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NOTICE

This report is an internal Forintek document, for release only by 
permission of Forintek Canada Corp. This distribution does not 
constitute publication. The report is not to be copied for, or 
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unless prior permission is secured from Forintek Canada Corp.
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acting on its behalf, make any warranty, express or implied, or assume 
any legal responsibility or liability for the completeness of any 
information, apparatus, product or process disclosed, or represent that 
the use of the disclosed information would not infringe upon privately 
owned rights. Any reference in this report to any specific commercial 
product, process or service by tradename, trademark, manufacturer or 
otherwise does not necessarily constitute or imply its endorsement by 
Forintek Canada Corp. or any of its members.



SUMMARY

In order to assess the potential of the pulsation process to treat 
white spruce with CCA, the results of treatments using three different 
variants of a high-pressure pulsation process with 2.1 MPa maximum 
pressure have been compared to results obtained from normal and high 
pressure empty- and full-cell processes. The results showed that the 
high-pressure pulsation process significantly enhances preservative 
uptake and penetration, but that mechanical damage to the wood is 
considerable. The results of the treatment using three different 
variants of the pulsation process indicate that there is potential to 
further develop the process to treat spruce wood with CCA.
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1.0 OBJECTIVES

To determine whether the pulsation process developed for the pressure 
treatment of spruce roundwood with creosote has potential to treat 
spruce lumber with chromated copper arsenate (CCA).

2.0 INTRODUCTION

The pulsation process was originally developed to increase penetration 
in the refractory red heart of beech wood sleepers with creosote 
preservative (Httsli 1980; HOsli and Filion 1983) and has shown great 
potential in industrial trials (Osusky and Bosshard 1986). It is, in 
principle, an empty-cell process where the liquid pressure is not held 
constant but is varied rapidly between a pressure slightly above the 
initial air pressure and a higher maximum pressure, usually 1.0-1.2 
MPa. This rapid change of pressure causes greater pressure differences 
through penetration obstacles within the wood, such as tyloses or pits, 
while the total pressure within the wood slowly increases (Hbsli 1980), 
thus allowing the penetration of small pores. Because of the slow 
increase in the total pressure within the wood, the process also showed 
great potential for the treatment of spruce with creosote under a 
pressure of 2.1 MPa without damaging the wood by cell collapse (HOsli 
and Osusky 1982).

However, the pulsation process has not yet been evaluated for its 
potential to pressure-treat spruce wood with waterborne preservatives. 
The purpose of this study was therefore to determine whether a CCA 
solution could be injected into the wood using high pressures without 
causing collapse of wood cells. Spruce wood can, in fact, easily be 
collapsed under high-pressure treatment, as has been shown in detail by 
Riechert (1974).

The behavior of spruce wood during a high-pressure pulsation process, 
however, cannot be predicted from the previous work, because the 
wetting properties, surface energy and viscosity of aqueous solutions 
are very different from values for creosote.

3.0 BACKGROUND

Spruce wood is one of Canada's major wood species, but its use has been 
limited for service in ground contact because of its low durability and 
its refractory behavior against chemical treatment. Its successful 
treatment would, therefore, allow it to be employed in new end-uses, 
particularly where the supply of treatable species is limited or where 
the price of treated wood is not competitive.
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5.0 MATERIALS AND METHODS

Six charges of 4 x 8 x 46 cm end-sealed white spruce samples, contain-
ing both sapwood and heartwood, were treated with 2.4% (oxide based)
CCA solution at room temperature. One charge consisted of 12 - 13 
samples. Before treatment, the cross-sectional dimensions at mid 
length (0.1 mm precision) and the length of each sample were recorded 
together with their weight (0.01 g precision). The mean moisture 
content of the untreated samples was about 6%.

After treatment the samples were weighed and the preservative uptake 
was calculated using weight gain and the sample volume. The preserva-
tive content was also calculated from the liquid uptake, which was 
measured continuously.

The treated samples were stored for at least 3 weeks in the laboratory 
before being crosscut to allow the penetration of the preservative to 
be determined using AWPA/A2 standard procedure (AWPA 1986). Three 
lines parallel to the 4 cm face and 2 cm apart were used to measure the 
portion of the treated wood on the cross-section at 10 cm from the 
resin-sealed end. To assess this "preservative distribution", two 
types of penetration measurements were carried out, namely the evalua-
tion of the portion of the completely treated outer shell and the 
evaluation of the portion of the treated inner parts where partially 
penetrated annual rings had been observed. The conventional measure-
ment of penetration was made at the sample mid-point using a 4 mm zone 
on a line parallel to the 8 cm face, placed in the center of the wood. 
In addition to this "core penetration" assessed according to the 
standard, the average thickness of the completely penetrated zone of 
the outer shell was also measured.
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To quantify the surface cell collapse in each sample, an apparatus to 
measure depressions of the wood along a line across the grain was made. 
The measurement line was located so that it covered the area of most 
severe cell collapse. From these measurements, the mean depression 
between two latewood zones of each sample and its most severe depres-
sion was identified and the mean value calculated for each treatment. 
This procedure did not apply for the empty-cell high-pressure process 
where cell collapse was so severe that both early and latewood were 
affected.

