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SUMMARY

Two ammoniacal preservatives, copper-arsen- 
ic-additive (CAA) and copper-zinc-arsenic-ad- 
ditive (CZAA) —  developed at the Eastern 
Forest Products Laboratory for d ifficu It-to- 
penetrate wood species —  were tested in a 
commercial treating plant on Douglas-fir 
(Pseudotsuga m enziesii [M irb .] Franco) p ly-
wood. The inner plies were spruce (Picea sp.) 
fir  (Abies sp.), and hemlock (Tsuga sp.) —  all 
can be d ifficu lt to penetrate with aqueous 
solutions. The treatm ent schedule comprised 
steaming for 1.5 or 2.75 h followed by a 
standard fu ll-ce ll treatm ent fo r 1.5 or 4 h (the 
longer schedule was used with CZAA). There 
was little  strength loss due to treatm ent and no 
evidence of wood collapse. Gores taken from 
the center of the plywood faces showed: (1 ) the 
preservative had penetrated all 5 plies; (2) 
plywood treated with a 3.2 percent oxides 
solution of CAA retained 9.3 kg/m 3 (0.58 
pounds per cu b ic fo o t) oxides; and (3) plywood 
treated with a 2.2 percent oxides solution of 
CZAA retained 9.9 kg /m 3 (0.62 pounds per 
cubic foot) oxides.
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RESUME

On a mis à l’essai deux préservatifs am mo-
niacaux: cuivre-arsenic-additif (CAA) et cui- 
vre-zinc-arsenic-additif(C ZAA). Ces produits 
ont été mis au point au Laboratoire des 
produits forestiers de l’Est pour des essences 
d iffic iles à imprégner. L’essai a été fait dans une 
usine de tra item entcom m e rc ia lesurdu  contre-
plaqué de sapin de Douglas (Pseudotsuga 
m enziessii [Mirb.JFranco). Les plis intérieurs 
étaient en épinette (Picea sp.) en sapin (Abies 
sp.), et en pruche {Tsuga sp.) —  Ces 3 essences 
peuvent être d iffic iles à imprégner lo rsqu ’on 
utilise une solution aqueuse. Le program me 
consistait en un étuvage à la vapeur de 1.5 ou 
2.75 h suivi d’un traitem ent à cellules pleines 
ordinaire de 1.5 ou 4 h (le long program m e est 
celui du CZAA). Le traitem ent a très peu 
affaibli la résistance mécanique du bois et on 
n’a pas remarqué d ’affaissement. Des carottes 
extraites du centre des panneaux ont m ontré 
que
(1) le préservatif avait pénétré les 5 plis,
(2) le contreplaqué traité avec une solution de 
CAA à 3.2 pourcent d’oxides a eu une rétention 
de 9.3 kg /m 3 (0.58 lb /p i3) d’oxides et
(3) la rétention d’oxides du contrep laquétra ité  
avec une solution de CZAA à 2.2 pourcent 
d ’oxides a été de 9.9 kg /m 3 (0.62 lb /p i3).
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INTRODUCTION

Plywood used in foundation construction must 
be thorough ly treated with chemical preser-
vatives. The Canadian Standards Association 
(CSA) Standard 080.15(5) specifies that all the 
plies in a disc taken from  the center of the 
plywood face must be penetrated by preser-
vative solution; and that the disc must contain 
on average at least 9.6 kg/m 3 (0.6 pounds per 
cubic foot) of metal oxides of the preservative.

Douglas-fir plywood which is approved fo r use 
in house foundations usually has inner plies 
made from  d ifficu lt-to-penetra te  wood species. 
For example, spruce (Picea sp.) is com m only 
used. This makes it d ifficu lt to meet the 
penetration requirements of the Standard.

We developed a preservative treatm ent based 
on ammoniacal preservatives designed spe-
c ifica lly  for use w ith d ifficu lt-to-penetra te  
species (6). In industrial trials with white spruce 
in the form  of steamed posts, poles, and lum ber 
we found that the preservative penetrated the 
sapwood and some annual rings of the heart- 
wood and that in some cases CSA treatm ent 
Standards were met for wood treated for use in 
ground contact (7,8). The preservative solu-
tions used are essentially copper and zinc 
arsenates dissolved in ammonia. They are 
called copper-arsenic-additive (CAA) and 
copper-zinc-arsenic-additive (CZAA).
We included D ouglas-fir plywood in our indus-
tria l tr ia ls to s e e h o w w e ll it could be treated (as 
defined by CSA Standards) for use in preserved 
wood foundations. The present report sum ma-
rizes our findings.



