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SUMMARY

The refractory behaviour of spruce wood against pressure treatment with
ood preservatives has been reviewed and the pulsation process presented.
evious work on the treatment of round wood with creosote using a high
ressure pulsation process and recent research results on the potential of
_high pressure pulsation process to treat lumber with CCA have been
resented. The process shows great potential to improve treatment of
pruce wood but more work has to be done to investigate and optimise
reatment parameters to fully screen the possibilities of treating spruce
ood to the standard requirements and to shorten the impregnation time.

1. INTRODUCTION

s only a few of the Canadian softwood species can be easily pressure
reated with wood preservatives, many research projects have been

resented in the past dealing with the impregnation of less treatable
pecies. BAmong these more or less refractory species, special attention
as brought to spruce wood. Spruce wood, which is certainly THE Canadian
pecies, is in fact, very difficult to treat. Among the spruce species,
hite spruce was of main interest for wood preservation research as it has
ecome clear during a previous literature study covering the period

etween 1900-1980 in which 60 percent of the papers dealt with the
mpregnation of white spruce (H®sli 1980).

he low permeability and refractory behaviour to pressure treatment of
hite spruce wood has been described by McLean (1935) in detail. However,
he main reason had already been recognized by Griffin (1924) who thought
hat aspirated pits might be the major obstacles to liquid penetration.
The occurrence and degree of pit aspiration has been described in detail
Y Philipps (1933) who found that all pits in the early wood are

spirated, and that 10 percent of the latewood pits remain unaspirated.
bis has been confirmed by Koran (1974) who examined in detail latewood
glts and ‘explains the often observed "zebra" treatment of spruce already
§escribed by Teesdale (194). Even if pit aspiration is generally accepted
as the main cause for refractory behaviour of spruce wood to preservative

1
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pressure impregnation, the penetration problems of liquid into the wood is
not fully understood. It is particularly not clear how the density of the
wood (Olesen, 1977), the elements of rays (Sebastian et al, 1965) and the
resin canals (Banks, 1970) are interfering with permeability.

Different methods to improve treatability or treatment of spruce wood have
been presented during the past but, unfortunately, were largely
unsuccessful under industrial conditions. It was attempted to overcome
the blockage of pits through the pretreatment of the wood by solvent
exchange drying (Comstock and coté, 1968), by biological pre-treatment
(Unligil, 1972), by mechanical precompression (Goulet et al, 1968) by
steaming or vapour drying (Hauffe, 1970) or by drilling and incising
(Ruddick, 1986), to improve preservative characteristics by adding
strongly swelling chemicals (Prokopp, 1953) or by using strongly swelling
solvents (Rak, 1977) and, finally to improve treatment processes.

According to McLean (1935), the choice of a particular impregnation
process is based more on the experience of the treater than on scientific
findings and that only very 1ittle work has been done in studying
impregnation processes. This situation has not changed essentially and
only a few papers have been presented dealing with the influence of
particular treating factors on the success of treatment. However, not
such factors alone, but their combination, are important in the success of
a treatment. As far as preservative uptake is concerned, Walters and
Whittington (1970) found that increased pressure increases preservative
retention, while Hackbarth (1975) stated that the pressure is less
efficient than the length of the pressure phase; and Hauffe (1970) thought
that not only increased pressure, but also temperature enhances
preservative uptake. During these experiments, the conditions were not
severe enough. However, neither the temperature nor the pressure can be
increased too far because the wood would then be damaged severely. As a
maximum possible pressure for spruce, Anonymous (1947) indicated 1.0 MPa,
Walters and Whittington (1970) 1.6 MPa, Hauffe (1970) 1.0 MPa and Riechert
(1974) 1.6 Mpa. To avoid mechanical damage due to elevated pressure and
to make it possible to use a high pressure impregnation for refractory
wood, the pulsation process has been developed and presented for the
creosote impregnation of red heart beech sleepers (H6sli, 1980) and spruce
round wood (H®sli and Filion, 1983).

2. THE PULSATION PROCESS

The pulsation process is essentially a Rueping process but differs from it
in that the hydraulic pressure is not held constant but rapidly cycled
between a pressure;slightly above the initial air pressure (low pressure
period) and a much higher pressure (high pressure period). 1In all the
work done, the low pressure period was always 0.3 MPa held for one minute
and the high pressure of 2.1 MPa period varied in length from seconds at
the beginning of the process, an extended high pressure period and a final
vacuum of one-half hour is added. The initial air pressure of 0.25 was

held for one-half hour.

