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Abstract 
Wood products compete with an increasingly wide range of alternative materials in markets for structural 
and decorative construction materials. 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. 
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. 
 
In previous work, a range of commercial transparent coatings were tested and two variants of one 
particular water-based coating stood out from the rest. The ultimate failure of this coating in the early 
testing was primarily from attack by black stain fungi. Thus it was considered important to evaluate 
alternative fungicides to improve resistance to these organisms. In the first such test (Report #1), 
unusually favourable conditions for black stain fungi in the first six months of exposure provided some 
early results. Simply changing from the earlier manufacturer’s 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. However, two patterns of black stain were noted and there appeared to be some 
variation among fungicides in their resistance to 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 was 
contributing to the performance and this was therefore further investigated.   
 
An accelerated test in a Weather-Ometer (Report #2) 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. Furthermore, 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.  
 
Report #3 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 the 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. 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 the biocide 
combination and concentration used in this part of the test was inadequate to provide long-term 
protection. In the biocides test, additional coats of step one provided a substantial beneficial effect on 
black stain resistance. 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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Report #4 describes the use of UV/Visible spectrophotometry to measure the transmittance of light 
radiation through finishes. The developed method was applied to measuring the effects of additives and to 
comparing commercial finishes. 
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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.  Exposure tests were 
set up to evaluate potential improvements in resistance to UV and to black stain fungi. Unusually 
favourable conditions for black stain fungi in the first six months of exposure provided some early results. 
Neither of the two reference coatings were as resistant to black stain as the experimental formulations. 
Furthermore, simply changing from the earlier 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. However, two patterns of black stain were noted and there appeared to be some 
variation among fungicides in their resistance to these two patterns. A combination of IPBC and 
Propiconazole may be effective in protecting coatings from a broader range of black stain fungi. Further 
exposure is required to quantify any benefits to the UV protectant system or from pre-treatment with the 
hindered amine light stabiliser, Lignostab, with and without oxine copper.  There are indications that the 
solvent used in this pre-treatment is contributing to the performance and this will be further investigated. 
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1 Objective 
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 
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. The North American market share for wood products used on the exterior of 
buildings merits making a considerable effort to maintain. For example, over 96 million square metres of 
wood and wood panel products are used as exterior siding annually in Canada and the U.S (NAHB). 
Other uses include windows, doors, shingles, fascia and trim boards. There are also opportunities to 
capitalize on the expanding market in recreational property and increase market share in non-residential 
buildings. 
 
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 waterborne 
preservatives, paint, stain and transparent coatings. The same modes 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 the 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 initial 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 
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to improve resistance to these organisms. Pretreatments 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. 
Brian was also asked to explore potential improvements to the UV protection that might be cost effective 
in a factory finish but not in a consumer product, the primary market for this finish at present. 
 
 

3 Staff 
Paul Morris  Group Leader, Durability and Protection 
Brian Morse Consultant – Wood Coatings 
Shane McFarling  Technologist, Durability and Protection 
Janet Ingram 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 was 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). 
 
Twenty-five boards were crosscut to 1.22 m in length (10 Douglas-fir, 15 Ponderosa pine), separated into 
5 groups and labelled. A further 10 boards (Ponderosa pine only), 2.44 m in length, were 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. 
 
4.2 Formulation Additives 

Table 1 Additives and suppliers 
 

Active Ingredient Formulation  Supplier 
IPBC Polyphase P100 Troy 
IPBC Polyphase P20T Troy 
Tebuconazole  Preventol A8 Bayer (now Lanxess) 
Propiconazole  Wocosen 50TK Diacon 
Oxine copper Technical grade Sigma 
Compound C Confidential Confidential 
Thiabendazole Mertect 500G Syngenta 
Chlorothalonil Chlortran F40 Omnium 
Product B Confidential Confidential 
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Active Ingredient Formulation  Supplier 
Zinc Omadine Technical grade Arch 
Pentacholorophenol Laboratory grade Eastman Organic Chemicals 
Lignostab Laboratory grade Ciba 

 
4.3 Coating Formulation 

Formulation of coatings with modified UV protectants was done courtesy of Brian Morse. Formulation of 
coatings with various fungicides was done at Forintek. 
 
4.4 Coating Application 

All formulations were brush applied to the siding in the Vancouver laboratory, according to 
manufacturers’ instructions. Two coats of step one and one coat of step two were applied unless otherwise 
specified in the tables below. 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.   
 
The formulation modifications evaluated in this study are given in Table 2. The fungicides tested at the 
Vancouver and Mississippi test sites are given in Table 3 and additional variants installed at Vancouver 
only are given in Table 4.  
 
4.5 Installation of Samples 

All formulation/wood species combinations were installed at both sites unless otherwise indicated in the 
tables below. At both test sites, the siding samples were fastened onto south facing, 45° 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 19th, 2004 and the Mississippi samples on May 24th, 2004. 
All samples were photographed and mapped.   
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Figure 1 Example of siding immediately after installation  
 
 
Table 2 Modifications to UV protection 
 
  Species 
Formulation Modification Pretreatment Ponderosa pine Douglas-fir 
3x Proprietary UV Blocker, 2 x UV Absorber none Yes Yes 
2x Proprietary UV Blocker none Yes Yes 
2 x UV Absorber none Yes Yes 

3x Proprietary UV Blocker, 2 x UV Absorber 0.5% Oxine Cu 
2.0% Lignostab Yes Yes 

Viscosity Additive none Yes Yes 
Viscosity Additive and modified driers none Yes Yes 
* All formulations contained 0.5% w/w IPBC as P100 
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Table 3 Fungicidal additives tested  
 

