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ABSTRACT

There is increasing interest in preservative pressure-treatment of framing lumber to prevent attack by
decay fungi and insects. However, the Spruce—Pine—Fir species group that is often used in framing
construction can be difficult to penetrate with preservatives. We compared solution uptake and penetration
of boron and copper from a borax—copper (BC) preservative to that of boron in a disodium octaborate
tetrahydrate (DOT) treatment and copper in a chromated copper arsenate (CCA) treatment. For all wood
species, average solution uptake was consistently greater with the DOT solution than with the BC or CCA
solution. Average boron penetration with DOT was also greater than that for any BC solution. Immedi-
ately after treatment, boron penetration with DOT exceeded 10 mm in at least 80% of specimens,
indicating that the treatment could meet American Wood Preservers’ Association (AWPA, 2003) pen-
etration standards. Following a 2-week diffusion period, boron in BC treatments also met or exceeded
AWPA standards in most cases. Copper penetration was much lower than boron penetration and did not
meet AWPA standards in any species. Collapse was noted in some specimens treated with heated BC and

DOT solutions.
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INTRODUCTION

The spread of the Formosan subterranean ter-
mite in the southern United States has increased
the need to find safe and effective ways to pro-
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tect wooden construction materials (Shupe and
Dunn 2000). One option for the protection of
framing lumber is pressure treatment with a pre-
servative prior to construction. However, it is
difficult to treat some wood species, even under
pressure. In these species, only a shell of preser-
vative treatment often surrounds a core of un-
treated wood. Experience has shown that these
shell treatments are effective in preventing rapid
fungal degrade of treated wood exposed above
ground (Choi et al. 2004; Morris et al. 2004;
Smith et al. 1998), but there is much less evi-
dence of the efficacy of such treatments in pre-
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venting termite damage. Morris et al. (2003) and
Grace et al. (2001) evaluated the performance of
shell treatments of western hemlock (Tsuga het-
erophylla) and Pacific silver fir (Abies amabilis)
against Reticulitermes flavipes and Coptotermes
formosanus termites and found that protection
was generally good. However, there is still con-
cern that construction activities will create
breaks in the treated shell and expose the un-
treated core to termite attack.

While much lumber used in the southern
United States is southern pine, a species group
that is easily treated, a substantial portion of the
framing market is supplied by the Spruce—Pine—
Fir (SPF) group, a diverse grouping that is
sometimes further subdivided into SPF—West
and SFP—South. When considered in its broad-
est terms, the SFP species group includes sub-
alpine fir, balsam fir, jack pine, lodgepole pine,
black spruce, Engelmann spruce, red spruce,
Sitka spruce, and white spruce. These species
are generally considered to be difficult to treat
(refractory) or variable in their treatability with
chromated copper arsenate (CCA) (Gjovik and
Schumann 1992; Richards and Inwards 1989;
Smith 1986). For most types of wood preserva-
tives, refractory species need to be incised be-
fore treatment to improve the depth and unifor-
mity of preservative penetration (AWPA Stan-
dard C2-02, AWPA 2003). An exception to this
incising requirement is treatment of SPF with
the borate preservative disodium octaborate tet-
rahydrate (DOT) (AWPA Standard C31-02,
AWPA 2003). This exception is based on stud-
ies conducted in Canada that concluded that ad-
equate penetration could be achieved with use of
a heated DOT solution (Baker et al. 2001). The
potential ability of borate preservatives to pen-
etrate and protect refractory species is particu-
larly notable in regards to framing lumber. Bo-
rate preservatives are well-suited for treatment
of framing lumber because they are odorless and
have relatively low human toxicity. The major
drawback of borate preservatives, their leach-
ability, is also much less of a concern in an
indoor application.

We sought to further investigate the use of
borates for treatment of SPF framing lumber by
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evaluating a borax-based preservative currently
used for remedial treatment of the groundline
area of utility poles. Borax (sodium tetraborate
decahydrate) is a form of borate that may be less
expensive to manufacture than DOT, but it also
has lower water solubility. The effect of lower
solubility on the ability of borate to penetrate
refractory species warrants further investigation.
The borax preservative selected also contains a
small amount of copper as a co-biocide to pro-
vide further protection against attack by ter-
mites, decay, and mold fungi. Again, however,
the ability of the copper in this formulation to
penetrate refractory SPF species is unknown.

