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Abstract 

Coating penetration behaviour in D a c r y d i u m  cupres- 
sinum (rimu) Podocarpus  dacrydioides (kahikatea), 
both native softwood timbers, and Pinus radiata (radiata 
pine), an  exotic softwood weatherboard timber, is 
briefly discussed. 

Introduction 
Weatherboard performance can be indirectly traced back. to 
the forester with the silvicultural methods used and then con- 
tinued onwards to the timber mill where cutting and timber 
treatment procedures play their role eventually to the final use 
of the product. It is well known that the complex interaction of 
wood substrates and coating systems is environmentally, phy- 
sically, chemically and biologically controlled. The variables 
are numerous and include factors such as timber species, wood 
density, grain texture, wood anatomy, wood ultrastructure, 
seasoning and treatment of timber, machining quality, coating 
formulation and composition, viscosity, rheology, and wetting 
ability, to name a few. 

Coatinglsubstrate relationships have fascinated researchers 
for many years and this report provides a glimpse of the topic 
from the wood anatomist's view with the aid of the electron 
microscope. Now foresters and all those involved in the forest 
industry have the great opportunity to examine closely a selec- 
tion of highly magnified images of three softwood species. 

Dacrydium cupressinum (rimu), Podocarpus dacrydioides 
(kahikatea) and Pinus radiata (radiata pine) were chosen to 
illustrate wood behaviour, (Middleton, 1990). On the basis of 
wood anatomy rimu and kahikatea belong to the Podocarpa- 
ceae family, while radiata belongs to the Pinaceae family and 
is placed in the Ponderosa group of conifers. The anatomy of 
stem wood of the indigenous Podocarpaceae has been des- 
cribed in detail by Orman and Reid (1946), and Patel (1967 a 
& b) and Pinus radiata by Patel (1971). Tracheids and rays are 
the major cell types in all three taxa. The water conducting tra- 
cheid cell walls are pierced by a variety of pit types. Figure 1 is 
an ultrathin cross-section through a tracheid cell in radiatapine 
showing an intertracheid pit pair which has a border (pb) and 
possesses a torus (t) and margo (m) membrane. Several very 
highly magnified details of the image are shown. Figures 2 and 
3 show cross-sections of rimu and kahikatea weatherboards 
and details of paint-filled cells and coating penetration photo- 
graphed under the scanning electron microscope. 

Materials 
In this study good-quality, dressed, preservative-treated, 
bevel-back, flat-sawn and quarter-sawn weatherboards were 
primed with a specially formulated titanium rich coating 
(Middleton, 1990), in accordance with the New Zealand Paint 
Manufacturers Association guidelines. 
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Figure 1 P. radiata (radiata pine) wood; highly magnified cross-section 
through two adjacent tracheid cells to show details of the pit membrane 
at different magnifications. 

Results and Discussion 
Two types of woodlcoating interactions have been recognised: 
(a) Gross penetration where the coating fills the cell lumens; 
and (b) Cell wall penetration where components of the coating 
fill the inter-microfibrillar areas of the cell walls and possibly 
the amorphous regions within the cellulose microfibrils. If the 
film composition remains constant throughout the entire level 
of penetration into the wood then its performance at any point 
is dependent on its formulation; however, if a preferential 
migration of certain components of the coating exists to a spe- 
cific part of the film or the wood substrate then the dependence 
of the original coating to performance is limited. 

Figure 4 shows a collection of micrographs of coated kahi- 
katea weatherboards. The degree of gross penetration is 
clearly visible in figure 4A. All the upper rows of coating filled 
cells in the vicinity of the coating/substrate interface would 
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Figure 2 Cross-section through D. cupressinum (rimu) and P. dacrydioides (kahikatea) weatherboards, with highly magnified details showing 
paint penetration. 

have either been opened by machining or emerged at some cation are attributed to have disrupted the flow of the coating. 
point on the board surface to produce tube-like structures with Ultrathin sections of tracheid cells were examined at very 
the ability to facilitate liquid conduction into the wood. The high magnifications under the transmission electron micro- 
weatherboard in figure 4B was cut to expose the long tracheid scope. Preparation of samples for ultrastructural studies is 
cells filled with the coating. Air pockets, extractives, and other complex and involves staining of the cells with uranyl acetate 
deposits present in the cell lumens at the time of coating appli- and lead citrate for photographic purposes. Tracheid cell walls 
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Figure 3 Cross-section through a P. dacrydioides (kahikatea) weatherboard; with highly magnified details of paint penetration. 
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are multilayered and a detail of the secondary wall is depicted 
in figure 4C and 4D. The zoned rutile titanium particles pre- 
sent in the coating are very obvious as dark crystals. X-ray 
analysis was performed to detect key elements in the coating 
and their location and distribution. Figure 5 depicts a detail of 
two adjacent tracheid cells. Note the pit borders overarching 
the pit and the layered cell wall. The coating filled tracheid 
lumen and pit aperture is indicated by the dense distribution of 
titanium particles. The X-ray map in figure 5B of titanium has 
been superimposed onto the electron image shown in figure 
5A. X-ray techniques have been successfully used to trace a 
number of elements present in the coating and establish the 
extent and localisation of certain coating components. 

Conclusion 
Technical improvement in both technique and instrumenta- 
tion have enabled scientists to make a significant contribution 
to the field of wood ultrastructure. This selection of micro- 
graphs are superb examples of woodisubstrate relationships as 
exemplified by rimu, kahikatea and radiata weatherboards 
and are presented here to enable readers to appreciate and 
marvel at the fascinating anatomy of wood. 
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Figure 4 Transverse section of coated P. dacrydioides (kahikatea) 
wood. 4C & 4D - Ultrathin sections showing the coating / tracheid wall 
interface. 

Figure 5 Transverse section of coated P. radiata (radiata pine) wood. 
5A - Ultrathin section through intertracheid bordered pits. 
5B -Corresponding element X-ray map for figure 5A. 

List of abbreviations used in the photographs 
t - torus 
m - margo 
T - tracheid cell 
R -ray cell 
P -pit 
S1, S2, S3 -layers of the secondary cell wall 
Ti - titanium particle 
pb -pit border 
SEMISTEM - scanningltransmission electron microscope 
image 
Bar scale shown in microns 
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