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NOTICE

This report is an internal Forintek Canada Corp. ("Forintek") document, for 
release only by permission of Forintek. This distribution does not constitute 
publication. The report is not to be copied for, or circulated to, persons or 
parties other than those agreed to by Forintek. Also, this report is not to 
be cited, in whole or in part, unless prior permission is secured from 
Forintek.

Neither Forintek, nor its members, nor any other persons acting on its behalf, 
make any warranty, express or implied, or assume any legal responsibility or 
liability for the completeness of any information, apparatus, product or 
process disclosed, or represent that the use of the disclosed information 
would not infringe upon privately owned riçÿhts. Any reference in this report 
to any specific commercial product, process or service by tradename, 
trademark, manufacturer or otherwise does not necessarily constitute or imply 
its endorsement by Forintek or any of its members.



SUMMARY

Conventional and stabilized (steam pressed) aspen waferboard were treated 
under vacuum with chromated copper arsenate (OCA), ammoniacal copper arsenate 
(ACA) and copper naphthenate solutions. Treatment with the waterborne 
preservatives (CCA and ACA) caused severe thickness swelling of conventional 
board and a consequent reduction in mechanical properties. Stabilized board 
was less affected, but reductions in bending strength, stiffness and internal 
bond remained in excess of 25 percent. Ihe copper naphthenate produced no 
swelling or reduction of mechanical properties, tut imparted a strong and 
persistent odour of naphthene.

A dip-treatment of hot panels in ACA produced good average retention but 
overall the potential for this method of treatment was negated by poor 
distribution and inconsistent p>enetration.

In spite of substantial strength loss, the stabilized board was subjected to 
ASTM soilblock decay tests. Each preservative provided good protection (<2% 
weight loss) ; however, consideration was given to the need for modified decay 
testing procedures that are more appropriate to the nature of wood composites.
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1.0 OBJECTIVES

To review the work on preservative treated waferboard and particle 
board.

IP treat conventional and stabilized (steam pressed) waferboard panels 
lasing traditional water-based and solvent-based wood preservatives and 
subsequently assess the effects of treatment on panel properties.

It) carry out soilblock tests and initiate stake plot tests on treated 
and non-treated specimens if strength properties are acceptable.

To determine the effect of higher resin content and greater dimensional 
stability on the mechanical properties of treated boards.

It» determine if a hot-dip treatment can be used for superficial 
protection in lew hazard environments.

2.0 INTRODUCTION
Waferboard and oriented strandboard (OSB) are not available as treated 
products for use in hazardous environments. Chemical treatments with 
fungicides and insecticides have been investigated by several researchers, but 
the disadvantages still outweigh the advantages in terms of a viable treating 
process.

Previous work clearly favoured the in-line approach of pretreating the wafers 
or adding preservative during the board-making process. However, if boards 
are produced in this manner, a mill environment is likely to become 
contaminated with toxic airborne particles and dust. Furthermore, the 
pretreatment of wafers with effective preservatives has generally resulted in 
substantial reductions in mechanical properties.

Hall and Gertjejansen (1979) showed reductions of 15 to 20 percent in the 
internal bond (IB) and modulus of rupture (MDR) of hardwood flakeboard made 
with ammoniacal copper arsenate (ACA) -treated flakes. The results also 
showed that the reductions in IB resulting from ASTM accelerated aging were 
relatively greater when treated flakes were used. On the other hand, the 
weight loss after ASTM soilblock testing of the aged specimens was less than 5 
percent for specimens with a 6.4 kg/mi5 preservative retention and over 30 
percent for untreated material. (Okoro et al, 1984). The protection afforded 
by the treatment was not adequate for long-term, sub-tropical, ground contact 
(Hall et al, 1987). Seven years of exposure in a stake plot resulted in 
substantial deterioration of even the most heavily treated specimens (9.6 
kg/m3 retention).
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Boggio and Gertj ejansen (1982) treated aspen wafers with ACA and chroma ted 
copper arsenate (CCA) solutions. The bending properties of test panels were 
not much affected by these chemicals (to 6.4 kg/mr retention) ; however, 
reductions in I B  of up to 50 percent were encountered with CCA treatment. ACA 
treatment and a novolac—type PF resin limited the IB reduction to less than 20 
percent. Panels were made with 2.5 percent powdered phenol formaldehyde (PF) 
resin.