MATERIALS AND METHODS 

Douglas-fir plywood
Sixty-nine sheets of D ouglas-fir plywood were 
bought. They measured 122 x 244 x 1.6 cm (4 
feet x 8 feet x 5/8 inch) and com prised 5 plies. 
Most outer plies were identified as Douglas-fir 
(Pseudotsuga m enziesii [M irb.] Franco); a few 
were larch (Larix sp.). The three inner plies were 
either spruce (Picea sp.) fir  (Abies sp.) or 
hemlock (Tsuga sp.) —  see Table 1. The 
m oisture content of the plywood was near fiber 
saturation point (about 30 percent) measured 
with a resistance-type m oisture meter. The 
sheets were divided into two groups: 30 were 
treated with CAA and 39 w ith CZAA.

Preservative solutions
Technical grade chem icals were used to make 
the preservatives. The CAA preservative was 
form ulated in the fo llow ing  weight ratios:

Basic copper carbonate 2.91 parts
(69.5 percent copper oxide)
Aqueous arsenic acid 2.00 parts
(58 percent arsenic pentoxide)
Am m onium  bicarbonate 1.46 parts
Aqueous ammonia 20.80 parts
(26 percent ammonia)
Water 72.83 parts

The solution thus contained 3.2 percent (cop-
per and arsenic) oxides and about 5 percent 
ammonia.
The weight ratios fo r the CZAA preservative 
were:

Basic copper carbonate 0.86 parts
(69.5 percent copper oxide)
Zinc oxide 0.90 parts
Aqueous arsenic acid 1.21 parts
(58 percent arsenic pentoxide)
Am m onium  bicarbonate 1.48 parts
Aqueous ammonia 22.10 parts
(26 percent ammonia)
Water 73.45 parts

The solution thus contained 2.2 percent (cop-
per, zinc, and arsenic) oxides and about 6 
percent ammonia.

Treating schedules
Treating schedules are shown in Table 2.

Determination of solution uptake
The weight of solution absorbed during trea t-
ment was calculated by weighing each sheet of 
p lywood before and after treatm ent. The 
volum e of each piece was calculated from  its 
external dimensions.

Determination of solution penetration
Twenty sheets of plywood treated w ith CAA 
were random ly selected. Only 17 sheets treated 
w ith CZAA were available for analysis. A disc 
1.6 cm (0.63 inch) in diameter was removed 
from  the center of each sheet. The discs were 
cut in half at a 45 degree angle to  the face grain 
and half of each disc sprayed w ith chrom e 
azurol-S to show the penetration of copper 
through the 5 plies. Sections of the stained 
center ply were also examined w ith a light 
m icroscope.

Determination of oxide retention
The disc halves collected to determ ine solution 
penetration, but not sprayed with the copper-
detecting reagent, were combined into two 
groups —  those treated with CAA and those 
treated w ith CZAA. Discs treated w ith CAA 
were chem ically analyzed in one com bined 
group for copper and arsenic fo llow in g  stan-
dard procedures. The discs conta in ing CZAA 
were analyzed indiv idually for copper, zinc, 
and arsenic.

Additional discs were also taken 61 cm (2 feet) 
along the line divid ing each sheet treated w ith 
CZAA into two 61 x 244 cm (2 x 8 feet) halves. 
The discs were analyzed individually fo r cop-
per, zinc, and arsenic.

A th ird  set o f discs was taken 10.1 cm (4 inches) 
from  the geom etric center of the CZAA-treated 
plywood. The plies were analyzed ind iv idua lly  
for copper, zinc, and arsenic.

The oven-dry specific gravity (oven-dry wood 
weight per oven-dry volume) o f the plywood 
was measured from  one set of discs as 490 
kg /m 3 (30.6 pounds per cubic foot) fo rsam ples 
treated w ith CAA and 420 kg/m 3 (26.2 pounds 
per cubic foot) fo r samples treated with CZAA.
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STATIC BENDING TESTS

Tests were confined to plywood treated with 
CZAA because a more severe treating schedule 
was used and strength losses were expected to 
be larger than fo r CAA-treated plywood. The 
static flexural properties —  stiffness and 
strength —  of plywood treated w ith CZAA were 
determ ined using small and large specimens. 
The small specimens were prepared and tested 
(Figure 1) according to th e  ASTM Standard (1), 
while the large ones (122 x 244 cm; 4 x 8  feet) 
were tested as shown in Figure 2.

Figure 1. Flexural testing of small specimens.

