TECHNICAL SUMMARY

PROTECTIVE TREATMENTS FOR WAFERSOARD
A BRIEF REVIEW

The susceptibility of non-veneered composite panel products to decay
is greater than solid timber when exposed to high moisture contents
and severe decay hazard conditions. Preservative chemicals incorporated
into these products at various stages of manufacture generally improve
the decay resistance of these materials but certain strength properties,
especially internal bond, are adveresely affected. It appears from
the literature survey that treatment of the composite panel products
with ACA type preservative system could provide adequate protection
with acceptable loss in the strength properties of the panels.
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Introduction
Waferboard is becoming increasingly important as a structural panel
product for residential and commercial construction.

Currently, its use

has been mainly confined to above ground situations where there is only
marginal decay hazard.

However, projected demand for waferboards includes

applications where severe decay hazard may exist.

One such application with

a large potential market is the preserved wood foundation.
From a technical point of view, it is possible to produce a waferboard
witn strength properties approaching that of sheathing grade Douglas fir
plywood.

However, there is a need to develop preservative-treated wafer-

boards that can be used in service conditions which could involve severe
decay hazard.
When wood-based panel products were introducted in the building industry,
they were considered to be resistant to biodeterioration.

Liberation of

^formaldehyde after the manufacturing process and the presence of unbound
phenolics appear to inhibit fungal attack on wood-based panel products to
some extent.

However, this effect is not lasting and the susceptibility

of these materials to biological attack was encountered when exposed to
high moisture contents and severe decay hazard conditions.
Further, the moisture relationships of board materials may differ
markedly from those of solid wood.

For example, it is known that in solid
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non-durable wood, sustained moisture contents of at least 22 percent are
necessary for the onset of decay, while in hardboard the threshold moisture
Content for decay is under 20 percent and the equilibrium moisture content
is even lower1.

Hence its practical susceptibility to decay is lower

than solid timber,

it is evident that these materials must receive some

form of protective treatment for applications in service conditions requiring
exposure to decay hazard.
Research in this area is under progress and a brief review of the work
done so far in this field is presented in this report.

The emphasis has

been mainly on non-veneered wood-based composite panel products in this
report.
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Incorporation of Preservatives in Composite Boards
At least three methods exist for incorporating the preservative
into wood-based materials.
the finished board,

These are:

(i) preservative treatment of

(ii) mixing compatible preservative chemicals with

the resin binder or wax emulsions and (iii) pretreatment of the furnish
a.t some stage before the pressing of the board.
Huber2 examined the addition of pentachlorophenol or its sodium salt
to the wood particles by spraying, by mixing it with the sizing agent and
by mixing it with the adhesive.
formaldehyde.

The adhesives used were urea- and phenol-

It was concluded from strength tests that the addition of

sodium pentachlorophenate to the adhesive with slight excess of water
would be a satisfactory procedure.
Deppe and Gersonde3 ** indicated that of the various possibilities of
preservative treatment of board materials, the glue mix method and the
incorporation of the preservative as powder before, during or after gluing
are being used on a large scale in Germany.

Treatment of the finished

board did not yield the expected preservative effect due to insufficient
, penetration of the preservative through the highly compressed surface
of particleboards5.
Considerable work has recently been carried out on pretreating the
furnish before board manufacture 6 10.

Some adverse effect on strength

properties, especially the internal bond strength has been indicated.
The decay resistance of board prepared in this manner has been found to
be quite satisfactory.
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Test Methodology
For utilization of wood-based panel products in soil contact,
the type of test methods to be used should provide data concerning
the following aspects:
1.

Durability of panels under high humidity and accompanying swelling.

2.

Durability of panels under conditions favourable to biodeterioration.

3.

Compatibility of preservative chemicals with bonding agents and
other additives.

4.

Types of preservatives and their method of incorporation into
the boards.

Most of the testing of preservative treated wood-based panels has been
carried out on the same line as that for non-preserved boards.

Basically

this involves the measurement of the strength properties of the boards with
and without the preservative treatment and after exposing the treated boards
to accelerated aging according to ASTM D2017 or a suitable modification
of the same standard.
In addition, the decay resistance of the boards has been measured either
by ASTM D-1413 method, or Kolle flask tests11 12, or fungus cellar tests5
where specimens are in soil contact, or other methods involving non-soil
, contact techniques

.

Essentially, this involved the measurement of weight

loss of the test specimen after a given period of exposure.