Hall et al (1982) added preservative chemicals to aspen waferboard (powdered 
and liquid PF resin) by wafer treatment, resin/wax additions and treatment of 
panels by dipping and pressure impregnation. Ihe pressure treatment of 
panels (4% resin solids) with ACA or CCA was among the more damaging 
techniques. Ihe bending properties were reduced by 25 percent and the IB by 
more than 30 percent. A pretreatment of wafers with ACA was not much better. 
However, when ACA was added to the wax the effects on mechanical properties 
were negligible. Ihe inorganic salts (ACA and CCA) were clearly the superior 
preservatives with regard to weight loss and strength retention after ASIM 
soil-block exposure (Schmidt et al, 1983). Ihe addition of copper-fluorine or 
monochlornapthelene-tributyltinoxide to liquid resin was effective for low 
decay hazard protection (contact-block test).

Two of the dip treatments and seme of the resin and wax additive treatments 
were evaluated after 2 1/2 and 5 years of field exposure (Schmidt et al, 1987 
and Gertjejansen et al, 1989). Only the ACA-wax additive treatment survived 
below groundline exposure, although not without substantial deterioration of 
bending properties. Above the groundline and on test-fence exposure, the 
treated specimens were not much different from non—treated specimens.

Hsu (1982; 1985) also found that the pretreatment of wafers with ACA seriously 
impaired the IB of panels. Nevertheless, this technique was used as a basis 
of comparison with ACA-pressure treatment of heat-stabilized panels. Panels 
made of treated wafers (10 to 17 kg/m3 retention) had low IB's but otherwise 
offered good decay resistance in ASIM soil-block tests. Heat-stabilized 
panels, pressure impregnated to about 22 kg/m? retention, retained their IB 
strength after redrying but bending properties were reduced considerably. Ihe 
re-dry (non-reooverable) thickness swelling was only about 6 percent, 
compared to 22 percent for non-stabilized board.

Schmidt and Gertjejansen (1988) prepared aspen waferboard by adding powdered 
preservatives in the blending process. One of the preservatives was a 
triazole—type compound ("Azaconazole") that provided good, leach—resistant, 
protection at 0.4 percent addition without significantly affecting the 
mechanical properties of phenolic-bonded waferboard. Azaconazole (Janssen 
Pharmaceutica, Belgium) is reported to be environmentally safe and of low 
mammalian toxicity.

Knudson and Ehrenfellner ( patent, 1988) reported good results with ACA 
pretreatment of wafers. During blending, wafers were waxed, sprayed with a
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concentrated ACA solution (21% active solids) and resinated with 3 percent 
powder PF. Strength properties were unaffected tut the in-plant environmental 
hazards were unacceptable for commercial production of an ACA—treated product 
(Knudson, 1990). Subsequent investigations centered on borates as a less toxic 
alternative.

The research has not demonstrated an acceptable method of producing decay 
resistant waferboard with the common OCA or ACA preservatives. The treatment 
of wafers presents serious health hazards for mill workers, whereas the 
treatment of manufactured panels is too damaging to mechanical properties. 
Nevertheless, the treatment of panels could be reconsidered if the boards are 
made sufficiently strong and stable to resist the degrading effects of 
treatment. This study was initiated to re-examine the preservative treatment 
potential of stabilized waferboard panels made with Forintek's patented steam 
pressing process.

3.0 STAFF

F. Pfaff Research Scientist 
(Project Leader)

M. Roy Technologist

G. Bastien Technologist

R. Lovell Technologist

4.0 MATERIALS AND METHODS

4.1 PREPARATION OF WAFERBOARDS

Dry aspen wafers (75 mm x 0.75 mm x random width) were obtained from a mill 
and used to make 19 mm thick waferboard at 640 kg/m target density. Wafers 
were blended with 1.5 percent slack wax and a powdered phenol-formaldehyde 
(PF) resin at loadings of 3 and 5 percent (oven-dry wood basis). The mats 
were hand felted and pressed in a 142 x 305 cm (56 x 120 inch) steam injection 
hot press.

