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ABSTRACT

End matched white spruce 2" x 6" lumber and aspen poplar 6" x 6" 

timbers were dip treated by a thermal diffusion process in open tank 

treating vessels using an ammoniacal copper arsenate additive wood 

preservative. The process proved technically feasible with respect 

to controlling the vapourization of ammonia from open tanks during 

treatment at high temperatures.

Treatments of 48 hours or more on green and partially dried 

lumber produced net oxide retentions above that required by Canadian 

Standard Association for timber in above ground contact situations. 

Although preservative penetrations did not meet the CSA 080.2 

requirements (9.4 mm), five of the seven non-pressure treatments 

on spruce lumber had heartwood penetrations greater than 7 mm in 

depth. A 24 hour treatment on well air dried spruce had penetra-

tions equivalent to a 5 hour vacuum-pressure treatment. Retention 

was also adequate for above ground exposure.
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INTRODUCTION

During the past decade the Eastern Forest Products Laboratory of 

Forintek Canada Corp. bas initiated work on the pressure treatment 

of refractory wood species native to Canada.

Extensive experimentation and industrial trials with these pre-

servatives have yielded favourable results indicating that spruce 

roundwood, plywood, and lumber can be treated successfully.

Ammoniacal preservatives, copper arsenic additive (CCA) and copper 

zinc arsenic additive (CZAA), developed by Clarke & Rak (5, 6, 8) have 

improved fixation properties, are toxic to a wide range of fungi 

and at the same time reduce the amount of arsenic necessary for 

their manufacture.

Encouraging results were reported by Rak and Krzyzewski (2, 7, 9) 

with both pressure treatments and diffusion in ground line bandage 

type treatments on spruce with moisture contents above fiber satura-

tion point. Henningsson (1) also reported improvements in resistance 

to certain decay forms when delayed drying was used with ammoniacal 

wood preservatives.

The technical success of these systems with regard to improved 

penetration and fixation have recently been verified by a number of 

researchers involved with wood preservation. However, as with any 

preservative system, the economic aspects of such improvements play 

a very important role in the ultimate acceptance of these improvements 

by Industry.
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Positive economic benefits of CAA or CZAA systems include a 

wider yet less expensive range of woods that can be treated (eg. spruce 

and aspen). The availability of these species assures a continual 

supply of raw materials to the treating facility at reduced trans-

portation costs as opposed to the utilization of imported woods 

(southern pines and ponderosa pine). Preservative solutions can 

be manufactured at a plant from the basic chemicals used in the 

preservative formulations.

Negative economic considerations are centered mainly on two 

aspects of pressure treating refractory wood species with these 

systems. Solvent costs are greater when compared to those systems 

using unmodified water carriers. Secondly,overhead associated with 

the pressure treatment of lumber for periods of 18-24 hours or more 

may be unacceptable. This is especially true in view of the 

increased interest on capital investment required for the pressure 

treating equipment.

It is however important to note that a portion of the wood 

treating industry is utilizing ammoniacal systems and that Forintek 

formulations can be competative in price for both solvent and 

chemical constituents used in these treatments.

The development of non-pressure treating methods for refractory 

species, based on well fixed preservatives, may be important in 

furthering the use of woods that are often used in an unprotected 

form and placed under moderate decay hazard conditions in service.
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The processes would in part reduce the cost of the final product, 

comparative to pressure treatment by reducing the cost of treating 

facilities and at the same time provide a product with adequate 

protection for use in low or moderate decay hazard areas.

The Canadian Standards Association presently allows for the use of 

spruce timber treated with waterborne preservatives at 0.25 pcf 

(4.0 kg/m3) oxide retention with 3/8 inch (9.4 mm) heartwood or 90% 

sapwood penetration (CSA 080.2). Even these minimum requirements are often 

not achieved with spruce when some preservative systems are applied 

under pressure.

Research has been carried out with regard to the non pressure 

treatment of wood using both oil and waterborne preservatives (3,4). 

Although some elements of these systems do fix well, leaching occurs 

rapidly with others and premature failures in these systems have 

been reported. To date little or no work has been performed on the 

treatment of lumber with salt type preservatives using the thermal 

process combined with a diffusion period, the main reasons being 

that the majority of the formulations used in the treatment of wood 

by diffusion are incompatible with higher temperatures (80°C-90°C) 

used in thermal treatments.