Coats Species 
Step 1 Step 2 

Fungicide* Pretreatment 
Ponderosa pine Douglas-fir 

1 1 IPBC P100 None Yes No 
2 1 IPBC P100 None Yes No 
2 1 IPBC P20T None Yes No 
2 1 Tebuconazole None Yes No 
2 1 Propiconazole None Yes No 
2 1 Folpet None Yes No 
2 1 Oxine Copper None Yes No 
2 1 Product C None Yes No 
2 1 Thiabendazole None Yes No 
2 1 Chlorothalonil None Yes No 
2 1 Product B None Yes No 

2 1 IPBC P100 0.5% Oxine Cu 
2.0% Lignostab Yes No 

2 1 Pentachlorophenol** None Yes No 
2 1 Zinc omadine** None Yes No 

*  All fungicides at 0.5% by weight of formulation. 
** Installed on separate siding sample at Vancouver only 
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Table 4 Additional variants tested only at Vancouver  
 

Species Coating Fungicide Pretreatment 
Ponderosa pine Douglas-fir 

Standard (1 plus 1 coats)* 0.225% IPBC P100 none Yes Yes 
Standard (2 plus 1 coats)** none Solvent control No Yes 
Standard (2 plus 1 coats)** none 2.0% Lignostab No Yes 
Standard (2 plus 1 coats) 0.5% IPBC P100 none Yes No 
Standard (2 plus 1 coats) 0.5% IPBC P100 2.0% Lignostab Yes No 
Reference coating 1 unknown none Yes No 
Reference coating 2 unknown none Yes No 
* Formulation and application as tested by Morris et al. (2004). 
** Installed in June 

 
4.6  Weather Data Collection 

At both test sites, data loggers were 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 and twelve 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.   
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 Transparent Semi-transparent  
 
    Good 

(8 to 10) 
 
 
 
 
 
 

Fair 
(6 to 7) 

 
 
 
 

Poor 
(<5.0) 
 
 
 
 
 
 

Figure 2 Sample rating examples 
 
 

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) 
 
 
The late summer in Vancouver was particularly rainy and the early fall was particularly warm. 
Consequently, there was much faster than expected development of black stain on the test material. After 
only six months’ exposure (Table 5) the 3 x UV blocker modification showed failure to black stain fungi 
on Ponderosa pine in both Vancouver and Mississippi, possibly due to a detrimental effect on the 
continuity of the coating. This modification also showed early signs of failure on Douglas-fir in 
Mississippi. 
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Table 5 Six-month rating of UV protectant modifications for black stain 
 

Test Site Wood Species Modification 
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Ponderosa pine 8 5 10 10 10 9 Vancouver 
Douglas-fir 9 8 10 10 10 10 
Ponderosa pine 7 5 9 9 9 9 Mississippi 
Douglas-fir 9 7 10 10 10 10 

* O.5% Oxine Copper/2.0% Lignostab pretreatment 
 
After 12 months’ exposure (Table 6) several of the UV protectant modifications showed further 
deterioration due to black stain with the 3 x UV Blocker showing the worst performance.  Positive 
contributions to performance were seen with the 2 x UV Absorber and with the Oxine copper/Lignostab 
pre-treatment. 
 
Table 6 Twelve-month rating of UV protectant modifications for black stain 
 

Test Site Wood Species Modification 
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Ponderosa pine 7 4 8 8 7 7 Vancouver 
Douglas-fir 8 6 8 8 8 8 
Ponderosa pine 3 2 7 7 5 6 Mississippi 
Douglas-fir 7 3 8 8 7 8 

* O.5%Oxine Copper/2.0% Lignostab pretreatment 
 
After six months’ exposure (Table 7), all the fungicide variants on Ponderosa pine showed early signs of 
failure to black stain. There was a distinct improvement in the resistance to black stain of two coats of 
step one and one coat of step two compared to one and one. None of the fungicides tested were more 
effective in protecting against black stain than IPBC, the fungicide in the commercial formulation. 
Furthermore, the new formula IPBC 20T did not appear to be as effective as the old formula IPBC P100 
in this test. What appears to be unexpectedly poor performance from pentachlorophenol is due to the use 
of 0.5%, rather than the 5% that was used commercially. Weight-for-weight, modern organic biocides are 
considerably more effective than pentachlorophenol. 
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Table 7 Six-month rating of fungicides for black stain 
 

Test Site Fungicide 

 

IP
B

C
 P

10
01  

IP
B

C
 P

10
0 

IP
B

C
 P

20
T

 

T
eb

uc
on

az
ol

e 

Pr
op

ic
on

az
ol

e 

Fo
lp

et
 

O
xi

ne
 c

op
pe

r 

Pr
od

uc
t C

 

T
hi

ab
en

da
zo

le
 

C
hl

or
ot

ha
lo

ni
l 

Pr
od

uc
t B

 

IP
B

C
 P

10
02  

Pe
nt

ac
hl

or
op

he
no

l 

Z
in

c 
O

m
ad

in
e 

Van. 6 9 8 9 10 9 9 9 8 9 9 9 7 10 
Miss. 7 8 8 5 4 3 7 9 7 9 9 10 N/A N/A 
1 Only one coat of step 1 
2 O.5%Oxine Copper/2.0% Lignostab pretreatment 

 
Two patterns of black stain were noted: one in small discrete patches just under the surface of the coating 
and the other in streaks resulting from colonization of the ray tissue. Attempts were made to isolate the 
fungi involved and two fungi were isolated: Epicoccum nigrum and Aureobasidium pullulans deBary. 
The latter was identified using molecular techniques by the biotechnology group at UBC’s Faculty of 
Forestry. There were indications that all the formulations containing IPBC showed some resistance to the 
ray-colonization pattern of attack but not to the discrete-patch pattern. Pretreatment with Oxine 
copper/Lignostab did not improve resistance to this type of attack. Thiabendazole showed similar, but not 
as strong, resistance to the ray-colonisation pattern of attack. In contrast Propiconazole showed no 
resistance to the ray-colonisation pattern but did show resistance to the discrete-patch pattern of attack. 
Product C showed similar, but not as strong, resistance to this type of attack. Based on these results, 
combinations of fungicides, such as IPBC and Propiconazole may be effective against a broader range of 
black stain fungi. Viitanen (2002) obtained better results with this combination of fungicides than either 
of the two tested separately. 
  
