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Abstract 

Resin exudation is a common problem in softwood exterior sidings as softwoods are known for the 
important quantity of resin or pitch that they contain. Resin exudation accelerates the weatherability of 
siding by forming cracks or blisters. The use of cool color pigments could help reduce the resin exudation 
on exterior wood sidings as so, it would improve the durability of the products and make the wood more 
competitive on the market compare to canexel, PVC, etc. 
 
Cool color pigments are characterized by high solar reflectance and thermal infrared (IR) emittance 
values (Synnefa et al., 2006) and they can help reduce the heat buildup in materials by reflecting some of 
the solar radiation. 
 
In this project, IR-reflective pigment coating was applied as a primer, and then other coatings were 
applied as topcoat on PVC and white pine. Color and heat buildup measurements were carried on the 
two substrates. The results reveal that an IR-reflective primer could be efficient in some cases. In another 
part of the project, coatings of three different colors were prepared from two set of pigments, 
conventional ones and IR-reflective pigments. Color measurements, heat buildup measurements, total 
solar reflectance and resin exudation evaluation were realised on three different substrates (PVC, white 
pine and black spruce). It was found that IR-reflective pigments lead, for the three colors, to lower heat 
(IR) absorption. 
 
However, resin exudation experiments were not conclusive. 



Using Cold Pigments to Reduce Resin Exudation 

 
 

 

 

  

iii 

 

Acknowledgements 

The author wants to thank Renaud Gilbert, Isabelle Gélinas and Luciano Zottig from Société Laurentide 
for their collaboration in this project. The author also wants to thank Maibec for the black spruce samples. 
 
Finally, the author wants to thank NRCan for the financial help through the Value to Wood program. 
 
 



Using Cold Pigments to Reduce Resin Exudation 

 
 

 

 

  

iv 

 

Table of Contents 

Abstract .......................................................................................................................................................................... ii 

Acknowledgements ....................................................................................................................................................... iii 

List of Tables .................................................................................................................................................................. v 

List of Figures ................................................................................................................................................................ v 

1 General Introduction ............................................................................................................................................... 1 
1.1 Resin exudation ........................................................................................................................................... 2 

2 Objectives ............................................................................................................................................................... 2 

3 Staff ........................................................................................................................................................................ 3 

4 Chapter 1: IR-reflective pigments in primers to reduce resin exudation .................................................................. 3 
4.1 Objectives .................................................................................................................................................... 3 
4.2 Materials and Methods ................................................................................................................................. 3 

4.2.1 Materials ........................................................................................................................................ 3 
4.3 Methods ....................................................................................................................................................... 4 

4.3.1 Color measurements ...................................................................................................................... 4 
4.3.2 Sample Preparation ....................................................................................................................... 5 
4.3.3 Heat build-up on PVC .................................................................................................................... 5 
4.3.4 Resin exudation evaluation ............................................................................................................ 6 

4.4 Results and Discussion ................................................................................................................................ 6 
4.4.1 Color measurements ...................................................................................................................... 6 
4.4.2 Heat Build-up measurements ........................................................................................................ 8 
4.4.3 Preliminary experiments on resin exudation ................................................................................ 11 

5 Chapter 2: Preparation of IR reflective paints to reduce resin exudation .............................................................. 13 
5.1 Objectives .................................................................................................................................................. 13 
5.2 Materials and Methods ............................................................................................................................... 13 

5.2.1 Materials ...................................................................................................................................... 13 
5.2.2 Methods ....................................................................................................................................... 14 

5.2.2.1 Color measurement.................................................................................................... 14 
5.2.2.2 Heat buildup ............................................................................................................... 14 
5.2.2.3 Total solar reflectance ................................................................................................ 14 

5.2.2.5 Fourier-Transform Infrared Spectroscopy ...................................................................................... 15 
5.2.2.6 Accelerated aging test................................................................................................ 15 
5.2.2.7 Summary of the tests performed ................................................................................ 16 

5.3 Results ....................................................................................................................................................... 17 
5.3.1 Preliminary Characterization of the formulations ......................................................................... 17 

5.3.1.1 Opacity ....................................................................................................................... 17 
5.3.1.2 Color measurements .................................................................................................. 18 
5.3.1.3 Heat Buildup .............................................................................................................. 19 
5.3.1.4 Total Solar Reflectance Measurements ..................................................................... 23 
5.3.1.5 Resin Exudation Experiments .................................................................................... 25 

6 Conclusions .......................................................................................................................................................... 29 

7 Recommendations ................................................................................................................................................ 30 

8 References............................................................................................................................................................ 30 
 
 



Using Cold Pigments to Reduce Resin Exudation 

 
 

 

 

  

v 

 

List of Tables 

Table 1 Finishing products applied on PVC and white pine samples .................................................................... 3 

Table 2 Finishing systems applied on PVC and white pine ................................................................................... 4 

Table 3 Resin bleed intensity index ....................................................................................................................... 6 

Table 4 Temperature rise above ambient temperature (ΔTlu) for the PVC samples ........................................... 10 

Table 5 Heat build-up (ΔT) for the PVC samples ................................................................................................ 11 

Table 6 Pigments used to prepare the formulations ............................................................................................ 13 

Table 7 Formulations prepared with the different pigments ................................................................................. 14 

Table 8 Parameters used for the ATR-FTIR spectra ........................................................................................... 15 

Table 9 Cycle 1 description ................................................................................................................................. 16 

Table 10 Summary of the tests performed for each formulation ............................................................................ 17 