By taking advantage of the natural permeability of some woods 

and the ability of ammoniacal systems to diffuse with time into wood 

substance, a possibility exists whereby these mechanisms could be 

utilized to achieve sufficient penetration and loading to meet certain 

service requirements.
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At the present time the main technical difficulty involved in 

the heating of ammoniacal solutions for long periods of time is the 

loss of ammonia vapour from the treating solution. This will 

ultimately result in precipitation of the chemical components of 

these preservatives. If ammonia could be kept in solution during 

exposure in heated open tanks then the thermal diffusion method of 

treatment might prove feasible.

The basic mechanisms of preservative penetration which rely on 

the wood permeability coupled with a pressure differential and the 

diffusing properties of solutions might be more fully utilized if 

both hot and cold bath and diffusion treatments are combined. The 

thermal treatment will produce a small pressure differential while 

longer treating periods would enhance diffusion. Solution composition 

and concentrations, temperature, time, and wood moisture content are 

known to be important variables with respect to diffusion rate of 

preservatives.

This investigation was initiated to examine the feasibility of 

utilizing ammoniacal wood preservatives for this type of treatment.
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METHOD AND MATERIALS

A simple and practical solution to the problem of ammonia 

vapourization would be to encapsulate the ammonia vapours by placing 

a floating solvent vapour barrier over the treating solution. A range 

of different barrier fluids were assessed including various waxes 

and oils.

An extensive examination of all possible solvents was not under-

taken. It was found that a mixture of 50% motor oil and 50% fuel oil 

or varsol gave surprisingly good results. Oil covered working solutions 

of ammoniacal preservatives (6% NH3 4% oxides) were left for a period 

of 4 months at room temperature without precipitation of the salts 

occurring. It was decided that this method of halting or reducing 

ammonia vapourization from open tanks would be more than adequate.

A fresh solution of copper arsenate additive (CAA) was prepared 

containing 4.1% oxides and 6.0% ammonia (NH3). Copper arsenate 

additive (CAA) contains 36.9% AS205 and 63.1% CuO. The additive in 

this formulation was ammonium bicarbonate. The treating facilities 

consisted of an open tank 7 ft by 3.2 ft by 4 ft (2.13 m x 1 m x 

1.22 m) deep equipped with steam heating coils.

Twelve hundred and fifty board feet of undressed green 2" x 6" 

x 16' (5.08 cm x 15.2 cm x 4.8 m) white spruce cut from yard stored 

logs was obtained from a local mill. Two end matched samples 2" x 

6" x 82" (5.08 cm x 15.2 cm x 2.08 m) long were cut from each board, 

allowing comparative treatments to be made on selected treatment
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variables. The green lumber was segregated into high and low moisture 

content groups to assess the affect of wood moisture on treatability. 

Material used to compare pressure and non pressure methods was dried 

to less than 20% moisture content.

All treatments consisted of a 7 hour heating period at 82° to 

85°C with a cooling and diffusion period ranging from 17 hours to 65 

hours. After treatment all lumber was air dried outdoors. Moisture 

content of the lumber was obtained by oven drying samples taken from 

the centre section of the original 16 foot boards or by moisture meter 

readings taken prior to treating charges that were composed of dry 

material.

After treatment each board was air dried, cross cut, and an average 

depth of penetration obtained from the heartwood faces of the boards.

This calculation was made by measuring the heartwood area penetrated 

and dividing by the length of heartwood surface.

Gross absorption of the preservative was calculated by weighing 

the boards immediately before and after the treatment.

In addition to treatments performed on white spruce lumber a 

small sample of aspen 6" x 6" (15.2 cm x 15.2 cm) and red pine 4" x 4" 

(10.1 cm x 10.1 cm) timbers were treated using this non-pressure method. 

One-inch (2.5 cm) aspen lumber was included for comparative purposes.
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RESULTS AND DISCUSSION

Table 1 outlines the treating conditions for the six charges of 

spruce 2" x 6" lumber. Charge 1 and 2 compare end matched samples for 

two different cooling periods. After the 7 hour heating period 

charge number 1 was given a 17 hour cooling period for a total treat-

ment time of 24 hours. Charge number 2 had a cooling period of 44 

hours for a total duration of 48 hours. Both charges contained green 

lumber of high and low moisture content.