Half of the fungicides showed more advanced black stain in Mississippi, as might be expected, with 
Tebuconazole, Propiconazole and Folpet the most advanced compared to Vancouver. However, the IPBC 
formulations, chlorothalonil and products B and C generally held up equally well at both sites. Patterns of 
black staining were not recorded in Mississippi. 
 
After twelve months’ exposure (Table 8), most of the biocide-modified coatings had deteriorated further 
and in some cases Vancouver showed similar deterioration to Mississippi. In a few cases, deterioration of 
the finish itself masked black stain such that the mold/stain rating increased. Still none of the fungicides 
tested performed better in Vancouver than IPBC, the fungicide in the commercial formulation. All of the 
fungicides had failed at both sites (rating of 7 or below) after twelve months. However, Tebuconazole and 
Product C showed comparable performance to IPBC.  The best performance was seen from the Oxine 
Copper/Lignostab pre-treatment with IPBC in the coating. 
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Table 8 Twelve-month rating of fungicides for black stain 
 

Test Site Fungicide 
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Miss. 2 5 4 6 7 4 2 7 2 5 5 7 N/A N/A 
1 Only one coat of step 1 
2 O.5% oxine Copper/2.0% Lignostab pretreatment 

 
After six months’ exposure (Table 9), the two reference coatings showed more severe black stain than any 
of the formulations of the water-based coating under development. As with the test of fungicides, all 
formulations containing IPBC showed some resistance to the ray-colonisation pattern of black stain 
though the formulation with 0.225% IPBC was not as resistant as that containing 0.5% IPBC. There were 
some indications of a positive effect of pretreatment in preventing the growth of black stain fungi but the 
solvent control showed similar performance to the Lignostab formulation.  
 
After twelve months’ exposure (Table 10), the best performance was again seen from the Lignostab pre-
treatment, particularly on Douglas-fir, but still the solvent control was showing similar performance. This 
phenomenon requires further investigation. 
 
Table 9 Six-month rating of additional variants for black stain 
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Vancouver Ponderosa pine 8 N/A N/A 7 8 5 5 
Vancouver Douglas-fir 6 10 10 N/A N/A N/A N/A 
Mississippi Ponderosa pine 5 N/A N/A N/A N/A N/A N/A 
Mississippi Douglas-fir 6 N/A N/A N/A N/A N/A N/A 
*  Solvent only pretreatment 
** 2.0% Lignostab pretreatment 
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Table 10 Twelve-month rating of additional variants for black stain 
 

Test Site Wood Species Coating 
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Vancouver Ponderosa pine 3 N/A N/A 7 7 3 3 
Vancouver Douglas-fir 5 9 10 N/A N/A N/A N/A 
Mississippi Ponderosa pine 3 N/A N/A N/A N/A N/A N/A 
Mississippi Douglas-fir 3 N/A N/A N/A N/A N/A N/A 
*  Solvent only pretreatment 
** 2.0% Lignostab pretreatment 

 
 

6 Conclusions 
• None of the fungicides tested were more effective in protecting against black stain than IPBC, the 

fungicide in the commercial formulation. 
 
• The new formula IPBC 20T did not appear to be as effective as the old formula IPBC P100 at the 

application rate used in this test. 
 
• A combination of fungicides may be effective in protecting coatings from the range of black stain 

fungi.  
 
 

7 Recommendations 
Further exposure is required to evaluate improvements to the UV protectants. The test of fungicides 
should be terminated, with the exception of the Lignostab pretreatments. This material should be 
evaluated at six-month intervals. 
 
Further tests should be set up to evaluate the efficacy of Propiconazole plus IPBC. 
 
Further tests should be set up to evaluate the contributions of Lignostab and the solvent to performance. 
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Summary 
Commercialisation of a low-maintenance transparent coating is expected to assist wood products maintain 
residential market share in the face of competing materials and potentially expand markets in recreational 
property and non-residential applications. Four areas for improvement were identified: optimizing the UV 
blocking capability of the coating, improving black stain resistance of the coating, improving UV 
resistance of the underlying wood and improving black stain resistance of the underlying wood.  This 
study focussed on improving UV/visible light resistance of the underlying wood and the effect of the UV 
protectants on resistance to black stain.  Samples of Ponderosa pine sapwood were pre-treated with a 
range of individual compounds with potential as UV protectants and a range of combinations of these 
compounds. Half of each sample was finished with two coats of the first step and one coat of the second 
step of a two-step water-based transparent coating. The other half was finished with three coats of 
transparent water-based urethane. This first set of samples was exposed for 2000 hrs in an Atlas Weather-
Ometer. The weathering cycle was full-time UV and full-time misting using diffusers over the spray 
nozzles, except the mist was turned off for one hour each work day. The samples were evaluated using a 
set of criteria developed by the USDA Forest Products Laboratory at Madison.  Comparable samples were 
pre-treated with the same series of UV protectant systems, then one-half were finished with two coats of 
the first step and one coat of the second step of a two-step water-based transparent coating. The other half 
was left unfinished.  Four combinations of biocides were added to this part of the experiment. The second 
set of samples was inoculated with a spore suspension of black stain fungi and exposed for 2000 hrs in 
damp chambers at 20°C. These samples were evaluated for stain intensity on a 0 to 5 scale. 
 