In this study, we compared the penetration of
boron and copper from the borax-based preser-
vative to that of boron in a DOT treatment and
copper in a CCA treatment. A subset of the
treated samples is undergoing exposure to native
subterranean termites and Formosan subterrane-
an termites in Louisiana. The outcome of that
termite evaluation will be presented in a subse-
quent publication.

MATERIALS AND METHODS
Specimen preparation

The SPF species evaluated in this study are all
members of the SPF—South subgrouping. They
included balsam fir (Abies balsamea), Engel-
mann spruce (Picea engelmannii), Sitka spruce
(Picea sitchensis), red spruce (Picea rubens),
white spruce (Picea glauca), and lodgepole pine
(Pinus contorta). With the assistance of the
Western Wood Products Association and North-
eastern Lumber Manufacturers Association,
thirty-four 38-mm by 89-mm by 2.4-m-long
(1.5-in. by 3.5-in. by 8-ft-long) boards of each
species were obtained from mills in the north-
eastern, midwestern, and northwestern United
States. Six 305-mm- (12-in.-) long specimens
were cut from each board and conditioned to
constant weight in a room maintained at 23°C
(74°F) and 65% relative humidity. The end grain
of each specimen was then sealed with a neo-
prene rubber coating to limit end-grain penetra-
tion.
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Preservative formulations

Treatability was assessed with three types of
preservative formulations:

1. Borax—copper (BC) (trade name Cu-Bor)
with an active composition of 7.2% copper
hydroxide and 92.8% sodium tetraborate
decahydrate (10 mole borax). This formula-
tion was evaluated with treatment solutions
containing 0.39%, 0.78%, 1.39%, and 2.34%
active ingredients.

2. Chromated copper arsenate Type C (CCA-C)
with an active composition of 47.5% CrO;,
18.5% CuO, and 34.0% As,Os. This formu-
lation was evaluated with a treatment solu-
tion containing 1.14% active ingredients.

3. Disodium octaborate tetrahydrate (DOT),
considered 100% DOT active. This formula-
tion was evaluated with a 1.86% solution
concentration.

Treatment groups

The study utilized six treatment groups: one
each for CCA and DOT, plus four BC solution
concentrations. To minimize the effects of be-
tween-board variations, end-matched specimens
cut from each board of each wood species were
randomly assigned to one of the six treatment
groups. The 6 wood species and 34 replicate
boards for each wood species yielded a total of
204 specimens for each type of treatment. Be-
cause the treatment cylinder was not large
enough to contain all the specimens, each treat-
ment was applied using two charges, each con-
taining 102 specimens.

Treatment conditions

All treatments were conducted using a full-
cell pressure process. The vacuum was main-
tained at —75 kPa (25 inHg) for 30 min; pressure
was maintained at 1.03 MPa (150 1b/in.?) for 5 h.
To improve preservative penetration, the DOT
solution and all BC solutions were heated to
66°C (150°F), and this temperature was main-
tained throughout the pressure period. Speci-
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mens from one charge of the 2.34% BC solution
were discarded because the temperature control-
ler failed and the solution temperature ap-
proached 93°C (200°F). Most specimens in this
charge collapsed, making it difficult to quantify
or compare preservative penetration. Thus, data
for only one charge of the 2.34% BC solution are
presented here. Because heat can cause sludging
of CCA solution, the CCA treatments were con-
ducted at room temperature.

All specimens were weighed before and after
treatment to determine solution uptake. After
treatment, a 51-mm- (2-in.-) long section was
cut from each specimen and oven-dried (Fig. 1).
This section was subsequently used to determine
preservative penetration immediately after treat-
ment. The boron in the BC and DOT formula-
tions does not fix in the wood, and additional
diffusion penetration can occur after treatment.
To evaluate this additional penetration, the re-
maining portions of the specimens were stacked
and covered in plastic for 2 weeks at room tem-
perature to allow diffusion. Another 51-mm- (2-
in.-) long section was then cut from each speci-
men, oven-dried, and used to determine boron
penetration after diffusion. Finally, a 76-mm-
(3-in.-) long section was cut from a subset of the
specimens and reserved for termite evaluation.