Table 11 Temperature rise above ambient temperature (ΔTlu) for PVC samples ................................................. 22 

Table 12 Heat build-up (ΔT) for PVC samples ...................................................................................................... 23 

Table 13 Temperature rise above ambient temperature (Δtlu) for white pine samples ......................................... 23 

 

List of Figures 

Figure 1 Resin exudation from a wood knot (sistersweblog.blogspot.com) ............................................................ 2 

Figure 2 CIEL*a*b* color scale representation ....................................................................................................... 5 

Figure 3 Setup prepared to measure the heat buildup ........................................................................................... 5 

Figure 4 Lightness (L*) for PVC samples ................................................................................................................ 7 

Figure 5 Lightness (L*) for the white pine samples ................................................................................................. 8 

Figure 6 Temperature in function of time for the green systems............................................................................. 9 

Figure 7 Variation of temperature in function of time for the black systems ......................................................... 10 

Figure 8 System 2B a) before b) after heat buildup test and system P-2G c) before d) after heat buildup test .... 12 

Figure 9 Q-sun Xenon Test Chamber ................................................................................................................... 16 

Figure 10 Opacity of the different formulations ....................................................................................................... 18 

Figure 11 Lightness of the formulations prepared with 10% of pigments ............................................................... 19 

Figure 12 Variation of temperature in function of time for the systems Cl-B-10 and Sh-B -10 on PVC 
substrates ............................................................................................................................................... 20 

Figure 13 Variation of temperature in function of time for the systems Cl-G-10 and Sh-G-10 on PVC 
substrates ............................................................................................................................................... 21 

Figure 14 Variation of temperature in function of time for the systems Cl-Y-10 and Sh-Y-10 on PVC 
substrates ............................................................................................................................................... 22 

Figure 15 Spectral reflectance of the different pigments ........................................................................................ 24 

Figure 16 Total solar reflectance values of the formulations prepared with the different pigments at different 
concentrations ........................................................................................................................................ 25 

Figure 17 Cl-10 and Sh-10 before weathering (a, b) after 24h of weathering (c, d) after 96 h (e, f) and after 
200 h (g) ................................................................................................................................................. 27 

Figure 18 Samples before and after the weathering tests for the formulation with the black pigment from 
Shepherd (a, b) and Clariant (c, d); the green pigment from Shepherd (e, f) and Clariant (g, h) and 
the yellow pigment from Shepherd (i, j) and Clariant (k, l) ...................................................................... 29 

 



Using Cold Pigments to Reduce Resin Exudation 

 
 

 

 

  

1 

 

1 General Introduction 
Cool color pigments were first introduced to counteract a phenomenon call «urban heat island» (Cool 
Color Project- Berkley laboratory- California). This phenomenon can be roughly explained by the 
absorption of solar energy by concrete and paved surfaces. As surface temperature becomes higher, 
overall ambient temperature increased causing an overage in energy demand (higher cost) which leads to 
the acceleration of smog formation; intensify the pollution and health problems (Synnefa et al., 2006).  
 
Cool color pigments are characterized by high solar reflectance and thermal infrared (IR) emittance 
values (Synnefa et al., 2006). A high solar reflectance allows building surfaces to minimize absorption of 
solar energy, whereas a high thermal or infrared emittance allows the return of most of the solar energy to 
the environment (Libbra et al., 2011). Cool color pigments can help reduce the heat buildup in materials 
by reflecting some of the solar radiation. In fact, the solar spectrum that reaches the ground is constituted 
of 5% of ultraviolet light (300-400 nm), 42% of visible light (400-700 nm) and 53% of near-infrared light 
(NIR) (700-2500 nm). As the majority of this solar spectrum consists of near-infrared light, a cool 
pigment has to highly reflect this part of the solar radiation; conventional pigments tend to absorb NIR 
radiation, while maintaining the appropriate absorption in the visible spectrum to impart color (Hyde, 
D.M. and Brannon, S.M., 2006). In conventional pigments, light colors have a somewhat high visible-
NIR reflectance while the dark colors have low visible-NIR reflectance. For example, a clean, smooth, 
and solar-opaque white surface strongly reflects both visible and NIR radiation, achieving a total solar 
reflectance of about 85%. This is known as the coolest type of surface (Levinson et al., 2007).  
 
Total solar reflectance (TSR) is a measure of the amount of incident solar energy reflected from a surface. 
Mathematically, the TSR is expressed as the integral of the percent reflectance times the solar irradiance 
divided by the integral of the solar irradiance when integrated over the 280 to 2500 nm range. Total solar 
reflectance is expressed as a percentage. Typical white coatings usually have a TSR of 75% or greater. 
That means that a white coating will absorb 25% or less of the incident radiation. In comparison, black 
coatings compose of carbon black pigment will show a TSR as low as 3.5%, therefore it will absorb 
96.5% of the incident solar energy (Hyde, D.M. and Brannon, S.M., 2006). A pigment that has a high 
TSR can be considerated as a cool color pigment. 
 
