will need UV protection in 
the form of additives or coatings. Borate-treated wood can be used outdoors under a well-maintained 
three-coat paint system and since borates are colourless, there is potential for their utilisation in 
combination with film-forming transparent coatings. 
 
Consumer demand for “transparent” coatings can be seen in the degree to which these are commonly used 
in high-end shop fronts, recreational properties and landscape furniture in resort areas, despite the fact 
that failed examples of such uses can also be seen everywhere. Failure of transparent coatings in North 
America occurs after 0.5 to 1.5 years depending on the climate and the degree of exposure. 
 
This work builds on the project “Finishing Properties of Canadian Wood Species for Exterior 
Applications” (Groves and Gignac 2002). Initially within the current project, a range of commercial 
transparent coatings were tested and two variants of one particular water-based coating stood out from the 
rest (Morris et al. 2004). The developer of this coating is Brian Morse and he was approached to work 
with Forintek to develop a high-performance factory coating targeting a 15-year life. The ultimate failure 
of this coating in the early testing was primarily from attack by black stain fungi. These fungi are able to 
penetrate coatings (Sharpe and Dickinson 1992) and use lignin breakdown products as a sole carbon 
source (Sharpe and Dickinson 1993). Thus it was considered important to evaluate alternative fungicides 
to improve resistance to these organisms. Pre-treatments with oxine copper were also considered as were 
pre-treatments with Lignostab. The latter was anticipated to control black stain fungi by stopping lignin 
breakdown by UV and thus limiting the supply of the lignin breakdown products these fungi could use. In 
the next test, unusually favourable conditions for black stain fungi in the first six months of exposure 
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provided some early results (Morris et al. 2005a). Simply changing from the manufacturers’ 
recommendation of one coat of step one and one coat of step two to two coats of step one and one of step 
two showed improvement in resistance to black stain. One of the modifications to the UV protectant 
system had a negative effect on resistance to black stain. None of the fungicides tested were more 
effective in protecting against black stain than IPBC, the fungicide in the commercial formulation. 
Furthermore a new formula of IPBC was not as effective as the older formula. Two patterns of black stain 
were noted and there appeared to be some variation among fungicides in their ability to control these two 
patterns. This suggested that a combination of IPBC and Propiconazole might be effective in protecting 
coatings from a broader range of black stain fungi. There were also indications that an “inert” formulation 
agent used in this pre-treatment is contributing to the performance and this was therefore further 
investigated.   
 
An accelerated test in a Weather-Ometer® showed a UV absorber alone provided substantial protection 
against the light wavelengths capable of penetrating a water-based transparent urethane over 2000 hrs of 
artificial weathering. No other UV protectants, when combined with UVA added to this protection. No 
other UV protectants provided substantial protection against the light wavelengths penetrating a water-
based transparent urethane. A damp chamber test showed a combination of propiconazole and IPBC was 
highly effective in preventing growth of mold and stain (Morris et al. 2005b) 
 
This report covers the next iteration of UV protectant pre-treatments with the promising combination of 
biocides in the pre-treatment and various steps of the coating. 
 
 

3 Staff 
Paul Morris  Group Leader, Durability and Protection 
Brian Morse Consultant – Wood Coatings 
Shane McFarling  Technologist, Durability and Protection 
Don Moffat Technologist, Durability and Protection 
 
 

4 Materials and Methods 
4.1 Wood Sample Preparation 

Rough-sawn, green, Ponderosa pine was obtained from S & O Sawmill, Westbridge, BC. The Ponderosa 
pine was then kiln dried in the Forintek 8-foot pilot scale kiln. Kiln-dried coastal Douglas-fir 200 mm x 
55 mm x 4.26 m were obtained from a sawmill on Vancouver Island, British Columbia. The Douglas-fir 
boards were sorted, selecting for heartwood only/vertical grain pieces and cut to 2.44 m. All boards 
selected had moisture contents ranging from 15 to 19%. The boards were then planed to 142 mm (width) 
x 19 mm (thickness). 
 
