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SUMMARY 

The recent interest in borate treatment for the production of termite-resistant lumber has led to the need 
for improved treatment processes. Pre-steaming prior to pressure treatment was known to have a number 
of potential benefits in terms of improved permeability, moisture distribution and effectiveness of the 
vacuum. This process was therefore tried on western hemlock dodai (105 mm squares) in an attempt to 
achieve 80% cross sectional penetration with a minimal diffusion period after pressure treatment. 
Western hemlock pre-steamed to a core temperature of 82° C in four hours took up almost double the 
amount of treating solution of end-matched unsteamed samples. There was an improvement in mean 
heartwood penetration of 45% immediately after treatment and a 134% increase in penetration after one 
week storage. This was not entirely due to diffusion within the wood but to mass flow of treating 
solution continuing after the end of the pressure process. After one week storage 64% of samples had 
80% of the cross section penetrated. Reducing the vacuum time from 30 minutes to zero had a 
detrimental effect on penetration. Increasing time under vacuum to 60 minutes provided no beneficial 
effect. Pre-steaming of hemlock dodai appears to be a very effective means of improving uptake during 
pressure treatment. 
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1.0 OBJECTIVE 

To determine the effect of pre-steaming on the penetration of borate into western hemlock during pressure 
treatment. 

2.0 INTRODUCTION 

The renewed interest in borates as wood preservatives, particularly for production of termite-resistant 
lumber (Williams 1990), has prompted reconsideration of the methods used in the past for borate 
treatment of Canadian wood species. In the 1960s Canadian forest products companies treated 
considerable volumes of hem-fir, a mix of Tsuga heterophylla Raf. Sarg. and Abies amabilis 
Dougl.Forbes, via dip-diffusion for export to the United Kingdom. This process was effective, but it 
took seven weeks to achieve through treatment in nominal two inch lumber (Maclean 1962). Difhision 
proceeded well in saturated sapwood but less rapidly in heartwood which has a lower moisture content 
(Maclean 1962, Smith and Williams 1969), reported to be around 50% (Nielson, Dobie and Wright 
1985). 

Forintek's current work is focused on treatment of dodai, 105 x 105 nun sillplates, for traditional 
Japanese houses. Since these are normally cut and notched on site, through-treatment would be preferable 
to shell-treatment. If treated via diffusion these would probably require a sixteen week diffusion period 
for complete penetration incorporating a second dip after eight weeks, based on experience with radiata 
pine in New Zealand (Vinden 1988). The Canadian forest products industry is unlikely to adopt such 
slow production processes. 

A range of methods for speeding up the treatment process, developed in New Zealand, were reviewed by 
Vinden, Fenton and Nasheri (1985). One of these methods, pressure treatment followed by diffusion, has 
been evaluated for treatment of green hem-fir. Lebow and Morrell (1989) achieved mean penetrations of 
up to 12mm in 100 x 100mm western hemlock immediately after treatment with a one hour pressure 
period using a variety of solution strengths. Thirty days diffusion storage gave mean penetrations of up 
to 40mm. Byrne, Morris and Minchin (1994) found that amabilis fir treated significanUy better than did 
western hemlock. A shell treatment of 80% > 10mm penetration and a one-ninth core loading of 0.2% 
BAE was achieved in amabilis fir after a two hour pressure period whereas western hemlock required a 
two-hour pressure period and two weeks diffusion. Through treatment to a core loading of 1.2% BAE 
was obtained with amabilis fir pressure treated for two or six hours and left for a six week diffusion 
period. This level of treatment was not achieved with western hemlock. 

The ideal option would be to separate out amabilis fir for pressure treatment. Although at least two mills 
are currentiy separating the two species for other end uses, dodai are normally made from hem-fir. 
Furthermore, western hemlock is preferred for dodai probably due to its higher compression strength 
reported by Jessome (1986). It was therefore necessary to develop treating schedules which would 
improve treatment in western hemlock. 

In order to reduce or eliminate the need for a diffusion period, pre-steaming was considered as an 
attractive option. Pre-steaming potentially can provide at least four beneficial effects. First, widi green 
pine sapwood, pre-steaming followed by evacuation or a few days storage can reduce the moisture content 
and increase void space to be filled with preservative (McQuire 1961, Vinden, Fenton and Nasheri 1985, 
Vinden 1987). Murphy and Dickinson (1986) and Vinden (1987) found that the wetter sapwood lost 
considerable amounts of water while the drier heartwood did not. Second, steam/evacuation blows out 



ray tissue in pine sapwood creating pathways for preservative penetration (McQuire 1975). Similar 
increases in permeability have also been seen in pine heartwood, although removal of resin deposits on 
pits or in resin canals were suggested as the primary mode of action (Bergervoet 1983). Third, expansion 
of the gases and boiling of the water in the wood creates a more intense partial vacuum in the wood as it 
cools. This effect has been used more conunonly in combination with diffusion (McQuire and Goudie 
1972, Murphy and Dickinson 1986, Barnes, Landers and Williams 1993) rather than pressure treatment. 
Fourth, if tfie solution does not cool the wood too much, a higher temperature at the end of the pressure 
treatment process will speed up diffusion which can fill in gaps of untreated wood. 

