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Canadian wood products present a problem when it comes to improving their properties through chemical 
treatment. Most Canadian wood species have heartwood that, after kihi drying is relatively impermeable to 
pressure titsatment with aqueous solutions. One means to rectify this problem may be the use of different drying 
regimes. This project was designed to evaluate the effect of seven different drying regimes on the permeability of 
the heartwoods of five BC wood species. This report covers Phase I, research on lodgepole pine and white 
spruce. 

Lumber from these species was pre-sorted for penneabilify and moisture content and matched groups of 60 
boards were subjected to one of seven drying regimes. These were, air drying, dehumidification, conventional kihi 
drying, steam plus conventional, high temperature, radio frequency/vacuum and superheated steam /vacuum 
drying. Each group was then separated into two sub-groups of 30 boards. One sub-group was pressure treated 
with disodium octaborate tetrahydrate (DOT) and the other was pressure treated with chromated copper arsenate 
(CCA). Each board was weighed before and aftCT treatment to determine solution uptake. The DOT-treated 
material was sampled for solution penetration and chemical analysis immediately after treatment. The CCA-
treated material was sampled after preservative fixation. 

The data from Phase I have not yet been statistically analysed. This will be done early in year two. 
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To evaluate the effect of different drying regimes on the permeability of BC wood species to water-based 
treatments designed to enhance wood properties. 

Wood is an ideal building material in many respects, it is easily workable, has an excellent strength-to-weight 
ratio, it is a renewable resoiux̂  and can be managed on a sustainable basis. Ideally, the service life of wood 
products should be matched to the rotation period of the forest. In many appUcations, this can only be ensured if 
the wood is made completely and permanenUy resistant to the effects of water, microorganisms, insects and fire. 
In order to enhance the properties of wood effectively, wood modifying chemicals must peneti-ate deep into die 
wood. With the increasing recognition of the effects of organic solvents on the atmosphere, the solvent of choice 
for wood treatment is water. The main obstacle to effective treatment is the very low permeabihty to water of the 
heartwood of aU Canadian wood species. This may not be a problem in old-growth western redcedar and yellow 
cedar where the heartwood is durable and dimensionally stable. Unfortunately, the supply of tiiis material is 
becoming increasingly limited. The majority of Canadian softwood species have an impermeable and non-durable 
heartwood. 

The durabihty of Canadian wood is currentiy upgraded using chromated copper arsenate (CCA), a waterbome 
preservative which fixes to the wood. This fixation may contribute to limiting the penetration of the preservative 
if the rate of penetration is too slow. There has recently been increased interest in the use of borate-based 
preservatives such as disodium octaborate tetrahydrate (DOT) which do not fix to the wood and are suitable 
mainly for protection against beeties and termites in non-leaching environments. CCA and borate represent two 
extremes in terms of their abiUty to move with the water in the wood. They are therefore useful as model 
chemicals to evaluate the effect of pretreatment processes on permeabiUfy to water-based treatments in general. 

There is evidence from New Zealand that certain high-temperature drying schedules can dramatically improve the 
permeability of radiata pine (Pinus radiata D. Don) heartwood to waterbome preservatives (Booker 1990, 
Booker and Evans 1994, Cobham and Vinden 1994). Similar claims are made for the effect of steam/vacuum 
drying on permeability (Moldrup 1995). Presteaming prior to pressure treatment has been shown to improve the 
treatability of some species grown in BC (Lebow and MorreU 1993, Morris et al. 1997). In some cases, kibi-
drying has been shown to reduce the treatabiUty of wood (Morris 1991); however, for spruce-pine-fir, the treater 
is often only able to obtain kiln-dried material. A comprehensive study was therefore warranto! to investigate the 
effect of drying regimes on permeability and, if possible, develop optimised diying regimes for pre-treatment 
conditioning of BC species. It was anticipated that additional spin-offs would include a better understanding of 
the effect of drying processes on wood properties and the patiiways through which waterbome chemicals 
penetrate wood. 
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MATERIALS AND METHODS 