A various number of cool white materials are available on the market for building and other surfaces; 
these include surface coatings (elastomeric, acrylic, etc.), cool single ply membranes, reflective tiles, 
metal roofs, light-colored marble, as well as concrete and conventional asphalt (Synnefa et al., 2006). 
However, there is a need for non-white materials as the esthetical asset is preferred. Over the year, many 
scientists have work on the replacement of conventional pigments (NIR absorbing) by cool color 
pigments (NIR reflective) that have similar colors and yet higher solar reflectance (Synnefa et al., 2006). 
There are two basic classes of conventional pigments: organic and inorganic. Organic pigments often 
have high color intensity and are desirable to product color formulation. However, the main problem with 
organic pigments is that they have a limited service life due to their weak light resistance, causing 
chemical degradation and discoloration. On the other hand, inorganic pigments are generally more 
durable and less susceptible to the photochemical degradation caused by UV light. They are also more 
stable under high temperature and chemically inert (Uemoto et al., 2010). There are several classes of 
non-conventional inorganic pigments that researchers developed to reach a high reflectance in the near 
infrared radiation and to obtain a high thermal emissivity with dark colors, which included complex 
inorganic colored pigments (CICPs) and mixed metal oxide (MMO) (Uemoto et al, 2010). Those types of 
pigments allow the creation of energy-efficient colored paint formulations. CICPs and MMO are more 
durable and stable at high temperature than conventional inorganic pigments like ultramarine blue 
(Na2OSAl2O3SiO2), cadmium sulfide (CdS) and cadmium selenide (CdSe) that react to oxygen. Even 
carbon black fades to some extent (Berdahl, P. et al., 2008). One known strategy to extend coating 
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lifetime is to add UV absorbers to the formulation as they will scavenge the UV photons. It is also 
possible to add to the formulation an additive that can help protect the polymer; hindered amine light 
stabilizers (HALS). The intensive research that has been carried out in recent years had led to the 
development of new generation materials that present advanced thermal characteristics, dynamic optical 
properties and increased thermal capacitance. A database including over 80 shingles-pigments can be 
found at: http://coolcolors.lbl.gov. 
 
Other than weathering effects and chemical composition of pigments, further factor can influence the 
infrared reflectivity of pigments such as milling and dispersion, particles size, opacity, contamination and 
mix of infrared reflective pigments. Infrared reflective pigments are used in a wide range of field such as 
the coating industry; vinyl windows and sidings, and fire resistant paints or they can be mixed with 
concrete, cement or pavers. They are also used in the automotive industry and for military applications 
(Bendiganavale A.K and V.C. Malshe, 2008).  
 
1.1 Resin exudation 

Resin exudation is a common problem in softwood exterior sidings as softwoods are known for the 
important quantity of resin or pitch that they contain. The sun and heat are the principal causes of resin 
exudation, although the use of dark paints can favor the process. As heat buildup in the wood, the resin 
liquefied and tends to exit the sidings by the less densified areas (knots) (Figure 1).  
 

 
Figure 1 Resin exudation from a wood knot (sistersweblog.blogspot.com) 

 
The critical temperature for resin to liquefy is evaluated between 70 to 80°C (from the previous NRCan 
report: Avenue pour réduire l’exsudation), which is easily reached during prolonged exposure to sun. This 
phenomenon can cause different paint or varnish failure including adhesion problems, or 
discoloration/color change. Resin exudation also accelerates the weatherability of siding by forming 
cracks or blisters. Reducing the resin exudation on exterior wood sidings would improve the durability of 
the products and make the wood more competitive on the market compare to canexel, PVC, etc. 
 

2 Objectives 
The main objective of this project is to reduce the heat build-up on exterior wood products by 
incorporating cool (IR-reflective) pigments in exterior wood coating formulations used in the industry. 
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3 Staff 
The scientific team who was involved in this project is the following: 
 

 Véronic Landry, Project Leader, Senior Research Scientist, Chemist, Ph.D., Value-Added 
products department; 

 Gabrielle Boivin, Chemist Intern, Value-Added products department; 
 Stéphane Thibeault, Senior Technologist, Value-Added products department; 
 Tommy Martel, Senior Technologist, Value-Added products department; 
 Martin O’Connor, Senior Technologist, Value-Added products department; 
 Pierre Blanchet, Group Leader, F.Eng., Ph.D., Value-Added products department. 

 

4 Chapter 1: IR-reflective pigments in primers to reduce 
resin exudation 

4.1 Objectives 

The main objective of this first part of the project was to determine if the use of an IR-reflective primer 
would help reducing resin exudation. The specific objectives were the following: 
 

 Study the IR-reflective power of the primer 
 Determine the heat buildup of different coating systems with and without IR-reflective primers 

 
4.2 Materials and Methods 

4.2.1 Materials 

The first substrate used for this part of the project is grey polyvinyl chloride (PVC) from Poly Alto group 
(Quebec, Canada). This substrate was selected as heat buildup experiments were performed in accordance 
to ASTM standard D-4803 Standard Test Method for Predicting Heat Buildup in PVC Building Products. 
The PVC test specimens had dimensions of 100 mm x 100 mm x 1.56 mm. Another reason for the 
selection of this substrate is that the PVC is a more uniform and heterogeneous substrate than the wood. 
 
Coating systems were also applied on a wood species chosen for its high resin content; the white pine. 
The wood samples were planed and then conditioned to 20% RH and 20oC until weight equilibrium. The 
white pine specimens had dimensions of 100 mm x 100 mm x 10 mm.  
 
Table 1 presents the different coating materials used in this part of the project. Two outdoor stains and 
one primer were selected. The products selected were water-based acrylic products. The primer was 
prepared by Société Laurentide from an acrylic resin. 
 

Table 1 Finishing products applied on PVC and white pine samples 

Formulation ID Use Resin Pigment Suppliers 
P Primer Acrylic  IR-reflective Société Laurentide 
G Topcoat Acrylic Colanyl green GG131 Société Laurentide 
B Topcoat Acrylic Carbon Black Canac 
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Table 2 presents the different finishing systems applied on PVC and white pine samples.  
 