Some strength

tests have also been developed for such exposed materials by suitable
modification of the test procedure and sample size1*4 16.
Several investigators7 ,1S

have indicated that the agar block method

of test used in Europe may give misleading results.

Willeitner18 and

Deppe and Gersonde19 have indicated that fungus cellar test method was
superior to the agar block method.
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The Kolle flask method according to German Standard DIN 52 176
exhibited a number of difficulties under collaborative tests for its
use for wood-based products such as particleboard1*.

The high moisture

content in Kolle flask caused substantial thickness swelling making
evaluation difficult.

Further, binders such as carbamide resins suffered

considerable hydrolytic degradation resulting in strength loss of the
composite boards.

In the case of urea- and phenol-formaldehyde resin

binders, the release of formaldehyde from the resin, their alkali content
and the presence of unbound phenol residues in the confined space of the
flask inhibited the fungal growth, even in unprotected boards and gave
misleading results.
Merrill and French20 21 compared the ASTM soil block method with
soil burial, block to block and no substrate methods in the test of decay
resistance of fiberboards and concluded the ASTM soil block test was the
best and it was further suggested that a nail-head pull-thru test instead
of weight loss be used for evaluation of decay resistance.

The value

of this test, which measured only the weight losses of treated samples
for decay resistance of particleboards/has also been questioned by several
vinvestigators1** 22 23 .

According to these workers, evaluation of treatments

based on reduction of strength properties is of primary importance for
waferboard's intended uses.

For example, significant strength reductions

in treated particleboards exposed to actively growing fungi beyond those
due to water alone have been reported.
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It is evident that the strength properties of wood-based panel
products are of prime importance and most of the tests centre around
the measurement of one or more strength properties of the products.
Further, even though a preservative is known to provide effective
protection of solid wood products, a biological test of wood-based
panel products is essential due to possible interactions between preservative,
resin and wood, and the effect of various processes involved in the
manufacture of the products, unless the preservative is applied to the
finished board13.
Considerable attention has also been paid to termite resistance
of wood-based panel products21*.

Evidently, where climatic conditions

are favourable to termite attack of building components, it is essential
that these products must be subjected to termite resistance tests.

Various

methods for evaluating termite resistance of composite boards have been
used25 25 elsewhere but at present the method proposed by AWPA in 197028
is being used in the U.S.A.

Properties of Preservative Treated Waferboards
Among the earlier studies 2 13 25 29 30 on the preservation of
particleboards and hardboards with pentachlorophenol, Huber investigated
the strength properties and the decay resistance of sodium pentachlorophenate
treated particleboards.

From the results, it was concluded that addition

of this preservative at one percent level based on dry wood weight did
not adversely affect the strength properties of the board and provided
adequate protection in a modified ASTM soil block test.
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Practically

no loss of sodium pentachlorophenate during the hot pressing operation
was noted.

However, in later studies relatively high losses (up to 60

percent) have been reported3 5 19.
Besides pentachlorophenol, numerous other wood preservatives have
been tested in Germany as to their suitability to prevent fungal attack
on particleboards3 .

These include fluorine compounds, boron compounds,

salt mixtures such as copper/chromium/fluorine and copper/boron chromium
compounds.

Deppe and Gersonde19 investigated the fungous resistance of

particleboard treated with fluorine and boron compounds by the fungus
cellar method.

Significant reduction in strength properties perpendicular

to the surface of the beard was observed after six months' exposure to
wood decaying fungi.
The performance of both protected and unprotected isocyanate-bonded
P articleboards in the fungus cellar test was examined by Deppe32.

The

preservatives used were boric acid, borates, sodium pentachlorophenate,
potassium hydrogen fluoride and a copper/chromium/boran salt mixture.
fungi used were Merulius lacrymans and Coniophora puteana.

The

It was observed

that the unprotected boards were completely destroyed after 8 weeks of
'exposure to Merulius lacrymans.

Boric acid provided satisfactory protection

while the borates were not as effective.

Good protection was also achieved

with a copper/chromium/boron salt mixture and potassium hydrogen fluoride.
Sodium pentachlorophenate, even in relatively large amounts (4 percent)
did not perform well, probably due to its loss during the pressing operation.
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In the case of exposure to the fungus Conlophora puteana, fluorine
compounds gave adequate protection to isocyanate-bonded particleboards
comparable to those bonded with phenolic resins.
Merrill and French20 evaluated fiberboards treated with pentachlorophenol,
copper pentachloropenate and arsenic trioxide at various retention levels
and found that 0.4 percent of pentachlorophenol and 0.6 percent of arsenic
trioxide gave substantial reductions in the decay of the boards by a modified
soil-block test method.
Walters and Chow33 examined the decay resistance of particleboards
from six types of furnish.

