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Abstract

CCA-treated wood is widely used in
residential and commercial decking —
prime substrates for surface finishes.
Unfortunately, little information has been
published on the effects of CCA-treated
wood on surface finishes, and many mis-
conceptions exist.

This study evaluates the performance
of transparent and pigmented commer-
cially available coatings over CCA-

treated pine and hem-fir compared to
controls of untreated wood finished with
the same products.

After two years of weathering at sites in
Wisconsin and Mississippi, the surface
coatings applied to the CCA-treated wood
have performed better than those ap-
plied to the untreated controls.

A mechanism involving interaction and
subsequent stabilization of the surface
wood components by the chromium (+6)
present in CCA is proposed to explain
this enhancement of coating performance.

Introduction originally marketed as a maintenance-free
product, most preservatives manufacturerswOOD TREATED with CCA is widely and end users today recognize the advan-

used in outdoor architectural projects tages of protecting and beautifying CCA-
such as decks, walkways, gazebos and re- treated lumber with surface finishes. As a
taining walls. Although this material was consequence, it frequently becomes a sub-
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strate for a variety of coatings products.
Unfortunately, little published informa-

tion is available on the performance of sur-
face finishes over CCA-treated wood1-5. This
has led to some confusion among preserva-
tives manufacturers, coatings companies,
the trade, and consumers as to the compat-
ibility of coatings with this material. Not
surprisingly, there are a number of miscon-
ceptions about the effects of CCA treatment
on coatings performance. This project was
undertaken to help clarify some of these
issues.

Work carried out at the USDA Forest
Products Laboratory (FPL) demonstrated
that the application of aqueous solutions of
hexavalent chromium (e.g., chromium tri-
oxide) to wood surfaces had an inhibiting
effect on the outdoor weathering process
and enhanced the life of surface finishes
applied over the treated wood6-7. Using sur-
face analytical techniques, FPL researchers
studied the interaction of the chromium tri-
oxide with the wood components8 They
found that the majority of the chromium on
the treated wood was reduced from the (+6)
to the (+3) state. In addition, the surface
concentration of hydroxyl groups decreased
while the hydrocarbon level increased.

These observations are consistent with a
mechanism involving an oxidation of the
surface wood components by chromium
(+6) and subsequent fixation of the reduced
chromium to wood carbohydrates and lig-
nin. An idealized reaction representing the
reduction/decarboxylation of surface cellu-
lose by chromium (+6) is represented in
Equation 1.

Consistent with this proposed mechanism,
volatile CO2 was detected as a by-product in
the interaction of aqueous chromate with
cellulose. In a chromate-cellulose interac-
tion the resulting wood surface would be
expected to have an increased hydrophobic
character this was borne out by the observa-
tion of surface water repellency on wood
freshly treated with aqueous chromate solu-
tion.

The interactions described above leading
to enhanced surface stability have been pos-
tulated to explain the chromate-treated
wood’s observed improvement toward deg-
radation from weathering and ultraviolet
light, also resulting in improved coatings
performance. Since the widely used preser-
vative treatment CCA-Type C consists of
approximately 47 percent chromium triox-
ide, similar resistance to weathering and
ultraviolet light degradation could be pro-
posed as a result of the chromium-wood
interactions in CCA-treated lumber. The
frequently observed surface water repel-
lency of wood freshly treated with CCA is
consistent with the FPL results using chro-
mate treatments.

All of this suggests that surface finishes
applied over CCA-treated lumber would

42 American Paint & Coatings Journal



Wood finishes

perform better than those applied over plied to untreated and CCA-treated boards
untreated wood of the same species. of two wood species. These were exposed to

The objective of this project was to evalu- exterior weathering at sites in Wisconsin
ate the performance of a variety of surface and Mississippi and were evaluated at six-
finishes over untreated and CCA-treated
wood and to determine the extent of the
chromium enhancement effect.

Materials and methods

A number of commercially available clear
and pigmented coatings products were ap-

month intervals over a two-year period for
coatings performance.

