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ABSTRACT OF THE DISCLOSURE
A method of treating building materials with boron and
boron treated building materials. The method i1involves

F

1ntroducing boron during manufacture of the building materials

1in the form of a water soluble copper-borate complex. The

copper-borate complex enables a wider range of glues and

adhesives to be used, 13 slower to leach out, and provides

enhanced fungicidal properties.
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TITLE OF THE INVENTION:
Method Of Treating Building Materials With Boron and

Building Materials

FIELD OF THE INVENTION

The present invention relates to a method of treating

building materials with boron and Dboron treated building

materials.

BACKGROUND OF THE INVENTION

gr— y—

One of the most effective pesticides 1s boron. An article

P

entitled "Boron Compounds for the preservation of Timber

Against Fungi and Insects" by W.P.K. Findlay presented to the

th Wood Protection Congress of the German Wood Research
Associlation, shows that as early as 1959 the toxicity of boron
to fungi and insects was well know. Unfortunately, an i1nherent

-

drawback with the use of boron is that the bonding strength of

b

..

many glues and adhesives are adversely affected when boron 1is

r—

present. This loss of bonding strength 1s mentioned 1n the

Findlay reference and also 1n subsequent papers such as the

&

{73

paper entitled "The Effect of Ethylene Glycol and Sodium Borate

g

Solutions on the Adhesion of Epoxy to White Oak and White Pine

Samples" by Dan Freel, Chris Maples, Bruce Neilderer, William
T. (Chip) Reynolds and James R. Watson published by the

National Maritime Museum Associlation 1in 1997. The bonding

strength problem provides an obstacle 1n the cost effective

manufacture of boron =zZreated building materials, as only

selected glues and adhesives can be used. It also can affect

what glues and adhesives can be used with the buillding

materials after manufactzure.

SUMMARY OF THE INVENTION

What 1s required 1s a method of treating building

materials with boron that can be used with a wider range of

glues and adhesives without adversely affecting bonding

strength.
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According to one aspect of the present invention there 1is

g—

provided a method of treating building materials with boron,

#

comprising the step of introducing boron during manufacture of

the building materials n the form of a water soluble copper-

borate complex.

P

According to another aspect of the present i1nvention there

is provided boron treated building materials, the building

materials being treated during manufacture with a water soluble

copper-borate complex.

United States Patent 6,001,279 (Payzant et al) discloses

a method of making a solidified water soluble wood preservative

which contains both coprer and boron. During laboratory tests

a first surprising disccvery has been made. It was discovered

that a chemical change had occurred to the copper and boron

forming a copper-borate complex. During tests with building

products a gecond surprising discover was made. It was
discovered that when boron 1s present 1n a copper-borate
complex, the copper-borate complex appears to mask the presence

—

of the boron. This enables a far wider range of glues and

adhesives to be used. 1In some cases, the copper-borate complex

served to strengthen the adhesive bond.

Boron is not without 1ts limitations. These limitations
have been the subject of much study. In his research Findlay

determined that the possible loss of boron through leaching

when placed in wet environments for long periods. Thilis was not

felt to be a significant problem 1n most applications. In

their paper entitled "Integrated Protection Against Lyctid

F

Reet]le Infestations - Resistance of Boron-treated Wood" 1n a

February 1987 publication by the Forest Products Research

Society, Lonnie H. Williams and Terry L. Amburgey determined

that boron treatment did not protect against mold fungi or

pr—

"t -rot decay fungi. This combination of draw backs becomes

-

SO

more significant when considered 1in 1light of an article

p—
o

entitled "An Asgsessment of Mold Contamination Problems 1n
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Atlantic Canada Schools: Mold Burdens, Amplifying Sites and

Benefits of Proactive School Inspection Policies" by Thomas G.

— -
—

Rand of the Department of
- Halifax, Nova Scotia. Dr. Rand studied mold species and,

Biology of Saint Mary's Unilversity

Lol

O

(N

in particular, environments that supported toxigenic fungi.

