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[57] ABSTRACT 

A method of impregnating wood with preservatives in 
a treatment solution in which the wood and treating 
solution are subjected to a schedule including cycles 
of alternate phases of high pressures and low pressure 
wherein the pressures in the high pressure and/or low 
pressure phase are changed in succeeding cycles 
whereby the differential of pressure between the low 
limit of the low pressure phase or the differential of 
pressure between the mean of the low pressure phase 
and the mean of the high pressure phase is progres 
sively increased or decreased in succeeding cycles. or 
the limit of the pressure in the high pressure phase is 
progressively increased or decreased in succeeding cy 
cles while the differential of pressure between the high 
limit of the low pressure phase and the low limit of the 
low pressure phase remains constant, with the varia 
tion of the pressure limits and/or the variations of the 
differential of pressures being controlled for ensuring 
that aspiration or absorption of a critical amount of air 
from within the wood cells is not exceeded before the 
wood is as deeply penetrated and as heavily loaded 
with the preservative as is desired. 
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IMPREGNATION OF WOOD AND THE LIKE 

This application is a continuation of application Ser. 
No. l38,266 ?led Apr. 28, 1971 (now abandoned), 
which application was a continuation-in-part of appli 
cation Ser. No. lO4,l5O ?led Jan. 5, l97l (now aban 
doned), which application, in turn, was a continuation 
of application Ser. No. 684,729 ?led Nov. 21, I967 
(now abandoned). 
This invention relates to methods and apparatus for 

impregnating timber with preservatives. 
In previous methods such as disclosed in US. Pat. 

No. 2,786,784 to Henriksson, there is described a 
method in which timber is impregnated with preserva 
tives wherein the wood and treating solution are sub 
jected to alternate phases of high and low pressure, 
with both the high and low pressure phase being kept 
at substantially constant levels and the period of each 
cycle being increased as the treatment progresses. 
However, while such a method has been satisfactory 

for some timbers, due to the variable and complex na 
ture of wool, the method has been found to be lacking 
in other timbers, especially in freshly felled timbers 
possessing a high moisture content from which the air 
within the cells can readily be removed, and in some 
unseasoned timbers in which the torus may be readily 
and permanently displaced. 
The problems which have caused this treatment to be 

unsatisfactory have now been attributed to the inability 
of the method to control satisfactorily the rate of re 
moval of the air from wood cells in timbers of high 
moisture content from which the air is readily removed, 
and the inability to control the pressure differential 
across the walls between the cells in which the connect 
ing ports are known as bordered pits, in each of which 
bordered pit is located a membrane of which the thick 
ened central portion forms a valve known as the torus, 
with the torus tightly closing the bordered pit whereby 
the ?ow of liquids between cells is prevented if the 
torus ia adpressed to the pit border. The adpressing or 
permanent displacement of the torus is caused by too 
great a pressure differential or pressure drop across the 
wall of the cell. 

In the case of the former problem, air must be pres 
ent within the cells of green or freshly felled wood be 
fore a treating solution can be caused to replace the sap 
in the cells of the wood at a satisfactory rate. Once all 
of the air is removed from within the cells, the rate of 
impregnating the wood with the treating solution is 
found to be too slow for commercial purposes. 
A simple and approximate explanation of this phe 

nomenon can be advanced if a wood cell is viewed as 
a hollow tube containing wood sap leading into a sac 
which is three quarters or more full of sap and one 
quarter or less of air, with the other end of the tube 
being open into a treating solution inside a cylinder 
which is ?rst subjected to a high presure phase. Under 
high pressure, the treating solution will force the sap 
upwardly into the tube and the sap and some treating 
solution will flow into the sac thus compressing the air 
in the sac. Upon release of this pressure when changing 
to a low pressure phase, the air in the sac expands and 
forces some of the mixture of sap and treating solution 
down the tube so that some of the liquid will overflow 
into the treating solution at the end of the tube. ln the 
next cycle in the high pressure phase, the mixture of 
sap and treating solution which was removed will be re 
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2 
placed by some of the treating solution, with the air in 
the sac again being compressed. The air will then ex 
pand in the next low pressure phase. Consequently, so 
long as there is air in the sac, the above cycles of high 
and low pressure will result in an exchange of the sap 
and the treating solution in the sac until the liquid 
within the tube and sac is substantially the same as the 
liquid within the treating cylinder. 

[n the low pressure phase of the treating cycle, some 
of the air is removed either as dissolved air or as free 
air, and if the low pressure limit is too low, too much 
air will be removed and it will not be possible to pro 
vide a satisfactory equilibration of the strength of the 
sap solution with the treating solution before the move 
ment of liquid associated with the air compression and 
decompression ceases. 

In practice, it has been determined that a certain 
amount of ?ber decompression occurs and this func 
tions in the same way as air decompression but to a 
very much smaller degree, so that once air is removed 
from within the wood cells, the above cycle of com 
pression and decompression will only work through the 
process of ?ber compression and decompression and 
such a process has been determined to be far too slow 
to be of commercial value. 

In the case of the latter problem, a reduction of the 
differential of pressures used in the treating cylinder 
will reduce the pressure drop across the cell walls and 
enable a ?ow of liquid to take place in both directions 
through the pits in the walls of the outer layers of wood 
cells by avoiding the permanent displacement or ad 
pressing of the tori to the pit borders which occurs with 
previous methods due either to the aspiration of too 
much liquid and air from the inner cells of the outer 
layers and which aspiration displaces the tori of the as 
pirated cells inwardly toward the aspirated cells, or 
through a pressure build up in the outer cells which dis 
places the tori of those cells outwardly, or through a 
combination of pressure build up in the outer cells of 
the outer layers and the aspiration of the adjacent inner 
cells of the outer layers which acts to seal permanently 
the pits against liquid ?ow in either direction. 
Depending on the variables of timber as covered in 