Very little work has been done with pre-steaming and borate pressure treatment on wood species 
containing a high percentage of heartwood. No published work on such treatments with hem-fir has been 
located. Lebow and Morrell (1993) tried a range of presteaming and equilibration-storage periods on 
green and dry Douglas-fir (Pseudotsuga menziesii Mirb. Franco.) prior to pressure treatment with 
borates. They achieved the best results with a one hour steaming and a one hour equilibration period, the 
shortest times for each process. Similarly, with Sitka spruce (Picea sitchensis Bong. Carr.), Murphy and 
Dickinson (1986) achieved their best results with pre-steaming and an immediate dip in the diffusion 
treating solution. These results suggested that equilibration storage after steaming would not be of 
benefit. 

Preliminary work (unpublished) suggested that improvements in heartwood penetration of 40% could be 
achieved by pre-steaming western hemlock. In the study reported here an attempt was made to optimize 
the process for western hemlock dodai. 

3.0 STAFF 

P.I. Morris Wood Preservation Scientist 

A. Byrne Wood Protection Scientist 

J.F.G. Mackay Lumber Drying Scientist 

S.M. McFarling Wood Preservation Process Technologist 

D. Minchin Wood Protection Technologist 

D. Wright Lumber Drying Process Technologist 

V. Mlcoch Lumber Drying Technologist 

4.0 MATERIALS AND METHODS 

Western hemlock dodai (baby squares) 105mm x 105mm x 6m were obtained in green condition 
(antisapstain treated with NP-1), from a sawmill on Vancouver Island. Fifty were selected on a basis of 
minimal checking and knots; from each two end-matched samples 2.52m long were cut. These samples 
were end-sealed with one coat of two-part epoxy resin. A thermocouple was inserted into the centre of 
two samples in each charge. The following treatment processes were used: 



1) Conventional pressure treatment (30 min. vacuum) 

bring retort to full vacuum (740mmHg) 
30 minute vacuum 
fill retort under vacuum 
2 hours at 1035 kPa 
empty retort 
15 minute vacuum (740mm Hg) 

2) Presteaming plus pressure treatment (30 min. vacuum) 

steam for 4.0 hours in kiln, maximum core temp. = 82° C 
transfer to treated wood pilot plant 
bring retort to full vacuum (740mm Hg) 
30 minute vacuum 
fill retort under vacuum 
2 hrs at 1035 kPa 
empty retort 
15 minute vacuum (740mm Hg) 

3) Presteaming plus pressure treatment (0 min vacuum) 

steam for 4.0 hours in kiln, maximum core temp. = 81.5° C 
transfer to treated wood pilot plant 
bring retort to full vacuum (740nmi Hg) 
0 minute vacuum 
fill retort under vacuum 
2 hrs at 1035 kPa 
empty retort 
15 minute vacuum (740mm Hg) 

4) Presteaming plus pressure treatment (60 min. vacuum) 

steam for 4 hours in kiln, maximum core temp. = 84° C 
transfer to treated wood pilot plant 
bring retort to full vacuum (740mm Hg) 
60 minute vacuum 
fill retort under vacuum 
2 hours at 1035 kPa 
empty retort 
15 minute vacuum (740mm Hg) 

The concentrations by analysis of Tim-Bor* as boric acid equivalent (BAE) and didecyldimethyl 
ammonium chloride (DDAC) in treating solutions are given in Table 1. DDAC was included primarily as 
a mould inhibitor (Morris and Byrne 1995). End matching was between treatments 1 and 2 and treatments 
3 and 4. The kiln was ramped to a max. temperature of 94°C-dry bulb and 89°C-wet bulb. The air 
velocity was approx. 800 linear feet/min. One day after pressure treatment the dodai were put outside 
under cover to reduce their temperature and induce internal vacuum. The core temperature of the pre
steamed samples one day after pressure treatment was 15-16° C. The outside air temperature was around 
7 - 8° C. 



Each sample was weighed before treatment. "Kickback" volume after treatment was measured once 
dripping had stopped. After 14 hours the samples were weighed to determine solution uptake. 
Immediately after the second weighing each sample was cut as in Figure 1. The SOnun subsamples were 
dried for 7 days at 50° C. The dry subsamples were then further cut into three slices. The centre 10mm 
was retained for chemical analysis should it be required. The freshly cut face of one of the outer slices 
was sprayed with two-part curcumin indicator. A red or pink colour indicated the presence of boron. 
Part A was 0.28g curcumin in 100ml of edianol and part B was a saturated solution of salicylic 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 fully develop, the boundary of the 
treated zone was marked with a felt-tip pen. The penetration of borate was measured at the centre of the 
heartwood face from the block surface to the edge of the line nearest the surface of the block. This 
procedure was used instead of an increment borer to avoid the redistribution of borate associated with the 
use of an increment borer in wet wood (Byrne, Morris and Minchin 1994). Borate retention was not 
considered in this smdy since retention requirements for Formosan subterranean termites are still under 
discussion (Grace and Yamamoto 1994) and, if through-treatment is achieved, the target retention can 
easily be reached by adjusting the solution strength. 