Table 2 Finishing systems applied on PVC and white pine 

System  ID  First coat Second coat Third coat 
P Primer No No 

P-1G Primer Green No 
P-2G Primer Green Green 
P-1B Primer Black  No 
P-2B Primer Black  Black 
1G Green No No 
2G Green Green No 
1B Black No No 
2B Black Black  No 

 
4.3 Methods 

4.3.1 Color measurements 

In this section, color measurements were performed to determine if the use of an IR-reflective primer has 
an effect on the color of the samples.  
 
The color of the different samples was determined by means of a portable sphere spectrophotometer from 
X-rite. The model used is the SP62. The CIEL*a*b* color scale was used for color measurements 
(Figure 2). The CIEL*a*b* is the most complete color space specified by the International Commission 
on Illumination. It describes all the colors visible to the human eye and was created to serve as a device 
independent model to be used as a reference. Three basics coordinates (L*, a* and b*) were determined 
for each sample. The color axes (a* and b*) are based on the fact that a color can't be both red and green, 
or both blue and yellow, because these colors oppose each other. On each axis the values run from 
positive to negative. On the a-a' axis, positive values indicate amounts of red while negative values 
indicate amounts of green. On the b-b' axis, yellow is positive and blue is negative. For both axes, zero is 
neutral gray. The central vertical axis represents lightness (signified as L*) whose values run from 
0 (black) to 100 (white). 
 
From the L*, a* and b* values, delta values (∆L*, ∆a* and ∆b*) were calculated for each coordinate. The 
total color change, ∆E, was also measured. This value was measured according to the following equation: 
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Figure 2 CIEL*a*b* color scale representation 

 
4.3.2 Sample Preparation 

Coatings were applied on the two substrates according to the different systems, using a paint brush and 
they were dried at ambient temperature for 24 hours. Each coat was 4 to 5 mil thick (100 to 125 microns). 
 
4.3.3 Heat build-up on PVC 

The ASTM D-4803 Standard Test Method for Predicting Heat Build-up in PVC Building Products was 
used to measure the heat build-up on the PVC test specimens. This ASTM standard allows the prediction 
of the heat build-up of exterior objects in the laboratory. This method consists of placing a PVC specimen 
test above a thermocouple in an insulated box. The PVC sample is then exposed to an infrared lamp of 
250 watts at a precise distance until thermal equilibrium is reached. In this project, a Digi-Sense 
thermocouple scanning thermometer with 12 channels was used with Scanlink 2.0 software. Figure 3 
presents the setup prepared for these tests. 
 

  
Figure 3 Setup prepared to measure the heat buildup 
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The value of heat build-up for each sample was obtained using the equation presented in the ASTM 
standard D-4803. First, the temperature rise above ambient temperature is calculated with the following 
equation:  
 

                                                                              (1) 
 
Where      is the temperature rise above ambient temperature in the laboratory under the heat lamp, Tm 
the maximum temperature of the specimen, as read from the digital temperature meter and Ta the ambient 
air temperature in the laboratory.  
 
Then, from these values, heat build-up can be calculated using the equation 2:  
 

   
    

    
                                                                          (2) 

 
Where    is the predicted heat buildup of the specimen under study due to heating of the sun,      is the 
temperature rise above ambient temperature in the laboratory for the specimen under study,      is the 
temperature rise above ambient temperature in the laboratory for a black control sample,     is the heat 
buildup for a black control sample under controlled conditions due to absorption of the sun’s energy (the 
value use here is 41°C as a vertical position utilization is targeted). 
 
4.3.4 Resin exudation evaluation 

The evaluation of resin exudation was made visually following the resin bleed intensity index from 
Dawson, B.S.W. et al. (2002). In this method, the proportions of the inner and outer board face area 
covered by wood resin were estimated to the nearest 10% and recorded on a resin bleed extent scale of 
0 (no resin) to 10 (100% of total area covered). A resin bleed intensity scale of 0 (no resin visible) to 
5 (severe resin bleed) was used to quantify resin droplet size on inner and outer faces. Table 3 presents the 
resin bleed intensity index as described previously. 
 

Table 3 Resin bleed intensity index 

Intensity rate Average size of the droplets 
  Droplet diameter (mm) Droplet area (mm2) 
0 0 0 

1 < 1 < 0,8 
2 1 to 3 0,8 to 7 

3 3 to 6 7 to 28 

4 6 to 10 28 to 79 
5 > 10 >79 

 
4.4 Results and Discussion 

4.4.1 Color measurements 

Color measurements of the different samples were taken as a darker color will often lead to higher heat 
adsorption. For this reason, only the lightness values are presented in this report. Figure 4 and figure 5 
present the lightness of the different systems applied respectively on PVC and white pine. On both of 
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these figures, it can be observed that the use of IR-reflective pigment as a primer alone leads to a brighter 
color. Moreover, the use of a colored top coat (one or two layers) doesn’t influence the lightness of the 
samples. Colors were found to be different on both substrates as the finishing products used lead to a 
semi-transparent coating layer.  
 

