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SUMMARY

This study has revealed the great difficulty of producing preserved 
waferboard from the standpoint of manufacturing technology and 
environmental concerns. Pretreatment of wafers with preservative 
was found to contaminate wafer surfaces and thus reduced bonding 
strength. The main concern with chemical pretreatments of furnish 
for composite panel products is the potential pollution problems 
for production lines. The process of blending preservative onto 
wafers did not provide sufficient coverage in the practical loading 
ranges. Post treatment with preservative caused a significant 
reduction in panel strength and stiffness and internal bond strength. 
However, there is a potential for successful production of preserved 
waferboard through the pressure treatment of stabilized waferboard.



TA£LE OF CONTENTS

Page
LIST OF TABLES iii

OBJECTIVES 1
INTRODUCTION 1
STAFF 2
EXPERIMENTAL 2

Raw Materials for the Preparation of Waferboard 2

Experiment 1. Preservation Through Pretreatment of Wafers 3
with Preservative

Preparation of Preserved Waferboard from Pretreated Wafers 3
Experiment 2. Preservation Through Blending Wafers With 4
Preservative

Experiment 3. Preservation by Post Treatment of Panels 4
Waferboard Evaluation 5

RESULTS AND DISCUSSION 5

Experiment 1. Preservation Through Pretreatment of Wafers 5
with Preservative

Experiment 2. Preservation Through Blending Wafers with 8
Preservative

Experiment 3. Preservation Through Post Treatment with 
Preservative

Appraisal of the Treatment Methods 11
Pretreatment of Wafers 11
Blending With Wafers 12
Post Treatment of Waferboard 13

CONCLUSIONS AND RECOMMENDATIONS 13
REFERENCES 14



LIST OF TABLES

Table 1 
Table 2

Table 3

Table 4

Strength and Swelling Properties of Waferboard
Weight Losses of Preserved Waferboard After 
ASTM Soil Block Test
Preservative Retention and Thickness Swelling 
of Preserved Waferboard Through Pressure 
Treatment with ACA
Strength Properties of Control and Preserved 
Waferboard Through Pressure Treatment with ACA

iii



OBJECTIVES

The main objective of this study was to define the most promising treat
ment methods for the production of preserved waferboard with the desired 
physical properties and a suitable level of preservation. To achieve 
this objective, the specific objectives of this study were to appraise 
the-known treatment methods for the production of preserved waferboard, 
experimentally to determine the effect of loading levels of preservatives 
on the decay resistance through soil block test and to evaluate the 
strength reduction due to the preservation.

INTRODUCTION
The decay resistance and the dimensional stability of waferboard have an 
important bearing on its uses and properties. Unreliability, due to low 
decay resistance and reduction in strength when subjected to the environ
ment suitable for fungal attack and growth, has limited its end uses to 
a great extent.
For the past number of years, the Canadian waferboard industry has exported 
the majority of its products to the United States without significant 
competition from U.S. producers. However, this situation is changing 
as the production capacity of structural boards in the U.S. has increased 
dramatically during the last 2-3 years. The situation has created 
pressure on Canadian waferboard industry. Canadian producers must 
diversify their products line to enter new markets in order to maintain 
or increase their production. A potential market is the preserved panel 
for local and oversea markets. In order to penetrate into preserved 
wood market for ground contact applications, waferboard must be treated 
with appropriate preservatives. There are indications that in some 
overseas markets, preservative treatment may even be required for above 
ground applications.
The decay resistance of conventional waferboard depends on the wood 
species and process parameters used. Wood with higher natural durability 
will provide higher decay resistance. For example, softwood tends to 
have a greater resistance to soft rot fungi than hardwoods. Increases 
in press temperature and phenol-formaldehyde resin content will improve 
decay resistance. However, in general, the decay resistance of conventional 
waferboard tends to be slightly lower than that of its original wood 
because the voids within waferboard provide suitable conditions for 
fungal growth and attack. Therefore, it is necessary that waferboard 
be thoroughly preserved when it is used in areas where decay is expected.
The research on the preservation of composite panels is not new, and has 
been conducted from time to time in the past. A number of reports 
concerning the preservation of waferboard and other structural boards
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have been published (Desai, 1983). Unfortunately, to-date no single 
method has been found to be practical and effective for preserving 
waferboard. This could be attributed to either ignoring the reality 