In addition to the assessment of the extent of cell collapse, the 
mechanical damage due to preservative treatment was also evaluated 
through the observation of the frequency and extent of earlywood/late-
wood separation.

Six different schedules were used to treat the samples (Table 1 and 
Figure 1). The first three of these (Nos. 1 - 3 in Table 1) were a 
conventional full-cell process of total duration of 7 hours, a full-
cell process of 20 hours duration, and an empty-cell high-pressure 
process. These three treatments were used as a reference for the three 
pulsation treatments (Nos. 4 - 6 in Table 1). In the first pulsation 
schedule (No. 4 in Table 1), 60 high-pressure cycles were applied, as 
shown in Figure 1. Since this treatment resulted in heavy cell 
collapse, a second schedule (No. 5 in Table 1) in which the number of 
cycles was increased to 80 was used. The increase in the number of 
cycles should allow a slower build-up of the total pressure within the 
wood during the pressure phase. However, cell collapse was still high. 
A third schedule was therefore defined in which the pressure during the 
high-pressure periods was not raised immediately to 2.1 MPa but was 
increased gradually. Thus, the first high-pressure period was 1.0 MPa, 
the second 1.2 MPa, the third 1.4 MPa, the fourth 1.6 MPa, the fifth 
1.8 MPa and the subsequent periods 2.1 MPa. This increase of pressure 
occurred during the first 10 minutes of the process. In addition, it 
was noted that at the end of the first pulsation schedule, refusal as 
defined in the AWPA standard Cl (AWPA 1986) had not been reached. It 
was therefore decided that because of the low permeability of white 
spruce (CSA 1983), the duration of the pulsation process should be 
extended until a refusal treatment of 1% was achieved.

Similar to previous pulsation treatments of spruce with creosote (Hôsli 
and Osusky 1982), the low-pressure periods were 1 minute and 0.3 MPa 
(or 0.4 MPa absolute pressure). The initial air pressure was held at 
0.25 MPa (0.35 MPa absolute pressure) during 0.5 h for all empty-cell 
processes.
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6.0 RESULTS

From the results shown n Table 2, it is clear that the preservative 
retention based upon solution uptake is dependent more upon the 
duration of the treatment and less on the type of schedule or the 
pressure applied.

The preservative retention for the two 7-hour processes are 4.98 kg/m3 
(high-pressure pulsation process), while all long treatments result in 
a retention above 7.2 kg/m3, with little difference between their 
retentions. The third variant of the pulsation process produced a 
slightly higher uptake than the others.

The measurements of preservative uptake during the treatment indicated 
that the penetration rates were very different for the different 
treatments. In the pulsation processes, the preservative penetration 
proceeded at a lower rate at the beginning of the process compared to 
the other treatments, and at much higher rates in later phases. After 
5 minutes of treatment, preservative consumption during the pulsation 
processes was about 0.2 1/minute and after 30 minutes treatment about 
0.05 1/minute. On the other hand, the high-pressure empty-cell process 
(treatment No. 3) showed a preservative consumption of 0.4 1/minute 
after 5 minutes, but after 30 minutes, preservative consumption was too 
low to be recorded on the gauge. These values, however, have to be re-
evaluated because part of the preservative consumption as measured 
might be due not only to liquid penetrating into the wood but also to 
cell collapse during the initial phase of the process.