Drying and Treatment 

Pre-sorted #2 or better (48 mm x 100 mm x 3.7 m) lodgepole pine (Pinus contorta Dougl.) and westem white 
spmce {Picea glauca (Moench) Voss) were obtained (750 and 600 pieces respectively) in rough green condition 
from Rustad Brothers, Prince George, B.C. The lumber arrived frozen and was stored in a covered shed at 18°C. 
After the centre ofthe lumber pack reached a temperature above 1°C (measured by thermocouple), the boards 
were sorted and material with major checks and redheart was discarded. The remaining boards were individually 
numbered. A sample approximately 1.2 m in length was then taken from each board as well as a 50 mm moisture 
content sample. Moisture content samples were weighed, oven dried for 24 hours at lOŜ C, and reweighed. The 
remaining pieces of each board (2.5 m in length) were covered in a tarpaulin and stored outside prior to sorting 
and drying. 

The 1.2 m samples were treated using a schedule with a 30 minutes 740 torr vacuum, followed by treatment with 
a 2.5% CCA solution for two hours at 1035 kPa. After treatment the samples were cut in half and separated into 
four sets based on a visual estimation of heartwood permeability (four sets of pine and four sets of spruce). The 
most permeable material, fiilly treated boards, were eliminated from the experiment, but retained for examination 
of penetration pathways. From the four sets, seven groups of 60 boards were selected (for each species), with 
equal representation from permeability groups 1 and 2 and equal average moisture content and range of moisture 
contents, with each group being dried with one ofthe seven drying regimes. Pine and spruce had similar moisture 
contents and were therefore dried together. Details ofthe drying regimes are given in Table 1. 

After drying, all samples were planed to 38 x 89 mm at Forintek. The individual groups were then covered with a 
tarpaulin and left outside prior to treating. Each group of 60 was then separated into two sub-groups of 30, one 
for CCA treatment and the other for borate treatment. The CCA treatments were completed using a 2.0 % CCA 
solution and the following basic pressure treatment schedule: 

* bring retort to fidl vacuum (740 torr) 
30-minute vacuum 
fill retort under vacuum \ 

* bring retort to full pressure 1035 kPa (150 psi) 
- two hours under pressure 



- empty retort 
15-minute vacuum (740 torr) 

Following the CCA treatments the pilot plant was cleaned and the preservative was changed to borate. The 
borate treatments were completed using a 4.2 % DOT (5% Boric acid equivalent - BAE) solution and the same 
treating schedule as for CCA. (See above) 

Sampling CCA Treatments 

Each sample was weighed before and after treatment to determine solution uptake. Following treating, the boards 
were covered and left in a closed storage area for two weeks at 20"'C to allow fixation to occur. A 100 mm 
sub-sample was then taken from the centre of each board and oven dried to a constant weight at 50°C. 
These samples were then further cut as follows: 20 mm for analysis, 10 mm for penefration, 10 mm for Scanning 
Electron Microscope (SEM), and the remainder kept as a reference. The penetration sample was sprayed with 
Chrome-Azurol S indicator solution (American Wood Preserver's Association, 1996a). Penetration 
measurements were taken at the centre of the heartwood face. (max. penetration =18 mm) Core borings, 16 mm 
long were taken from the centre of the heartwood face and ground to pass through a 40-mesh screen. For CCA 
analysis 0.4 g of each samples was combined with 0.1 g of cellulose and compressed to form a pellet. These 
pellets were analysed on a Tracor energy dispersive X-ray spectrometer which had been calibrated for chromium, 
copper and arsenate (American Wood Preserver's Association, 1996b). The reference specific gravities of 
lodgepole pine and white spmce were used to convert results from a weight per weight to the weight per volume 
unit (kg/m') used to express preservative retention. 

Sampling Borate Treatments 

Each sample was weighed before and after treatment to determine solution uptake. Immediately after the second 
weighing a 50 mm sub-sample was removed from the centre of each sample. The sub-sample was oven dried to 
constant weight at 50°C, then fiirther cut into two slices. One of the slices was sprayed on the freshly cut face 
with a two-part curcumin indicator. A red or pink colour indicated the presense of boron. Part A was 0.28g 
curcumin in 100 ml of ethanol and part B was a saturated solution of salicyUc acid in 90% ethanol/10% 
concentrated hydrochloric acid. The cut face was sprayed with part A and, after two minutes, with part B. After 
waiting 30 minutes for the colour to develop fully, the boundary of the treated zone was marked witii a pen. The 
peneti-ation of borate was measured, at the centi-e of the heartwood face, from the block surface to the edge of the 
Une nearest the surface of the block. This procedure was used to avoid the redistiibution of borate associated with 
the use of an increment borer in wet wood (Morris et al. 1996). 

