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This work investigates the treatability of four Appalachian hardwoods with the
waterborne preservatives CCA-C and ACQ-B. Heartwood and sapwood of the species
were investigated, at least initially, for all species. Six-inch-long nominal 2 by 4 samples
of red maple, yellow-poplar, hickory, and beech were end-sealed and vacuum/pressure
treated with a 1 percent active ingredient solution of ACQ-B or a 2 percent solution of
CCA-C. The pressure durations were varied as well as the temperature of the solution
(for ACQ-B). Measurements were taken of minimum and maximum penetration,
percentage of cross-sectional area penetrated, and retention of preservative as deter-
mined by x-ray fluorescence spectroscopy. The sapwood of yellow-poplar and red maple
was found to be 100 percent treatable. Hickory sapwood was consistent in treatability,
although limited, while beech sapwood fell somewhere between hickory and the other
species. Statistical analysis indicated that the duration of pressure periods used in this
study had no consistent positive effect on treatment. The preservative solution was a
significant factor in improved measures of treatability in some instances.

while Appalachian hardwoods are
used extensively for railroad ties (treated
with creosote), many species fall into the
refractory category when treated with wa-
terborne preservatives. Also, the treatabil-
ity of many of these woods has not been

well documented. In the past 10 to 15
years, many of these species have seen
increased use in the furniture, composite,
and export markets. If the wood of these
species could be satisfactorily and consis-
tently preservative treated, their use, mar-
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ketability, and value would be further
enhanced for applications in adverse con-
ditions.

Refractory softwoods have been stud-
ied with techniques that improve pre-
servative treatment as characterized by
penetration and retention.1,2  Improve-
ments in these criteria have been demon-
strated when an ammoniacal preservative
solution was used in comparison to chro-
mated copper arsenate (CCA). These
studies primarily focused on the effect of
incising refractory softwoods before
treating in commercial treating facilities
or on a laboratory scale. Both studies
compared CCA to ammoniacal preserv-
ative solutions (ACZA and ACA, respec-
tively). When the effect of preservative
was singled out, generally better or statis-
tically significant improved penetration
was observed for the ammoniacal solu-
tions. Another study included the pre-
servatives CCA-C and ACQ-B3 on the
treatability of red maple. The study by
Smith et al. found red maple sapwood to
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sprayed with chrome azurol-S to aid in
subsequent penetration measurements.
Penetration measurements were made
according to Figure 1, so that totals of
four depth-of-penetration measurements
per sample were recorded; Min(imum)X,
Max(imum)X, Min(imum)Y,
Max(imum)Y as well as a rating of per-
centage of cross section penetrated.
Maximum measurements were limited to
one-half the total possible distance in
each dimension (i.e., 0.75 in. in the X
dimension, 1.75 in. in the Y dimension).
Percentage of cross section penetrated
was given a rating of 0, 1, 2, or 3; where 0
= 0 to 25 percent, 1 = 25 to 50 percent, 42
= 50 to 75 percent, and 3 = 75 to 100
percent penetration.

All species, both sapwood and heart-
wood, were treated initially with CCA.
The sapwood and heartwood results were
compared, and if sapwood was found to
be extremely well treated with CCA, it
was judged to be very treatable in general
and was dropped from further investiga-
tion with ACQ-B. This was found to be
the situation for yellow-poplar and red
maple. The heartwood of these species
was treated with the ACQ-B to determine
if results might be improved in what ap-
peared to be refractory heartwood. Hick-
ory sapwood showed only fair treatment
results with CCA at best, and was treated
with ACQ-B. Beech sapwood, which
treated somewhere between hickory sap-
wood and the readily treatable sapwood
of yellow-poplar, was also treated with
ACQ-B. For red maple and yellow-pop-
lar, where sapwood was found to be 100
percent treatable with CCA, heartwood
penetration measurement data were ana-
lyzed using an unweighed means analy-
sis of variance where the model used
was:

be easily treated with either preservative
solution, while red maple heartwood was
considerably less treatable.

This study evaluates the treatability of
red maple, yellow-poplar, hickory, and
beech with CCA-C and ACQ-B. An ef-
fort was made to ensure samples were all
heartwood or all sapwood.

M A T E R I A L S  A N D  M E T H O D S

Green logs were cut into full 2-inch
random width/length boards of yellow-
poplar (Liriodendron tulipifera L.), red
maple (Acer rubrum L.), hickory (Carya
spp.), and beech (Fagus grandifolia
Ehrh.). Opening cuts were made to leave
as much wane as possible, maximizing
sapwood while still producing 2-inch-
thick boards. This left boxed-heart cants
that were cut into boards a full 2-inches
in thickness.