Uncoated samples exposed in the Weather-Ometer® showed severe weathering, leaving the wood 
completely white with loose surface cells. Controls with no pre-treatment showed virtually the same level 
of damage under the water-based urethane though the coating itself remained largely in place with 
considerable cracking. The only individual UV protectant that showed substantial protection against UV 
under the water-based transparent urethane was a UV absorber (UVA), Tinuvin 1130. The two-step 
transparent water-based coating proved so effective at stopping UV that there was no damage to the 
underlying wood, even for the control with no pre-treatment. It did suffer from discolouration with 
whitening and blackening in places, types of colour change not seen under normal service conditions.  
This suggested the constant UV and water may have created conditions conducive to chemical reactions 
not seen in service such as conversion of transparent iron oxides from iron III to iron II.   
 
None of the other UV protectants combined with the UVA provided any substantial improvement to its 
performance, and several of the UV protectants had adverse effects on performance. The colloidal zinc 
oxide caused blistering of the water-based transparent urethane. The trans iron oxides turned black, 
possibly due to reduction from iron III to iron II. Lignostab caused a yellow discolouration of the water-
based transparent urethane in reference samples not exposed to light. 
 
Several of the UV protectants appeared to increase the growth of mold and stain fungi on the samples.  
All four biocide combinations were very effective at controlling mold and stain fungi.  The results of 
these tests were used to design a field test of UVA and biocide combinations. 
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1 Objective 
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 
If wood is to retain and expand its market share for exterior applications, it must be able to offer similar 
low-maintenance performance to non-wood alternatives, and to capitalize on its natural appearance. There 
are also opportunities to capitalize on the expanding market in recreational property and increase market 
share in non-residential buildings. 
 
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, painting, staining 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 and the paint quality, and number of coats or total coating 
thickness. 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.  
 
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. 
 
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. 
 
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. Four areas for improvement were identified: 
optimizing the UV resistance of the coating, improving black stain resistance of the coating, improving 
UV resistance of the underlying wood and improving black stain resistance of the underlying wood.   
 
Evaluation, after two years’ exposure, of the first test of UV protection systems set up by Stephen Ayer 
(Morris and McFarling 2004) showed improved performance of coatings when the wood was pretreated 
with a combination of a UV absorber (UVA) – CGL 777 and a hindered amine light stabilizer (HALS) – 
Lignostab. Even better performance was obtained with a combination of UVA Tinuvin 1130 and 
Stabilizer A.  This confirms the importance of having the UV protection system under the coating as well 
as in the coating. However, it was not entirely clear whether the difference in performance was due to a 
difference in the UVA, a difference in the stabilizer or a difference in the extent to which they were 
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synergistic. Furthermore, since failure was due to black stain fungi this might be a side effect of inhibiting 
the growth of fungi. There might be some antifungal activity from Tinuvin 1130 (a benzotriazole) 
Stabilizer A, or Lignostab (a hindered amine). ZnO absorbs UV and is known to have biocidal efficacy.  
Stephen’s third type of potential synergist seemed to have detrimental effects on performance.  
Synergistic combinations of UVA/HALS/PEG have been shown to be more effective than UVA/HALS in 
preventing UV degradation of wood (Grelier et al. 1997). PEG has also been suggested as contributing to 
UV protection but it is broken down by UV. By bulking the wood, PEG should also reduce checking 
caused by shrinkage.  On the other hand, PEG and some of the other organics may act as a carbon or 
nitrogen source for black stain fungi since these fungi are capable of using lignin breakdown products. A 
variety of permutations and combinations of these actives needed to be tested.   
 
 

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

4 Materials and Methods 
4.1 Wood Sample Preparation 

170 coupons with dimensions 160 x 65 x 10 mm were cut from defect free, kiln-dried Ponderosa pine 
sapwood lumber obtained from a sawmill in the southern interior of BC.   
 
4.2 UV Protectants 

The UV protectants and biocides used are listed in Table 1. 
 
Table 1 UV protectants and biocides with suppliers 
 

Potential UV Protectant Code  Supplier 
Tinuvin 1130 UVA Ciba 
Lignostab HALS Ciba 
Stabiliser A NO Confidential 
Polyethylene Glycol 8000 PEG Dow 
Colloidal zinc oxide solution ZnO Applied NanoWorks 
Transparent iron oxides (red plus yellow)  FeO Elementis 
Propiconazole  PCZ Janssen 
3-Iodo-2-propynyl-butyl-carbamate IPBC Troy 
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4.3 Pre-treatment Formulation and Application 

Pretreatment formulations were made up in a mixture of 63.9% glycol ether EB and 36.1% water. Seven 
coupons were brush coated with each of the pre-treatments listed in Table 2 and allowed to dry. 
 