board production or being unaware of the possible changes in board 
properties in service where preservation is required. This study was 
n̂itiate<3 to appraise the various preservation methods which have been 
studied for waferboard, to determine their efficiency and to suggest 
promising methods for producing preserved waferboard.

Previous experimental results revealed that treated specimens subjected 
to ground contact in stake tests were severely damaged along the 
boundary between the above ground and the in-ground portions due to great 
differences in thickness swelling and moisture content. It was felt 
that improving dimensional stability was a pre—requisite to producing 
a suitable preserved panel. Consequently, a great deal of effort was 
expended to improve the stability of waferboard in addition to investi
gating the preservation aspects of composites.
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EXPERIMENTAL
Raw Materials for the Preparation of Waferboard

Commercial aspen wafers were obtained from Weldwood of Canada Inc.,
Longlac, Ontario. The wafers, which measured 0.7 mm in thickness x random 
w-*-'3th x 38 mm in length, were prepared with a disc—type waferizer 
(C.A.E.) and dried in a commercial drier.

Powdered phenol-formaldehyde resin (Reichhold BD-019) which was found 
to be compatible with the ACA (ammoniacal copper arsenate) preservative 
in a previous study was used as a binder for waferboard in this study.
Of course, other powdered phenol-formaldehyde resins may also be 
suitable. The wax was ESSO 778 slack wax.
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Experiment 1. Preservation Through Pretreatment of Wafers with Preservative

The preservative used was an ammoniacal copper arsenate (ACA) solution 
containing 8.6 percent of oxides. It was prepared with the following 
formulation.

Water was then added to adjust the volume to 20 litres of solution.

Preparation of Preserved Waferboard from Pretreated Wafers
The volume of solution required to completely cover a 5 kg batch of 
wafers was determined by spraying a dye solution into a drum type 
blender with suitable spray attachments. It was found that 1395 ml 
of the solution were required which gave a 2.4 percent loading level 
for an 8.6% preservative solution. Therefore, for other lower loading 
levels used in this study, the preservative solution was further diluted 
as required.

To pretreat wafers, the screened wafers were sprayed with a water mist 
to a moisture content of 100 percent in a drum blender. The moist wafers 
were then immediately sprayed with 1395 ml of ACA preservative to obtain 
different loading levels. The ACA solutions were diluted prior to spraying. 
Immediately after spraying, the wafers were placed in polyethylene bags, 
sealed and allowed to equilibrate for 18-20 hours. Then, the wafers 
were air dried for 48 hours and finally dried to a moisture content of 
4 percent in a hot air dryer.

The pretreated and dried wafers were used for preparing experimental 
waferboards. The boards were prepared with the following specific 
parameters.

Ammonium hydroxide (@ 26% concentration) 
Basic Copper Carbonate 
Ammonium Bicarbonate

- 10 litres
- 1527.3 g
- 785.1 g

Liquid Arsenic Acid (@ 71% concentration)- 1077.9 g

Board Density 
Board Size 
Press Temperature 
Press Time
Mat Moisture Content 
Resin Content 
Wax Content 
Preservative (ACA)

19 mm x 740 mm x 700 mm 
210°C
12 minutes 
4%
3% and 5%
2%

0, 1.4, 1.7 and 2.4% of oxides

720 kg/m3
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Experiment 2. Preservation Through Blending Wafers With Preservative

A 50 percent concentration of CCA (chromated copper arsenate) preservative 
was prepared with the following formulation:

Materials Parts by Weight
CrO.
CuO
SS2°5

h 2o

23.75
9.25
17.00
50.00

In general, the conventional laboratory techniques were employed to 
prepare waferboard except CCA solution was added to the wafers during 
blending. The parameters used for this specific study were:

Board Density 
Board Size 
Press Temperature 
Press Time
Mat Moisture Content 
Resin Content 
Wax Content 
Preservative (CCA)

720 kg/m3
19 mm x 610 mm x 610 mm 
210°C
11 minutes 
5 %
2.25%
1.5%
3%

Experiment 3. Preservation by Post Treatment of Panels

The results in another project " Improvement in Dimension Stability of 
Waferboard" (Hsu, 1985) have shown that waferboard can be stabilized 
so that the board can be treated with water-borne preservatives and 
still maintain satisfactory board properties.

In this experiment waferboards were prepared following conventional 
laboratory techniques and then stabilized with a heat post treatment 
process described in a report on " Improvement in Dimensional Stability 
of Waferboard - Part II: Process for Stabilizing Waferboard" (Hsu, 1985).
The specific parameters used were:

Target densities 
Board Size 
Press Temperature 
Press Time
Mat Moisture Content 
Resin Content 
Wax Content

625 kg/m3, 721 kg/m3 
19 mm x 610 mm x 610 mm 
210°C
10.5 minutes 
3%
2,5% or 3%
1.5%
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Temperature of Heat Post Treatment 
Time of Heat Post Treatment 
Type of Preservative

240 °C
10.5 minutes
ACA at 3.6% concentration

To stabilize waferboards, the pressed boards were placed between two 
heated platens in close contact for 10.5 minutes at 240°C.
After the boards were stabilized, they were cut into 254 mm x 510 mm 
specimens, and their four edges were sealed with polyester resin to 
prevent the preservative penetration from edges. After the resin 
cured, the specimens were loaded into a retort for treatment. The 
preservative used was 3.6% of ACA solution. The pressure treatment 
comprised of one hour initial vacuum of -84.5 KPa, 1 or 2 hours of 
pressure at 1034 KPa and one half hour of final vacuum at -84.5 KPa.

To determine stability and loading level of the waferboard, the thickness 
and weight of specimens were determined before and after treatment.
Waferboard Evaluation

The preserved waferboards were evaluated in terms of penetration, 
coverage and retention of preservative as well as the strength properties 
such as modulus of elasticity (MOE), modulus of rupture (MOR) and 
internal bond strength (IB). Also, for experiment 1, 12-week soil block 
tests were conducted in accordance with the method specified in ASTM 
D 1413-76 (Reapproved 1981).

Experiment 1. Preservation Through Pretreatment of Wafers With Preservative

Examination of pretreated wafers indicated that the wafers were completely 
covered with ACA preservative. The strength properties and thickness 
swelling results are summarized in Table 1. It shows that the values for 
dry MOR, wet MOR and especially IB of the preserved waferboards were 
significantly lower than those of the controls. Presumably, this is due 
in part to an interference in the adhesive bonding by the chemicals 
applied. In contrast, the values of MOE tended to increse with the 
presence of preservative probably because of a bulking effect by the 
preservative.

It appears that the loading level of preservative used in this study 
did not make a significant effect on strength properties of the preserved 
waferboard. This is because the surfaces of all pretreated wafers 
were heavily covered with preservative regardless of the level of 
preservative used.

RESULTS AND DISCUSSION
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Table 1

Strength and Swelling Properties of Waferboard

Thickness
Loading Level Resin Dry Dry Wet Dry IB Swelling After
of Preservative Content MOE, MPa MOR, MPa MOR, MPa KPa 2-hr Boil Test