Chemical analyses were carried out on a 16 mm assay zone for comparison to AWPA specifications. From each 
sample a 16 mm analysis zone was cut and ground, then bagged. The borate was then extracted, using hot water 
extraction at 95 °C for four hours. The leachate was titrated using a mannitol titration method (Johnson and 
Ingram 1992, Winters, undated). 

Penetration Pathways 

Cross sections were taken of all the CCA-treated pine and spmce boards and photographed for record purposes. 
Selected samples are being prepared for examination by SEM coupled to an energy dispersive X-ray 
spectrometer. 

In addition, samples of the material which had been discarded during the pre-screening stage due to complete 
heartwood penefration were retained for examination of penetration pathways. 



RESULTS AND DISCUSSION 

The results are presented in Tables 2 to 5 and, as histograms, in Figures 1 to 4. In the figures, the seven drying 
regimes are presented from left to right in increasing order of severity with respect to expected temperature and 
pressure gradients. Statistical analysis ofthe treatment data is still underway: It is therefore premature to discuss 
the results in detail. Despite the presorting for permeability and for moisture content, there was still a very high 
degree of variation wiUiin sub-groups. Statistical analyses of these data and Phase II, repeating the work wiUi 
western hemlock, amabilis fir and Douglas fir, will be completed in year two. 
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Drying Method 
Weight 
Uptake 

(kg) 
Mean SD 

Penetration 
Heartwood 

(mm) 
Mean SD 

Retention 
CCA 

(kg/m») 
Mean SD 

Air 0.74 0.54 7.66 6.79 1.06 0.97 
Dehumidification 0.62 0.35 1.93 4.23 0.38 0.43 
Conventional 0.73 0.48 5.87 5.83 0.57 0.39 
Presteam + Conventional 0.73 0.48 3.97 4.62 0.36 0.22 
High Temperature 0.79 0.51 4.50 5.47 0.48 0.60 
RF/Vacuum 0.75 0.33 1.83 3.04 0.45 0.27 
SteamA âcuum 0.77 0.51 6.84 7.59 1.07 1.23 

Table 5: Chemical Uptake, Penetration and Retention by Analysis in White Spmce - CCA 

Drying Method 
Weight 
Uptake 

(kg) 
Mean SD 

Penetration 
Heartwood 

(mm) 
Mean SD 

Retention 
CCA 

(kg/m') 
Mean SD 

Air 0.69 0.47 2.09 4.27 1.41 1.80 
Dehumidification 0.51 0.32 0.70 0.84 1.05 0.85 
Conventional 0.54 0.26 1.27 2.85 1.17 1.25 
Presteam -i- Conventional 0.51 0.25 2.27 3.73 1.31 1.01 
High Temperature 0.35 0.16 0.84 0.90 0.66 0.30 
RFA/acuum 0.50 0.18 1.22 2.43 1.33 1.33 
SteanWacuum 0.46 0.26 0.91 1.03 0.72 0.35 

Table 6: Chemical Uptake, Penetration and Retention by Analysis in White Spruce - Borate 

Drying Method 
Weight 
Uptake 

(kg) 
Mean SD 

Penetration 
Heartwood 

(mm) 
Mean SD 

Retention 
(% BAE) 

Mean SD 
Air 0.53 0.27 3.14 4.42 0.68 0.47 
Dehumidification 0.44 0.19 2.04 2.22 0.35 0.24 
Conventional 0.41 0.25 2.07 1.98 0.33 0.29 
Presteam + Conventional 0.32 0.13 1.68 1.62 0.23 0.11 
High Temperature 0.55 0.31 3.20 3.75 0.33 0.21 
RF/Vacuum 0.43 0.31 3.17 5.46 0.33 0.29 
Steam/Vacuum 0.43 0.27 2.27 3.08 0.53 0.65 