such broad groups as species, seasonal variations of the 
wood substances, growth, soil type and climate factors, 
a satisfactory impregnation of unseasoned or green 
wood can be achieved by maintaining a ?xed pressure 
differential which is below the level at which perma 
nent displacement of the tori will occur while progres 
sively increasing or decreasing the upper and therefore 
also the lower pressure limit, or by commencing treat 
ment with a low pressure differential, and as the outer 
layers of cells become saturated and consequently pas 
sive transmitters of the liquid flow to and from the 
inner cells, progressively increasing or decreasing the 
pressure differential by altering the upper and/or lower 
limits of the pressures used in succeeding cycles. 
Thus, an important object of the present invention is 

to provide a method and apparatus for controlling the 
rate of removal of air from within wood cells to ensure 
that aspiration of the critical amount of air from within 
the wood cells is not exceeded, and permanent dis 
placement of the tori or adpressing of the tori to the pit 
borders is not caused before the wood is as deeply pen 
etrated with the preservatives as is desired. 
At the present time, the knowledge of the properties 

of wood is insufficient to predict ad hoc a suitable rate 
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of removal of air from within a new charge of timber. 
This is particularly the case as the properties of wood 
such as the percentage of air within the wood varies 
due to many factors such as seasonal variations, time 
elapsed from felling to treating, different species of 
wood, ano different densities and cell wall thicknesses. 
Thus, an adequate and commercially useful rate of re 
moval of air can only be gauged by experience, and 
when treating wood, it is necessary to be in a position 
to vary the rate of air removal from within the wood 
after either manual observations or mechanical means 
demonstrate that air is removed at a too rapid or too 
slow a rate. 

Referring to the previously explained method by 
which preservatives are introduced into wood, after the 
?rst cycle of high pressure and low pressure, some of 
the air will have been removed from the wood in the 
low pressure phase and in order to obtain a similar de 
gree of exchange between the treating solution and the 
sap solution in subsequent cycles, a similar degree of 
movement due to the compression and decompression 
of the air within the wood should be accomplished. 
Hence, the high limit of the high pressure phase may be 
increased or the low limit of the low pressure phase 
may be decreased in the succeeding cycles or both the 
high limit and the low limit may be increased and de 
creased respectively. In other words, the differential of 
pressure between the low limit of the low pressure 
phase and the high limit of the high pressure phase is 
increased in succeeding cycles. This may also be 
achieved by holding the above~mentioned limits con 
stant and increasing the differential of pressure be 
tween the mean pressure of the low pressure phase and 
the mean pressure of the high pressure phase. 

Similarly, the pressure differential may be decreased 
if the variable properties of the wood as mentioned 
above necessitate the same. 

SUMMARY OF THE INVENTION 

According to this invention, there is provided a 
method for impregnating timber with preservatives in 
a treating solution in which the wood and treating solu 
tion are subjected to alternate phases of high pressure 
and lower pressure, characterized in that the pressures 
in the high pressure and low pressure phases are altered 
in succeeding cycles such that the differential of pres 
sure between the low limit of the low pressure phase 
and the high limit of the high pressure phase or the dif 
ferential of pressure between the mean of the low pres 
sure phase and the mean of the high pressure phase is 
increased or decreased in succeeding cycles, or the 
limit of the pressure in the high pressure phase is pro 
gressively increased or decreased in succeeding cycles 
while the differential of pressure between the high limit 
of the high pressure phase and the low limit of the low 
pressure phase remains constant, with the pressure lim 
its and the increase of the differential of pressures 
being controlled to ensure that aspiration of the critical 
amount of air from within the wood cells is not ex 
ceeded before the wood is as deeply penetrated with 
the preservatives as desired. 
The amount of preservatives which penetrates into 

the wood is termed the loading and the desired loading 
is that required by the authorities, or in the absence of 
an authority, by the preservative manufacturer or their 
agents. This depends on the type of wood, the type of 
timber and their proposed uses, and also varies in vari 
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4 
ous countries depending on the regulations of the coun 
try involved. 
According to this invention, there is also provided an 

apparatus by which the above-mentioned method may 
be effected automatically with provision for manual op 
eration of the apparatus for varying the method when 
observations indicate that air is being removed at a rate 
too rapid or too slow for satisfactory results. 
The invention will now be more fully described with 

reference to the drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic layout of the plant showing the 
parts thereof and electrical circuits thereof, 
FIG. 2 is a schematic view of a control panel and the 

circuits thereof, 
FIG. 3 illustrates the electrical connection within the 

automatic vacuum control panel, 
FIG. 4 shows a pressure tube used to control low 

pressures below atmospheric pressure, 
FIG. 5 shows a pressure tube used to control pres 

sures above atmospheric pressure. 
FIG. 6 shows a pressure tube used to control 

pressures above and below atmospheric pressure, 
FIG. 7 shown a pressure tube used with an induced 

air pressure, 
FIG. 8 is a front elevational view of a general con 

struction of a pressure tube and its mounting, 
FIG. 9 is a side view of FIG. 8, 
FIG. 10 is a rear view of FIG. 8, 
FIG. 11 is a rear view of the cover according to FIG. 

8, 
FIG. 12 is a side elevation of the pressure tube shown 

in FIG. 8, 
FIG. 13 is a cross-section of the pressure tube taken 

along line A-A of FIG. 9, 
FIG. 14 is a graph showing a typical progression of 

the suction pump running time, 
FIG. 15 is a graph showing a typical progression of a 

cycle duration, 
FIG. 16 is a graph showing a typical progression of 

low pressure intensity, of below atmospheric pressure, 
and 
FIG. 17 shows a typical operation of the apparatus in 

one cycle using a low pressure phase below atmo 
spheric designated “vacuum" and a high pressure 
phase designated “pressure." 