Preservative penetration

After drying, the 51-mm- (2-in.-) long sec-
tions cut from each specimen were again cut to
reveal a fresh cross-section and sprayed with
either copper or boron indicator stain. The
chrome azurol—S copper indicator and curcum-
in—salicylic acid boron indicator solutions were
prepared in accordance with AWPA Standard

64 mm (2. 5in.):51 mm (2in.)i51 mm (2 in.) 76 mm (3in.) 64 mm (2. 51in.)

Discarded ;Jsted to ‘lested to For termite Retained
at first elermine : determine = oy posure for future
cut after penetrgtlon penetration (subset of trials
treatment immediately: 2 weeks specimens

after after only)

treatment :treatment
FiG. 1. Pattern for cutting 305-mm- (12-in.-) long speci-

mens after treatment to determine penetration and obtain
sections for termite evaluations.
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C31-02 (AWPA 2003). Penetration of both
copper and boron were evaluated for the BC
treatments, while only copper or boron was
evaluated for the CCA and DOT treatments, re-
spectively. Penetration measurements similar to
those determined commercially (by removal of
increment cores) were obtained by measuring
penetration at the midpoint of both narrow faces
of each specimen (AWPA Standard M2-01,
AWPA 2003). For the species evaluated in this
study, AWPA standards C2—02 and A3-00 re-
quire that 80% of boards sampled in a charge
have at least 10 mm (0.4 in.) of preservative
penetration (AWPA 2003).

Statistical analysis of penetration

A statistical analysis was conducted to better
determine if type of treatment solution or wood
species affects the percentage of specimens in
each charge with penetration equaling or ex-
ceeding 10 mm (0.4 in.). For the purposes of this
evaluation, the results of the two charges for
each treatment group were combined. A statis-
tical analysis of variance was conducted using
the SAS™ GLM procedure, in conjunction with
a Tukey studentized range test, on the percent-
age of specimens with penetration =10 mm
(=0.4 in.). Tables 2 and 3 show the results of the
Tukey tests by species and preservative, respec-
tively. Data on preservatives or species followed
by common letters represent groups in which the
percentage of specimens with =10-mm penetra-
tion is not different at the 0.05 level of signifi-
cance.
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RESULTS
Uptake of preservative solution

The amount of preservative solution retained
by specimens after treatment is one indicator of
treatability. In this study, solution uptake was
assessed by weighing each specimen before and
after treatment and comparing the amount of
weight gain. For all wood species, average up-
take was consistently greater with the DOT so-
lution than with the BC and CCA solutions
(Table 1, Fig. 2). There was little overall differ-
ence in uptake between the CCA and BC solu-
tions, except that uptake appeared to be least for
the most concentrated BC solution (2.34%).
Sitka spruce appeared to be the species in which
uptake was most sensitive to type of treatment
solution. Red spruce appeared to have consis-
tently lower uptake than did the other wood spe-
cies, while lodgepole pine exhibited the greatest
variability in uptake. For commercial treaters,
variability in uptake may be as great a concern
as amount of uptake because the variability
makes it difficult to optimize treating parameters
to minimize treatment time and chemical con-
sumption.

Copper penetration

Achieving adequate penetration is the greatest
challenge in treating refractory species. For
CCA and other copper-based treatments, preser-
vative penetration is typically evaluated on the
basis of copper penetration. In this study, aver-
age copper penetration of all wood species was
at least twice as great for CCA as for the BC

TaBLE 1. Summary of average uptake and penetration for wood preservative/wood species combinations®.
Initial penetration (mm) by Specimens (%) with =10 mm
Solution uptake (kg/m®) preservative component penetration by preservative component
Species CCA BC DOT CCA Cu BC Cu BCB DOT B CCA Cu BC Cu BCB DOT B

Balsam fir 418 386 596 5 1 18 41 6 0 54 100
Engel. spruce 406 385 582 10 2 17 39 29 2 33 97
Lodgepole pine 383 386 471 11 3 17 23 41 3 49 82
Red spruce 313 325 491 5 2 14 34 15 0 54 100
Sitka spruce 496 392 558 9 1 21 41 32 0 68 100
White spruce 402 412 574 5 1 18 37 9 0 55 97