Forty boards, 2.44 m in length, (20 Douglas-fir, 20 Ponderosa pine) were separated into 8 groups and 
labelled. A further 3 boards (Ponderosa pine only) were crosscut to 1.22 m in length and separated into 2 
groups and labelled. The surfaces of the samples were then lightly sanded with 80 grit sandpaper, and 
surface cleaned with compressed air to remove dust. They were then marked with a pencil line every 
200 mm, to aid in separating the different coatings. Surface preparation of all boards was completed 
within 14 days of planing. 
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4.2 Formulation Additives 

Formulation additives are listed in Table 1. 
 
Table 1 Additives and suppliers 
 

Active Ingredient Formulation  Supplier 
IPBC Polyphase P100 Troy 
Propiconazole  Wocosen 50TK Diacon 
Zinc Oxide   
UVA Tinuvin 1130  Ciba 
HALS Tinuvin 123  Ciba 
Light Stabilizer  Ciba 
Inert A   
Inert B   

 
4.3 Coating Formulation 

All coatings used in the study were produced in the laboratory at Forintek using the standard factory 
formulations except that fungicides, U.V. light stabilizers and inhibitors were substituted for those shown 
here in the formulas, at the appropriate step in the manufacturing procedure. 
 
4.4 Coating Application 

All pre-treatments and coatings were brush applied to the siding in the Vancouver laboratory according to 
manufacturers’ instructions. All the formulations were applied to the planed side and the two edges. 
Between all formulation variants a 6 mm overlap was used. The back (rough side) of all the siding was 
primed with one coat of an alkyd primer. The end-grain (ends) of the siding was also primed. Five 
replicates were prepared for each set of coatings (three replicates were used for the UV Clear one step).   
 
The UV protectant pre-treatments evaluated in this study are given in Table 2. Two sets of pine and fir 
were pre-treated. Due to material limitations, one set of pine was shorter and fewer pre-treatments were 
tested on pine under the clear water-based exterior urethane. One set was coated with two coats of step 
one and one coat of step two of a water-based two-step transparent coating. The other set was coated with 
three coats of clear water-based exterior urethane. The biocide combinations tested are given in Table 3. 
Two coats of step one and one coat of step two of a water-based two-step transparent coating were used in 
each case unless otherwise specified in the table. 
 
4.5 Installation of Samples 

All formulation/wood species combinations were installed at both sites. At both test sites, the siding 
samples were fastened onto south facing, 45o platforms (Figure 1). The samples were attached using 
aluminium brackets and stainless steel screws. The brackets were screwed to the back of the samples.  
 
The Vancouver samples were installed on May 12th, 2005 and the Mississippi samples on May 20th, 
2005. All samples were photographed and mapped. 
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Figure 1 Example of siding immediately after installation in Mississippi 
 

 
 
Table 2 UV protectant pre-treatments tested under both water-based coatings on both species 
 
   Trans. 2 Step Clear 1 step 
Inert UV Protectants Biocides Fir Pine Fir Pine 
A None1,2 0.25% IPBC 0.5% Propiconazole Yes Yes Yes Yes 
A 5% UVA 0.25% IPBC 0.5% Propiconazole Yes Yes Yes Yes 
A 7.5% UVA 0.25% IPBC 0.5% Propiconazole Yes Yes Yes N/A 
A 5% UVA+ 2.5% HALS 0.25% IPBC 0.5% Propiconazole Yes Yes Yes Yes 
A 7.5% HALS 0.25% IPBC 0.5% Propiconazole Yes Yes Yes N/A 
A 5% UVA, 2%Stabilizer 0.25% IPBC 0.5% Propiconazole Yes Yes Yes Yes 
B None2 0.25% IPBC 0.5% Propiconazole Yes Yes Yes N/A 
B 5% UVA 0.25% IPBC 0.5% Propiconazole Yes Yes Yes Yes 
B 7.5% UVA 0.25% IPBC 0.5% Propiconazole Yes Yes Yes N/A 
B 5% UVA+ 2.5% HALS 0.25% IPBC 0.5% Propiconazole Yes Yes Yes Yes 
B 7.5% HALS 0.25% IPBC 0.5% Propiconazole Yes Yes Yes N/A 
B 2.5% HALS 0.25% IPBC 0.5% Propiconazole Yes Yes Yes N/A 