 
Figure 4 Lightness (L*) for PVC samples 
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Figure 5 Lightness (L*) for the white pine samples 

 
4.4.2 Heat Build-up measurements 

Heat-build was measured for the samples applied on PVC. These experiments were done to compare the 
efficiency of the pigments to reflect the IR energy on a standardized substrate. Figure 6 presents the 
temperature curves used to measure the heat buildup obtained for the different systems applied on PVC; 
one coat of primer (blue), two layers of green coating from Société Laurentide (purple), one coat of 
primer with one coat of green coating (red) and one coat of primer with two coats of green coating 
(green). Important differences can be observed for the different systems. The samples with only a coat of 
primer lead to the lower temperature as it is paler and also prepared from an IR reflective pigment. The 
other samples present similar lightness, although it is possible to see that the temperature reached is 
higher for the samples with two coats of green products (no IR-reflective primer). There is also no major 
difference of temperature between one coat and two coat of green over the primer. These results suggest 
that the primer prepared from IR-reflective pigments seems to reflect the IR radiations which lead to 
lower heat (IR) absorption. 

0.0 1.0 2.0 3.0 4.0

P-1G

P-2G

1G

2G

P-1B

P-2B

1B

2B

L* 



Using Cold Pigments to Reduce Resin Exudation 

 
 

 

 

  

9 

 

 
Figure 6 Temperature in function of time for the green systems 

 
Figure 7 presents similar curves but for the black samples. In this case, the heat (IR) absorption is similar 
for the samples where the black coating was applied, with or without the IR-reflective primer. The black 
coating used here was prepared from carbon black, a pigment that is well known for its high heat 
absorption. This could be one of the reasons why the IR-reflective primer was not efficient. Moreover, the 
pigment concentration is unknown for this coating as it was bought from the hardware store without much 
information. 
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Figure 7 Variation of temperature in function of time for the black systems 

 
Table 4 and table 5 present respectively the temperature rise above ambient temperature and the heat 
buildup calculated from the temperature measured. It is possible to see that samples where the primer was 
applied as a first coat give lower heat absorption for the green products but not for the black products. In 
fact, a rise of 20°C separates the black and green samples having a first coat of primer. 
 

Table 4 Temperature rise above ambient temperature (ΔTlu) for the PVC samples 

Systems ΔTlu S.D. 

Uncoated PVC 64,9 1,0 
P 30,4 0,4 

P-1G 46,9 0,5 
P-2G 44,6 0,6 
2G 69,2 0,7 

P-1B 65,7 2,2 
P-2B 65,4 0,9 
2B  67,7 2,6 

Black Standard 69,1 2,3 
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Table 5 Heat build-up (ΔT) for the PVC samples 

Systems ΔT S.D 

Uncoated PVC 38,5 1,9 
P 18,0 0,8 

P-1G 27,8 1,2 
P-2G 26,4 1,2 
2G 41,1 1,8 

P-1B 39,0 2,6 
P-2B 38,8 1,9 
2B 40,2 2,9 

Black Standard 41,0 2,7 
 
No heat buildup tests were made on wood as the first results of resin exudation experiments were not 
satisfactory. 
 
4.4.3 Preliminary experiments on resin exudation 

Figure 8 presents pictures taken before and after a heat buildup test for two different systems (2B and 
P-2B) on white pine samples. As the first system is a dark stain without a primer, it was expected to see 
resin exudation or at least more resin exudation than for the system with the IR-reflective primer. Very 
few spots of resin were found, so it was decided to stop this part of the project and focus on the IR-
reflective pigments in opaque topcoats. 
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a) b) 

  
c) d) 

Figure 8 System 2B a) before b) after heat buildup test and system P-2G c) before d) after heat 
buildup test 
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5 Chapter 2: Preparation of IR reflective paints to reduce 
resin exudation 

5.1 Objectives 

The main objective of this second part of the project was to determine if the use of IR-reflective coatings 
would help reducing resin exudation. The specific objectives are the following: 
 

 Study the IR-reflective power of the IR-reflective pigments and compare it to conventional 
pigments 

 Determine the heat buildup of different IR-reflective coatings and conventional coatings 
 
5.2 Materials and Methods 

5.2.1 Materials 

Coating systems were applied on two wood species; the white pine (planed) and black spruce (brushed). 
Wood samples were conditioned to 20% RH and 20oC until weight equilibrium.  
 
Table 6 presents the pigments that were used in this project. Two pigments; one conventional (Clariant) 
and another one IR-reflective (Dynamix), were used for each color; green, black and yellow.  
 

Table 6 Pigments used to prepare the formulations 

ID Commercial name Supplier Chemical composition 
Sh-Y Dynamix Yellow 30C236 Shepherd Chrome antimony titanium Buff rutile 
Sh-B Dynamix Black 30C940 Shepherd Chromium Green-Black Hematite 
Sh-G Dynamix Green 30C612 Shepherd Cobalt titanate green spinel 
Cl-Y Colanyl oxyde yellow R132 Clariant Iron oxide 
Cl-B Colanyl black N131 Clariant Carbon black 
Cl-G Colanyl green GG131 Clariant Cu phthalocyanine 

 
The different formulations prepared from these pigments are presented in Table 7. For each pigment, 
formulations with 5, 7.5 and 10% of pigment by weight were prepared. Three formulations were prepared 
with each pigment to make sure that the results would not be influenced by the different opacity, as the 
opacity might change the heat absorption.  
 