Table 2 Pre-treatment formulations 
 

Percent in Formulation  
Glycol 
Ether Water PEG NO HALS UVA ZnO FeO 

Solvent control  63.9 36.1       
PEG 60.7 34.3 5.0      
NO 62.6 35.4  2.0     
HALS 62.6 35.4   2.0    
UVA 60.7 34.3    5.0   
ZnO 62.6 35.4     2.0  
FeO 63.3 35.7      0.5 
UVA+PEG 57.5 32.5 5.0   5.0   
UVA+HALS 59.4 33.6   2.0 5.0   
UVA+NO 59.4 33.6  2.0  5.0   
HALS+NO 61.3 34.7  2.0 2.0    
HALS+PEG 59.4 33.6 5.0  2.0    
NO+PEG 59.4 33.6 5.0      
ZnO+PEG 59.4 33.6 5.0    2.0  
ZnO+NO 61.3 34.7  2.0   2.0  
ZnO+HALS 61.3 34.7   2.0  2.0  
FeO+PEG 60.0 33.9 5.0     0.5 
FeO+NO 61.9 35.0  2.0    0.5 
FeO+HALS 61.9 35.0   2.0   0.5 
ZnO+HALS+UVA 58.1 32.9   2.0 5.0 2.0  
FeO+HALS+UVA 58.7 33.2   2.0 5.0  0.5 
UVA+HALS+NO 58.1 32.9  2.0 2.0 5.0   
UVA+HALS+PEG 56.2 31.8 5.0  2.0 5.0   
UVA+NO+PEG 56.2 31.8 5.0 2.0  5.0   
UVA+HALS+ZnO+PEG 55.0 31.0 5.0  2.0 5.0 2.0  
UVA+HALS+FeO+PEG 55.5 31.4 5.0  2.0 5.0  0.5 

 
An additional three coupons were pre-treated with the following biocide combinations for damp chamber 
testing only. 
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Table 3 Biocide formulations 
 

Percent in Formulation 
Formulation Glycol 

Ether 
Water Wocosen 

50TK 
Polyphase 

P100 
ZnO 

0.5% Propiconazole, 0.25% IPBC 63.1 35.7 1.0 0.25  
0.5% Propiconazole, 0.25% IPBC, 2%Zn0 61.8 34.9 1.0 0.25 2.0 
0.5% Propiconazole, 0.5% IPBC 62.9 35.6 1.0 0.5  
0.5% Propiconazole, 0.5% IPBC, 2% ZnO 61.6 34.9 1.0 0.25 2.0 
Notes: 
• Stabilizer A is 98% active.  
• Wocosen 50TK is 50% active. 
• Propiconazole; Polyphase P100 is 100% IPBC. 
• Red Iron Oxide is a Transparent Iron Oxide 25% Active 
• Yellow Iron Oxide is a transparent Iron Oxide 50% Active 
• Red Iron Oxide and yellow Iron Oxide were combined in the ratio of 0.328% red to 0.837% yellow to give a 

final content of 0.5% Iron Oxide in the final formulae. A master batch of red and yellow Iron Oxides was made 
up to ensure consistency in the final formula where small quantities were being used. 

• Zinc Oxide was supplied as an aqueous colloidal sol of 9.5% active ZnO content. 21.0% of the sol was added to 
each formula and the final water content of each formula included 19% water derived from that source. 

 
4.4 Coating Application 

4.4.1 Weather-Ometer 

For the Weather-Ometer study, half (lengthways) of four of each batch of seven coupons were coated 
with the water-based two-step transparent coating and the other half with water-based exterior urethane. 
For the water-based two-step transparent coating, two coats of step one and one coat of step two were 
applied. Between the two coatings a 3 mm overlap was used. Three coats of the water-based urethane 
were applied. The back of all the samples was sealed with the water-based urethane.  
 
4.4.2 Damp Chamber 

For the damp chamber test, half (lengthways) of three of each batch of seven coupons were painted with 
the water-based two-step transparent coating, as above. The other half was left uncoated. 
 
4.5 Exposure of Samples 

4.5.1 Weather-Ometer 

The samples were exposed in an Atlas Xenon-Arc Weather-Ometer at 50°C with full-time UV and 
almost full-time water mist for at total of 2000 hrs. The water mist was turned off for one hour each work 
day. The water mist was created by putting diffusers over the spray nozzles to break up the spray pattern 
and reduce the abrasive effect on the wood surface. 
 
4.5.2 Damp Chamber 

The samples were sprayed with a mixture of Epicoccum nigrum, Hormonema and Aureobasidium 
pullulans and exposed on racks supported over water in plastic boxes covered with a lid for 2000 hrs. All 
the samples were lightly sprayed with distilled water, to just before the point of runoff, twice per week. 
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4.6 Sample Rating 

4.6.1 Weather-Ometer 

After 2000 hrs, samples were visually assessed for wood damage, coating discolouration, and 
flaking/blistering, each on a 0 to 10 scale where 10 is perfect and 0 is worst case (Table 4). 
 
Table 4 Evaluation method – Weather-Ometer 

 

Evaluation Method 

Wood damage Subjective visual assessment 

Coating discolouration Subjective visual assessment similar to ASTM D 3274-82 

Flaking/blistering Subjective visual assessment similar to ASTM D 772-47 
 
4.6.2 Damp Chamber 

After 1000 hrs and 2000 hrs, the coupons were inspected for stain and mold using a 0 to 5 rating scale. 
 
Table 5 Evaluation method – Damp Chamber 
 
Rating Descriptions 
0 No visible growth 
1 Mold covering up to 10% of surfaces providing growth is not so intense or coloured as to 

obscure the sample colour over more than 5% of surfaces. 
2 Mold covering between 10% and 30% of surfaces providing growth is not so intense or 

coloured as to obscure the sample colour on more than 10% of surfaces. 
3 Mold covering between 30% and 70% of surfaces providing growth is not so intense or 

coloured as to obscure the sample colour on more than 30% of surfaces. 
4 Mold on greater than 70% of surfaces providing growth is not so intense or coloured as to 

obscure the sample colour over more than 70% of surfaces. 
5 Mold on 100% of surfaces or with less than 100% coverage and with intense or coloured 

growth obscuring greater than 70% of the sample colour.  
 