A significant difference did occur at the 95% level between the 

two cooling treatments but not between different moisture contents 

within treatment. The.average net oxide retentions for the 24 hour 

treatment were about 0.20 pcf (3.3 kg/m3) whereas the 48 hour treatment 

produced average retentions of 0.25 to 0.26 pcf (4.0 - 4.2 kg/m3).

Even large moisture differences had no apparent effect on gross 

absorption in the green or partially air dried lumber.

Diffusion of preservative into unseasoned material may actually 

occur without a significant weight gain, and since calculations were 

based on weight gain, the figures representing the net oxide retention 

of preservative would in fact be the minimum amount of preservative 

present in charges of green wood treated by the thermal diffusion 

process. In charge 4 the cooling period for unseasoned material 

was extended to 65 hours for a total treating period of 72 hours.

Net oxide retention increased to 0.36 pcf (5.8 kg/m3) with gross 

absorption at 7.65 pcf (122.5 kg/m3). Charge 2 and 4 would meet the
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recommended net oxide retention level of 0.25 pcf (4.00 kg/m3) 

suggested by the Canadian Standards Association for lumber used in 

above ground exposure conditions.

Charge 3 was unseasoned end matched lumber of lower moisture 

content, half of which was incised to a depth of 3/8" (9.4mm) on 

a commercial incising machine. A treating period of 7 hours heat and 

17 hours cooling produced net oxide retentions of 0.18 and 0.16 pcf 

(2.9 and 2.5 kg/m3 oxides) for incised and non-incised material, 

respectively. Differences in gross absorption were not significant 

at the 95% level. Neither of these retentions meet the CSA standard 

requirement for above ground use.

Charges 5 and 6 compare thermal diffusion vs. pressure treatment 

of spruce lumber. Charge 5 was a 24 hour thermal diffusion treatment 

while charge 6 was a vacuum pressure treatment of 6 hours duration.

Both charges utilized dry material. Although a significant difference 

at the 95% level did occur between the gross absorptions of these 

charges, both the pressure treatment and the non-pressure thermal 

diffusion treatment met the required retention for CSA 080 standard 

for above ground use.

Table 2 outlines retentions obtained in unseasoned aspen 6" x 6" 

(15.2 cm x 15.2 cm) and fully seasoned red pine 4" x 4" (10.1 cm x 

10.1 cm) timbers treated by thermal diffusion. The average net oxide 

retention in aspen was 0.30 pcf (4.85 kg/m3) for the six samples.

Aspen poplar is not presently in the CSA standard however large amounts
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of this material are being treated by dipping in oil type solvent 

(fuel oil) and used as landscaping ties.

Charges 8 and 9 were composed of red pine squared post material, 

air dried indoors to 7% moisture content. Charge 8 had a total treat-

ment duration of 72 hours and average net retention of 0.38 pcf (6.20 

kg/m3) oxides. This approached minimum CSA requirements for ground 

contact exposure (0.4 pcf oxides). Fully seasoned 1-inch aspen lumber 

(Charge 7A) treated by thermal diffusion had retentions well in excess 

of ground contact requirements.

Oxide retentions in commodities can be adjusted by various methods 

including changing solution concentrations to bring them in line with 

standard requirements. For this reason most standards are accompanied 

by a requirement for minimum penetration into the wood. Canadian 

Standards Association recommend 3/8" (9.4 mm) minimum penetration 

for lumber in above ground contact applications. Figures 1 through 6 

show the penetration in cross-sections of 2" x 6" (5.08 cm x 15.2 cm) 

white spruce lumber treated by the thermal diffusion method. Correspond-

ing average heartwood penetration is given in Table 3. Increased 

penetration of heartwood occurred when treating times were increased 

from 24 hours, to 48 hours (charge 1 vs charge 2). Increased penetration 

also occurred when material was incised, (charge 3).

No increased penetration was found when samples were close piled 

and wrapped in plastic for 5 days following the treatment. Samples 

that were close piled and wrapped in plastic took on a light brown
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color similar to western cedar and were free of surface salt deposits.