1 Equivalent to treatment 4 in Biocides test 
2 See also treatment 2 with no inert and no UV protectants in Biocides test 
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Table 3 Biocide combinations tested with two-step transparent coating on pine only 
 
No. Pre-treatment  Biocide in Step 1 

 
Coats 
Step 1 

Biocide in Step 2 

1 None 0.5% Propiconazole  
0.25% IPBC 

1 0.5% Propiconazole 
0.25% IPBC 

2 None 0.5% Propiconazole  
0.25% IPBC 

2 0.5% Propiconazole  
0.25% IPBC 

3 None 0.5% Propiconazole  
0.25% IPBC 

3 0.5% Propiconazole  
0.25% IPBC 

4 Inert A 0.5% Propiconazole  
0.25% IPBC 

2 0.5% Propiconazole 
0.25% IPBC 

5 0.5% Propiconazole 
0.25% IPBC 
Inert B 

0.5% Propiconazole 
0.25% IPBC 

2 0.5% Propiconazole 
0.25% IPBC 

6 0.5% Propiconazole 
0.25% IPBC 
Inert B 

0.5% Propiconazole 
0.25% IPBC 

2 0.5% Propiconazole 
0.25% IPBC 
2.0% ZnO 

7 None 0.5% Propiconazole  
0.25% IPBC 
2.0% ZnO 

2 0.5% Propiconazole 
0.25% IPBC 
2.0% ZnO 

8 0.5% Propiconazole 
0.25% IPBC 
Inert A 

0.5% Propiconazole  
0.25% IPBC 
2.0% ZnO 

2 0.5% Propiconazole 
0.25% IPBC 
2.0% ZnO 

9 Inert A 
 

None 2 2.0% ZnO 

10 Inert B 0.5% Propiconazole  
0.25% IPBC 

2 0.5% Propiconazole 
0.25% IPBC 

11 0.5% Propiconazole 
0.25% IPBC 
Inert B 

None 2 None 

121 0.5% Propiconazole 
0.25% IPBC 
Inert A 

None 2 None 

1. See similar treatments except also with IPBC and Propiconazole in step 1 and step 2 in UV protectant test. 
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4.6  Weather Data Collection 

At both test sites, data loggers had been set-up to record ambient temperature, relative humidity (RH) and 
coating surface temperature. Ambient temperature and RH were recorded inside a solar-shielded, vented 
enclosure. Surface temperatures were recorded with a white-surface mounted thermocouple. Data were 
recorded for a prior period of two years at both sites. 
 
4.7 Sample Rating 

After six months, samples were visually assessed for mold/stain using a rating system adopted from the 
Forest Products Laboratory (FPL), based on ASTM methods (ASTM 1988) and on a scale from 1 
(complete failure) to 10 (perfect). A performance rating of 10 indicates no change from the original 
unweathered condition; 5 indicates that refinishing would normally be done by the homeowner but 
without extensive preparation; and 1 represents a total failure (Figure 2). According to FPL, the time 
required for the coating to reach a level of 5 serves as a convenient measure of durability. However, the 
target market for this work has higher standards than those used by the average homeowner as it can be 
virtually impossible to eradicate black stain fungi once they are established, therefore a rating of 7 was 
used as the threshold in this experiment. 
 
  
 Transparent Semi-transparent  
 
    Good 

(8 to 10) 
 
 
 
 
 
 

Fair 
(6 to 7) 

 
 
 
 

Poor 
(<5.0) 
 
 
 
 
 
 

Figure 2 Sample rating examples 
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5 Results 
 
Table 5 shows the ratings for black stain on siding after 6 months’ exposure. Within each table the data 
cells are shaded to show relative coating deterioration:  
    
            =  8 to 10 (little or no deterioration)           
           
            = 6 to 7  (noticeable deterioration) 
           
            = 0 to 5  (refinishing required) 
 
 
After six months’ exposure in Mississippi and Vancouver (Table 4), all the material in the UV protectant 
test was rated 7 or higher. There were early indications, in Mississippi, of deterioration for the controls 
with Inert B (no UV protectants), for 2.5% HALS and for 7.5% HALS. Most of the downgrading was due 
to black stain fungi suggesting the biocide combination and concentration used in this part of the test was 
still inadequate to provide long-term protection. In Vancouver the addition of 5% UVA only, with Inert A 
and B, showed the greatest deterioration with a rating of 7. 
 