46

The process has an advantage over conventio

in that greater pressure differences develo;aitpzﬁzi:ziezr:atient m§thods

_prgsegt in the intrusion path, while the total pressure inciZa as pits
(Hbsl% 1980). As a consequence, smaller pores can be penetratsgs slowly

e high pressure Qeriod, at the beginning of the process, is e -l.Because

for a very short time, the danger of cell collapse due to’the épg ied only

the llquld.pressure is diminished (H6sli and Filion, 1983) ng 1uenc§ of

thg pulsation phase of the process, a counter press&re ins:d ater on in

built up and the periods of high pressure can be extended ide the wood is

Since the mean conducting pore of s i

) cc pruce is very small in si Osli

1;:2), permeability of the wood is extremely low (Orfila angz§6;?§811’

: ').. As ? consequence, the length of the high pressure period aé th
ginning of the process has to be made very short and can only slowlyebe

ncreased. The pulsation phase of the i
[ it prossare cyoles. process consists of 50 up to 120

3. THE TREATMENT OF SPRUCE ROUND WOOD WITH CREOSOTE

;l; igd Filion (1985) reported on the high pressure impregnation of
%Y ngsaiigidpand peeleghspruce round wood samples using four variants
t rocess with a six hour cycling i
: phase. 1In the
::izzé t?e length of the high pressure phases increased most rzgizi
i Ehen.a pulsation phase with 50 pulsation cycles, and in the fgﬁ th
i eronls 1:§:§izg of.the 1e;gth of the high pressure phase increasedr
’ ing in a pulsation phase of 120 1 i
ese processes, the lower hydraulic ' S Mo ond thetd
. . pressure was 0.3 MPa and t i
essure 2.1 MPa which is, accordin i mod Fae hish
’ g to the cited lite
3 . rature,
loﬁriziure ?equ1red to grovoke cell collapse. The wood wasf;:rzzgv:
gential penetration in the more permeable latewood zones °

For

r bo i i

fectgsepigzzriﬁlon an§ retention, the pulsation processes were much mo

e o e Rueping process and the sapwood was for all pulsati e
mpletely penetrated. Cell collapse was observed only in .

amples where the Ruepi
- plng process w
r pulsation treated sampﬁes. as used and no damage could be assessed

C'O ari .

thungggetzetfgur variants of the pulsation process, the proportion of

about 60% to 20% 3g:np2§rlyu§§netrated nood Zones decreases sharply from

hereb _the number of pulsation cycles is high

nifcrzlgogiapinetratlon was assumed when at least the 1atgw§§at2:2 70

itice of tge cgigured. Prese;vative retention was not affected by the
number of pulsation cycles and was for all four variants

f the proces 3 .
MScess. s about 190 kg/m3 against 140 kg/m3 for the Rueping
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PROCESS Rueping Pulsationl Pulsation2 Pulsation3 Pulsation4
NUMBER

OF CV7CLES 1 51 78 100 117
RATIO OF 59% 57% 48% 22% 18%
POORLY

TREATED

WOOD

RETENTION 138kg/m3  194kg/m’ 172kg/m> 183kg/m> 190kg/mm3
Table 1: Number of cycles and result of treatment for the Rueping

process and the four variants of the pulsation process.

To evaluate creosote intrusion during the treatment, retention and
Ai=tribution data have been taken after different times of treatment using
the pulsation process. Assessing the penetration depth was not possible
cause penetration in the inner parts of the spruce heartwood occurred
gentially in the latewood zones starting from the kerf, whereby in many
es the latewood zone of one annual ring was completely impregnated for
shole length on the cross section while the adjacent ring was treated
only on some few millimeters from the kerf. 1In the neighbourhood of the
sapwood heartwood border, 20-50mm radial penetration in the heartwood has
been observed. The predominance is in accordance with the above cited
]iterature and the observation of the minute creosote distribution showed
that the preservative was present in the latewood zones but not in the few
last rows of cells of the annual ring. This is in accordance with Koran's
(1977) observation that these last latewood cells have a different
structure of pits than the other latewood cells of spruce.

The result of treatment indicated that the pulsation process can be used
for the pressure treatment of spruce wood with creosote at much higher
pressures than those which would cause cell collapse using conventional
treatments. As this work included only limited variation of treating
conditions, the results suggest that further improvement might be possible
to increase heartwood penetration, particularly by varying further the
duration increase of the high pressure periods.