Concerning preservative uptake, the Canadian standard CSA 080 (CSA 
1983) requires a CCA retention of 6.4 kg/m3 for lumber in ground 
contact and 4.0 kg/m3 for above-ground use. (It should be noted that 
spruce is not yet approved for use in ground contact.) The above-
ground requirement was fulfilled by all samples of all treatments 
except the short pulsation process (treatment 4) and the 7-hour full-
cell process, where 61% and 71% respectively of the samples met the 
requirements of the standard. For the in-ground retention, 75% of the 
samples met the standard when treated with pulsation processes No. 5 
and No. 6 and with both long duration processes No. 2 and No. 3. Only 
14% of the samples of the short full-cell process (No. 1) and none of 
the samples of the short pulsation process could meet the standard 
retentions. As penetration is not strongly correlated to preservative 
distribution within the wood, these results alone cannot be used to 
evaluate the effectiveness of the process.
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Preservative distribution within the wood is also a very important 
factor for the performance of the treated products. According to the 
assessment of "preservative distribution" using the six measurements 
parallel to the 4-cm-thick face of the samples (Table 2), highest 
values for the completely penetrated shell and for the portion of the 
treated surface have been achieved for the pulsation process No. 6 and 
the high-pressure empty-cell process No. 3. Treatment No. 6 resulted 
in a significantly higher penetration of the completely treated outer 
shell of the sample. However, penetration is not improved when the 
complete treated surface is considered. Nevertheless, the difference 
in the effectiveness of the various treatments is very significant, 
considering the extent of the mechanical damage due to treatment, as 
explained below. Among the pulsation processes, the results indicate 
an increase of "preservative distribution" from processes No. 4 to No. 
6. This certainly is due to treatment conditions, which are most 
severe for treatment No. 6, where a gradual increase of pressure in the 
initial phase and a treatment to 1% refusal were applied.

The "core penetration", which reflects more precisely the results which 
would have been achieved using the standard quality control method, 
indicates similar values to those recorded for the "preservative 
distribution". Higher values of penetration were found for samples 
treated with the pulsation process No. 6 followed by those of the high- 
pressure empty-cell process No. 3. For the pulsation process the 
penetration increased in the order of treatment No. 4 < No. 5 < No. 6. 
Similar results are obtained when only the heavily treated outer shell 
is considered. Concerning the standard penetration requirements, 83% 
of the samples from treatment No. 6 would meet CSA 080 for above ground 
use, and 58% would be accepted for ground contact. Using the other two 
pulsation processes, these values are 30% - 50% lower. Very few 
samples would fulfill the standard when treated with the two empty-cell 
processes.

All of the high-pressure treated samples showed mechanical damage of 
two types. The first included damage caused by the treatment, such as 
separations between earlywood and latewood or surface cell collapse, 
and the second included other damage which did not appear to be related 
to treatment, such as splits and cracks. The separation of earlywood/ 
latewood was observed in samples from all high-pressure treatments. A 
total of 84% of the samples treated with the 60-cycle pulsation process 
showed multiple separation, and the first variation of the 80-cycle 
process did not reduce the problem. However, the gradual increase of 
pressure during the first 10 minutes of the second variant of the 80- 
cycle process greatly reduced the number of samples showing earlywood/ 
latewood separation. The beneficial effect of the treatment schedule 
No. 6 compared to the other two pulsation processes is also reflected 
by the number of separations in those samples where separation occur-
red. Considering only the samples with separations in the 60-cycle 
treatment, the average number of separations per sample was 18.
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Increasing the frequency of the pulsation process reduced the number of 
separations to 16, while the further modification through a gradual 
increase in the pressure to the final 2.1 MPa reduced the number of 
separations per sample to 8. However, earlywood/latewood separations 
should not occur at all, and the results indicate only that the process 
has potential for improvement.

Concerning collapse of the earlywood, the beneficial effect of treat-
ment schedule No. 6 can be seen in the last two columns of Table 2, 
which show that collapse was significantly lower when compared with the 
other high-pressure treatments, particularly treatment No. 3, where the 
depressions could not be assessed because the latewood also collapsed. 
This indicates not only that the earlywood collapses in this experiment 
were in fact due to the treatment and not to the drying of the treated 
wood as it has been presented by Willeitner (1987) but also that the 
pulsation process has potential for further improvement to reduce the 
extent of cell collapse.

7.0 CONCLUSIONS AND RECOMMENDATIONS

The use of high-pressure processes to treat spruce wood with CCA 
resulted in an enhanced preservative uptake and distribution in the 
wood. However, mechanical damages were extremely high for most of the 
processes applied. When a pulsation process of 80 cycles and gradual 
increase of pressure were used, the damages were diminished considera-
bly while preservative retention and distribution were enhanced. Among 
the three variants of the pulsation process, a gradual improvement of 
the results of treatment could be observed, indicating that further 
improvement is possible. However, additional work must be done to 
determine the parameters involved which will improve the results of 
treatments and potentially shorten the treating cycle. This work will 
be possible when equipment is available at Forintek that will allow 
automatic monitoring and control of high pressure and preservative 
consumption.
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Table 1