The green, rough-cut lumber was
dried below the fiber saturation point
(FSP) by either airdrying or dehumidifi-
cation kiln-drying. Once below FSP,
oversized 2- by 4-inch blanks were
ripped from the boards, making every
effort to produce either sapwood or
heartwood blanks. While wane on the
opening-cut boards helped to identify
sapwood, both proximity to the pith and
ring orientation combined with discol-
oration were used as indicators of heart-
wood. The blanks were then processed
through a molder/planer to produce ran-
dom-length nominal 2 by 4’s. Straight-
grained, 6-inch-long samples that were
as defect free as possible were cut and
placed in a conditioning room (70°F at
65% relative humidity (RH)) to equili-
brate at 12 percent moisture content
(MC). Prior to vacuum/pressure treat-

ment, samples were end-sealed with an
elastomeric sealant.

A 4 percent active ingredient solution
of ACQ-B was supplied by Chemical
Specialties, Inc., from which a 1 percent
active ingredient solution was prepared
by diluting with water. A 50 percent con-
centrate solution of CCA-C was supplied
by Osmose Wood Preserving, Inc., from
which a 2 percent active ingredient solu-
tion was prepared by diluting with water.
A 50 percent concentrate solution of
CCA-C was also supplied by Osmose,
from which a 2 percent active ingredient
solution was prepared by diluting with
water. Actual solution strengths for
CCA-C ranged from 1.946 to 2.185 per-
cent with the individual components fall-
ing with the ranges set in AWPA Stand-
ard P5-93 section 6.4 Of the seven
vacuum/pressure treatment cycles using
ACQ-B solutions, all were in compliance
with AWPA Standard P5 section 13, ex-
cept for the first solution (red maple and
yellow-poplar heartwood, and hickory
heartwood and sapwood samples treated
for 60 min. with an ambient solution tem-
perature). This treatment cycle had some-
what elevated amounts of CuO and
DDAC, and the last solution (beech
heartwood and sapwood treated for 120
min. with a heated solution) had a low
NH3:CuO ratio (0.88), the latter being the
result of heating.

Treatment constants were pressure
(200 psi) and an initial vacuum (28 in.
Hg) period of 30 minutes. Variables were
pressure period duration (60, 90, and 120
min.) and solution temperature of ACQ-B
(80°F, or 180°F) henceforth referred to as
ambient or heated, respectively. For all
treatments, the number of samples was 10.

An entire cross section from the cen-
ter of the sample was ground for copper
retention analysis using x-ray fluores-
cence spectroscopy (ASOMA), while
one of the freshly sawn faces was
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Multiple comparisons were done using
Fisher’s Least Significant Difference
Test.

R E S U L T S  A N D  D I S C U S S I O N

For the sake of discussion, reference
is made here to the AWPA Book of
Standards 1995.4 Standard C14-93 Wood
for Highway Construction-Preservative
Treatment by Preservative Processes,
specifies penetration requirements as
well as preservatives for this end use. The
two preservatives investigated in this
work are not included in this standard for
hardwoods; however, as a point of refer-
ence, specified retention of CCA in
southern pine (C14-93) is 0.60 or 0.40
pcf, depending on usage. The specified
retention of ACQ-B in southern pine (C2
Lumber, Timber and lies-Preservative
Treatment by Pressure Processes) is 0.25
or 0.40 pcf, depending on usage. Accord-
ing to standard C2, penetration of creo-
sote, creosote solutions, and oilborne
preservatives is specified for maple as
follows; 80 percent of 20 cores per
charge must equal or exceed 1.50 inches
or 75 percent of sapwood. whichever is

less (C1). Standard C1 (All Timber Prod-
ucts-Preservative Treatment by Pressure
Processes) further states that the maxi-
mum penetration required in any piece of
sawn material shall be no greater than
half the width or depth of said piece,
depending on the orientation of the
measurement.