4. THE TREATMENT OF SPRUCE LUMBER WITH CCA

4.1 Introduction

The purpose of this work was to assess the potential of a high pressure

pulsation process to treat spruce with a waterborne preservative.
could not be deduced from the previous work using creosote as a

preservative because waterborne solutions have a much higher surface
tension than organic preservatives, which means that the waterborne
preservative creates higher pressure at obstacles when it is forced

through. As
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Results

a consequence, higher pressure must be applied to penetrate a

{ ven pore and higher forces are acting on the wood which inc

langer of cell collapse. To create these higher pressures atriﬁse§ the
ion obstacles, the length of the high pressure periods have bee ° i@trus-
’pcreased énd a 60 and 80 cycle high pressure pulsation proces nhs ightly
ompared with normal and high pressure empty and full cell prozes::sbeen

4.2 Material and Methods

arges of twelve or thirteen end sealed 4 x 8 i

Lve X 46cm white s
amplest containing both sapwood and heartwood, have been tregizgewith
4% oxide base§ CCA solution using three different variants of a high
essure pulsation process, a conventional full cell process, an extg ded
lélceli progess and a high pressure empty cell process Tﬁe untreageg
iples have been assessed for their cross section imensi
: : : al dimensi i
ngth, their length and their weight. Additional samples hggz §Zeﬁlgsed

(o] ent i

-he initial phase, the absolute air i
two full cell processes and 0.35 MPgrEziuigeaggi;e:mwis 0-225 are for
esses. The hydraulic pressure was 1.0 MPa for the tSOstillc 11
zii:s,eiildMPé for the higb pressure Rueping process and the Eigh
- ig ch s in tbe pulsation phases, and 0.3 MPa for the low pressure
- pulsatioﬁu ia ion phases, and 0:3 MPa for the low pressure periods
) wz ocesseg. For.the first pulsation process (PP#1), 60
reatment resultes in heavy coll coliabse of the weod, b eesong
{dule (PP#2) was used where the pul:ZtizisefOf e o0d: 2 Second
ycles. For this process, it was also de C')d gressure e oped up o
eability of the wood into account and toc;xiengotiake i
1 : e last hi
zdogntiiazggnﬁerczgtcgiiuziiltreatment that was achieved afEZrPE§:§E§e
d variant of the pulsation priEZ:sw?;Pzglll - for e ament,
by ‘ . ) was defined where,
aiateliyéotgelpﬁgssﬁri during the.hlgh pressure periods was not raised
e first-e ui t' gradually 1n§r§ased from 1.0 MPa to 2.1 MPa
e treatmentp fsa ion cycles. Similar to the previously presented
0 lene : of spruce wood, the low pressure periods were always
A press&re ofcompare the results of the pulsation process, the
R hozrsthznng ixiitceil processes was applied for seven
he case of the empty cell high grezzzrzygiigi;: pressure was spplied

treated

g sam;?zpizi were assessed er preservative retention using weight

e rvative con umg, and also us1gg the continuously measured

rding to AWPAuzgtlgn. Preservative penetration was determined

£ three woehe ;n ard A2 (1986) after storage of the samples for at

Beccca, namer : WO typgs of.pregervative penetration have been

= e preszrvpigservgtlvg dlgtrlbution" and "core penetration" To

b -0 2 o apari ive distribution, three lines parallel to the 4.cm

the cross seoc: were used t9 measure the portion of the treated wood
ction at 10 cm distance from the resin sealed end, whereby
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a distinction was made between the completely treated outer shell and the

inner part where partially penetrated rings were also taken into consid- : FIGURE 1
eration. To assess the core penetration, a 4 mm large zone parallel to

the 8 cm face was drawn in the middle of the mid cross section of the

sample and considered as a split core of this location. In addition to

the assessment of the penetration according to the standard, the average

thickness of the completely treated outer shell was also determined. ' Pfeservative He(emion ‘0dee Base) 'Of me 5 Tfea'MEMS'

Cell collapse was assessed in each sample using a mechanical device able rcz?:;: ':.‘.L:‘:““.J.}“;‘,,‘:{f;;';'&?{,;'m: :"‘ :"’u
to measure depressions of the wood between two latewood zones along a line 10.00 mpty oew)
across the grain chosen in each sample, on the most damaged parts. From B Kg/m3
these measurements, the mean depressions and the most severe depressions 8.00F
have been identified and their mean value calculated for each treatment.
This procedure did not apply for the high pressure empty cell process : e 8.001
because cell collapse for these samples was too severe to be measured by K]
this method. In addition to the assessment of cell collapse, the = 7.00r
mechanical damage due to treatment was also evaluated in the observation § 6.00} N\
of the frequency and extent of earlywood/latewood separations. g ° «