These included maple shavings, red oak sawdust,

cottonwood bark, red oak bark, walnut bark and white oak bark.

When subjected

for 14 weeks to Lenzites trabea in the ASTM soil-block test, it was observed
that the amount of adhesive (urea-formaldehyde 6.47 and 10 percent) had
no significant effect on weight loss.

The average weight loss of boards

treated by soaking in 5 percent pentachlorophenol solution in mineral spirits
for 3 minutes was 0.25 _+ 1.34 percent compared to 19.58 +_ 16.4 percent for
untreated control boards.

The thickness of untreated specimens was decreased

by 9.1 percent, but that of treated specimens was only half of that.
'

Blümur et al9 tested the resistance to biodegradation of particleboards
from preservative-treated flakes and shavings to two basidiomycetous fungi,
Coniophora puteana and Gleophyllum sepiarium.

The results indicated that

particleboards made from CCA-treated redwood flakes have good resistance
against these fungi.
The effect of the pretreatment of aspen wafers with ammoniacal copper
arsenate

(ACA) and chromated copper arsenate (CCA) on the strength properties
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g
of boards was evaluated by Boggio and Gertjejansen .

All the boards

with preservative-treated wafers exhibited reduced internal bond as
compared to those with untreated wafers.

However, all the preservative-

treated boards exceeded the minimum requirement of modulus of rupture (MOR)
and modulus of elasticity (MOE) according to American National Standard
(ANSI A 208.1-1979).

Only MOR of CCA-treated boards made with resole

phenol formaldehyde resins showed significant reduction.

Further, it

was observed that ACA treatment was not as degradative as CCA and that
except for the modest decrease in internal bond, ACA treated-boards
generally performed as well as the untreated board in the strength properties
both before and after accelerated aging.

Preservative concentration was

found to have little effect on board properties.

The most favourable

preservative-resin combination appeared to be ACA with a novolac or possibly
a resole resin.
Hall and Coworkers6 16 have done extensive work on the preservative
type, resin type and treating methods on the mechanical and thickness
swelling properties and biodeterioration of aspen waferboard.

Experimental

aspen waferboards, bonded with liquid or powdered phenol formaldehyde resins
'and treated by various methods using a number of preservatives were tested
for their strength properties and thickness swelling after accelerated
aging according to ASTM D1037 as well as after fungal resistance tests.
A total of eighteen different types of treatments were examined.
The preservatives used in the study were 2

thiocyanomethyl (thio),

benzothiazole (TCMTB), Difolatan, 3-ido-2propynyl butyl carbamate,
copper-8-quinolinolate, mixture of copper and fluorine salts, ACA, CCA,
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and monochlornaphthelene and tributyltin oxide (TBTO).
preservative application included:

Methods of

addition during furnish preparation;

dip treatment; mixing with wax-emulsion; pretreatment of wafers; and
pressure-treatment of finished board.
During the study on the effect of preservative treatments on mechanical
properties and thickness swelling, Hall et-al6 observed that all the
eighteen types of panels tested met the minimum MOR and MOE requirements
of ANSI 208.1-1979 for mat-formed grade 2-MN wood particleboard.

However,

the internal bond specification was not attained by the panel containing
wafers pressure-treated with ACA.

Further, all the panels except the

panels treated with CCA/wax emulsion retained at least 50 percent of their
control MOR after accelerated aging (AST.M D1037-78) .
Panels pressure-treated with either CCA or ACA showed minimum irreversible
thickness swelling after accelerated aging as much of the swelling occurred
during pressure-treating.

Further, no stastically significant differences

in irreversible thickness swelling were found between any of the different
board types bonded with liquid resin.
In the case of the study on the biodeterioration of the various
>
types of panels15, most of the organic preservatives failed to provide
any protection in mold and stain tests.
failed in this test.

CCA added to wax emulsion also

The efficiency to provide protection from mold and

staining for preservatives applied by dip-treatment, was decreased following
accelerated aging.

Only higher concentrations of tributyltin oxide (TBTO)

retained mold inhibition properties.

The growth of the fungus, Cladiosporium sp.

was not controlled by any of the treatments following accelerated aging.
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In the contact block test with the fungun Gleophyllum trabeum,
most of the organic preservative treatments did not perform well and
decay similar to the untreated controls was present.