# Replicate charges of CCA and DOT and all BC formulations were combined.
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Fic. 2. Uptake (weight gain) for each preservative solution—wood species combination. Boxes depict data between 25th
(Q1) and 75th (Q3) percentiles and represent interquartile range (IQR). Horizontal line across box indicates median; plus
sign indicates mean. Lower whisker extending from bottom of box indicates data represented by Q1 — (1.5IQR); higher
whisker extending from top of box is represented by Q3 + (1.5IQR). Any data beyond these limits are plotted by a circle
unless it exceeds either Q1 — (3IQR) or Q3 + (3.0IQR). In this case, data are plotted by an asterisk.
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solutions (Table 1). The strength of the BC so-
lution had little consistent effect on copper pen-
etration (Table 2). Although average CCA cop-
per penetration exceeded 10 mm in Engelmann
spruce and lodgepole pine (Table 2), this aver-
age was skewed upwards by the relatively low
proportion of specimens with excellent penetra-
tion. Even with the CCA solution, copper pen-
etration did not meet the 10-mm minimum re-
quired by AWPA Standards C2-02 and C31-02
(AWPA 2003) (Table 3). Lodgepole pine ap-
peared to have the greatest proportion of speci-
mens meeting the copper penetration standard
for CCA; this difference was statistically signifi-
cant in comparison to penetration in balsam fir
and white spruce. Sitka spruce and Engelmann
spruce were intermediate in their consistency for
achieving 10 mm of penetration. No statistical
difference was observed between species for any
of the BC formulations, although lodgepole pine
tended to have the highest proportion of cores
with penetration exceeding 10 mm (Table 3).

Boron penetration

Penetration immediately after treatment.—
For all species, penetration of boron was much

TABLE 2. Preservative penetration by wood species.”
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greater than that of copper; this was particularly
true for specimens treated with DOT (Table 1).
Immediately after treatment, average boron pen-
etration for DOT-treated specimens exceeded 25
mm (1 in.) for all species except lodgepole pine
(Table 3, Fig. 3). Lodgepole pine also exhibited
the greatest variability in penetration (Fig. 3).
Average boron penetration with the DOT solu-
tion was greater than that with any BC solution,
and the percentage of specimens with at least
10-mm penetration was often statistically greater
for DOT. Boron penetration with the DOT treat-
ment exceeded 10 mm in at least 80% of the
specimens, indicating that the treatment could
meet AWPA penetration standards. There was
little difference in boron penetration among the
BC solutions, although average penetration
tended to be greatest with the 1.39% BC solution
and lowest with the 2.34% solution (Table 2).
There were also no strong species effects with
the BC solutions, although Sitka spruce ap-
peared to be slightly more treatable than the
other species (Table 3). The percentage of Sitka
spruce specimens with a penetration of at least
10 mm was significantly greater than that of
Engelmann spruce for the 0.39% and 0.78% BC

. Balsam-fir Engel. spruce Lodgepole pine Red spruce Sitka spruce White spruce
Preservative
and element Mean % pass Mean % pass Mean % pass Mean % pass Mean % pass Mean % pass
Copper
CCA 4.7 6A 102 29 A 10.7 41 A 4.7 15A 9.2 32 A 4.7 9A
BC 0.39% 1.4 0A 1.4 0B 1.3 0B 1.3 0B 1.0 0B 1.4 0A
BC 0.78% 1.1 0A 23 3B 2.4 6B 1.0 0B 1.2 0B 1.1 0A
BC 1.39% 1.2 0A 1.1 0B 3.4 6B 1.2 0B 1.1 0B 1.2 0A
BC 2.34% 1.3 0A 48 12AB 2.9 0B 1.2 0B 1.0 0B 1.4 0A
Boron, initial
DOT 41.1 100 A 387 97A 22.6 82 A 338 100 A 412 100 A 37.5 97 A
BC 0.39%  16.7 56 B 170 41CD 16.0 50A 154 74AB 213 82AB 165 62 B
BC 0.78%  16.8 56 B 114 21D 17.9 53A 137 50BC 23.1 76 AB 155 53B
BC 1.39%  22.8 74AB 230 76AB 189 62A 163 74 AB 226 79 AB 204 74 AB
BC234% 170 59B 180 53BC 147 59A 96 35C 15.7 71 B 184  65B
Boron, 2 wk
DOT 413 100 A 398 97A 27.1 100A 352 100 A 42.0 100 A 383 100 A
BC 0.39% 244 94 A 212 T71A 23.5 85A 203 94 AB 293 94 A 243 91 A
BC 0.78%  24.0 82 A 20.8 85A 239 82A 185 82 AB 289 88 A 21.5 97 A
BC 1.39%  26.1 91 A 239 82A 23.6 91A 225 82 AB 284 97 A 24.5 94 A
BC 2.34%  23.6 94 A 246 82A 24.7 88 A 147 71B 28.9 100 A 27.7 94 A