Assuming samples treated in this
work were either all sapwood or all heart-
wood, the minimum penetration require-
ments can be stated hypothetically as fol-
lows: sapwood — 0.56 inch of thickness
(75% of 1/2 of 1.5 in.) or 1.31 inches of
width (75% of 1/2 of 3.5 in.); heartwood
— 0.75 inch of thickness or 1.50 inches
of width. Given that the randomness of
borings taken from a commercial charge
of treated lumber would yield average
penetration values between the lowest
mean minimum and the highest mean
maximum penetration values obtained in
this work, the likelihood that these hy-
pothesized penetration criteria could be
met, as it applies to all preservative solu-
tions used in this work, are good for
yellow-poplar and red maple. fair to poor
for beech, and poor for hickory. Yellow-
poplar and red maple sapwood were
found to be extremely treatable with
CCA and would easily exceed the afore-
mentioned criteria. The heartwood of
these species along with the sapwood of
beech was not as clear-cut, yet the results
approach the minimum requirements, as
can be seen in Table 1. Figures 2 and 3
show the chrome azurol-S-sprayed cross
sections of sapwood and heartwood of
yellow-poplar and red maple that were
treated with CCA.

The assay zone for determining pre-
servative retention in maple is 0 to 0.6
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inch from the surface. Because an entire
cross section was used for determining
retention in this work. the analytical pro-
cedure used yielded very conservative
estimates of retentions that might be
achieved in the outer 0.6 inch of the wood
member. Desired retention levels of CCA
are apparently achievable for yellow-
poplar, red maple, and beech, although
some adjustment of solution strength
may be necessary. CCA retention in
hickory was so low that increasing solu-
tion strength to increase retention might
not be feasible. Along the same line of
reasoning, desired retention levels of
ACQ-B would be achievable for yellow-
poplar and red maple sapwood, possible
for yellow-poplar and red maple heart-
wood and beech heartwood and sap-

wood, but questionable for hickory sap-
wood or heartwood.

Another way of evaluating the data
summarized in the following sections
would be to look for evidence of a viable
“shell” treatment. By looking at the two
minimum measurements, along with the
respective standard deviation and range,
it can be determined whether there is a
“good” or, at least, a consistent shell of
treatment. From this point of view, yel-
low-poplar and red maple might be suc-
cessfully treated with any of the preserv-
atives used in this work while the
sapwood or heartwood of beech might be
successfully treated with one of the
ACQ-B solutions. Conversely, large
maximum penetration values with an av-
erage percentage cross section penetrated

of 0 (0% to 25%) or 1 (25% to 50%)
would be an indication of erratic treat-
ment results.

Tables summarizing penetration and
retention results will be found in the fol-
lowing sections specific to species. The
tables show the mean results by treat-
ment with standard deviation and range
of measurement for each respective treat-
ment. Cells with a 0 in parentheses, such
as (1.75(0)), indicate that all measure-
ments were the same and, therefore, there
is no standard deviation or range. Statisti-
cal analysis of preservative retention was
not carried out because of the different
natures of the two preservatives.

BEECH

Tables 2,3, and 4 give the penetration
and retention summary results for all
treatments of beech. The results of treat-
ment with CCA (Table 2) indicate that
sapwood is more treatable than heart-
wood, but overall treatment of both
heartwood and sapwood was somewhat
erratic. The minimum penetration meas-
urements are predominately low with
relatively high standard deviations and
ranges that include zero penetration oc-
cur in all cases but one (MhY at a 90-
min. pressure period for sapwood). Re-
tention of 0.40 pcf of CCA in beech sap-
wood is clearly achievable while solution
strength might have to be increased to
achieve the same in heartwood. The solu-
tion strength of the ACQ-B might need to
be increased in order to consistently treat
to 0.25 pcf.

Penetration results for beech sapwood
treated with either solution of ACQ-B
(Table 3) approach the previously dis-
cussed minimum penetration require-
ments, while the heartwood, treated with
an ambient solution of ACQ-B (Table 4),
shows evidence for a possible shell treat-
ment. The mean minimum penetration
measurements of heartwood treated with
an ambient ACQ-B solution in all three
time periods are consistently higher in
comparison to the CCA or heated ACQ-
B/heartwood groups with smaller stand-
ard deviations and fewer instances of
ranges that include zero penetration.

In relation to the minimum penetra-
tion requirement, Table 1 shows the fre-
quency distribution of the minimum and
maximum penetration measurements for
all treatments of sapwood (ignoring
time). While the percent of minimum
measurements that meet or exceed the
hypothesized minimum requirement for
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penetration is low, the percentage of
maximum measurements that meet or
exceed the minimum requirement range
from 40 to 90 percent.