Conventional waferboard was made without steam injection, using a press cycle 
of 10 minutes and a platen temperature of 210°C. Stabilized boards were made 
by a patented steam injection process (Hsu, 1989) with a press time of 5 
minutes. Platen temperature was also 210°C. The stabilizing effect was 
achieved by forcing high pressure steam (1135 kPa) through the upper platen 
and into the mat during pressing. Blow-through of steam and loss of wafers 
around the edges of the mat were prevented by a peripheral compress ion ring 
that produced extreme densification at the mat edges and thus an effective



seal against loss of steam. A wire screen, normally placed on the mat to 
produce a rough anti-slip surface, was essential in steam pressing to obtain a 
uniform penetration of steam over the entire mat surface. The press cycle for 
steam pressing was as follows:

Ihe pressed panels were trimmed and cut into quarter panels, 60 cm x 120 cm. 
These were measured for thickness at 9 points, weighed, edge sealed, and 
reweighed prior to preservative treatment.

4.2 PRESERVATIVE TREATMENT

The preservatives used to treat the waferboard were CCA and ACA at 2.5 percent 
concentration and copper naphthenate (CN) in varsol at 2.0 percent copper. 
Quarter panels of conventional and stabilized waferboard were immersed in 
preservative solutions and subjected to a vacuum of 635 mm Hg for a period of 
30 to 40 minutes. Pressure was not required to facilitate penetration. The 
target retention of preservative oxides for CCA and ACA was 10 kg/m , whereas 
treatment with CN was terminated at 30 minutes (near 4.0 kg/m retention of 
copper). ACA was also used in a dip treatment by heating panels to 100 °C and 
immersing the hot panels in a 2.5 percent preservative solution for 15 
minutes. Treated specimens were weighed, measured for thickness and redried 
at 50°C to remove most of the water or solvent.

4.3 TEST SPECIMENS

Treated and non-treated quarter panels were edge trimmed and cut into 
specimens for bending tests, internal bond and thickness swelling tests as per 
CSA standard CAN3-0437.1-M85. Vacuum-treated and non-treated material was also 

to prepare samples for soilblock decay tests (ASTM D 1413) losing a non
standard, 38 mm square specimen and the fungi Gloeophvllum trabeum (EFPL 47D, 
brown-rot fungus) and Coriolus versicolor (EFPL 105A, white-rot fungus). All 
ma-i-grHai was conditioned to a constant weight at 70°C and 65% rh prior to 
testing. Sections with the original thickness measuring points were included 
to establish the residual thickness swell.

0
1.0 - 
1.5 -
1.75 - 
4.25 -

1.0 min. 
1.5 min. 
1.75 min. 
4.25 min. 
5.0 min.

press close
steam injection
steam exhaust
steam injection
steam exhaust and press open
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5.0 RESULTS AND DISCUSSION

5.1 THICKNESS SWFT.T.TNG

5.1.1 CCA, and ACA Treatment

The waterborne preservatives, as expected, caused substantial swelling of the 
conventional waferboard (Table 1). During vacuum treatment the thickness of 
conventional specimens increased 26 to 31 percent, compared to about 16 
percent for stabilized specimens. Measurements after reconditioning showed a 
residual (non-recoverable) swelling of approximately 17 percent for 
conventional board and only 6 to 7 percent for stabilized board. The 
subsequent soak tests caused relatively little swelling of treated specimens 
because most of the permanent springback had already occured in the initial 
treatment.

The ACA treatment caused more swelling than the OCA treatment, although for 
stabilized waferboard the differences were comparatively small. This effect 
was also evident in subsequent soak tests. Reconditioned specimens containing 
ACA swelled more in 24 hours than the corresponding non-treated controls, 
whereas those containing CCA swelled less. As soaking was extended to 150 
hours, the non-treated specimens gradually attained a higher swelling 
percentage, although on a cumulative basis (treatment and soaking) the 
thickness swelling of treated specimens still exceed that of control 
specimens.