It was determined that toxigenic fungil were found where there

was building material deterioration due to on going water

infiltration and condensation problems. He determined that the

highest spore loads were to be found 1n non-occupancy spaces
1¢ in ceiling plenums, basements, crawl spaces and peripheral wall
cavities. He determined that the mold species assemblage was
quantitatively and qualitatively dissimilar to that encountered
outdoors and in '"normal'" school environments. The occupants

of the schools that Dr. Rand studied experienced health

15 problems consistent with exposure to molds, including: upper

respiratory problems, runny noes, headaches, rashes, and nose-

bleeds. From a review of the above referenced literature, 1t

appears that boron treatment would be ineffective in treating

the toxigenic fungi problem identifilied i1n Dr. Rand's research.

2.0
The benefit of using a copper-borate complex, as proposed,
igs that the presence of copper slows the leaching of boron and
copper has known fungicidal propertiles.
25

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become more

apparent from the following description in which reference 1s
made to the appended drawings, the drawings are for the purpose

30 of illustration only and are not intended to i1n any way limit

the scope of the invention to the particular embodiment or

embodiments shown, wherein:
FIGURE 1 is a flow diagram illustrating the steps in the

preferred method of treating building materlals with boron.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred method of treating building materials with
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boron will now be described with reference to FIGURE 1.

The method of treating building materials with boron

F
p—

involves the step of introducing boron during manufacture of

the building materials in the form of a water soluble copper-

F

borate complex. The manner of forming a water soluble copper-

borate complex is outlined 1n United States Patent 6,001,279.

In order to test the efficacy of the method, some water

soluble copper-borate complex was introduced into waferboard

(also known as Oriented Strand Board or OSB) during the

manufactured process. This waferbocard was then tested for
strength by the Alberta Research Council and tested for mold

regsistance by Forintek Canada Corporation. The copper-borate

complex was prepared in accordance with the teachings of United

States Patent 6,001,279. The copper borate complex was then

crushed and introduced. It was found that a crush of random

sizes left mold pockets, so it is preferable that a fine crush
of around 200 mesh be used to ensure uniform distribution.

Referring to FIGURE 1, there is illustrated a moving conveyor

12. During the process of manufacturing the waferboard, wafer
chips 14 mixed with adhesive (not shown) were deposited onto
moving conveyor 12 from a first hopper 16 to form a lower layer

F

18. Crush particles 20 of copper-borate complex from a second

hopper 22 were then intrcduced onto lower layer 18. More water

chips 14 mixed with adhesive (not shown) were then deposited

onto lower layer 18 from a third hopper 24 to form an upper

layer 26. Upper layer 26 and lower layer 18 were then

compressed together by roller 28 to form a waferboard 30

containing copper-borate complex.

waferboard 30 was then subjected to strength tests by the

gr—

Alberta Research Council, the results of which are set forth

in the follow tables:
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Waferboard 30 was then subjected to mold resistance tests

by Forintek Canada Corp.

Summary

Concerns have recently been raised regarding the susceptibility of building sheathing products to fungal
crowth it water were to penetrate wall systems and remain in the wall cavity for extended periods.
Genics Inc. approached Forintek to mvestigate the resistance of their OSB panel product contamning
copper/borate to moulds.  This report describes the method and results of invesugating resistance of the
copperborate OSB panel product to surface colonmization by moulds under ideal conditions for mould
CTOWth.

After four weeks of exposure in an environmental chamber, OSB samples containing coppet/borate, at
each of the three copper/borate ratios, and anhydrous boric oxide at the higher of two levels lested,
showed similarly high resistance to mould growth. The untreated OSB panels. zinc-borate treated panel
products, and Douglas fir plywood showed similarly low resistance to moulc arowth. A dose/response
effect was apparent for the copper/borate and anhydrous botic oxide products.

Objectives

The purpose of this test was to evaluate, in an environmental chamber, the mould resistance of OSB panels
containing  coppersborate compared o OSB  panels containing ne  additive, OSB  panels containing
anhydrous boric oxide, OSB panels and an OSB tongue and groove floonng product containing zinc-
boratc. and Douglas fir plywood.

2 Introduction

Concems have recently been rused regarding the suscepubility of building sheathing products to fungal
growth f water were to penetrate wall systems and remain in the wall cavity for extended periods.  Genics
[nc. approached Forintek to mvestigate the resistance of their OSB panel product containing copper/borate
to moulds. This report desenibes the method and results of investigating resistance of the copper/borate
OSB pancel product to surface colonization by moulds under idcal condittons for mould growth.