The m oisture content of the plywood was 
adjusted to 13 percent before testing (using our 
standard cond ition ing room) and the data 
extrapolated to 7 percent m oisture content for 
com parison w ith literature values (3). The 
durab ility  of the treated plywood was assessed 
by testing the small specimens after soaking in 
water for 21 d or after boiling in water for 2 h. 
Replication with treated material was as follows:

Specimen M oisture Number of
Size C ondition ing Replicates

small room 15
small soak 10
small boil 6
large room 24

The small specimens were cut according to th e  
ASTM standard (1) w ith the longest dimension 
perpendicular to the face grain. Equal numbers 
were also cut and tested w ith the face grain 
parallel to the longest dimension; results were 
essentially sim ilar and are not reported here in 
detail.

Figure 2. Flexural testing of large panels.
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Oxide retentions determ ined according to CSA 
Standards (Table 3) at the center of each sheet 
were close to the value of 9.6 kg /m 3 (0.6 pounds 
per cubic foot) required for plywood used in 
preserved wood foundations. Solution pene-
tration was also assessed at the center of each 
sheet. All 5 plies were penetrated and the cell 
walls of the center ply were all impregnated. 
Even though a weaker solution (in terms of 
oxides) was used fo r the CZAA treatm ent than 
the CAA treatment, retentions of CZAA were 
com paratively higher because a longer treat-
ment schedule was used.

Oxide retention based on the weight of solution 
absorbed was near 18.2 kg /m 3 (1.14 pounds per 
cubic foot) using the 3.2 percent oxides CAA 
solution and 15.0 kg /m 3 (0.94 pounds percub ic 
foot) using the 2.2 percent oxides CZAA solu-
tion. These figures are at least 50 percent 
higher than those obtained by sampling the 
center of the p lyw oodface (Table3 — chemical 
assay). This suggests that the loading near the 
edge of the sheet is considerably higher than 
the loading in the center of the face.

Further discs were taken from  the plywood 
treated with CZAA at the point 61 cm (2 feet) 
from 3 edges of the sheet. The mean oxide 
retention was 10.4 kg /m 3 (0.65 pounds per 
cubic foot). This is not statistically different 
from  the mean oxide retention found at the 
center of the sheet —  9.9 kg /m 3 (0.62 pounds 
per cubic foot).

We also analysed individual plies in cores taken 
near the center of the plywood face (Table 4). 
As expected more oxide was retained in the 
outer plies. However, the mean oxide retention 
of 8.2 kg/m 3 (0.51 pounds per cubic foot) was 
about 20 percent below the retentions found at 
the other two points analyzed (see above) 
suggesting that uptake is not uniform  th rough-
out the sheets. There was also some evidence 
of d isproportionation (preferential absorption 
of copper, zinc, or arsenic) in the individual 
plies. This is reported in detail elsewhere (10).

The stiffness and strength were evaluated from 
bending tests (Tables 5 and 6). Since the 
published data on plywood are available at 7

RESULTS AND DISCUSSION percent m oisture content our results at 13 
percent m oisture content were adjusted to be 
com parable (2, 4, 9, 11). Means were sta tis ti-
cally com pared by the t-test. The CZAA pre-
servative treatm ent appeared to have neglig ib le 
effect on the stiffness and strength. Glue bond 
durab ility  was excellent in the 2 h boil test: 
reductions in stiffness and strength were no 
larger than fo r untreated plywood. We expect 
that results would have been sim ilar fo r the 
CAA-treated plywood since treatm ent cond i-
tions were milder.

CONCLUSIONS

D ouglas-fir plywood contain ing inner plies of 
d ifficu lt-to -pene tra te  wood species can be 
treated close to CSA requirements fo r pre-
served wood foundations using CAA and CZAA 
accord ing to the basic schedules described in 
th is report. Uptake varies depending on the 
exact spot chosen near the center of the sheet 
(we found a 20 percent variation).

The preservative can penetrate the cell walls of 
the wood in all 5 plies at the geom etric center of 
the sheet. In this same region oxide retention is 
highest in the outer plies. However, oxide 
retention of the com bined plies is lower than fo r 
sim ilar plies near the edge of the sheet.