 

5 Results 
5.1 Weather-Ometer 

The water-based two-step transparent coating was highly effective at preventing damage to the underlying 
wood, giving wood damage ratings of 9 and 10  (Table 6). Typically, damage ratings of 9 were due to 
flaking off of small areas of coating at the point of overlap with the urethane and exposure of the 
underlying wood.  As a consequence, the contributions of the pre-treatments to protection of the 
underlying wood could not be evaluated under this coating. This coating system did suffer considerable 
discolouration in the form of blackening of some areas and whitening of others.  Neither of these forms of 
discolouration had been noted in service.  This suggests that full-time UV and water mist are driving 
chemical reactions not seen in exterior exposure. The blackening may be due to conversion of the 
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transparent iron oxide in the coating from iron III oxides to iron II oxides. The whitening is likely due to 
an effect on the proprietary UV blocker used in this formulation. 
 
The wood damage was much more severe under the water-based transparent urethane.  The condition of 
the wood without pre-treatment under this coating, rating 2, was virtually indistinguishable from the 
condition of uncoated wood.  That is, it was white with loose fibres on the surface.  The UVA provided a 
substantial degree of protection yielding a rating of 8.  No other single-component pretreatment provided 
any substantial degree of protection. None of the UV protectants, potentially synergistic in combination 
with UVA showed any added effect compared to UVA alone.  All the combinations of UV protectants 
that showed positive effects contained UVA, thus the effects of these combinations could be ascribed 
simply to the presence of UVA. Colloidal zinc oxide containing pre-treatments caused severe blistering of 
the water-based urethane likely to an adverse effect on adhesion to the wood.  Pre-treatments containing 
iron oxide almost always caused blackening of the wood, likely due to the reactions discussed above. 
 
While this accelerated weathering regime was very effective in evaluating the ability of UV protectants to 
prevent damage to wood under a coating, it probably does not reflect real life performance of the coatings 
themselves. 
 
Interestingly, Lignostab caused a yellow discolouration of the water-based transparent urethane in 
reference samples not exposed to light. 
 
Table 6 Weather-Ometer ratings after 2000 hrs 
 

Two-step transparent Urethane transparent 
Pre-treatment Wood 

damage 
Coating 
discol’n 

Flaking/ 
Blistering 

Wood 
damage 

Coating 
discol’n 

Flaking/ 
Blistering 

None 9 2 10 2 1 10 
Solvent control  9 2 9 1 1 7 
PEG 9 3 10 2 1 7 
NO 10 3 10 1 1 9 
HALS 10 4 10 2 1 10 
UVA 10 5 10 8 7 10 
ZnO 10 3 9 1 1 5 
FeO 9 3 9 3 2 3 
UVA+PEG 10 4 10 7 6 10 
UVA+HALS 10 4 10 6 5 10 
UVA+NO 10 3 10 7 5 10 
HALS+NO 10 3 9 1 1 8 
HALS+PEG 10 2 10 1 1 6 
NO+PEG 10 2 10 2 1 9 
ZnO+PEG 10 3 9 2 1 3 
ZnO+NO 9 3 10 1 2 5 
ZnO+HALS 9 3 9 1 1 4 
FeO+PEG 9 3 10 3 2 2 
FeO+NO 10 3 10 2 2 6 
FeO+HALS 10 3 10 2 2 5 
ZnO+HALS+UVA 10 4 10 6 5 10 
FeO+HALS+UVA 9 2 9 5 4 3 
UVA+HALS+NO 9 3 10 5 4 10 
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Two-step transparent Urethane transparent 
Pre-treatment Wood 

damage 
Coating 
discol’n 

Flaking/ 
Blistering 

Wood 
damage 

Coating 
discol’n 

Flaking/ 
Blistering 

UVA+HALS+PEG 9 3 10 6 4 10 
UVA+NO+PEG 9 2 10 5 3 10 
UVA+HALS+ZnO+PEG 9 6 9 7 5 8 
UVA+HALS+FeO+PEG 10 3 10 6 3 10 

 
5.2 Damp Chamber  

None of the UV protectants had a significant effect in reducing black stain but some appeared to increase 
it, particularly in terms of reducing the resistance to fungi of the water-based two-step transparent coating.  
PEG was the worst in this respect. The combination of biocides, put together based on data from the field 
test of black stain preventives, was extremely effective in preventing growth of mold and stain in this test. 
There were some indications of an improved performance from the addition of zinc oxide, with ratings of 
0 compared to ratings of 1 without zinc oxide. 
 
Table 7 Damp Chamber ratings after 1000 and 2000 hrs 
 

Uncoated Coated Pre-Treatment 
1000 hrs 2000 hrs 1000 hrs 2000 hrs 

None 1 4 0 0 
Solvent control  1 3 0 0 
PEG 2 5 0 2 
NO 2 4 0 0 
HALS 1 4 0 1 
UVA 1 4 0 1 
ZnO 1 4 0 1 
FeO 1 4 0 1 
UVA+PEG 2 4 0 1 
UVA+HALS 1 3 0 1 
UVA+NO 1 4 0 2 
HALS+NO 1 3 0 0 
HALS+PEG 2 4 0 1 
NO+PEG 2 3 0 1 
ZnO+PEG 1 3 0 0 
ZnO+NO 0 5 0 1 
ZnO+HALS 1 4 0 0 
FeO+PEG 2 4 0 2 
FeO+NO 1 4 0 0 
FeO+HALS 1 3 0 1 
ZnO+HALS+UVA 1 4 0 1 
FeO+HALS+UVA 1 4 0 0 
UVA+HALS+NO 1 4 0 0 
UVA+HALS+PEG 1 4 0 1 
UVA+NO+PEG 1 4 0 2 
UVA+HALS+ZnO+PEG 2 4 0 0 
UVA+HALS+FeO+PEG 1 3 0 0 
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0.5% PCZ, 0.25% IPBC 0 1 0 0 
0.5% PCZ, 0.25% IPBC, 2%Zn0 0 0 0 0 
0.5% PCZ, 0.5% IPBC 0 1 0 0 
0.5% PCZ, 0.5% IPBC, 2% ZnO 0 0 0 0 

 
 

6 Conclusions 
• UV absorber alone provided substantial protection against the light wavelengths capable of 

penetrating a water-based transparent urethane over 2000 hrs 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 water-based two-step transparent coating was highly effective at preventing light damage to the 

underlying wood without pre-treatment. 
 