5.1.2 Cooper Naohthenate Treatment

The non-swelling CN/varsol preservative system produced no change in specimen 
thickness during vacuum treatment or reconditioning, beyond those attributable 
to measurement variation. All thickness swelling occurred in the subsequent 
soak tests, where the benefits of stabilization were again evident. The 
thickness swelling of stabilized board was about half that of conventional 
board. It was also apparent that treated specimens tended to swell more than 
non-treated specimens. Evidently the CN preservative treatment made the 
waferboard a little more permeable to water.

5.1.3 ACA Dio Treatment

The dip treatment of hot specimens in ACA for 15 minutes was^an effective 
means of achieving an average retention of at least 6.4 kg/m (0.4 lb/ft ). 
However, the average retention was not indicative of an effective treatment. 
The preservative was poorly distributed. Cut specimens showed areas of very 
little penetration combined with areas of complete penetration.

The amount of thickness swelling caused by the dip treatment varied in 
relation to the preserative penetration. Consequently, there was a wide range 
of thickness measurements within specimens. The average swelling for
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Table 1
Thickness Swelling of Preservative-Treated Waferboard

Average Thickness Swell (%)1
3% Resin

Board 3% Resin ____________ Vacuum Treatedcoara
Condition

^ ' O  I N C O i l  I

Non-Treated CCA ACA
CB SB CB SB CB SB

After treating - - 25.7 15.6 30.8 16.2

Reconditioned - - 17.3 5.9 21.9 6.6

24 Hr. Soak 
(cumulative)

4.8 2.7 2 . 6

(20.3)
2.3 

( 8.7)
2.5

(24.7)
4.0

(10.9)

120 Hr. Soak 
(cumulative)'

2 1 . 1 1 0 . 8 7.2
(25.7)

6.5
(13.2)

6.5
(28.6)

9.7
(16.9)

3% Resin 
Vacuum Treated 

CN

3% Resin 
Dip Treated 

ACA

5% Resin 
Vacuum Treated 

ACA
CB SB CB SB CB SB

After treating 0 . 2 0.0 1 2 . 0 6 . 2 28.2 15.6

Reconditioned 0.3 0 . 2 9.3 6 . 0 2 0 . 1 6.1

24 Hr. Soak 
(cumulative)

7.6
(7.9)

3.1
(3.3)

5.3
(15.1)

3.4
(9.9)

2.3
(22.7)

3.8
(10.2)

120 Hr. Soak 
(cumulative)

25.6
(25.9)

13.0
(13.2)

18.5
(28.2)

9.2
(15.8)

7.1
(27.8)

9.8
(16.1)

1 CB: Conventional board
SB: Stabilized board

CCA: Chrcmated copper arsenate
ACA: Ammoniacal copper arsenate
CN: Copper naphthenate
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stabilized board (6.2 percent) was about half that of conventional board but 
points within a specimen were as lew as 2.0 percent and as high as 10.9 
percent.

5.2 MECHANICAL PROPERTIES

5.2.1 CCA and ACA Treatment

The modulus of rupture (MOR) of conventional waferboard specimens was reduced 
by more than 40 percent as a result of treatment with CCA and ACA (Table 2). 
This strength reduction coincided with a 9 percent reduction in density due to 
thickness swelling. The density was lower in spite of the weûÿrt gained from 
the retention of preservative salts. Hie affects on modulus of elasticity 
(MOE) and internal bond strength (IB) were equally severe, with reductions in 
excess of 35 percent. Mean values for ACA-treated specimens were marginally 
lower than those obtained with CCA. The lower strength values appear to 
coincide with the higher thickness swelling obtained with ACA.

The stability of steam-pressed boards improved the ability of specimens to 
withstand the effects of treatment with waterborne preservatives. The 
improvement, however, was not dramatic. The reductions in MOR, MOE and IB, 
although lower by 10 to 15 percentage points, remained in excess of 25 
percent. .As before, ACA treatment produced the larger reductions, 
particularly with regard to MOE. Losses in the order of 25 percent were not 
within a preconceived range of acceptability.

5.2.2 Coooer Naohthenate Treatment

Specimens of conventional waferboard retained their strength during treatment 
with CN, whereas those stabilized by steam pressing experienced a small loss 
of strength and stiffness (MOR, MOE). An explanation for this loss is not 
apparent since control specimens shewed that steam pressing alone had no 
effect on these properties.