DETAILED DESCRIPTION OF THE INVENTION 

The pressure reservoir is charged to 28 p.s.i. with 
compressed air through a snap-on air connection. The 
pressure and vacuum pumps are started and run 
throughout the schedule. 
The preservation solution held in a storage tank 15 

is pumped into a treating cylinder by means of a suction 
pump (through valves not shown in FIG. 1) until the 
treating cylinder is full thereby causing the contacts in 
a float switch to close thus energizes the ?oat switch re 
lay. 
A sequence control unit contains a changeover 

switch 13 which is placed in position b (pressure) and 
the circuit is through the ?oat switch relay to a pressure 
valve 3 which opens. Solution is pumped from the stor 
age tank 15 into the treating cylinder by a pressure 
pump through the valve 3 until a relief valve (1 1) opens 
at a preset pressure of I25 p.s.i. and allows the solution 
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to return to storage. The process is now in stage 3 of the 
high pressure phase (FIG. 17). 
The sequence control unit initiates the first stage of 

the low pressure phase (FIG. 17) by moving the switch 
13 to position a which causes the valve 3 to close and 
the circuit is through a pressure switch A to a main line 
valve 1 which opens and allows the pressure in the 
treating cylinder to “kick-back” to the storage tank. 
When the pressure in the treating cylinder is reduced 
to 65 psi, the contacts in a pressure switch B close 
causing a pressure reservoir valve 4 to open allowing 
the pressure pump to pump solution from the storage 
tank through the valve 4 to the pressure reservoir. 
When the pressure in the pressure reservoir reaches 
I40 p.s.i., a bypass valve 10 opens preventing the pres 
sure from rising any higher. When the pressure in the 
treating cylinder is reduced to 20 p.s.i., the contacts in 
the pressure switch A changeover thus causing the 
valve 1 to close and the circuit is now through a syn 
chronous timing unit which causes the suction pump to 
run and valves 2 and 10 to open. Solution is pumped 
from the treating cylinder to the storage tank and air is 
vented into the cylinder through a cylinder venting 
valve 9. The suction pump thus creates a void volume 
in the treating cylinder for purposes to be later de 
scribed and this is the second stage of the low pressure 
phase (FIG. 17). 
After a preset time (FIG. 14), contacts in the syn 

chronous timing unit changeover thereby causing the 
suction pump to stop and valves 2 and 9 to close and 
the circuit is now through the ?oat switch relay, which 
has returned to its normal position with the above men 
tioned fall in the level of the solution in the treating cyl 
inder, to A.V.C. isolating valve 7 which opens, and 
through an automatic vacuum control unit to auxiliary 
vacuum valve 6 which opens and allows a vacuum to be 
drawn on the treating cylinder from a vacuum reservoir 
14. The process is now in the third stage of the low 
pressure phase (FIG. 17) and valve 6 opens and closes 
being intermittently controlled by the A.V.C. unit and 
the ?oat switch, the operation of which will be later dis 
cussed. 
The operation of this phase as above described is for 

a low pressure phase of below atmospheric pressure 
and the variations using a low pressure phase of about 
or above atmospheric pressure will be hereinafter fur 
ther discussed. 
The sequence control unit initiates the first stage of 

the pressure phase (FIG. 17) by moving switch 13 to 
position b which causes the valves 6 and 7 to close and 
the circuit is now through the ?oat switch relay to the 
main vacuum valve 5 and to the main line valve 1 caus 
ing such valves to open. The solution is forced into the 
cylinder by atmospheric pressure on the storage tank 
through the valve 1 until it lifts the ?oat switch causing 
the ?oat switch relay to operate which in turn causes 
the valves 1 and 5 to close. The circuit is now through 
the ?oat switch relay to valves 3 and 8 which open, and 
this is the second stage of the high pressure phase (FIG. 
17). Air enters the A.V.C. unit through valve 8 to reset 
this unit for the next phase. The pressure reservoir dis 
hcarges rapidly through valves 3 and 4 into the treating 
cylinder until the pressure therein rises to 70 p.s.i. 
when the contacts in pressure switch B open to cause 
valve 4 to close. The pressure pump then continues to 
pump solution from the storage tank into the treating 
cylinder through the valve 3 and when the pressure 
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6 
reaches I25 p.s.i., the relief valve 11 opens as previ 
ously stated. The purpose of the pressure reservoir is to 
provide a rapid buildup in the second stage of the high 
pressure phase and thus make the changeover from low 
pressure to high pressure as quickly as possible. The 
process is now on the final stage of the high pressure 
phase. 
The opening and closing of the valves and the starting 

and stopping of the suction pump is controlled by tim 
ing means, i.e. the sequence control until and synchro 
nous timer, by pressure means, namely pressure 
switches A and B and the A.V.C. unit, and level detect 
ing means, i.e. the ?oat switch. The sequence of opera 
tion of these means and the valves and pump discussed 
above is shown for one complete cycle of a high pres 
sure phase and a low pressure phase of below atmo 
spheric pressure in FIG. 17. 
The operation of the float switch as described above 

is for an ideal operation in which the ?oat is raised and 
closes the contacts thus energizing the ?oat switch 
relay when the cylinder is initially ?lled, is lowered in 
the second stage of the low pressure phase when the 
suction pump creates a void volume in the treating cyl 
inder, and is again raised when the cylinder ?lls under 
vacuum at the end of the first stage of the high pressure 
phase and so on in succeeding cycles. However, it is 
normal in the ?rst few cycles of a schedule for a new 
charge of wood, for the ?oat to be raised during the 
third stage of the low pressure phase due to the too 
rapid aspiration of the air compresed in the wood and 
the expansion of the dissolved air in the liquid displac 
ing the liquids before the bubbles formed can rise to the 
void space at the top of the treating cylinder. The ?oat 
switch relay then causes the valves 6 and 7 to close be 
fore liquid can escape from the cylinder. The air bub 
bles will rise to the surface and gradually lower both the 
liquid level and the intensity of the vacuum, the latter, 
of course, serving to prevent further aspiration of the 
air from the wood, causing the ?oat to again fall and 
vacuum to again be applied. This cycle may be re 
peated several times during this stage of the low pres 
sure phase until the air in the outer layers of the wood 
is completely aspirated and the ?oat switch ceases to be 
raised by ?uctuating levels. Further discussions of the 
?oat switch operation will later follow. 
During the high pressure phase, there will be a sub 

stantial amount of solution forced into the wood and 
when this high pressure is released, the liquid is forced 
out of the wood (liquid “kick-back" from the wood) 
and this liquid “kick-back" can be of quite substantial 
proportions, namely about 200 gallons in a normal 
charge and sometimes even up to 300 gallons, depend 
ing upon the size of the treating cylinder and the quan 
tity of wood. 
A proportion of this “kick-back" is returned to the 

storage tank through the valve I during the first stage 
of the low pressure phase and a further proportion is 
removed during the second stage of the low pressure 
phase by the suction pump which creates a void in the 
cylinder to accommodate the remainder. 