In fact, all material treated by thermal diffusion was noticably 

cleaner than pressure treated material.

No significant difference in penetration occurred between the 

pressure treated material and the thermal diffusion treated samples 

(fully seasoned) even though gross absorption in the pressure treated 

material was signficiantly higher.

Penetration in the aspen timbers is shown in Figure 7. Average 

penetration exceeded 0.50" (12.7 mm).

Heartwood penetration averaged 0.38" (9.4 mm) in the 4" x 4" red 

pine treated with the 72 hour schedule and 0.25" (6.35 mm) in the 

samples treated for 48 hours. Full sapwood penetration was achieved 

I in both red pine charges. Figure 8 shows penetrations in cross-

sections of red pine sprayed with chrome azural copper indicator.

Figure 9 shows penetration in one inch poplar lumber treated 

by the thermal diffusion method. One sample was fully penetrated.

The remaining samples had a penetration of 0,20” (5,1 mm) in the heartwood.

Although none of the charges of spruce lumber treated, including 

the pressure treated material, met the CSA required penetration of 9.4 mm, 

penetrations were fairly uniform in unseasoned lumber. It should be 

noted that only one charge was incised and this resulted in a significant 

increase in penetration (8.3 mm). Sapwood in all white spruce charges 

was at least 90% penetrated.
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CONCLUSIONS

1. Treatment of lumber and timber by the thermal diffusion process 

proved to be technically feasible. The inhibition of ammoniacal 

vapour loss was accomplished by applying a film of oil solvent 

over the treating solutions. It effectively allowed repeated 

heating of the solution to 80-85°C without significant loss of 

ammonia.

2. In a commercial operation utilizing this method of treatment open 

tanks would have to be filled and emptied with each charge since 

a film of oil would form on lumber placed directly into the 

treating solution. This would inhibit uptake of the waterborne 

preservative.

3. An increase in treating schedule duration resulted in greater uptake

of treating solution in unseasoned spruce lumber.

4. An increase in treating schedule duration resulted in greater

heartwood penetration of the preservative in unseasoned spruce lumber.

5. Incising of spruce lumber proved beneficial by increasing 

preservative penetration in the heartwood areas of boards.

6. The treatment by thermal diffusion of dry spruce resulted in 

preservative penetrations equal to those achieved in a 5 hour 

pressure treatment on spruce using the same CAA preservative.

7. The thermal diffusion treatment of unseasoned aspen 6"x6" (15.24 cm x 15.24 

cm) timber resulted in net oxide retentions belovy that recommended in

the CSA Standard for most species. The treatment however may constitute an
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improvement over non-pressure treating practices currently being 

used for certain commodities (landscaping timbers).

8. The thermal diffusion treatment of dried red pine 4" x 4" material 

indicated that oxide retentions, (above those required by CSA for 

above ground contact) can be achieved and with some adaptations 

(length of treatment and incising) the thermal diffusion treating 

method may prove adequate for preservative impregnation of 

permeable species for ground contact exposure.

9. An assessment of the durability of the treated material is necessary 

and samples of spruce lumber, aspen 6 x 6  and red pine 4 x 4  treated 

by the thermal diffusion method will be placed in ground contact at 

Forintek's Eastern Post test plot at Chalk River, Ontario for 

evaluation of its decay resistance.
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TABLE 1. Average Initial Moisture Content and Preservative Uptake of 2-inch White Spruce Treated
by Thermal Diffusion1__________________________________________________________________

Charge
No.

No. of Sample 
Samples Identity

Average 
Moisture 
Content (%)

Initial
1 ( uc )

Treating

Heatinq 
(hr) '

Schedule

Final
T ° c T "

i

Coolinq 
(hr)

Gross Absorption

Average1 2 Standard 
(kg/m3) Deviation

Net Oxide 
Retention 

(kg/m3) (pcf)

13 t 104 79.5 3.25 0.20
1 50B-59B 88 7 44 17 10.6

7 42 79.8 3.27 0.20

13 104 97.9 4.00 0.25
2 50A-69A 85 7 40 41 15.5

7 42 103.0 4.21 0.26

10 41B-49B, 79B 71.6 9.9 2.93 0.18
3 (inci sed)