“ Mean penetration (mm) and percentage of specimens with penetration passing AWPA standards (=10 mm). Data with common letters represent groups in
which the percentage of specimens with =10 mm penetration are not statistically different at 0.05 level of significance.
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TABLE 3. Preservative penetration by preservative component”.

Wood species CCA BC 0.39% BC 0.78% BC 1.39% BC 2.34% DOT
and element Mean % pass Mean % pass Mean % pass Mean % pass Mean % pass Mean % pass
Copper
Balsam-fir 4.7 6B 1.4 0A 1.1 0A 1.2 0A 1.3 0A — —
Engel. spruce 102 29 AB 1.4 0A 2.3 3A 1.1 0A 4.8 0A — —
Lodgepole pine  10.7 41 A 1.3 0A 2.4 6 A 3.4 6A 29 12A  — —
Red spruce 47 15AB 1.3 0A 1.0 0A 1.1 0A 1.2 0A — —
Sitka spruce 9.2 32AB 1.0 0A 1.2 0A 1.1 0A 1.0 0A — —
White spruce 4.7 9B 1.4 0A 1.1 0A 1.2 0A 1.4 0A — —
Boron, initial
Balsam-fir — — 16.7 56 AB 168 56A 228 T4A 170 S9A 412 100 A
Engel. spruce — — 170 41B 114 21B 230 76A 18.0 53A 387 97A
Lodgepole pine ~ — — 160 50AB 179 53AB 189 62A 147 59A 226 82B
Red spruce — — 154 74AB 137 50AB 163 74A 9.6 35A 338 100A
Sitka spruce — — 213 82A 23.1 76 A 226 T9A 157 71A 412 100A
White spruce — — 165 62AB 155 53AB 204 74A 184 65A 375 97A
Boron, 2 wk
Balsam-fir — — 244 94 A 240 82A 26.1 91A 236 94 A 413 100A
Engel. spruce — — 212 71B 20.8 85A 239 82A 246 82A 398 97A
Lodgepole pine ~ — — 235 85AB 239 82A 236 91A 247 88A 27.1 100 A
Red spruce — — 203 94A 185 82A 225 82A 147 71A 352 100A
Sitka spruce — — 293 94A 289 88 A 284 97A 289 100A 420 100A
White spruce — — 243 91AB 215 97A 245 94A 277 94A 383 100A

# Mean penetration (mm) and percentage of specimens with penetration meeting AWPA standards (=10 mm). Species with common letters represent groups
in which percentage of specimens with =10 mm penetration are not statistically different at 0.05 level of significance.

solutions. Boron penetration reached 10 mm in
over 80% of Sitka spruce specimens treated with
0.39% BC.

Boron penetration after 2-week diffusion pe-
riod.—Boron in the borate solutions evaluated is
not fixed within the wood and remains mobile as
long as sufficient moisture is present. Although
this mobility can be a disadvantage in exposed
end-uses, it can be an advantage in improving
penetration. In this study, the treated specimens
were wet-stacked, in plastic, for 2 weeks follow-
ing treatment, and boron penetration was then
measured and compared to that measured imme-
diately after treatment. An increase in boron
penetration was noted for most wood species
and treatment solutions (Fig. 3). This increase
tended to be greatest for the most concentrated
(2.34%) BC solution (Table 3). This finding is
not unexpected, as the higher boron concentra-
tion on the wood surface would be expected to
create a steeper gradient for boron diffusion. Ini-
tial penetration also tended to be lower with this
concentration, leaving more room for subse-
quent diffusion. The least improvement occurred

with the DOT solution because a high proportion
of the specimens had initially been 100% pen-
etrated. The 2-week diffusion period greatly in-
creased the percentage of BC-treated specimens
in which boron penetration exceeded 10 mm
(Fig. 3). It appears that, in most cases, treatment
with these solutions could meet the AWPA stan-
dard of 10-mm penetration in at least 80% of the
specimens.