4.3 Results g 5.00f R

. : : : < 4.00}

According to Figure 1, the retention of the samples treated with the two a@
seven hour processes was 5 kg/m3 for the full cell process and 4.3 ES oot
kg/m3 for the pulsation process, while all other samples submitted to a @
twenty hour long process were treated to a retention of over 7 kg/m>. e 2.00+
It appears therefore that the duration of treatment is far more important &
than the treatment schedule itself. Even if there is little difference .00+
between the processes, the third variant of the pulsation process shows, ‘ §
according to Figure 1, the highest preservative uptake, thus indicating | 0.00 AN \\%\i \\ \ \ A\
the beneficial effect of this process. This might be due to the different ‘ PP#3 EC7 FC20 CEO
rates of preservative uptake during the different treatments as measured , Tre atments
through the preservative consumption during the treatments. In the
pulsation processes, the preservative uptake proceeded at a lower rate at
the beginning of the process and much higher rates in the later phases
than the other types of treatment. Thus, preservative consumption during ven if spruce is not :
the pulsation processes was 0.2 1/minute after five minutes and 0.05 | standard 080 requires zegczcszizﬁgiggro‘flsz Zn gr"%"d contact, CSA (1983)
1/minute after thirty minutes of treatment, while these values were 0.4 contact which was fulfilled for about 75 -4 kg/m” for lumber in ground
and zero (too small to be measured) for the high pressure empty cell ; ith the four twenty hour processes, whilzegﬁi;t1pr22§ezim§%eih:r::;:clles

reat i
ated with the short full cell process, and none of the samples treated

. .




i in
The results of the assessment of the "core penetration” aige323w33ing the
Figure 2 and reflect the results which would have been achil

standard quality control method.

FIGURE 2

Preservative Core Penetration for the 6 Treatments:

full call),
+—PPe3 (pulsation processes), FCT (7 howre
rcz':.uo hours full cell) end ECR0 (20 houre empty ceoll)
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Highest values for the completely penetrated shell as well as for the
partially penetrated zones have been achieved for the third variant of the
ulsation process, followed by pulsation process #2 and the high pressure
empty cell process. Comparing the completely treated outer shell only,
the penetration by pulsation process #3 treated samples is not essentially
higher than the one for the empty cell process treated samples.
evertheless, the difference in the effectiveness of the two treatments is
ery significant when we consider the extent of the mechanical damage as
xplained below. As the standard penetration corresponds to the sum of
oth the completely treated zone of the outer shell and the zone where

1so partially penetrated rings are counted, 80 percent of the pulsation

g

n ground use. Using the other two variations of the pulsation process
fnd the empty cell process (which was heavily damaged), these values are
0-50 percent lower and only very few samples would fulfill the
-equirements when treated with the two full cell processes. Similar

lts have been achieved using the assessment of the "preservative
stribution", whereby the portion of the treated surface on the cross

section was 64 percent for the samples treated with pulsation process
P#3. '

FIGURE 3

Mechanical damages due to treatment
PP81-PP23 (puisstion processes), FC7-FC20 (7 and 20 hour

full cell process) and EC20 (20 howr empty cell process) '

< 4]
D seporotios @ gepressions
ﬁ L
% m .
g
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i o]
5 L
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9 100 Mgh o be TREATMENT
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The mechanical damage due to treatment as shown in Figure 3 and as
indicated by both the earlywood/latewood separations and the depressions
of the earlywood zones, are mainly caused by the application of high
pressure. Thus, very little damage can be observed when the wood is
treated with the two low pressure full cell processes, while the damage is
much higher when the high pressure systems, particularly the Rueping
process (EC20), are applied.

As far as surface cell collapse is concerned, the beneficial effect of the
pulsation process becomes evident when the processes PP#1-PP#3 are
compared with the process EC20. The beneficial effect of the increase of
the number of the pulsation cycles and the gradual increase of the
pressure during the first cycles also reduce greatly the extent of surface
cell collapse, thus indicating that the earlywood collapse in our
experiments were, in fact, due to the treatment and not to the drying of
the treated wood as it has been presented by Willeitner (1987).

The earlywood/latewood separations are significantly present in all
samples treated with the high pressure systems, whereby their number might
be much too small for the process EC20 because the extent of the surface
collapse might have hidden many separations. However, their number per
damaged sample decreases from 18 to 8 from process P#1 to PP#3, whereby 85
percent of the samples treated with the 60 cycle pulsation process showed
separations while "only" 65 percent of the samples treated with PP#3
showed separations. However, the earlywood/latewood separations should
not occur at all and the results indicate, therefore, only that the
process has potential for improvement.

4.4 Conclusions
Preservative retention as well as penetration can be significantly
enhanced when CCA is injected into spruce wood using a high pressure
pulsation process. The considerable damage due to the pressure treatments
can be significantly decreased when appropriate treatment conditions are
applied such as the increase of pulsation cycles or the gradual increase
of pressure during the first cycles. The results indicate therefore, that
the pulsation process has potential for further improvements. More work
has to be done to investigate and optimize the process to fully screen the
possibilities to treat spruce wood to the standard requirements and to
shorten the impregnation time.
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