If, however, the ?oat switch continues to be tripped 
after the ?rst two complete cycles, then the degree of 
vacuum being applied is too severe and upon such ob 
servation, the low limit of the vacuum phase is adjusted 
to a lower level of vacuum i.e. a higher absolute pres 
sure. 
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If, on the other hand, the ?oat switch, after the ?rst 
two or three cycles, rises before the end of the low pres 
sure phase and does not again fall, this indicates that 
the cylinder is too full of liquid and the liquid does not 
contain any great amount of air bubbles so that the sur 
face level of the liquid cannot fall when vacuum is ar 
rested. This condition may be attributed to the timer 
per se either being very permeable or containing more 
air than would be reasonably predicted, and thus there 
is a greater liquid “knick-back” when the pressure is 
reduced and as a consequence the suction pump run 
ning time would have to be increased to create suffi 
cient void volume within the cylinder per se. 
Thus, in accordance with the present method, it is 

possible to vary the pressure limits of the high pressure 
and low pressure phases, to vary the suction pump run 
ning time to create sufficient void volume and to vary 
the time of each phase such as described and claimed 
in U.S. Pat. No. 2,786,784 and such variation is con 
trolled so as to produce a satisfactory penetration of 
the wood. As the properties of wood vary from charge 
to charge and especially from species to species, it is 
not possible to place an ad hoc hypothesis on the vari 
ables but from the variation in the ?oat switch and from 
experience, one can alter a method during the treat 
ment to produce a satisfactory result. Hence, it has 
been found that Pinus Radiata and Corsican Pine are 
satisfactorily treated using a low pressure phase below 
atmospheric, but with Douglas Fir, it is necessary to 
start with a low pressure phase above atmospheric pres 
sure. 

Referring to FIGS. 1 and 17, the switches A and B are 
operated by the pressure in the treating cylinder, with 
the switch A being operable over a range of plus or 
minus 20 psi and switch B over a range minus 75 psi. 
In FIG. 17, the term "operates" means the switch A or 
B of FIG. 1 is in the upper position. 

In FIG. 17, the indicated action for each stage is un 
derlined. 
Referring to FIG. 1, the A.V.C. unit controls the in 

tensity of the pressure applied to the treating cylinder, 
and the synchro-timing unit controls the operation time 
of the suction pump. The ?oat switch relay as described 
above is actuated by the float switch to override the 
opening of the vacuum line to the treating cylinder, and 
the treating cylinder also has a combined vacuum pres 
sure gauge 18 for manual observation thereof. 
As shown in FIG. 2, the sequence of operations in a 

treating schedule are controlled by a punched tape (not 
shown) having three tracks of holes therein. The tape 
is driven by a constant speed synchronous motor (not 
shown) is fed between sensing switches of a miniature 
micro-gap type provided with normally closed contacts 
or otherwise photoelectric cells. The tape holds the 
contacts open until the sensing probe or light beam falls 
into a punched hole giving an impulse of about 1-2 sec 
onds duration. The impulses from the sensing switches 
located on the top and bottom tracks referred to as T, 
and T3 feed to the sequence control relays h and i 
which operate the low and high pressure signals. The 
sequence control relays h and i are mechanically inter 
locked to hold one or the other in the operative posi 
tion and thus provide a continuous high pressure or low 
pressure output signal. The impulse from the sensing 
switch located on the center track referred to as T2 
feeds directly to a vacuum control relay j which, in 
turn, energizes the coil of unisector relay v having mul 
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ti-position stops causing the uniselector relay to ad 
vance one step. Each punched type is punched with 
eleven holes in the center track thus bringing the unise 
lector relay v to its twelfth step at the ?nish of the 
schedule. In FIG. 2, the uniselector relay v is shown on 
step 1, i.e. the beginning of the treating schedule. 
The uniselector relay v is a three level (or 3 pole) 12 

position stepping relay which advances one step with 
each impulse from the center track of the sequence 
controller. If for some reason it gets out of step (e.g. 
tape breakage), it can be manually advanced by man 
ual control switch w in position a. The switch w is also 
used to reset the relay to step 1 with the switch w in po 
sition b through push button F0 for the next charge of 
timber. Level I of the uniselector relay v is connected 
to conducting probes of a pressure tube as discussed 
hereinbelow via vacuum intensity manual control 
switch U, and connections r and thus controls the pres 
sure intensity in the low pressure phase and/or the high 
pressure phase. Level II of the uniselector relay v is 
connected to suction pump synchronous timer q via 
pump timing manual control switch U, and thus con 
trols the running time of the suction pump during each 
low pressure phase. 
During normal operation, the uniselector relay ad 

vances solely on receipt of impulses from the center 
track T2 of the sequence control tape but both the al 
teration of the pressure intensity and the alteration of 
the suction pump running time can be and is varied ei 
ther independently or together by adjustment of the 
manual switches U, and U2. The manual switches U, 
and U, have ?ve positions which can be selected manu 
ally. In FIG. 2, both switches U, and U, are shown in 
the manually selected position 3. The manual selection 
of the position depends on the species of timber and/or 
its use and the switches may also be adjusted indepen 
dently or together during treatment if circumstances so 
demand. 
The sequence control relays h and i can be overrid 