  



Using Cold Pigments to Reduce Resin Exudation 

 
 

 

 

  

14 

 

Table 7 Formulations prepared with the different pigments  

Formulation ID Resin Pigment –Pigment volume 
concentration (%) 

Sh-Y-10 Acrylic Sh-Y 10 
Sh-Y-7.5 Acrylic Sh-Y 7.5 
Sh-Y-5 Acrylic Sh-Y 5 
Cl-Y-10 Acrylic Cl-Y 10 
Cl-Y-7.5 Acrylic Cl-Y 7.5 
Cl-Y-5 Acrylic Cl-Y 5 

Sh-G-10 Acrylic Sh-G 10 
Sh-G-7.5 Acrylic Sh-G 7.5 
Sh-G-5 Acrylic Sh-G 5 
Cl-G-10 Acrylic Cl-G 10 
Cl-G-7.5 Acrylic Cl-G 7.5 
Cl-G-5 Acrylic Cl-G 5 

Sh-B-10 Acrylic Sh-B 10 
Sh-B-7.5 Acrylic Sh-B 7.5 
Sh-B-5 Acrylic Sh-B 5 
Cl-B-10 Acrylic Cl-B 10 
Cl-B-7.5 Acrylic Cl-B 7.5 
Cl-B-5 Acrylic Cl-B 5 

F-Sh-G-10 PVDF Sh-G 10 
F-Cl-G-10 PVDF Cl-G 10 

 
5.2.2 Methods 

5.2.2.1 Color measurement 

In this chapter, the color measurement method was used to determine the variation in color between 
IR-reflective pigments and conventional pigments. The same three colors (black, green and yellow) were 
chosen for the IR-reflective pigments and the conventional pigments. However, the color parameters of 
those colors were different. Plus, as a mix between pigments can lead to a diminution in reflective power 
of the formulation, it was decided that no pigments mix will be made in order to reach exactly the same 
color. The color measurements also allow the determination of the darker formulation which is essential, 
as a darker color usually leads to more important heat absorption. The same method and apparatus as in 
the previous chapter were used. 
 
5.2.2.2 Heat buildup 

The heat buildup on PVC samples was measured using the same setup and method as in the previous 
chapter. 
 
5.2.2.3 Total solar reflectance 

Total solar reflectance experiments were performed at the Institut National d’Optique. Spectra of the 
different coatings were taken using an UV-vis spectrophotometer Varian Cary 500 with an integrating 
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sphere of 150 mm at an incidence angle of 8°, over a spectral region of 280 nm to 2500 nm. Those 
spectral measurements were taking according to the ASTM standard method E903-96 Standard Test 
Method for Solar Absorbance, Reflectance, and Transmittance of Materials Using Integrating Spheres. 
This same standard method was used to calculate the total solar reflectance of the diverse coatings. The 
ASTM G173-03 Standard Tables for Reference Solar Spectral Irradiances: Direct Normal and 
Hemispherical on 37° Tilted Surface was also referred to for the calculation of TSR. 
 
5.2.2.5 Fourier-Transform Infrared Spectroscopy 

Infrared spectroscopy was used to follow the degradation of the coatings after the accelerated aging test. 
This technique can be used to study the chemical composition of different materials. It is an analytical 
technique that uses the infrared radiation of the electromagnetic spectrum to excite various molecular 
vibration modes. By studying the energy of these molecular motions, it is possible to identify the 
functional groups present in the analyzed sample (chemical composition). The FTIR spectra can be 
compared to fingerprints; each product has its own spectrum. The apparatus used in this project is a 
Tensor 37 Fourier-transform infrared spectrophotometer equipped with a Platinum ATR (diamond 
crystal) from Bruker. 
 
The parameters used for these analyses are presented in Table 8. 
 

Table 8 Parameters used for the ATR-FTIR spectra 

Parameters  Value 
Resolution 4 cm-1  
Sample scan time 1 min 
Background scan time  2 min 
Aperture 6 mm 
Scanner velocity 10 kHz 
Acquisition mode Double sided/forward-backward 
Phase resolution 32 
Phase correction mode  Mertz 
Apodization function Blackman-Harris 3-term 
Zero-filling factor 2 
 
5.2.2.6 Accelerated aging test 

Accelerated aging experiments were performed on the samples coated with the different pigments. The 
equipment used to perform the accelerated aging test is the Q-sun Xenon Test Chamber (Q-Lab). The 
tests were performed according to the ASTM standard G155, cycle 1. The test chamber is presented in 
Figure 9. 
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Figure 9 Q-sun Xenon Test Chamber 

 
Cycle 1 (also known as the 102/18 cycle) details are presented in Table 9. The filter used for this test is 
the daylight-Q, the wavelength used was 340 nm and the black panel was insulated. 
 

Table 9 Cycle 1 description 

Step Function Irradiance Black Panel 
Temperature 

Air 
Temperature Humidity Time 

  (W/m2) (°C) (°C) (%) (h) 
1 Light 0.35 63 48 30 1:42 
2 Light + 

water spray 
0.35 63 48 30 0:18 

 
5.2.2.7 Summary of the tests performed 

Tests that were performed for each formulation are summarized in Table 10. As heat buildup times are 
time consuming, they were not performed on all samples. 
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Table 10 Summary of the tests performed for each formulation 

Formulation ID Tests performed 
Sh-Y-10 Heat Build up, TSR, 
Sh-Y-7.5 TSR 
Sh-Y-5 TSR 
Cl-Y-10 Heat Build up, TSR, 
Cl-Y-7.5 TSR 
Cl-Y-5 TSR 

Sh-G-10 Heat Build up, TSR, 
Sh-G-7.5 TSR 
Sh-G-5 TSR 
Cl-G-10 Heat Build up, TSR, 
Cl-G-7.5 TSR 
Cl-G-5 TSR 

Sh-B-10 Heat Build up, TSR, 
Sh-B-7.5 TSR 
Sh-B-5 TSR 
Cl-B-10 Heat Build up, TSR, 
Cl-B-7.5 TSR 
Cl-B-5 TSR 

F-Sh-G-10 Heat Build up, TSR, 
F-Cl-G-10 TSR 

 
5.3 Results 

5.3.1 Preliminary Characterization of the formulations 

5.3.1.1 Opacity  

Figure 10 presents the opacity of the different coating formulations at various concentrations in pigments 
(5, 7.5 and 10%). It was found that the opacity varies slightly with the pigment concentration for most 
coatings and more importantly for the green pigment from Clariant. Opacity tests were performed as a 
difference in opacity could change the heat absorption.  