Table 5 summarizes the statistical
analysis for treatments of beech in rela-
tion to heartwood/sapwood, preservative
solution, and the respective interaction.
The statistical results (Table 5) for beech
clearly indicate sapwood is more treat-
able than heartwood. When preservative
solution is singled out, a “best” preserv-
ative is not readily apparent. One or both
of the ACQ-B solutions was best or
equally best in four of five categories
while CCA was best or equally best in
two categories. The reason CCA shows
up as statistically “best” in the maximum
penetration categories and not in the
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other categories of penetration can be
explained as long tangential “spikes” of
penetration within one or two annual
rings running perpendicular to the side of
the sample, accounting for little of the
total penetration. The interaction of
heartwood/sapwood and preservative so-
lution showed similar results with a
heated solution of ACQ-B being signifi-
cantly better than one or both of the other
solutions in combination with sapwood
for all categories. Consistent statistical
significance was found in relation to
heartwood/sapwood, preservative solu-
tion, and the respective interaction be-
tween the two. Significance in relation to
time, for all categories, except MaxX,
was also indicated, as can be seen in
Table 5, although no obvious interpreta-
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tion is apparent. In the MinX, MinY, and
percent cross section penetrated catego-
ries, a 90-minute pressure period was
equally “best” with a 120-minute pres-
sure period. However, there was no dif-
ference between the 60- and 120-minute
pressure periods according to Fisher’s
LSD. In the MaxY category, the 90- and
120-minute pressure periods were statis-
tically different from the 60-minute pres-
sure period. All remaining 2-way and
3-way interactions were not significant
except an ACQ-B ambient solution inter-
acting with a 120-minute pressure pe-
riod, which was significant in percent
cross section penetrated, while the inter-
action of sapwood, CCA, and a 90-min-
ute pressure period was significant for
the MinY category. The statistical sig-
nificance in these areas was most likely
the result of random chance, was simply
anomalous, or the result of difficulty in
heartwood sapwood differentiation.
Y E L L O W- P O P L A R

Tables 6 and 7 give the penetration
and retention summary results for all
treatments of yellow-poplar. Yellow-pop-
lar sapwood was found to be 100 percent
treatable with CCA (Fig 2) and would
meet any criteria for treatment. As such,
it was decided that sapwood would treat
the same with ACQ-B and, therefore,
was not included in the analysis of vari-
ance. Only the heartwood was investi-
gated further.

Evidence for a shell treatment of
heartwood, ranging from marginal to
very good can be seen in the summary
tables. The minimum penetration results
for heartwood treated with CCA (Table
6) are all greater than zero. Assuming the
penetration values of randomly sampled
boards similarly treated would fall be-
tween the minimum and maximum pene-
tration means, a shell of treatment of at
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least 0.3 inches could be reasonably ex-
pected. Treatment with the ambient solu-
tion of ACQ-B produced results (Table
7) similar to those from treatment with
CCA. The heated solution of ACQ-B
yielded the best penetration results (Ta-
ble 7) and was statistically the best pre-
servative solution in all penetration cate-
gories (Table 8). Table 1 shows the
frequency distribution of penetration re-
sults for heartwood (ignoring time). De-
sired retention levels of CCA in sapwood
or heartwood would be easily achieved
with a 2 percent solution. An ACQ-B
solution strength of 2 percent or greater
would probably be needed to reach 0.25
pcf in heartwood.

Significance in the maximum pene-
tration categories was found for CCA. As
with beech, this can be explained as long
tangential “spikes” of penetration within
one to several annual rings running per-
pendicular to the side of the sample,
which accounted for large maximum
penetration values, while minimum
penetration values remained low. Time,
when singled out, showed no signifi-
cance. The two categories where interac-
tions between the preservative and time
were significant include a heated solu-
tion of ACQ-B, and CCA and all three
time periods. The significance of the
heated solution of ACQ-B is self ex-
planatory, while the inclusion of CCA in
the two maximum penetration categories
can be explained by the previously men-
tioned areas of tangential penetration.

R E D  M A P L E

Tables 9 and 10 give the penetration
and retention summary results for all
treatments of red maple. Red maple, as
with yellow-poplar, had easily treated
sapwood (Fig. 3) with the same assump-
tions being made. While the percent of
minimum penetration measurements that
meet or exceed the hypothesized mini-
mum penetration requirement was lower
than that found for yellow-poplar, they
still range from 58.6 to 62.1 percent
while the lowest percentage for the maxi-
mum penetration values meeting or ex-
ceeding minimum requirements was
86.7 percent (MaxY). As such, sapwood
was not included in the analysis of vari-
ance. Table 1 shows the frequency distri-
bution (ignoring time) of penetration re-
sults for the treatments of red maple
heartwood.