53 82 7 45 17
10 41A-49A, 79A 60.9 21.0 2.49 0.16

(non-inci sed)

9 70A-78A
4 57 82 7 40 65 111.6 18.6 5.06 0.32

9 70B-78B3

5 20 1B-20B 16 82 7 42 17 114.5 37.2 4.64 0.29

6 20 1A-20A 12 (pressure treated; 1 hr 
5 hr pressure)

vacuum, 194.3 91.1 7.85 0.49

1 Ammoniacal copper arsenate additive (CAA) preservative
2 Significant difference between charges 1 and 2 and between charges 5 and 6 at 95% level
3 Samples close piled in plastic wrap after treatment to observe preservative penetration effect 
All other samples stacked and air dried after treatment



TABLE 2. Preservative Uptake in Thermal Diffusion Treated Aspen and Red Pine

Charge
No.

Sample
Identi fi cation

No. of 
Samples

Average
Moisture
Content

(%)
Initial
(°C)

Treating
Heating
(hrs)

Schedule 
Final Cooling 
(°C) (hrs)

Average
Gross

Absorption
(kg/m3)

Average Net Oxide 
Retenti on 

(kg/m3) (pcf)

7 Aspen 6" x 6" 
1-6

, 6 45 85 7 36 65 118.5 4.85 0.30

7A Aspen 1" lumber 
1-3

3 8.2 85 7 36 65 493.4 20.18 1.26

8 Red Pine 4" x 4" 
1-3

3 7.0 85 7 45 65 149.6 6.20 0.383

9 Red Pine 4" x 4" 
4-6

3 7.0 85 7 45 41 126.2 5.17 0.323



TABLE 3. Preservative Penetration in Thermal Diffusion Treated White Spruce Lumber

Charge
No.

Sample
Identification

Number 
of Samples

Average Penetration 
in Heartwood1 

(mm)

Standard 
Deviati on 

(mm)

1 50B-69B 20 7.4 1.63

2
f

50A-59A 20 8.6 1.86

3 41B-49B-79B 
Inci sed

10 8.3 2.13

41At49At79A 
Non-incised

10 5.4 1.14

4 70A-78A 9 7.5 1.45

70B-78B
(close piled under 
plastic wrap)

9 7.5 1.79

5 1B-20B 20 4.90 1.01

6 1A-20A
Pressure treated

20 4.30 1.16

1. Significant difference between treating schedule (Charges 1 and 2) and 
between incised and non-incised (Charge 3) at 95% level.



Figure 1 Charge #1 - Preservative penetration in x-sections of
2"x6"x82" spruce lumber after 24 hour thermal diffusion
treatment using CAA ammoniacal wood preservative.
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Figure 2. Charge #2 - Preservative penetration in x-sections of
2"x6"x82" spruce lumber after 48 hour thermal diffusion
treatment using CAA ammoniacal wood preservative.
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Figure 3. Charge #4 - Preservative penetration in x-sections of 2" x 6" x 82"
spruce lumber after 72 hour thermal diffusion treatment using
CAA ammoniacal wood preservative.
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Figure 4. Charge #3 - Preservative penetration in x-sections of
2"x6"x82" non-incised (left) and incised (right) spruce 
lumber after 24 hour thermal diffusion treatment using 
CAA ammoniacal wood preservative.
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Figure 5. Charge #6 - Preservative penetration in x-sections of
2"x6"x82" spruce lumber after full cell vacuum-pressure
treatment using CAA ammoniacal wood preservative.

21



Figure 6. Charge #5 - Preservative penetration in x-sections of
2"x6"x82" spruce lumber after 24 hour thermal diffusion 
treatment using CAA ammoniacal preservative. Samples 
end matched with those of charge #6.
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Figure 7. Charge #7 - Preservative penetration in x-sections of
6"x6"x82" aspen poplar after 72 hour thermal diffusion
treatment using CAA ammoniacal wood preservative.

23



Figure 8. Preservative penetration in x-sections of 4"x4"x82" red 
pine lumber after 48 hour (bottom) and 72 hour (top) 
thermal diffusion treatment using CAA ammoniacal wood 
preservative.
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