5.2.3 ACA Dip Treatment

The less severe dip treatment did not minimize the reduction of mechanical 
properties, as anticipated. It appears that the large variation in 
preservative penetration and thickness swelling resulted in significant 
weakening of specimens, in spite of the apparently less severe treatment.

7



Table 2
Average Mechanical Properties of Preservative-Treated Waferboard

Property1
3% Resin 
Non-Treated

3% Resin 
Vacuum Treated 

CCA ACA
CB SB CB SB CB SB

Density (kg/m3) 660 657 599 642 600 654

MOR (MPa) 29.9 28.4 17.5 20.3 16.2 19.4

MOE (MPa) 4625 4667 2845 3435 2521 2987

IB (MPa) 0.533 0.501 0.336 0.379 0.284 0.335

i
3% Resin 3% Resin 5% Resin

Vacuum Treated Dip Treated Vacuum Treated
CN ACA ACA

CB SB CB SB CB SB

Density (kg/m3) 715 711 597 642 598 643

MOR (MPa) 28.2 24.6 14.7 16.8 15.3 18.9

MOE (MPa) 4600 4320 2299 2723 2585 3162

IB (MPa) 0.525 0.485 0.262 0.352 0.311 0.368

1 Density after treatment and reconditioning (test weight and volume)

MOR: Modulus of rupture CB: Conventional board
MOE: Modulus of elasticity SB: Stabilized board
IB: Internal bond CCA: Chromated copper arsenate

ACA: Ammoniacal capper arsenate
CN: Copper naphthenate
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5.3 EFFECTS OF HIGHER RESIN CONTENT

Panels with 5 percent PF resin had about the same thickness swelling due
to preservative treatment as those made with 3 percent resin (Table 1). This 
implies that the additional bonding had no significant effect on waferboard 
swelling and springback in specimens treated to the same level of preservative 
retention. At either resin content, the specimens were fully wetted and 
therefore the swelling was primarily a function of specimen density rather 
than adhesive bonding. The subsequent soak tests showed that the additional 
resin only delayed the inevitable swelling. At 24 hours, the specimens with 5 
percent resin were much less swollen, but after 120 hours, the difference 
between 5 and 3 percent resin was negligible.

At the higher resin content, the bending properties were no better, but IB was 
improved to a point where treatment of stabilized board might be considered 
technically viable (Table 2). The residual values for MOR, MDE and IB were 
above the minimum requirements of the CSA CAN3-0437.0-M85 standard. 
Economically, however, this could be prohibitive, since the resin costs for 
treatable Vyia-rriç; would be more than double that of conventional boards 
(typically 2% resin content). Furthermore, additional work would be required 
to determine hew treated specimens react to the effects of accelerated aging.

5.4 TREATING OONSIDERATTONS
The waferboard specimens, whether conventional or stabilized, were difficult 
to treat to a target retention with waterborne preservatives. Vacuum 
treatments had to be interrupted to weigh specimens intermittently in order to 
terminate treatment at the appropriate time. These weights shewed that the 
initial penetration of the waterborne preservatives was very slow, but the 
rate of solution uptake increases markedly during the treatment process. The 
creation of additional voids from the sudden wetting and "springback" of 
compressed wafers would account for this behavior. Even with intermittent 
weighing, we produced some material that was unsuitable for use because of 
over-treatment.

The swelling associated with the waterborne preservatives and the springback 
of face wafers also produced a rougher panel surface. Hcwever, after 
reconditioning, the appearance was not objectionable. On the other hand, a 
few cLip-treated specimens exhibited shallcw cracks at peints along the panel 
edges. These were interpreted as bond failures, likely the result of stresses 
caused by the irregular wetting and swelling of specimens. The cracks were 
easily removed by a light trimming of the dried panels, tut on a commercial 
scale the only option would be to avoid them by limiting the severity of 
treatment. Furthermore, cracks at the edges may be indicative of similar 
internal fractures wherever the swelling differential is high.
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It was observed that stabilized waferboard could be treated more rapidly and 
more uniformly than conventional waferboard. ïhe treating time to target 
retention was about 15 percent shorter and the panel edges showed that 
specimens were fully penetrated.