Treatment Schedules for the Six Experimental Charges1

Treatment
Number

Initial Phase 
Absolute Time 
Pressure

MPa h

Absolute
Pressure

MPa

Pressure Phase 
Pulsation Pulsation 

Time Periods 
h Number

Total Process 
Treated to Duration 
Refusal

% h

1 <0.025 0. 5 1. 0 - 1 2 7

2 <0.025 0. 5 1. 0 - 1 - 20

3 0. 35 0. 5 2. 1 - 1 - 20

4 0. 35 0. 5 2. 1* 3. 6 60 2 7

5 0. 35 0. 5 2. 1“ 6. 2 80 1 20

6‘ 0. 35 0. 5 2. 1« 6. 1 80 1 20

1 For the pulsation process No. 6, the liquid pressure was not held constant but gradually
Increased from 1.0 to 2.1 MPa during the first 10 minutes of treatment.

• The lover liquid pressure for the pulsation process was 0.4 MPa (absolute).
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Table 2

Results of Treatwent

Treatment
Number

Preservative
Retention

Preservation
Distribution

Preservation
■core"-penetration

Mechanical
Damages

(Oxide Basis) Thickness of 
Completely 
Treated Shell

Portion of
Treated
Surface

(According 
to flHPfl 
Standard

Thickness of 
Completely 
Treated Shell

Number of
Samples
with
Penetration 
>13 min.

Number of
Early/
Latemood
Separations
per Checked
Sample

Mean Early- 
wood Depres-
sion Due to 
Collapse

Mean maximum 
Depression 
of Earlywood

kg/m3 « % -
M % Number ■

1 4.98 i 1.71» 3.9 + 3.2 23 + 19 5.8 + 5.1 5.8 + 5.1 14 0 0.062 + 0.001 0.134 + 0.004

2 7.20 ± 1.07 5.3 ± 5.5 61 ± 37 3.2 + 2.2 2.8 + 2.2 0 1 0.060 + 0.001 0.321 + 0.002

3 7.81 + 2.30 7.6 + 6.3 64 + 36 12.4 + 11.6 6.5 + 6.0 35 12 HIGH» HIGH*

4 4.32 + 0.79 3.9 + 4.8 28 + 29 8.8 + 8.6 4.2 + 4.9 26 18 0.231 + 0.003 0.402 + 0.018

5 7.27 + 1.44 5.3 + 5.2 42 + 36 13.2 + 14.1 6.4 + 5.7 34 16 0.221 + 0.003 0.479 + 0.029

6 8.25 + 2.10 8.9 + 7.1 64 + 36 16.4 + 14.6 8.1 + 6.3 58 8 0.104 + 0.003 0.222 + 0.027

‘Mean, ± standard deviation 

•Too high to be assessed.
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1) The low pressure was held 1 minute throughout the process.

2) During process No. 6, the high pressure was not held constant 
but gradually increased from 1.0 MPa to 2.1 MPa during the first 

10 minutes.

Figure 1 Schedule of cyclic pressure used during the pulsation 
treatment

9



8.0 REFERENCES

AWPA. 1986. American Wood Preservers' Association. Book of 
Standards.

CSA. 1983. Canadian Standards Association, standard 080-M1983 Wood 
Preservation. Forest Products. Rexdale, Ontario.

Hôsli, J.P. 1980. Untersuchung iiber die Impragnierbarkeit von Buchen- 
holz mit Steinkohlenteerôl 3. Mitteilung: Vebesserung der
Trankung von Eisenbahnschwellen. (Part III: A contribution for 
improving impregnation of railway sleepers.) Holz als Roh- und 
Werkstoff 38:98-84.

Hôsli, J.P., and M. Filion. 1983. Suitability of the pulsation
process for the impregnation of white spruce roundwood by creoso-
te. The International Journal of Wood Preservation 
3( 1 ) : 23-30.

Hôsli, J.P., and A.R. Osusky. 1982. Teerôlimpragnierung von Buchen- 
holz mittels Pulsationsverfaren. Die Holzschwelle 77/93:36-40.

Orfila, C., and J.P. Hôsli. 1985. Pressure development in low
permeable woods during the intrusion of air. Am. Wood Pres.
Assoc. Proceedings 81:111:125.

Osusky, A.R., and H.H. Bosshard. 1986. Zur Teerôlimpragnierung nach 
dem Pulsationsverfahren. SAH Bulletin 2:19-28.

Riechert, C. 1974. Veranderungen der Holzstruktur durch Hohdruc- 
ktrankung. Diss. Fachber. Biol. Univer. Hamburg, Germany.

Willeitner, H. 1987. Washboard effect: A surface deformation of
spruce resulting from vacuum-pressure impregnation with waterborne 
preservatives. Int. Res. Group. IRG/WP doc No. 3450.

10