Evidence of a shell treatment of red
maple heartwood is similar to, yet less

pronounced than, that found for yellow-
poplar heartwood. While the mean mini-
mum penetration values for CCA and
Ambient ACQ-B were generally greater
than those of a heated solution of ACQ-
B, all three solutions had instances of
zero penetration in these categories. A
close visual examination of the red maple
specimens indicated a tendency for the
lower temperature/shorter pressure pe-
riod samples to have been located further
from the pith than samples in other treat-
ment combinations and may have con-
tained greater amounts of the more treat-
able sapwood or some sort of transition
wood. This result indicates the difficulty
in accurately distinguishing between
heartwood and sapwood in red maple. It
may also be an indication that red maple
has relatively little heartwood, as has
been indicated in the previously men-
tioned study done by Smith et al.
Whether there are chemical reactions be-
tween copper and maple extractives that
limited penetration at the higher tem-
perature is a matter of supposition.

Statistical results (Table 11) for heart-
wood penetration show an ambient solu-
tion of ACQ-B was significantly best in
the MaxX category and, along with
CCA, best in the other four penetration
categories when compared to a heated
solution of ACQ-B. Time and the interac-
tion between time and preservative had
significance in some categories but the
interpretation of these results is not read-
ily apparent. A 90-minute pressure pe-
riod was best for MaxX and percent cross
section penetrated, and equally best,

along with a 120-minute period, in the
MaxY category. Significance was indi-
cated in all categories for the interaction
between preservative solution and time
period but the interpretation of this is less
than clear and may be affiliated with the
previously mentioned proximity-to-pith
observation.
H I C K O R Y

Table 12 gives the penetration and
retention summary results for the statisti-
cally best treatment of hickory, a heated
ACQ-B solution. Figure 4 shows the ac-
tual cross sections for this treatment. The
remaining treatments are not summa-
rized here, since they were so poor as to
not warrant discussion, as the reader can
judge from Table 6 (being the best re-
sults). The probability that hickory
would meet or exceed minimum penetra-
tion requirements for solid wood prod-
ucts is low based on these results. Hick-
ory also had the lowest retentions of any
of the species. Solution strengths of CCA
might have to be doubled in order to con-
sistently reach 0.40 pcf while ACQ-B re-
tentions were consistently below 0.10 pcf.

Hickory was the most consistent of
the species as to the factors that were
statistically significant (Table 13) in im-
proved penetration. While sapwood, a
heated solution of .ACQ-B, and the inter-
action between the two were unani-
mously significant in improving penetra-
tion in comparison to the other
treatments, this “best” treatment had
penetration values well below the theo-
retical minimums discussed in this work.
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Significance was also found in the per-
cent cross section penetrated category for
the interaction between sapwood and the
60- and 120-minute pressure periods, as
well as the interaction between a heated
ACQ-B solution and the 90-minute pres-
sure period. The latter interaction was
also significant in the MaxY category.
As with beech, these statistical signifi-
cances appear to be the result of ran-
dom chance or were simply anomalous
occurrences.

C O N C L U S I O N

The treatability of hardwoods cannot
be generalized and, in particular, this
study further supports the difficulty in
treating refractory heartwood of hard-
wood species. Each species must be in-
vestigated and evaluated on an individual

basis. Generally, sapwood is more treat-
able than heartwood in the species inves-
tigated here, ranging from very good
(yellow-poplar) to poor (hickory). Dura-
bility studies notwithstanding, based on
these results, sawn stock of yellow-pop-
lar and red maple could meet or exceed
the referenced AWPA minimum penetra-
tion requirements for solid wood prod-
ucts, although incising might be re-
quired to consistently treat the
heartwood. Where a shell treatment
of preservative is deemed adequate,
beech and the heartwood of yellow-
poplar and red maple might be ac-
ceptable alternatives to the more com-
monly treated wood species, especially
in tight of improved penetration using an
ammoniacal preservative. This work may
be another example of why hickory and

beech are two of the least utilized of the
Appalachian hardwoods. However, the
potential for modest improvements in
preservative penetration into the refrac-
tory wood of these species raises the pos-
sibility of a preservative treatment sys-
tem for composite wood products,
adhesion studies not withstanding.
Whether there are reactions occurring
with extractives that might explain why
an ambient solution ACQ-B showed
improved penetration results in red ma-
ple and beech, while the heated ACQ-B
solution showed improved results for
yellow-poplar and hickory, and why
CCA was as good or better in some
instances cannot be definitively an-
swered here.

4 2 SEPTEMBER 1997