The CN treatment had no significant effect on thickness swelling or mechanical 
properties. The waferboard was effectively treated but any application of the 
treated material would have to consider the strong and persistent odour of 
naphthelene (unsuitable in structures for human habitation).

5.5 .qOTTBTDCK DECAY TESTS

The reduction in mechanical properties of both conventional and stabilized 
waferboard was sufficient to discount the need for decay testing.
Nevertheless, soilblock tests were conducted for the stabilized specimens to 
gain scare insight into the adequacy of the test procedures.

As expected, the preservatives provided good protection for the waferboard at 
target loading levels (Table 3). The weight loss for specimens treated with 
CCA, ACA and CN was less than 3 percent, whereas non-treated specimens were 
heavily decayed by the brcwn-rot fungus G. trabeum. The white-rot fungus 
versicolor had very little effect on the wei^it of non-treated specimens. Hsu 
(1985) found that the weight loss of non-treated aspen waferboard was low
after soilblock exposure to Polvoorus versicolor = (C. versicolor).

The use of a white-rot fungus was a requirement of the ASTM test. Hardwoods 
are normally more susceptible to white—rot, tut neither the species of white- 
rot fungus nor its exposure conditions may have been appropriate for the aspen 
waferboard. Gertjejansen et al. (1989) found that the most common fungus on 
aspen waferboard in ground contact was the white-rot Fhanerochaeatae 
chrvsosporium (5 years exposure in Mississipi and Minnesota). Brown-rot and 
soft-rot fungi were not as abundant in the isolated cultures.

The British standard used for rigid construction sheathing materials (revision 
of BS 1982) also requires the use of a white-rot fungus, hut conditions for 
its growth in soilblock culture are improved by an overlay of moist 
vemiculite. Other suggestions, as noted by Schmidt (1984), include the 
prewetting of specimens to ensure decay of non-treated board and the use of 
larger specimens to permit some type of strength test after exposure. 
Evidently, the standard tests used for solid wood are not entirely suitable 
for assessing the biodurability of wood composites and therefore a new set of 
test procedures may have to be defined as additional information becomes 
available.

10



Table 3

Weight Loss of Stabilized Wafer board 
After ASTM Soilblock Decay Test

Preservative ______Weicftit Loss (%)
Specimen Type Retention 

kg/m3 %Cu 
(oxides)

G. trabeum C. Versicolor

Non-treated 0 0 30.2 3.0

Vacuum-treated1

CCA 10.2 0.25 2.6 1.5

ACA 10.7 0.72 2.9 2.0

CN 4.3 0.74 1.2 1.4

1 OCA: 
ACA: 
CN:

Chromated copper arsenate 
Ammoniacal copper arsenate 
Copper naphthenate

11



6.0 CONCLUSIONS

Hie process of stabilizing aspen waferboard or strandboard by steam 
pressing does not produce sufficiently stable boards for acceptable 
treatment with waterborne preservatives.

Preservatives in light organic solvents can be used on conventional or 
stabilized waferboard without significantly affecting the physical or 
mechanical properties of the board.

A waferboard that meets minimum strength requirements after treatment 
with a waterborne preservative can be produced by substantially 
increasing the resin content of a stabilized board.

A short treatment under vacuum is sufficient to achieve full penetration 
and a reasonably uniform distribution of the preservative in stabilized 
board.

A dip treatment of hot panels in waterborne preservative results in good 
uptake, but the distribution of the preservative and uniformity of 
penetration is very poor. This results in uneven thickness swelling and 
associated stress fractures.

7.0 RECOMMENDATIONS

A method for the successful treatment of waferboard and strandboard with 
waterborne preservatives does not appear to be a realistic expectation, and 
unless the damage caused by swelling can be permanently eliminated, there is 
little benefit to be gained from further efforts to develop a treatment for 
ground contact loses.

Treatments that do not pose a manufacturing health hazard and that do not 
cause a degradation of board properties should be pursued in order to develop 
a board that meets the requirements for above ground exposure. In this 
regard, the current efforts to develop a borate-based, in-line treatment 
should be expanded in preparation for export markets that subscribe to 
established standards for minimum resistance to biological attack.
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