den by manual control switches y and t with the switch 
y being in position b for automatic operation and in po 
sition a for manual operation. When switch y is in posi 
tion a, then the switch 1 is manually operated; position 
a is for low pressure phase control and position b for 
high pressure phase control. Two indicator lights Pr 
and Va indicate which phase is in operation. 
Terminals A to K connect to the similar terminals on 

the AVC panel shown in FIG. 3. The ?oat switch di~ 
rectly operating the ?oat switch relay R5, is energized 
whenever the treating cylinder (in FIG. 1) is full of so 
lution. Thus, when a low pressure phase is in operation, 
the signal from the sequence control relay i comes 
through the pressure switch A (FIG. 2) and then 
through terminal H to central terminals bb of timer 
relay R, which will be in the up position by virtue of the 
actuation of the timer relay R, from suction pump 
timer q. The signal then passes to terminals ff of the 
?oat switch relay and then back to the terminals of the 
vacuum valve relay R, which will be in the down posi 
tion when the low pressure phase of the schedule is in 
operation. This operates through its appropriate switch 
s the auxiliary vacuum valve 6 (FIG. 1) through termi~ 
nal V6. 
The ?oat switch has two functions: 
1. When the cylinder has ?lled with solution while 

under vacuum during the ?rst stage of the high pressure 
phase, the ?oat switch operates and closes vacuum 
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valve 5 (FIG. 1), closes the main line valve and opens 
the pressure valve 3, allowing the pressure reservoir to 
discharge into the cylinder. 

2. If insuf?cient solution was removed from the treat 
ing cylinder by the suction pump during the second 
stage of the low pressure phase, the expansion of the air 
under vacuum, both within the timber and dissolved in 
the solution, will cause the solution level to rise suffi 
ciently to ?ll the cylinder. When this occurs, the ?oat 
switch operates and closes the AVC valve 6 (FIG. 1) 
preventing over?ow into the vacuum reservoir and also 
the isolating valve 7 preventing solution entering a 
pressure tube as discussed herein below. 

In FIG. 2, d represents four Phillips OAZIO Diodes, 
c a 25 VA transformer, the relays R3 and R4 the alarm 
relay and suction pump relay respectively, 3 fuses, r the 
main line switch, n neon light indicators, and S three 
position switches; the position as shown being the 
closed position while position b represents the auto 
matic position and position a open position. The termi 
nals designated V1 to V6 represent the terminals for the 
valves 1 to 6 (FIG. 1) respectively, the terminal desig 
nated S.P. represents the suction pump terminal; I’p the 
pressure pump interlock, Al the alarm terminal and Tl, 
T2 and T3 the impulses from the punched tape. In FIG. 
3, the symbols V-,, V;, and V9 designate valves corre 
sponding to valves 7, 8 and 9 respectively in FIG. 1. 
Referring to FIGS. 8-13, a pressure tube 19 of any 

non-conducting substance is provided with probes 20 
of electricity conducting material inserted through the 
tube wall, with the probes 20 being at suitable intervals 
and adequately sealed in place in the tube 19. The 
probes 20 are connected to the terminals r shown in 
FIG. 2 and a common electrode (FIG. 9) connects to 
the terminal com of FIG. 2. The pressure tube I9 is 
supported on a frame 30, and upper end 27 of the tube 
19 leads to the treating cylinder (not shown) while the 
lower end 35 leads into a mercury container 36 which 
is open to the atmosphere. The common electrode also 
dips into the mercury in the mercury container 36. As 
shown in FIG. 8, the pressure tube 19 can be arranged 
against a pressure scale indicating inches of mercury. 
The connections from the probes 20 to the terminals r 
(FIG. 2) are shown in section in FIG. 13 and the probe 
20 leads to a connector, thence to a jumper lead and 
then to a terminal strip which leads to the manual con 
trol switch U, of FIG. 2. 
When it is desired to operate and vary the limits of 

the low pressure in the low pressure phase of the pres 
sure cycle when the low pressure is below atmospheric 
pressure, then the pressure tube illustrated in FIG. 4 is 
used. Lower end 25 of the pressure tube 19 leads into 
a mercury reservoir 26 which is itself open to the atmo 
sphere. In this arrangement, the common electrode 
corn is placed towards the lower end 25 of the pressure 
tube 19 and the probes 20 are situated at intervals 
above the lower end 25 of the pressure tube 19. Upper 
end 27 of the pressure tube connects through a mois 
ture trap ,28 and damping device or needle valve (not 
shown), and through the A.V.C. isolating valve 7 to the 
treating cylinder. An A.V.C. relief valve 8 is suitably 
placed to allow atmospheric pressure to be into the line 
of the pressure tube 19 through vent 17 and through 
the A.V.C. relief valve 8, between the A.V.C. isolating 
valve 7 and the pressure tube 19 and also to allow a fil 
ter II to be inserted in the line between A.V.C. isolating 
valve 7 and the treating cylinder, if desired. Alterna 
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10 
tively, a pneumatic, hydraulic or electrical pressure 
transducer may be incorporated in the line of pressure 
tube 19 to transmit any desired ration of the pressure 
in the treating cylinder to the upper end 27 of the pres 
sure tube. 19. 
When it is intended to operate with a low pressure 

range at or above atmospheric pressure, or when it is 
intended to vary the limit of the high pressure in the 
high pressure phase of the pressure cycle, then use is 
made of the pressure tube shown in FIG. 5. The pres 
sure tube 19 has a sealed end 34 and a lower end 36 
leading through a mercury chamber to a treating cylin 
der. The connections to the treating cylinder are as 
shown in FIG. 4. with the preferred use of a pressure 
reducing valve (not shown) in the connection to the 
treating cylinder to reduce the high pressures transmit 
ted from the treating cylinder to a ratio that suits the 
operation of the pressure tube or alternatively a pneu 
matic, hydraulic or electrical pressure transducer may 
be used to transmit any desired ratio of the high pres 
sure from the treating cylinder to the lower end 36 of 
the pressure tube 19. 
The alternative arrangement illustrated in FIGS. 6 