• None of the UV protectants tested increased the resistance of wood to black stain fungi.  
 
• PEG reduced the resistance of wood to black stain fungi. 
 
• A combination of propiconazole and IPBC was highly effective in preventing growth of mold and 

stain. 
 
 

7 Recommendations 
UV absorbers should be evaluated as pre-treatments under water-based transparent coatings in field tests. 
 
The combination of propiconazole and IPBC, with and without zinc oxide should be evaluated in field 
tests as pre-treatments and in a coating. 
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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 



Enhanced UV- and Black Stain-Resistance of Water-based Transparent Coatings 

 
 

 
 
  5 of 9 

 

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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Abstract 
Ultraviolet and visible light can damage wood; so many finishes include chemicals for UV protection.  
The efficacy of these chemicals depends on a wide variety of factors, but at a fundamental level it is 
related to their ability to absorb or reflect strongly over a wide range of frequencies.  This report describes 
the use of UV/Visible spectrophotometry to measure the transmittance of light radiation through finishes.  
The developed method was applied to measuring the effects of additives and to comparing commercial 
finishes. 
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1 Objectives 
To develop and validate a method to rapidly determine the transmittance of ultraviolet and visible 
radiation by wood finishes.  
 
 

2 Introduction 
Wood finishes are used for aesthetics and to extend the service life of the wood by reducing damage 
caused by moisture, microorganisms and sunlight. Ultraviolet (UV) absorbers are often found in coating 
formulations and protect the coating from degradation, thus providing some protection to the underlying 
wood (Morris and McFarling 2004). Damage caused by exposure to sunlight is caused by both UV (286 
to 380 nm) and visible (380 to 780 nm) light (Evans et al. 2005). While UV radiation is the more 
energetic and destructive, visible light can also damage wood – albeit at a slower rate (Derbyshire and 
Miller 1981). Wood strongly absorbs UV, with a maximum absorbance at 280 nm that trails into the 
visible region (Evans et al. 2005). Radiation at 346, 334, and 289 nm cleave carbon-carbon, carbon-
oxygen, and carbon-hydrogen bonds, respectively (Evans et al. 2005). To provide effective protection to 
wood exposed to sunlight, coatings should strongly absorb radiation in the UV and visible regions. 
 
UV absorbers come from a diverse group of chemicals that work in concert with other components of a 
finish to provide wood protection and vary in their ability to block UV and visible light of different 
frequencies.  The efficacy of various finishes containing UV-absorbing additives is measured by visual 
observations after artificial weathering or field tests, which can take weeks or years (in the case of some 
field tests) to conduct.  It is therefore desirable to test only the most promising additives.  UV/Visible 
spectroscopy measures the transmittance of UV/Visible radiation through a sample as a function of 
wavelength.  This allows for the UV-absorbing characteristics of coatings to be determined.  Moreover, 
coatings with superior UV-absorbing properties that are most likely to perform well in weathering 
experiments can be identified.  This may serve as a useful screening method for potential additives or 
finishes before doing lengthier artificial weathering or field tests; however, this method does not take into 
account the interactions between wood, light, moisture and microorganisms and is in no way meant as a 
substitute for weathering tests. 
 
Methods for evaluating the properties of UV absorbers and wood coatings were developed on a Shimadzu 
UV/Vis 2101 scanning spectrophotometer with an integrating sphere attachment (Figure 1).  The double 
beam spectrometer splits the primary light beam and directs it along two paths and allows for direct 
comparison between the sample and an appropriate background (Perkampus 1992), i.e., a blank slide or 
finishes without the additive being tested. The integrating sphere provides a larger beam diameter, which 
allows for improved measurement of the diffuse reflectance of inhomogeneous films.  Diffuse reflected 
radiation is collected by the integrating sphere and sent to the detector (below the sample compartment). 
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Figure 1 UV-visible spectrophotometer (left). Sample compartment with integrating sphere 
attachment (right) 
 
 

3 Staff 
Brian Morse  Wood Coatings Consultant, Durability and Protection 
Rod Stirling  Wood Chemist, Durability and Protection 
 
 

4 Materials and Methods 
The finishes used to develop and validate the method are listed in Table 1. 
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Table 1 Finishes tested 
 

F1 Water-based deck stain #1, Natural  
F2 Water-based deck stain #1, Cedar 
F3 Water based deck stain #2 
F4 1% UV absorber in F97 resin 
F5 F97 resin 

 
Finishes were applied to 26 x 77 mm quartz slides by either dipping and hanging to dry, or with an 
eyedropper and laid flat to dry. Masses ranging from 0.1 to 0.7 g were added to slides with an eyedropper 
to determine the effect of coating thickness (coverage).  The use of glycol ether EB as a wetting agent to 
ensure even coverage of the slide was investigated.  Slides were allowed to dry for at least 24 hours 
before spectra were obtained.  All spectra were obtained on a Shimadzu 2101 UV/Vis Scanning 
Spectrophotometer with an integrating sphere attachment in transmittance mode with a clean quartz slide 
as a reference.  Different scan speeds, slit widths and scanning intervals were tested.  Ten replicate spectra 
of F1 were obtained on a single spot on the slide and on ten different spots on the slide.  The means and 
standard deviations of these spectra were compared to investigate the effect of thickness on spectra. 
 