Wood species. The two wood types used
in this study were flat-grain southern yellow
pine and hem-fir sapwood. These species
are commonly treated with CCA and often
utilized for outdoor architectural projects.
All boards used in this study were first-
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quality lumber. They were selected for clar-
ity of grain and kick of knots.

Treatment levels. Commercially treated
boards of nominal 1-inch by 6-inch by 8-
foot dimensions with specified CCA treat-
ment levels of 0.25 and 0.40 pcf were ob-
tained.

Finishes. Surface finishes were obtained
commercially and were chosen to represent
products commonly used to coat treated
wood. They included clear water repellents,
semitransparent stains and film-forming solid
color stains and paints. Both water-borne
and solvent-borne products were utilized.

The composition of the finishes for this
study is described in Table 9. Table 1
outlines some of their physical properties.

Sample preparation. The 1-inch by 6-inch
by 8-foot boards were cut into two 4-foot
lengths. One 4-foot section from each board
was tested in Wisconsin and the other in
Mississippi. Each 4-foot board was divided
into 8-inch sections by applying strips of
aluminum-pigmented varnish so that each
board had five 8-inch sections with four
inches on each end. The back, sides and 4-
inch end sections of each board were left
unfinished. All boards were washed with
clear water and a stiff bristle brush and dried
for 48 hours at ambient conditions. After
drying, finishes were applied by brush to the
front and edge faces of the boards following
manufacturer’s recommendations. All fin-
ishes were applied under ambient labora-
tory conditions while the boards were in a
horizontal position. The surface coverage,
or spreading rate for each product, was
calculated by weighing the amount of finish
applied to the surface (see Table 2).

All finishes were applied as one coat ex-
cept for Nos. 12, 15 and 16. Finished boards
were allowed to dry for seven days indoors
before being installed at the test sites.

Exposure conditions. Boards were in-
stalled at 45 degrees facing south to ensure
maximum sun exposure. This accelerates
the weathering process over that of a typical

vertical exposure by a time factor of about 2
1/2. Each test series consisted of an uncoated
control plus 15 finishes over two wood
species (southern yellow pine and hem-fir)
at three retentions of CCA — 0 pcf (i.e.,
untreated), 0.25 pcf and 0.40 pcf. One series
was placed on exposure at Madison, Wis.,
and a duplicate at Saucier, Miss.

Results and discussion

All test specimens were evaluated at the
two exposure sites at six-month intervals
over a two-year period. Discoloration, sur-
face checking, water repellency and general
appearance were evaluated using common
coatings-industry performance criteria. The
evaluation methods and inspection criteria
are listed in Table 3.

All evaluations used a 10 (perfect) to 1
(complete failure) scale. A value of 5 indi-
cates the need for refinishing without major
surface preparation.

This report focuses on the six-month and
two-year accelerated exposure results since
they are representative of intermediate and
long-term finish performance in service.

For evaluation purposes, the coatings were
grouped unto three categories:

1. Transparent water repellents and water-
repellent preservatives.

2. Semitransparent stains.
3. Film-forming finishes.
Tables 4 and 5 summarize the perfor-

mance of the clear water repellent at six
months and two years, respectively. Tables
6 and 7 summarize the semitransparent stain
performance at the same intervals.

The film-forming finishes showed no sig-
nificant weathering effects after six months.
The two-year performance summary for
these coatings is presented in Table 8.

Effects of CCA treatment on performance.
— The overall durability and performance
of all of the finishes were improved by the
effects of the CCA-treated wood. Figure 1
summarizes the average general appearance
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scores for all 15 coatings after six months of
outdoor exposure. For each species at each
exposure site, there is a clear trend toward
improved coatings performance over the
CCA-created boards.

There does not appear to be a significant
difference between the 0.25- and 0.40-pcf
levels, but performance of coatings over
each of these treatment levels is meaning-
fully better than that over the untreated
wood.

After two years’ exposure, performance
scores decrease as expected (see Figure 2).
Again, however, the coatings over CCA-
treated boards are significantly outperform-
ing the same materials over untreated boards,
and the differences between the 0.25- and
0.40-pcf treatment levels are slight.