and 7 can also be used when it is desired to use a low 
pressure phase at or above atmospheric pressure. This 
pressure tube can also be used when it is desired to vary 
the pressure limits in both low pressure and the high 
pressure phases. FIGS. 6 and 7 show a U pressure tube 
I9 with one end 34 being sealed (FIG. 6) or containing 
an air pressure charging valve 35 (FIG. 7) and the 
other end 36 being connected to the treating cylinder 
as mentioned in reference to FIG. 4 with the preferable 
addition of a pressure reducing valve as described in 
FIG. 5. 
Referring further to FIG. 7, the air pressure charging 

valve 35 is installed in the closed end of the pressure 
tube when it may be desired to increase the air pressure 
in the closed end 34 in order that linear compression 
of the air cushion may be reduced for any given pres 
sure applied through the open end 36 of the tube 19. 
When this is required, the vent in the open end 16 of 
the pressure tube must be associated with a reducing or 
balancing valve, or the line between the open end of 
the tube 19 and the vent (A.V.G. relief valve 8 FIG. 4) 
must be ?tted with a further automatic valve to main 
tain an air pressure in the open end of the tube 19 and 
thus prevent the mercury from being blown out. This 
further automatic valve is shown in FIG. 7 as an auto 
matic isolating valve, and in FIGS. 6 and 7, the probes 
20 may be located in either arm of the tube 19 when 
it is desired to vary either the low limit of the low pres 
sure phase or the high limit of the high pressure phase, 
or the probes 20 may be located in both arms to vary 
both of the limits and may operate by making an elec 
tric circuit or breaking the circuit, whichever is most 
suitable to the range of pressures and the electrical 
equipment and apparatus used in this invention. 
The tube 19 as shown in FIGS. 6 and 7 may have 

arms of equal or unequal length and these arms may be 
?xed in relation to each other and/or may be made ad 
justable by their manufacture from a ?exible material, 
or by the inclusion of a ?exible portion at the base or 
upturn of the tube 19 to allow some pressure adjust 
ment to be effected by manipulation of the length of 
the arms of the tube 19. 
When operating on the low pressure phase of the 

pressure cycle, the apparatus operates as follows: 
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On or after commencing the low pressure phase, the 
desired valves (described in reference to FIG. 1) oper 
ate to subject the pressure tube 19 to the pressure in 
the treating cylinder or the desired ratio thereof. The 
level, or levels, of the mercury in the pressure tube 19 
alter due to the change in pressure and continue to 
alter as the pressure in the treating cylinder drops and 
the mercury in the pressure tube 19 makes contact with 
one of the probes 20 to complete an electric circuit 
through the mercury to the ?xed common electrode 
com. 

Such energizing of the electric circuit controls the 
opening or part opening, closing or part closing, of the 
auxiliary vacuum valve 6 shown in FIG. 1 through 
which the low pressure phase in the treating cylinder is 
controlled, induced or through which the pressure in 
tensity within the treating cylinder is permitted to alter. 
When a lower pressure of less than atmospheric pres 
sure is being induced, the mercury column in tube 19 
will operate the circuit to close the auxiliary vacuum 
valves as soon as the required low pressure has been 
reached at which stage the pressure in the treating cyl 
inder will be such that the mercury will complete the 
circuit between the common electrode and the probes 
20 and thus the auxiliary valve 6 will be closed. Air will 
be then expelled from the wood being treated due to 
the internal pressure within the wood exceeding the ex 
ternal pressures and to the expansion of the ?bers 
within the wood due to initial ?ber decompression. 
Some of this air at the time of its exit from the wood 

will be in the form of free air, and some will be dis 
solved in the liquid which is expelled from the wood at 
the same time by the internal air movement and ?ber 
decompression. 
Due to this release of air and liquid and to a less ex 

tent to ?ber and wood decompression, the pressure of 
the liquid in the treating cylinder (and of any void vol 
ume in the treating cylinder) which surrounds the 
charge gradually rises. 
This rise in pressure causes the mercury column in 

the pressure tube 19 to again change its level, with the 
mercury movement being back towards its original 
non-operative level, and the electric circuit is now bro 
ken or open as the operative probe 20 is bared. The 
breaking or opening of the electric circuit initiates the 
opening of the auxiliary vacuum valve 6 and the cylin 
der pressure is again reduced until the mercury in the 
pressure tube initiates the closing of the auxiliary vac 
uum valve 6. 
Such procedure repeats itself automatically until the 

low pressure phase is almost completed at which time, 
as explained above in FIG. 1, immediately prior to the 
high pressure phase, the treating cylinder is automati 
cally ?lled through the main line valve 1 with liquid 
while still under vacuum through the main vacuum 
valve 5 in order to enable a rapid change to be made 
to the required pressure of the high pressure phase. If 
a pressure tube as shown in FIGS. 5 or 6, and 7 is used, 
the operation of the auxiliary vacuum valve 6 may be 
initiated by the reverse of the circuits described above 
with the auxiliary vacuum valve 6 opening when the 
circuit is made or closed and closing when the circuit 
is broken or open. 
When operating the low pressure phase at/or above 

atmospheric pressure, the line will not be into the vac 
uum reservoir but instead to a storage tank. The opera 
tion of the pressure tube 19 is substantially the same, 
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12 
with the auxiliary vacuum valve 6 being closed at the 
low peak of the low pressure phase and opening as the 
pressure rises towards the high pressure phase to allow 
more liquid or liquid and air to flow from the treating 
cylinder, In this case, little free air will emerge from the 
wood during the low pressure phase as most of the air 
is dissolved in the liquid. 
When operating on the high pressure phase, the pres 

sure tube acts in a manner similar to its operation dur— 
ing the low pressure phase above atmospheric pressure 
with the pressure tube controlling the opening or par 
tial opening, closing or partial closing, of the cylinder 
relief valve 9 through which the upper limit of the high 
pressure is controlled. 
Many obvious variations can be made in the above 