3 4840 29.7 18.0 826 55.1
5 5461 34.3 21.0 1055 39.4

3 5178 25.6 15.2 488 45.7
5 5771 28.4 17.5 591 30.0

3 5171 25.3 15.7 434 45.7
5 5833 29.2 17.9 673 30.7

3 4819 23.9 14.0 470 47.3
5 6233 27.5 16.8 666 32.3



Table 2

Weight Losses of Preserved Waferboard After ASTM Soil Block Test

Weight Loss After 12 Week Exposure, %
Loading Level Resin Poria Polyporus Lenzites

of Preservative,% Content, % monticola Versicolor trabea

3 56.3 10.9 59.1
5 56.7 10.7 57.2

3 1.4 1.0 1.2
5 1.4 1.0 1.4

3 1.0 0.8 1.3
5 1.1 0.9 1.4

3 0.9 0.7 1.1
5 1.0 0.7 1.22.4



As expected, the waferboards made with higher resin content (5%) were 
considerably better in every aspect of the strength properties and 
thickness swelling than those made with lower resin content (3%) 
regardless of the level of preservative used.

Table 2 indicates that the controls exhibited heavy weight losses after 
12 weeks soil block tests. In contrast, the weight loss was below 
1.5 percent for the waferboards made from preservative-treated wafers 
in spite of the loading level of preservative. Furthermore, no significant 
differences in weight losses could be observed between the boards made 
at two different resin contents. It should be noted that the loading
level of 1.4 percent is equilivant to a retention of 0.63 lb/ft3 (10.10 
kg/m3) for the board with density of 44.9 lb/ft3 (720 kg/m3). This 
retention is close to the minimum retention of 0.60 lb/ft3 (9.62 kg/m3) 
required for Douglas fir plywood and that of 0.50 lb/ft3 (8.01 kg/m3) 
required for other softwood plywood specified in CSA CAN-080.15.
For field testing of decay resistance of the treated boards, stakes 
have been placed in the laboratory test plots. The results of the 
test will be reported in due course.

Experiment 2. Preservation Through Blending Wafers with Preservative

Examination of wafers blended with preservative CCA and examination of 
the edges of waferboard specimens indicated that the preservative 
coverage was much less efficient by this technique (less than 50 percent). 
Since the coverage was so poor it was decided not to continue further 
investigations on either decay resistance or strength properties.

Experiment 3. Preservation through Post Treatment with Preservative

The results of experiment 3 are summarized in Tables 3 and 4. Since 
the pressure treatment times (1 and 2 hour pressure at 1034 KPa) did 
not make significant differences in preservative retention, thickness 
swelling or strength properties of the preserved waferboard, their 
properties were pooled.

Table 3 shows that the lower retention was about 1.34 lb/ft3 (21.47 kg/m3) 
which is much higher than the minimum retention of 0.6 lb/ft3 (10.10 kg/m3) 
for Douglas fir plywood specified in CSA CAN080.15. This suggests that 
the concentration of the preservative can be drastically reduced and 
possibly the damage due to pressure treatment may be minimized. Results 
show that the values of thickness swelling after recondition was only 
6.7 and 7% for the waferboards bonded with 2.5 percent and 3 percent, 
respectively.
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Table 3

Preservative Retention and Thickness Swelling of Preserved 
Waferboard Through Pressure Treatment With ACA

Resin Heat Board
Content,% Treatment Density (kg/m3)

Weight 
Gain,%

Nominal 
Retention,%*

Retention
kg/m3

Thickness Swelling 
After Treatment,% 
Wet Re-dry

2.5 No 630
(630)**

105.6 3.8 23.94 30.3 22.0

2.5 Yes 612
(591)**

99.8 3.6 22.03 22.0 6.4

3.0 Yes 614 98.0 3.5 21.45 20.5 5.7

* percentage of active ingredient

** Density without preservative



Table 4

Strength Properties of Control and Preserved Waferboard 
Through Pressure Treatment with ACA

Resin 
Content,%

Heat
Treatment

Preservative
Treatment

Bending IB
Density 
(kg/m3)

MOE
MPa

MOR
MPa

Density 
(kg/m3)

Strength
kPa

2.5 No No 629 5716 21.3 617 338
2.5 No Yes 630 3415 12.1 651 275
2.5 Yes No 606 6019 19.5 593 381
2.5 Yes Yes 612 3185* 14.2* 637 414*
3.0 Yes No 673 5250 24.5 682 586
3.0 Yes Yes 614 3309* 15.0* 646 455*

* The values in this table are the average of 6 specimens cut from 2 hour pressure treated waferboards 
and 6 specimens cut from 1 hour pressure treated waferboard.