Table 4 Six-month rating of UV protectant pre-treatments for general condition 
 
  Vancouver Mississippi 
  Trans. 2 Step Clear 1 step Trans. 2 Step Clear 1 step 
Inert UV Protectants Fir Pine Fir Pine Fir Pine Fir Pine 
A None1,2 9 8 8 9 8 8 7 8 
A 5% UVA 9 8 9 7 8 8 8 9 
A 7.5% UVA 9 9 10 N/A 8 8 9 N/A 
A 5% UVA+ 2.5% HALS 9 8 9 8 8 8 9 9 
A 7.5% HALS 9 9 9 N/A 7 7 8 N/A 
A 5% UVA, 2%Stabilizer 9 9 8 9 8 8 7 8 
B None2 9 10 8 N/A 7 7 8 N/A 
B 5% UVA 9 10 9 7 8 8 9 8 
B 7.5% UVA 9 9 10 N/A 9 8 9 N/A 
B 5% UVA+ 2.5% HALS 9 10 10 8 9 8 9 9 
B 7.5% HALS 10 10 9 N/A 8 8 8 N/A 
B 2.5% HALS 9 9 9 N/A 7 7 7 N/A 
1 Equivalent to treatment 4 in Biocides test 
2 See also treatment 2 with no inert and no UV protectants in Biocides test 
 
After six months’ exposure in Mississippi (Table 5), there was a substantial difference in black stain 
resistance between the panels with one, two and three coats of step one (panels 1, 2 and 3). It was clearly 
beneficial to have some pre-treatment (panels 2 and 7) compared to the rest. It was also clearly important 
to include the biocides in the coating and not just in the pre-treatment (panels 11 and 12). There were 
early indications of a positive effect from the incorporation of ZnO. There was no consistent pattern to 
allow the effects of Inerts A and B to be distinguished. The Vancouver samples showed similar results, 
but at a slower rate of deterioration. 
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Table 5 Six-month rating of biocide combinations for black stain resistance on Ponderosa pine 
 
No. Pre-treatment  Biocides Step 1 

(number of coats) 
Biocides Step 2 Vancouver Mississippi 

1 None PCZ, IPBC (1) PCZ, IPBC 5 4 
2 None PCZ, IPBC (2) PCZ, IPBC 9 6 
3 None PCZ, IPBC (3) PCZ, IPBC 10 8 
4 Inert A PCZ, IPBC (2) PCZ, IPBC 8 8 
5 PCZ, IPBC, Inert B PCZ, IPBC (2) PCZ, IPBC 8 7 
6 PCZ, IPBC, Inert B PCZ, IPBC (2) PCZ, IPBC, ZnO 10 9 
7 None PCZ, IPBC, ZnO (2) PCZ, IPBC, ZnO 6 7 
8 PCZ, IPBC, Inert A PCZ, IPBC, ZnO (2) PCZ, IPBC, ZnO 10 9 
9 Inert A None (2) ZnO 9 8 
10 Inert B PCZ, IPBC (2) PCZ, IPBC 9 91 
11 PCZ, IPBC, Inert B None (2) None 9 7 
122 PCZ, IPBC, Inert A None (2) None 8 3 

1. Rated 4 for discolouration possibly due to early stages of stain development.  
2. See similar treatments except also with IPBC and Propiconazole in step 1 and step 2 in UV protectant test. 
 
 

6 Conclusions 
• Increasing the number of coats of the first step of a two-step water-based transparent coating, beyond 

the manufacturers current recommendation of two coats, provides further improvements to black stain 
resistance. 

 
• It is too soon to draw conclusions on differences among the UV protectant pre-treatments. 
 
• Biocides incorporated in the pre-treatment cannot substitute for biocide incorporation in the coating. 
 
• Early stages of colonisation by black stain fungi suggest that the biocide combinations and 

concentrations tested may be inadequate to provide long-term performance. 
 
 

7 Recommendations 
The test material should be inspected at 6-month intervals. Further tests of UV protectants and biocide 
combinations should be set up next May based on the early indications from this test and the results of 
previous tests. 
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