described invention, including the use of a pressure 
tube equipped with inductance, capacitance, magnetic, 
sonic or light sensitive devices or other sensing equip 
ment in lieu of the probes 20 inserted through the pres 
sure tube wall. 
An air, gas or liquid (including oil and other liquids) 

pressure regulating valve may be employed to maintain 
a pressure above atmospheric pressure on the open end 
of the U pressure tube 19 when it is desired to maintain 
a pressure in the open end of the tube and thus increase 
the operating pressure range and/or pressure differ 
ences between the operating probes 20; or a reducing 
valve in the liquid line to the treating cylinder so that 
reduced ratios of the pressure in the treating cylinder 
may be used as the operative pressure in the pressure 
tube. Furthermore, a needle valve or throttling device 
by which the rate of movement of the mercury in the 
pressure tube 19 may be directly or indirectly con 
trolled or adjusted to provide a suitable time lag, or 
pressure differential between cylinder pressure and 
mercury column levels to allow for efficient operation 
of the unit can be utilized. 
The trap 28 and the liquid drain is arranged to pre 

vent liquid such as water from contaminating the mer 
cury, and/or alternatively a diaphragm or an air reser 
voir to provide an air cushion may be used for the same 
purpose. 

Referring to FIGS. 2 to 13 each of the terminals r 
shown in FIG. 2 are connected to one of the conducting 
probes. Thus, an impulse from the timing tape steps the 
multi~position stepped relay V around one step, and 
this will connect the stepping relay with a probe situ 
ated further upwardly on the pressure tube 19. Hence, 
as the stepping relay moves through its 10 positions it 
will step through 10 different operative probes. There 
fore, the initial limit of the low pressure phase on the 
?rst step of the stepping relay will be at a low pressure 
and the multi-position stepped relay will step progres 
sively through operative probes at increasingly lower 
pressures. As a result, at the beginning of a schedule, 
the low pressure will be at a low absolute pressure while 
at the end of the schedule, the low pressure will be at 
a relatively lower absolute pressure. Similarly, when 
varying the high pressure phase limits, the schedule will 
begin with a low absolute pressure and will end with a 
relatively high pressure. 
There are provided 15 terminals designated r in FIG. 

2 and these will each be connected to 15 different 
probes on the pressure tube 19. With the manual con 
trol switch U‘, it is possible to select an initial probe to 
begin each schedule. 
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Thus one can begin a schedule with a lower or high 
pressure as desired by selecting one or another of the 
5 manual positions. This will then leave 10 probes con 
nected to the terminals corresponding to each step on 
the t0 stepping relay. Similarly, when one is operating 
by varying the high pressure phase. there will be 15 
probes all told with generally 10 being operated in any 
schedule. It will be appreciated that the invention has 
provision for the increase of the differential of pressure 
between the limit of the low pressure phase and the 
limit of the high pressure phase, and/or the progressive 
increase of the mean pressure of the low pressure and 
high pressure phases. 
FIG. 14 shows the progressive changes in the low 

limit of the low pressure phase when using a low pres 
sure at or below atmospheric pressure. Five curves are 
shown, with each curve corresponding to a different 
position of the manual control switch U1. Thus, step 3 
corresponds to the manual control switch U. being in 
its position shown in FIG. 2. While the curves are 
shown as smooth lines they are actually more of a step 
like progression as the multi-position stepped relay 
steps around one step. If as explained above, it is found 
that the level of the vacuum is too high, that is the ?oat 
switch is being tripped on and off, then the operator 
will turn the manual control switch U, downwardly 
from say step 3 to say step 2 to decrease the level of 
vacuum. The selection of the position of the manual 
control switch is governed primarily by experience and 
for most normal timbers, one starts on step 3 and thus 
allows for provision either upwardly or downwardly 
from this position. The criteria of the schedule is in 
order to obtain satisfactory loading of the treating solu 
tion in the timber when the schedule has been com 
pleted. The curves shown in the drawings reach their 
maximum vacuum intensity before the uniselectory 
relay has reached its step ll. If it is found that a charge 
of wood has not been satisfactorily impregnated with 
the treating solution at the end of the schedule. then 
this means that the increase of the differential of pres 
sure or the differential of pressure is not large enough 
and thus the manual control switch will be switched up 
wardly one step for the next similar charge of wood or 
else a pressure tube with large pressure differentials be 
tween the probes will be used. 
The ?gures shown in FIG. 16 relate to a treatment of 

Pinus Radiata with Boliden K33 having a ?xed high 
pressure limit of 125 p.s.i. and varying the low pressure 
shown using step 3. The time of the schedule is depen 
dent upon the size of timber in use. If one is using 2 
inch thick timber. then the schedule will be set to take 
two hours. If one is using 3 inch thick timber, then the 
schedule will be set to take 3 hours. 
However, timber from Douglas Fir will not give a sat 

isfactory result when using a low pressure phase which 
is initially below atmospheric pressure and it has been 
found preferable to vary both the low pressure phases 
and the high pressure phases starting with a low pres 
sure limit of 40 lbs. p.s.i.g. and a high pressure limit of 
60 lbs. p.s.i.g. taking the low pressure limit down at the 
end of the schedule to about 2.5 lbs p.s.i. absolute and 
taking the limit of the high pressure phase at the end of 
the schedule up to I89 p.s.i.g. 
Generally, it has been found that the initial low pres 

sure limit is selected from within the range between 55 
p.s.i.a. and 8 p.s.i.a., preferably between 55 p.s.i.a. and 
10 p.s.i.a. while the initial high pressure limit is selected 
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from within the range of 50 p.s.i.a. and 265 p.s.i.a., 
preferably between 70 p.s.i.a. and 145 p.s.i.a. When the 
high pressure limit is varied during the schedule, at the 
end of the schedule, the high pressure limit will be at 
least 40% greater, more preferably 50% greater, than 
the limit at the beginning of the schedule while, when 
the low pressure limit is varied, during the schedule, at 
the end of the schedule, the low pressure limit will be 
at leaast 50% less, more preferably 70% less. than the 
low pressure limit at the beginning of the schedule. 