DISCUSSION

The excellent penetration of SPF specimens
with the heated DOT solution supports earlier
research reported by Baker et al. (2001). Most
specimens had 100% penetration after the diffu-
sion period, suggesting that lumber used in con-
struction would be well protected from termite
attack even after on-site fabrication. Although
boron penetration with the BC solutions was not
as great as that found with DOT, borax-based
formulations do appear to have the potential to
adequately penetrate these species when applied
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needed in applying heat and pressure with these
species as collapse was noted in some speci-
mens. In the charge where the temperature con-

in heated solutions and allowed to diffuse after
treatment.
It is evident, however, that some care will be
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troller failed and the solution temperature ap-
proached 93°C (200°F), nearly all the specimens
exhibited severe collapse. Further consideration
of time/temperature limitations in the standards
may be warranted. Currently, AWPA standards
provide limited guidance on maximum tempera-
ture/pressure combinations. Borate treatments
have typically been applied under AWPA com-
modity Standard C31-02, “Lumber used out of
contact with the ground and continuously pro-
tected from liquid water—treatment by pressure
processes” (AWPA 2003). This standard does
not provide a temperature limitation for heating
in preservative, but it does limit maximum pres-
sure to 1,050 kPa (150 Ib/in.?) for treatment of
SPF species. The new AWPA processing and
treatment standards that have replaced the older
commodity standards limit preservative tem-
peratures to 65°C (150°F) for alkali-based for-
mulations and 95°C (200°F) for inorganic boron
formulations. Maximum pressure for treatment
of SPF species is limited to 1,250 kPa (180 1b/
in.?) (AWPA 2003).

In contrast to boron, penetration of copper in
these species was poor. This was particularly
true for the BC solutions, despite the use of heat.
The poor copper penetration with the BC solu-
tions may be a function of the low copper con-
centration of the solution and the reactivity of
copper with the wood substrate. Copper in alka-
line treatment solutions reacts rapidly with wood
components via ion-exchange or similar reac-
tions (Cooper 1991; Lebow and Morrell 1995;
Thomason and Pasek 1997), and it is possible
that at low concentrations the bulk of copper was
adsorbed from the treating solution in the outer
few millimeters of the wood surface. The heated
solution may have also increased the rate of
these reactions. This phenomenon created a
“zonal” treatment in the specimens: boron on the
inside surrounded by a thin shell of copper on
the surface.

Although no wood species was consistently
the most or least treatable, Sitka spruce was gen-
erally the species with the greatest boron pen-
etration, while red spruce often had the least
penetration. However, species treatability can
vary by region, drying practices, and other fac-
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tors, and this study was not designed to provide
a comprehensive comparison of species treat-
ability. Relative species treatability did appear to
be a function of treatment solution. Lodgepole
pine and Engelmann spruce were among the
most treatable species with CCA, but ranked to-
wards the bottom in treatability with the borate
solutions. Balsam fir, in contrast, treated poorly
with CCA but relatively well with the borate
solutions. Some lodgepole pine specimens were
similar to ponderosa pine in macroscopic ap-
pearance but were determined to be lodgepole
pine based on their microscopic anatomy. CCA
penetration in these specimens was much greater
than in lodgepole specimens with a more typical
appearance.

CONCLUSIONS

This study confirms that heated DOT solu-
tions provide excellent penetration in Spruce—
Pine—Fir (SPF) species. It indicates that the bo-
ron in a borax-based preservative may also pro-
vide adequate penetration if allowed time to
diffuse into the wood. The partitioning of copper
on the surface of specimens treated with the bo-
rax—copper (BC) solutions created a layered
treatment in these specimens. It is unclear how
this will affect preservative performance, but an
ongoing termite evaluation with a subset of these
specimens should provide some insight in this
area. The use of heated preservative solutions
can cause collapse in some wood species, as was
observed in some specimens in this study. Fur-
ther work is needed to define combinations of
heat and pressure that will provide adequate pen-
etration while minimizing degradation, and fur-
ther processing limitations may need to be in-
corporated into standards of the American Wood
Preservers’ Association.
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