 

5 Results and Discussion 
Method parameters were selected to provide rapid, repeatable spectra.  Extremely high accuracy was not 
required as subtle differences would be overshadowed by variability in coating thickness.  A scan range 
of 200 to 600 nm was selected to cover the critical region between 290 and 400 nm and provide additional 
data on the adjoining regions.  A medium scan speed with a 2 nm scanning interval and 2 nm slit width 
was selected. 
 
UV spectrophotometry most often uses cuvettes containing samples in solution.  However, since we were 
interested in the UV properties of dried finishes (as they would be found on wood), and not solutions, this 
method was inadequate.  Therefore, quartz slides were coated with finishes and used in place of cuvettes.  
Application of finishes by dipping and hanging to dry had a number of problems: the amount of finish 
added to the slide was not known, the finish would often pool at the base of the slide leading to significant 
thickness variability that was dependent on the viscosity of the finish, and application of multiple coats 
often left cracks and ridges in the finish.  Application of finishes on a horizontal quartz slide by 
eyedropper allowed for weights to be determined, which were then used to calculate coverage.  This 
method also led to improved thickness variability, though this remained a problem.  Some coatings tended 
to pull away from the edges of the slide and pool in the middle, leading to a large variation in thickness 
across the slide.  To attempt to combat this, these finishes were re-distributed across the slide with a glass 
stir rod as the finish dried and began to thicken.  This reduced and randomized the thickness variation 
across the slide; however, the coating thickness remained visibly variable.  The use of glycol ether EB as 
a wetting agent to alleviate this problem was investigated, but was not effective.  
 
Figure 2 shows the mean spectrum of ten spectra of F1 obtained at the same spot on the slide (same 
sample thickness).  Standard deviations are also plotted in Figure 2, but are only just visible in a couple of 
locations.  There was very little variation between spectra, indicating that the instrument with the assigned 
parameters yielded highly repeatable spectra.  The spectrum indicates that this coating would be effective 
in blocking UV light and would partially block visible light.  Figure 3 shows the mean spectrum of ten 
spectra of F1 obtained at different locations on the same slide.  Variation was greatest in the visible region 
where the transmittance was not at a minimum.  The standard deviations indicate that these spectra were 
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much less repeatable.  The higher variability was thus due to changes in sample thickness and not 
instrument error. 
 
Figure 4 shows the UV/Vis spectra of F1 at four different coverages.  As coverage decreases (coating 
thickness increases), less light is able to pass through the sample.  While transmittance is similar in the 
UV, it is heavily dependent on coverage in the visible region. Therefore, coating thickness has the 
potential to significantly influence the amount of light that is transmitted, and thus, the degree to which 
the underlying wood is protected.  For example at 550 nm, transmittance varies from approximately 80% 
to 20% as coverage is decreased.  It is therefore important to use the same coverage when comparing 
products.  Coverage of 1.3 m2/L (0.5g per slide, when ρ = 1 g/mL) was found to yield good quality 
spectra and was used to obtain further spectra.  
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Figure 2 Mean and standard deviation of ten UV/Vis spectra of F1 taken from the same location on 
the slide 
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Figure 3 Mean and Standard deviation of ten UV/Vis spectra of F1 taken from different locations 
on the same slide 
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Figure 4 UV/Vis spectra of F1 with varying coverage 
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The effect of an UV-absorbing additive on the spectrum of resin (F5) was determined by the methods 
described above (Figure 5).  It was clear that the additive was effective in preventing the transmittance of 
radiation from approximately 290 to 390 nm.  This method would also be a useful way to determine the 
amount of UV-absorber to add to the resin.  These spectra suggest that this additive would be a good 
candidate for weathering tests because it is effective in absorbing UV radiation.  The efficacy of hindered 
amine light stabilizers (HALS), another class of chemicals often used to provide UV protection, cannot be 
measured using this method as they work by scavenging photo-oxidation intermediates and not by 
absorbing light. 
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Figure 5 UV/Vis spectra of F4 and F5. F4 is a mixture of F5 and a UV-absorbing additive 
 
The UV/Vis spectra of three commercial finishes are shown in Figure 6.  All of these products exhibit 
some UV protection and are effective at preventing the transmission of radiation below 300 nm.  
However, F3 allows the transmission of increasing amounts of radiation between 300 and 600 nm.  F1 
and F2 only vary significantly in the visible region above 525 nm.  These spectra suggest that the UV 
absorbers in F1 and F2 would provide better protection than those found in F3 because they are better 
able to absorb both UV and visible light.  
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Figure 6 UV/Vis spectra of three commercial finishes 
 
 

6 Conclusions 
A method of determining the transmittance of UV and visible light through wood finishes was developed.  
This method was able to evaluate the effects of adding UV-absorbing chemicals to finish formulations 
and compare the UV-absorbing abilities of commercial finishes. 
 
 

7 References 
Derbyshire, H., Miller, E.R. 1981. “The Photodegradation of Wood during Solar Irradiation.”  Holz als 

Roh- und Werkstoff. 39(8): 341-350. 
Evans, P., Chowdhury, M.J., Mathews, B., Schmalzl, K., Ayer, S., Kiguchi, M, Kataoka, Y. 2005. 

“Weathering and Surface Protection of Wood.” In, Kutz, M. Handbook of Environmental 
Degradation of Materials. William Andrew Publishing, Norwich, New York. 

Morris, P.I., McFarling, S. 2004. “Evaluation of Novel UV Protection Systems.” Forintek Canada Corp. 
Vancouver, BC. 

Perkampus, H.-H. 1992. UV-Vis Spectroscopy and Its Applications. Springer-Verlag, Berlin, Germany. 
 