Referring to FIG. 14, it shows curves depecting the 
progressive change in the suction pump running time as 
the schedule progresses. If, as previously described, it 
is found that there has been insufficient void volume 
created at the top of the treating cylinder, then the op 
erator can turn the manual switch U2 up to a stop to in 
crease the suction pump running time. Again for nor 
mal operation, one will begin a schedule on step 3 and 
ifA is found that such running time is insufficient, then 
the manual control switch U; will be advanced from 
step 3 to step 4. 

It is also possible in accordance with this invention to 
vary the duration of each phase of the pressure cycles 
as previously described in U.S. Pat. No. 2,786,784 and 
thus illustrated in FIG. 15. The duration of each phase 
is determined by the placement of the punched holes 
on the timing tape. 
Before the beginning of each schedule, it is generally 

preferred to subject the charge within the treating cyl 
inder and the treating solution to an initial pressure for 
about 10 minutes as is generally used in the art. 

In New Zealand as in many countries throughout the 
world, timber impregnation is subject to Government 
Regulations. One must satisfy the requirements in re 
gard to the standard of treatment. In New Zealand. and 
with those species of timbers which can be treated sat 
isfactorily by the method described in U.S. Specifica 
tion No. 2,786,784. the regulations required for build 
ing timbers up to 2 inches thick, a minimum anahy~ 
drous solution concentration of Boliden K33 of 0.60% 
by weight while for a similar solution the regulations 
require a strength of 0.75% for building timbers up to 
three inches thick. With the method of the present in 
vention, the New Zealand Regulations have now al 
lowed a reduction in the solution strength and will 
allow a minimum strength for building timbers up to 
two inches thick of 0.45% by weight and for building 
timbers up to 4 inches thick a minimum strength of 
0.50% by weight without any other requirements im 
posed on the method such as for example. the number 
and duration of the pressure/vacuum oscillations are 
the same for both the original method as described in 
U.S. Pat. No. 2,786,784 and for the method of the pres 
ent invention. Similar reduction in solution strength 
have been approved for other types of timbers such as 
marine piles, poles and posts. sawn timber for ground 
contact and high decay hazard use and fence battens 
and palings. This reduction in solution strength possible 
by the present method is of considerable economic ad 
vantage to an operator. 
The invention also includes equipment set up to per 

form a similar function to the equipment herein de 
scribed or shown, or any methods substantially similar 
to that described, or substantially similar to that de 
scribed but to which have been added sonic, sub-sonic. 
super sonic or any other energy pulsation. It is also pos 
sible to use in lieu of mechanical probes to detect the 
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holes in the punched tape, a photo electric cell detect 
ing the holes in the punched tape. 

IN THE SPECIFICATION 

l . All references to pressure are in terms of absolute 
pressure, unless otherwise indicated and low pressure 
may be taken to read vacuum or low pressures around 
and above atmospheric pressures, but signi?cantly 
lower than the high pressure range around and below 
the maximum pressures used. 
For ease of understanding, the low pressure range 

shall generally be considered to be the lower 50% of 
the total range of absolute pressure used in any sched 
ule, and the high pressure range shall generally be con 
sidered to be the upper 50% of the total range of abso 
lute pressures used in that schedule, subject to any 
charge of 50 lbs. p.s.i. or greater indicating a change 
from high to low or vice versa. 

2. Schedule denotes the total time and the full pro 
cess devoted to the impregnation of preservative treat 
ment of a charge of wood. 

3. Cycle denotes a complete application of low pres 
sure followed by a complete application of high pres 
sure or vice versa. 

4. Phase denotes that portion of a cycle which is pre 
dominantly either the low pressure portion or the high 
pressure portion, with the commencement of a phase 
being that point in a cycle at which the change from 
low pressure to high pressure is initiated (or vice 
versa). 
A low pressure phase therefore commences at high 

pressure at the instance that the reduction of pressure 
is initiated, and a high pressure phase commences at 
the low pressure at the instance when the increase of 
the pressure is initiated. 

5. Mercury shall also cover any suitable liquid con 
ductor of electricity. 

6. Charge is a load of wood or other substance to be 
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treated. 

7. Liquid denotes the sap or the treating solution or 
more usually a mixture of the two, except where indi 
cated. 

8. Wood or timber includes all other substances suit 
able for treating in the manner outlined. 
Hence, by this invention it is possible to control the 

rate of aspiration of the air from within the wood cells 
and by such control, it is possible to provide a more 
rapid method for impregnating wood with a treating so 
lution. 
We claim: 
1. In a method for impregnating wood with preserva 

tives in a treating solution in which the wood and treat 
ing solution are subjected to a treating schedule includ 
ing cycles of alternate phases of high pressure and low 
pressure, the improvement comprising selecting the 
pressures at commencement as being within the limit 
imposed by the variables of the wood per se, with the 
high pressure at the start of treatment being between 
50 p.s.i. absolute and 265 p.s.i. absolute and the low 
pressure at the start of treatment being between 55 
p.s.i. absolute and 8 p.s.i. absolute, and then increasing 
progressively the differential of pressure so that at com 
pletion of treatment in terms of the initial absolute 
pressures, the high limit in the high pressure phase will 
be at least 40% greater than the initial high pressure 
and/or the low limit in the low pressure phase will be 
at least 50% less than the initial low pressure, including 
during said treatment, sensing the rate of aspiration or 
absorption of air from within the wood cells and when 
said rate exceeds a predetermined value, adjusting at 
least the intensity of pressure of the low pressure phase 
so that said rate is reduced and continuing said treat— 
ment until the wood is so deeply penetrated and heavily 
loaded with preservative as is desired, 

* * * Il' * 