Using Cold Pigments to Reduce Resin Exudation 

 
 

 

 

  

18 

 

 
Figure 10 Opacity of the different formulations 

 
5.3.1.2 Color measurements 

Color measurements were taken for the formulations with 10% of pigments. The lightness is presented in 
Figure 11. When comparing the color of the formulations prepared from the two sets of pigments, it is 
possible to note that the pigments from Shepherd lead to paler coatings. As explained previously, 
interactions between different pigments could decrease the reflectance efficiency. For this reason, only 
one pigment was used in each formulation and because of this it was difficult to reach exactly the same 
color. This factor must be taken in consideration in the interpretation of the heat buildup and the total 
solar reflectance values. 
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Figure 11 Lightness of the formulations prepared with 10% of pigments 

 
5.3.1.3 Heat Buildup 

Figures 12, 13 and 14 present the variation of temperature in function of time for the three colors at a 
pigment concentration of 10% on PVC substrates. All three systems prepared with the IR-reflective 
pigments (Shepherd) reach thermal equilibrium before their counterpart and at lower temperature. 
Table 11 summarized the temperature rise above ambient temperature. 
 
It can be observed that the temperature rise varies strongly with the pigment used. Shepherd pigments 
lead to lower temperature rise than the one from Clariant. As previously stated, the colors of the 
two pigments were not exactly the same. However, for the yellow and the black samples, the lightness 
was very close for the two sets of pigments and it is still possible to see an important different in the 
temperature rise above ambient temperature. 
 
Table 12 presents the heat buildup values for the different formulations on PVC substrates. Similar 
conclusions can be drawn from these values; IR-reflective yellow and black pigments were found to 
absorb significantly less IR energy than their conventional counterparties. Color difference, especially the 
lightness, was important for the two green pigments, the IR-reflective pigment from Shepherd being 
paler. It was thus expected that the heat absorption would be significantly lower for the green 
formulations with the IR-reflective pigment, which was not the case compared to other colors. One of the 
reasons that could explain the difference on performance of these pigments is the refractive indexes. 
Those of the conventional pigments were not available but the refractive indexes of the IR-reflective 
pigment were found. The one of the yellow pigment (ID: Sh-Y) is 2.75, the one of the black pigment 
(Sh-B) 2.70 and the one of the green pigment (Sh-G) is 2.0. A higher refractive index should normally 
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lead to a coating with a higher reflectance and lower heat absorption. The green pigment from Shepherd 
having a lower refractive index compare to the two other pigments, should present a lower reflectance and 
higher heat absorption.  
 

 
Figure 12 Variation of temperature in function of time for the systems Cl-B-10 and Sh-B -10 on 

PVC substrates 
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Figure 13 Variation of temperature in function of time for the systems Cl-G-10 and Sh-G-10 on 

PVC substrates 
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Figure 14 Variation of temperature in function of time for the systems Cl-Y-10 and Sh-Y-10 on PVC 

substrates 

 

Table 11 Temperature rise above ambient temperature (ΔTlu) for PVC samples 

Systems ΔTlu S.D 

Uncoated PVC 64,9 1,0 
Sh-B-10 55,2 2,0 
Cl-B-10 69,1 2,3 
Sh-G-10 57,1 1,5 
Cl-G-10 65,6 1,5 
Sh-Y-10 44,9 2,3 
Cl-Y-10 58,2 1,2 

Black Standard 69,1 2,3 
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Table 12 Heat build-up (ΔT) for PVC samples 

Systems ΔT S.D 

Uncoated PVC  38,5 1,9 
Sh-B-10 32,7 2,3 
Cl-B-10 41,0 2,7 
Sh-G-10 33,9 2,1 
Cl-G-10 38,9 2,2 
Sh-Y-10 26,6 2,2 
Cl-Y-10 34,5 1,9 

Black Standard 41,0 2,7 
 
Even if heat buildup was not measured on wood as there was no standardized substrate, temperature rise 
above ambient temperature was measured on white pine samples. Table 13 summarized the values 
obtained. One more time, the Shepherd pigments lead to lower temperature rise, especially the yellow and 
black pigments. The difference in temperature rise was found to be less important on the white pine 
samples than on the PVC substrates. These results are not surprising as wood is an insulating material. It 
is also possible to note that the gap in temperature rise between the conventional and IR-reflective 
pigment is not as important when the formulations are applied on the wood samples than on the PVC 
samples.  
 