Static flexural tests indicate that the CZAA pre-
servative treatm ent has neglig ible effect on 
stiffness and strength. Furthermore, bond d u r-
ab ility  is sim ilar to that o f untreated plywood: 
the treated plywood does not delam inate after 2 
h in boiling water and the stiffness and strength 
reductions parallel those of untreated plywood. 
CAA-treated plywood should behave sim ilarly.
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Table 1. W OOD SPECIES IN SEVENTEEN SHEETS OF DOUGLAS-FIR PLYWOOD

Douglas-fir

1 and 5 
(face veneers) 

30

Ply number

2 and 4 
(cross plies) 

0

3
(core)

0
Larch 4 0 0
Hemlock 0 4 1
Fir 0 16 9
Spruce 0 14 7
Number of plies examined 34 34 17

Table 2. TREATING SCHEDULES

Preservative
CAA CZAA

First vacuum period (min) 15 15
Steaming period (m in) 90 165*
Steaming tem perature (°C ) 104 99
Steaming tem perature (° F) 220 210
Second vacuum period (h) 1 1.5
Pressure (kPa) 900 900
Pressure (pounds per square inch) 130 130
Pressure period (h) 1.5 4
Tem perature of preservative solution (°C) 43 43
Temperature o f preservative solution (° F) 110 110
Purging vacuum period (min) 15 15

* Plywood stored outdoors during w inter before treatment.
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Table 3. SOLUTION UPTAKE AND OXIDE RETENTION FOR PLYW OOD TREATED WITH 
CAA1 AND CZAA1

Preservative

W eight of solution absorbed (kg /m 3) Range
Mean

CAA
4382 - 646 

570

CZAA 
592 - 824 

682

Weight o f solution absorbed 
(pounds per cubic foot)

Range
Mean

27.3^-40 .3
35.6

37.0 -51.4 
42.6

Oxide retention at center of sheet 
by chemical assay (kg /m 3)

Range
Mean

Not determ ined 
9.3

7.0 - 16.5 
9.9

Oxide retention at centre o f sheet by 
chem ical assay (pounds per cub ic foot)

Range
Mean

Not determ ined 
0.58

0.44 - 1.03 
0.62

1 Data are for 20 sheets treated with CAA and 17 sheets treated w ith CZAA

2 Retention in this one sheet was abnorm ally low —  less than 90 percent of any other sheet.

Table 4. OXIDE RETENTIONS IN INDIVIDUAL PLIES FROM THE CENTER1 OF THE FACE 
OF SEVENTEEN PLYWOOD SHEETS TREATED WITH CZAA.

Ply Number O xide Retention
kg/m 3 pounds per cub ic foot

1 + 5 9.3 0.58
2 + 4 7.3 0.46

3 7.9 0.50

1 The samples were taken 10.2 cm (4 inches) from  the exact geom etrical center of the
plywood sheet, i.e. they were not identical with those used fo r the com bined sample
assayed (Table 3) according to the Standard .
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Table 5. EFFECT OF CZAA TREATMENT ON THE STATIC FLEXURAL PROPERTIES OF 
DOUGLAS-FIR PLYWOOD PANELS.

Static Bending M odulus1
T reatment Statistical of

Parameters Elasticity Rupture

None (9) Replicates 43 43
Mean (MPa) 13.74 x 103 53.43
Mean (pounds per square inch) 1993 x 703 7750
C oeffic ient of Variation (percent) 13.6 21.4

CZAA Replicates 24 [15]2
Mean (MPa) 14.44 x 103 [66.19]
Mean (pounds per square inch) 2094 x 103 [9600]
Coeffic ient of Variation (percent) 11.6 [16.3]

1 E lasticity is equated with stiffness and rupture with strength.

2 The whole treated panels could not be sacrificed fo r the modulus of rupture test. Small 
specimens were used (reported in Table 6); they would give sim ilar values (c.f. modulus of 
elasticity data in Tables 5 and 6).

Table 6. INFLUENCE OF SOAKING AND BOILING ON STATIC FLEXURAL PROPERTIES 
OF CZAA-TREATED DOUGLAS-FIR PLYWOOD.1

Moisture Statistical Static Bending M odulus1 2
Content Parameters of
(percent) E lasticity Rupture

7 Replicates 15 15
Mean (MPa) 14.25 x 103 66.19
Mean (pounds per square inch) 2067 x 103 9600
C oeffic ient of Variation (percent) 17.8 16.3

>30 (21 d soak) Replicates 10 10
Mean (MPa) 10.22 x 103 40.68
Mean (pounds per square inch) 1482 x 103 5900
Coeffic ient of Variation (percent) 13.0 14.3

>30 (2 h boil) Replicates 6 6
Mean (MPa) 9.85 x 103 40.00
Mean (pounds per square inch) 1429 x 103 5800
Coeffic ient of Variation (percent) 16.6 13.3

1 Face grain perpendicular to span (Figure 1 ).

2 Elasticity is equated with stiffness and rupture with strength.
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