Effects of species type on performance.
From Figures 1 and 2 it can be seen that
average performance scores for all coatings
are slightly higher over hem-fir than they are

over southern yellow pine, regardless of
exposure site. This trend continues for both
levels of CCA treatment as well as the
untreated boards.

Effects of exposure site on performance.
Not surprisingly, the average performance
scores of all coatings are lower in Missis-
sippi than they are in Wisconsin (see Fig-
ures 1 and 2). It should be noted, however,
that the factor most affected in coatings
performance in Mississippi is discoloration.
This is a result of both greater mildew growth
and faster sunlight-induced fading. The lo-
cation site factor had far less effect on deg-
radation and erosion of the finishes.

Effects of coating type on performance.
The film-forming finishes had the highest
average performance scores, followed by
the semitransparent stains and the clear water
repellent/water repellent-preservatives, re-
spectively.

All of the film-forming products (Coating
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Nos. 8, 10, 14, 15, 16) were high-quality products performed well on a 45-degree
formulations and were applied following exposure, they typically do not last as long
correct application techniques. This resulted on a horizontal exposure such as a decking
m excellent performance over CCA-treated surface. For these reasons, film-forming
wood after two years of exposure at 45 coatings are generally recommended only
degrees facing south. Ultimately, the prob- for vertically exposed surfaces such as sid-
lem with these finishes would be in their ing and trim.
mode of failure. The semitransparent finishes (CoatingNos.

Most paints, being film-forming coatings, 7, 9, 10,11, 13) were not as consistent as the
fail by cracking, blistering and peeling. Be- film formers in their performance (see Table
fore the surface can be recoated, the rem- 7.) All had enhanced effectiveness over
nants of these finishes must first be re- CCA-treated wood, but with varying de-
moved. In addition, while the film-forming
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For example, at the six-month evaluation repellent preservatives had the lowest per-
(see Table 6), product 9 had general appear-
ance scores in the 3-4 range. Note that
product 11’s performance was particularly
enhanced over the CCA-treated wood com-
pared to the untreated boards. Thus, for the
semitransparent stains, formulation was an
important factor in overall performance.
After two years, most of these products were
close to failure.

Due to the lack of UV-blocking pigments,
the transparent water repellents and water-

formance scores of the three coatings groups.
At six months (see Table 4), performance
was fairly consistent and again was en-
hanced by the CCA-treated substrate. Dis-
coloration was greater in Mississippi, with
mildew growth being far more pronounced
on the coatings applied to the untreated
wood. After two years (see Table 5), virtu-
ally all of the transparent products had to-
tally failed over the untreated wood and
most were close to failure even over CCA-
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treated boards. Interestingly, some of the complished without an extraordinary amount
finishes still exhibited surface water repel- of surface preparation — an advantage for
lency after two years of exposure in Missis-
sippi. Again, the CCA-treated substrates
generally enhanced this effect.

One advantage of the transparent and
semitransparent finishes in this study is that
they failed by erosion rather than by crack-
ing and peeling, as would be expected for
the film-forming opaque finishes. This means
that subsequent application of a fresh coat-
ing over the non-film-formers could be ac-

many end users.

Conclusions

The CCA treatment was shown to have a
positive effect on the performances of all
finishes in the study. Little difference was
noted between the 0.25-pcf and 0.40-pcf
retention levels. Coatings performance was
generally better over hem-fir than over south-
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ern yellow pine, regardless of treatment pellent preservatives).
levels. Failures occurred more rapidly in This study has demonstrated that CCA-
Mississippi than they did in Wisconsin, treated wood is not only compatible with a
particularly with regard to surface discol- variety of surface finishes, but the effects of
oration. The differences in finish degrada- the treatment enhance the performance life
tion were less pronounced between the two
exposure locations.

Within the coatings groups, the overall
durability and appearance was reflected by
the order Fully pigmented (film-forming
paints and stains) > lightly pigmented
(semitransparent stains) > unpigmented
(transparent water repellents and water re-

of those finishes.
Further work is under way to evaluate the

performances of some of the newer VOC-
compliant coating formulations over CCA-
treated and untreated wood. Many of these
new-generation products are water-borne
systems. Updates will be provided in future
communications.
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