Table 13 Temperature rise above ambient temperature (Δtlu) for white pine samples 

Systems Δtlu S.D 
Uncoated PVC 44,9   2,1 

Sh-B-10 48,8 1,6 
Cl-B-10 60,5 0,7 
Sh-G-10 49,3 1,7 
Cl-G-10 52,4 1,8 
Sh-Y-10 39,2 2,7 
Cl-Y-10 46,3 1,4 

 
5.3.1.4 Total Solar Reflectance Measurements 

The spectra used to calculate the TSR are presented in Figure 15. In these spectra, the percentage of 
reflectance (%R) is measured at different wavelengths. When comparing the two spectra for the black 
pigments, it is easy to see why the temperature rise above ambient temperature and the heat buildup are 
more important for the black pigment from Clariant (carbon black). In fact, the formulations with the 
carbon black were found to reflect almost no light in the spectral region analyzed. This means that the 
infrared light is absorbed by the coating film or transmitted to the wood. Results for the green pigments 
and yellow pigments are not as clear as those found for the black pigments. It is possible to see that both 
IR-reflective pigments lead to higher %R throughout the analyzed spectral range.  
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Cl-B-10 Sh-B-10 

  
Cl-G-10 Sh-G-10 

  
Cl-Y-10 Sh-Y-10 

Figure 15 Spectral reflectance of the different pigments 
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To better compare the different spectra, total solar reflectance (TSR) values were calculated. These values 
are presented in Figure 16.  
 
The black pigments led to highly different TSR (4.6 for the conventional pigment and around 21.0 for the 
IR-reflective pigment) which explain the difference in temperature rise above ambient temperature and 
heat buildup. Important differences were also observed between conventional and IR-reflective green and 
yellow pigments. The most pronounced difference was observed for the yellow pigment. The high 
refractive index of the yellow refractive index (2.75) could explain partially this result. 
 
The green pigment was also dispersed in another resin, a PVDF-acrylic resin, to see if the resin has much 
influence on the total solar reflectance. Small differences in TSR only were observed. The use of a resin 
presenting a lower or significantly higher refractive index could lead to different TSR. 
 

 
Figure 16 Total solar reflectance values of the formulations prepared with the different pigments at 

different concentrations 

 
5.3.1.5 Resin Exudation Experiments 

Figure 17 presents the green formulations applied on white pine samples before the weathering, after 24, 
96 and 200 hours. It is possible to see that there was some exudation from the knot. It is important to note 
that the piece of wood for the two different formulations come from the same board that was cut in half 
(on the thickness). For all samples analyzed, for the first series of tests, no significant differences were 
observed between the boards coated with the formulation prepared from the conventional and IR-
reflective pigment. No exudation was observed for the yellow formulations and similar exudation patterns 
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were observed for the black and green formulations. It would have been necessary to extend the 
weathering tests for at least 500 hours but there was no time left. 
 

  
a) b) 

  
c) d) 

  
e) f) 
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g)  

Figure 17 Cl-10 and Sh-10 before weathering (a, b) after 24h of weathering (c, d) after 96 h (e, f) 
and after 200 h (g) 

 
Similar tests were performed on black spruce. Figure 18 presents those samples before and after 
172 hours of accelerated weathering. As the figure shows, no significant differences were observed 
between conventional pigment systems and IR-reflective one. Longer tests would have been necessary. 
 

 
 

a) b) 
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c) d) 

  
e) f) 
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i) j) 

  
k) l) 

Figure 18 Samples before and after the weathering tests for the formulation with the black pigment 
from Shepherd (a, b) and Clariant (c, d); the green pigment from Shepherd (e, f) and 
Clariant (g, h) and the yellow pigment from Shepherd (i, j) and Clariant (k, l) 

 
As there was not enough time to test several samples for each system, the method used to evaluate the 
degree of exudation was not used. 
 

6 Conclusions 
The main objective of this project was to reduce the heat buildup on exterior wood products by 
incorporating cool color (IR-reflective) pigments in exterior wood coating formulations used in the 
industry. It was expected that pigments leading to lower heat absorption would help reducing the resin 
exudation.  
 
In the first part of the project, an IR-reflective pigment coating was applied as a primer, and then other 
coatings were applied as topcoat. It was found that for the green samples, the use of the IR-reflecting 
pigment decrease the temperature rise above ambient temperature as well as the heat buildup. However, 
the result was not the same for the black sample where a formulation with carbon black was applied as a 
topcoat. These results reveal that an IR-reflective primer could be efficient in some cases, although it was 
not the case when using coatings with high heat absorption pigment, such as carbon black. 



Using Cold Pigments to Reduce Resin Exudation 

 
 

 

 

  

30 

 

In the second part of the project, coatings of three different colors were prepared from two set of 
pigments; conventional ones and IR-reflective pigments. It was found that IR-reflective pigments lead, for 
the three colors, to lower heat (IR) absorption (lower heat buildup). In fact, the temperature rise above 
ambient temperature and heat buildup were found to be lower for the IR-reflective pigments. Reflectance 
spectra were recorded in an attempt to understand more precisely the pigment behavior when exposed to 
IR radiation (light) and to determine the total solar reflectance values. Important differences were found 
between the two sets of pigments, which mean that the IR-reflective pigment indeed reflects more 
importantly the IR rays and reduce the heat buildup. 
 
Resin exudation experiments were not conclusive as there was not enough time left to test rigorously the 
different samples. In fact, weathering tests were not long enough so there was no resin exudation 
observed on black spruce. For the white pine samples, some exudation was observed on the knots but 
there was not enough samples who neither exudate nor enough time to conclude in favor of the IR-
reflective pigments. 
 

7 Recommendations 
As it was proven that the IR-reflective pigments lead to lower temperature rise and heat buildup as their 
total solar reflectance is more important, it would be necessary to do more tests to determine if there is 
really an advantage to use these coatings. 
 
Except a decrease in resin exudation, other benefits might be expected from the use of IR-reflective 
pigments such as slower coating degradation and decrease in the number and size of cracks created by the 
heat on surfaces exposed south. 
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