Similar results

were obtained for soil-block/on-edge crushing tests with boards not
subjected to accelerated aging prior to soil block tests.

Upon accelerated

aging, the protection level was lowered significantly except for ACA
and CCA treatments.
In the soil-pan test, the results indicated that even small weight
losses in the specimen were accompanied with substantial reductions in
static bending properties.

These observations confirmed similar results

obtained by others as mentioned earlier.
It was concluded by these workers, on the basis of thei_r extensive
study, that no preservative system tested by them surpassed the ACA/CCA
group in overall fungus protection.

Further, the addition of ACA to the

wax emulsion appeared to be a promising treatment requiring further work
so as to increase the ACA concentration of treating solution to permit
higher loadings required in ground contact situations.
Hall and Gert je jansen31* examined the strength and related properties
of particleboard prepared from treated flakes of several Ghanian secondary
hardwood species.

The preservative used was ACA and the treatment levels

were 0.2, 0.4 and 0.6 pcf.
were used as adhesive.

Five and eight percent phenol resin formulations

The panels were subjected to vacuum-pressure-soak-dry

(VPSI) treatment and ASTM D1037 accelerated aging (AA) weathering tests.
All the panels with preservative treated furnish had lower MOR and
internal bond strength than those with untreated furnish.
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The MOE of

treated boards was lower at 5 percent resin level but was not affected at
8 percent resin level.

In general, boards with 8 percent resin level were

significantly superior to those with 5 percent resin level.
The VPSD and AA tests lowered MOR, KOE and internal bond significantly
for all boards.

Internal bond was the most affected by these aging tests

of which AA had more deleterious effect on percent thickness swelling,
linear expansion and their irreversible components.
Current research35 at Forintek has been directed towards development
of wood composites suitable for application in preserved wood foundation.
It has been shown that boards made from unseasoned wafers treated with
either ACA or CCA, exhibited overall good performance.

Further, sodium

silicate treatment also gave good results but required very high loading
levels which may be uneconomical.

It has been further observed that boards

produced with higher resin content and from thinner wafers pretreated with
ACA gave overall excellent strength properties approaching those of preserved
Douglas fir plywood used for preserved wood foundations.

Testing of

preservative-treated waferboard for fungal resistance in laboratory as well
as field tests is in progress.
Treatments of composite products for termite resistance has also
received considerable attention.

Becker26 and Toole and Burnes36 stated

that unprotected particleboard is destroyed by termites and wood destroying
fungi.

According to Pantua37, chipboard treated with either boric acid

or copper pentachlorophenate or a combination of the two, was protected
from termite attack for up to five years in field studies.
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However,

Brown and Alden27 reported that pentachlorophenol added to particleboard
bonded with urea resin did not protect it from termites.
Stolley

On the otherhand

found that 1, 2, and 5 percent pentachlerophenol or its sodium

salt afforded protection to particles from termite attack after 2 years of
exposure.

Arsenic trioxide, aldrin, dieldrin, heptachlor and sodium

arsenite were also found to protect'particleboard, fiberboard and plywood
from termite attack21* 27 38 39 .
Beal

24

examined the efficiency of chlordane, heptachlor and HCS-3260

(Octachloro-4, 7-methanotetrahydroindane) in preventing termite attack on
particleboard, fiberboard and plywood.

it was observed that these chemicals

provided good protection to all the substrates in dry-wood termite tests
while in subteranean termite tests they gave adequate protection to particle
boards.

In the case of hardboard none of the chemicals performed satisfactorily

The failure of these chemicals to provide adequate protection to hardboard
could be attributed to the comparatively high temperatures used in it's
production (410°F core temperature as opposed to 335°F for particleboard).
In the case of plywood, even though the subterranean termites were
able to damage the outer ply of glue-line treated plywood, heptachlor or
chlordane should greatly increase the service life of the plywood in areas
where these termites are a problem.
In summary, it seems that the ACA preservative system offers a good
promise in protecting wood-based non-veneered panel products.

It has the

least adverse effect on the strength properties and provide adequate protection
to the treated panels in the soil block tests.

Further, although most

of the work in Europe, especially Germany, involved the addition of this
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preservative to the glue line, it will be preferable to either treat
the furnish or the finished panel.

In Germany, the panel products

with preservative chemicals added to the adhesive are not recommended
for service applications requiring ground contact.
Based on these observations, currant research at Forintek is
directed towards developments of preservative-treated boards either
by treating- the furnish before production of the board or by treating
the finished board using ACA as the preservative system.
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