Table 4 indicates that the values for IB were very satisfactory even at 
the density as low as 607 to 617 kg/m3. The value for MOR was relatively 
low because the actual density of waferboard was only 591 to 593 kg/m3 
which is much lower than that of regular waferboard. Board properties can, 
no doubt be improved by increasing the board density. Further work is 
required to demonstrate the properties of preserved boards over a wider 
range of board densities and preservative loading levels.
Appraisal of the Treatment Methods

A number of preservation techniques have been evaluated for waferboard 
applications. They can be classified into three categories, i.e., 
pretreatment of wafers, blending with wafers and post-treatment of waferboard.

Pretreatment of Wafers

Pretreatment processes offer great flexibility in wafer treatment methods. 
They can be non-pressure or pressure processes. They include dipping, 
steeping, soaking and pressure impregnation. The advantages and 
disadvantages of pretreatment are:

Advantages

Efficient - easy to apply preservative as well as to 
control the treatment conditions

. Effective - uniform distribution, complete coverage, 
deep penetration and excellent retention

Disadvantages

. Requires a very costly ventilation system to prevent 
pollution problems in the plant

. Chemicals on the surfaces of wafers interfere with bonding

• Properties of the preservative may change during high 
temperature drying and pressing

. Chemical hazards throughout the entire plant
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Blending With Wafers
Several methods of adding preservative during the blending process of 
waferboard production have been considered. The preservative may be 
sprayed onto wafers, or pre-mixed with wax or resin (if the liquid resin 
is used). The advantages and disadvantages are:

Advantages
. Easy to apply
. Minimum equipment required
Disadvantages
. Ineffective - poor coverage

Requires a costly ventilation system
. Contamination of wafer surfaces and interference with 

adhesive bonding
. Possible change in properties of preservative during 

hot pressing

Post Treatment of Waferboard
The waferboard may be treated by non-pressure or pressure processes.
The effectiveness and efficiency depend on the treatment process used. 
Non-pressure processes would be expected to be less effective and 
less efficient than pressure processes. The advantages and disadvantages 
of the processes are:

Advantages (non-pressure processes)
Easy to operate

. Minimum equipment required

. Minimum effect on bonding

. Chemical hazards are minimized
Disadvantages (non-pressure processes)
. Uneven coverage, distribution, retention and 

penetration unless prolonged treatment is used
. May cause excessive thickness swelling and considerable 

reduction in strength unless stable and bond-durable 
waferboard is used
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Advantages (pressure process)
. Efficient due to the ease of controlling treatment 

conditions
. Effective due to the ease of achieving complete coverage 

of preservative and controlling the concentration of 
preservative

. May have some effect on bonding

. Chemical hazards are minimized
Disadvantages (pressure processes)
. Extra equipment required

. May cause excessive thickness swelling and considerable 
reduction in strength unless stable and bond durable 
waferboard is used

CONCLUSIONS AND RECOMMENDATIONS

Based on the experimental results, the following conclusions can be 
drawn :

. Pretreatment of the wafers with preservative causes 
a significant reduction in adhesive bond strength

. The process of blending preservative onto wafers is 
ineffective and inefficient

. Post treatment with preservative reduces MOR and MOE 
for both conventional and stabilized waferboard

This study has revealed the great difficulty of producing preserved 
waferboard. Therefore, further research is strongly recommended. 
The following research areas should be pursued:

. Methods of maintaining MOR and MOE strengths after 
post treatments should be examined

. The feasibility of producing preserved waferboard 
through pressure treating stable waferboard made 
from steam-treated wafers should be examined

. Work must also be conducted to determine minimum 
acceptable loading levels for preservatives for 
waferboard applications
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