Differences between penetration measurements were analyzed using the t-test for non-end-matched 
samples and using the paired t-test for end-matched samples. 

5.0 RESULTS AND DISCUSSION 

Pre-steaming for four hours increased initial solution uptake by 93% (Table 2). The apparent increase in 
heartwood penetration at time 0 (Table 3) was not statistically significant, possibly due to initial 
differences in the sample weights. 

After 7 days diffusion the steamed samples (Process 1) had mean heartwood penetrations 134% higher 
than the non-steamed samples (Process 2 - Table 3), resulting in 64% of samples having 80% cross-
sectional penetration. This was statistically significant for matched samples between Processes 1 and 2 
which permitted a more powerful paired t-test to be used. There was no significant difference between 
the penetrations obtained after 7 days with the three processes involving pre-steaming. 

Over the 7 days the non-steamed hemlock showed a 7 mm increase in mean heartwood penetration while 
the pre-steamed hemlock showed a 26 nun increase. This could be caused by two factors. First, a faster 
rate of diffusion due to the initial elevated temperature of the pre-steamed samples. Second, a vacuum in 
the centre of the samples, created by the heating and cooling, continuing to draw in solution during 
storage after pressure treatment. The second factor seems more likely since the dodai were put outside to 
cool after only one day. Observation of cross cut samples showed that the untreated zones continued to 
soak up treating solution after the end of the pressure process. Other parallel work (Morris and Byrne 
1995) suggests that this process may be facilitated by die surfactant effect of the DDAC in the solution. 

Reducing the time under vacuum to zero, to minimise cooling effects, had no statistically significant effect 
on penetration. It appears, therefore, that a vacuum period may not be necessary to take advantage of 
pre-steaming or that the cooling effect negates the effect of the vacuum. Increasing the vacuum time to 
60 minutes did not provide any beneficial effect on preservative penetration. 



The process used here was designed to be practical in a Canadian pressure treating plant in the near 
future. Very few such plants have in-cylinder steaming capability and cylinder time is at a premium. 
The pre-steaming was, therefore, done in a kiln, run as if it were a fixation chamber for chromated 
copper arsenate treated wood. Ten percent of Canadian pressure treating plants now have an accelerated 
fixation chamber and many more are planning to install one (Wilson 1993). The CSA O80 Technical 
Committee on Wood Preservation has recently voted to include a requirement for fixation prior to 
shipment in the Canadian Wood Preservation standards. This will stimulate the remaining plants to use 
accelerated fixation. If treating plants were to add borate-treated wood to their product line, they would 
not have to steam it after treatment so it could be steamed prior to treatment. 

6.0 CONCLUSION 

Pre-steaming hemlock dodai is an effective means of improving uptake during pressure treatment and 
fiirther penetration during subsequent storage. 

7.0 RECOMMENDATIONS 

Further optimisation is necessary to achieve 80% cross sectional penetration of western hemlock without a 
diffusion period. 
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Table 1 
Concentration of Tim-Bor* (%BAE-Boric Acid Equivalent) and 

Didecyldimethylammonium Chloride (DDAC) in Treating Solutions 

%BAE %DDAC 

1. no steam 30 min. vacuum 1.80 0.10 

2. presteamed 30 min. vacuum 1.89 0.10 

3. presteamed 0 min. vacuum 1.89 0.10 

4. presteamed 60 min. vacuum 1.80 0.10 

Table 2 

Effects of Presteaming on Preservative Solution Uptake 

Uptake per sample 
Ô g) 

Total 
Uptake (kg) 

mean (SD) 

1. no steam 30 min. vacuum 2.8 (1.2) 67.5 

2. presteamed 30 min. vacuum 5.4 (2.7) 130.4 

3. presteamed 0 min. vacuum 3.8 (1.5) 90.7 

4. presteamed 60 min. vacuum 3.9 (1.3) 92.8 



Table 3 

Effect of Presteaming on Preservative penetration 

Penetration (mm) 

immediate 7 days 14 days 

mean (SD) mean (SD) mean (SD) 

1. no steam 30 min. vacuum 11 (11) 18 (13) 20 (14) 

2. presteamed 30 min. vacuum 16 (14) 42 (16) 40 (18) 

3. presteamed 0 min. vacuum 14 (13) 33 (23) 36 (21) 

4. presteamed 60 min. vacuum 15 (12) 37 (20) 32 (19) 
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Figure 1: Processing plan for samples after pressure treatment. 