This method uses controlled temperature and humadity conditions i o small environmental chamber to
cvaluate resistance of sample surfaces to growth of a broad range of moulds from both natural and
artificial inoculum.  The ASTM standard D3273-94" was followed with the exception that the chamber
temperature was mamntaimed at 25°C rather than the 32.5°C speartied.

3 Staff

Paul Morns Group Feader, Durability & Protection Group
Dave Minchin Wood Protection Technologist

Shane Mclarlinge Wood Preservation Process Technologist
Janct Ingram Wood Preservation Technologist

U American Society for Testing and Matertals. 1994, ASTM D3273-94 Standard Test Method for Resistance to
Growth of Mold on the Surtace of Interior Coatings in an Environmental Chamber. ASTM. Pluladelphia, PACUSA
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Materials and Method

4

4.1 Test material

The copperborate containing OSB paunels, anhvdrous boric oxide containing OSB - panels, and the OSB
with no additives were manufactured by the Alberta Research Council (ARC) on behalt of Genes Inc.
The panels containing one of three target copper/borate ratios (2.9%. 3% and 10% bonc acid equivalent
(BAE)) or one of two levels of anhydrous boric oxide, and the untreated OSB panels were marked with
codes according to treatment or product and shipped to Forintek. Two panel products (OSB sheathing and
OSB tongue and groove flooring) contaamng zinc-borate were obtamed by Genies and shipped to Forintek.
The treatment levels, treatment/product codes. and panel thickness of the OSB products and plywood
tested are summarized in Table 1.

Table I: Test Products and Analyzed Borate Content

B [ Actual -
. # of Panels Analyzed Borate
Panel Type Thickness Supplied Content (% BAE)* Comments
(mm)
OSB - no additive 11 3 NA Control
OSB - Genics 2.9% Cu 11 3 0.88 (0.25)
OSB — Genics 5% Cu 11 3 0.98 (0.20)
B ) 1
0SB - Genics 10% Cu 11 3 1.28 (0.31)
OSB - Anhydrous Boric Oxide ’ 11 B 3 | 0.58 (0.21) Borate only
OSB - Anhydrous Boric Oxide (1 3 113 (0.21) reference maternia
T&G - Zinc Borate 18 4 Reference
| matenal
0SB - Zinc Borate 12 4 0.89 (0 09) Helarence
] | i material
Douglas tir Plywood Y ! NA Plywood control

- Average wirh standard deviarion shinvn Jaxe. rerthe sy

All panels provided by Genics and the Douglas-fir plywood were processed at Forintek into test samples
for mould resistance and samples for bosate analysis. Ten replicates of samples, 100 x 75 mm. were
prepared from panels of cach product group for installation i the mould growth chambers:

«  Where three panels of each product were recerved (all panels made al ARC - Table 1), three mould
resistance samiples were cut from cach of two panels, and four samples were cut from the third pancl
tor a total of ten samples.

o  Where four panels of a product were recerved (zine-borate products), three samples were cut from cach
of two panels and two samples were cul from cach of the remaming two panels

o All ten Douglas-fir samples were cut irtom one sheet of plywood.

Forty-seven analyses samples, 19 x 19 nne were cut from panels of cach panel product and analyzed for
borate content at Forintek usme & standard hot water extraction and ttratton method. Samiples for the
mould resistance test were allowed to condittion at ambient Taboratory  temperature (about 207C7) and
relative hunmidity (about 30%) before mtial pre-test weights were recorded, except for samples cut from

the zine-borate panels, which were processed and weighed within 24 hours of arrval at Formiek
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. Test chamber

o randomly assigned (o one of fowr environmental chambers. ~ach
1) consisted of a reciangular 114 line (01 x 46 x 36 cm) heavy duty polvethylene tank

Mould resistance samples w
chamber (Figure
fitted with a pitched-root cover made o Ce4 i thick clem acrviie. The piteh was sutheient to attow

andensation to run down the inside surface of the cover mstead of dnpping on the samples suspended
inside the tank.
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“ioure 1: Controlled Environment Mould Growth Chamber

The bottom of the tank contained about 8 cm of water. A tray with @ bottom ol statnless steel coarse woe

- comiiercial

mesh covered with plastic sunscreen fabric supported an & om thick laver of non-stenh

otting soil about 3 cm above the surface of (he water. Aporoximately Scm was left between the side ol

“

o owattt 1o pernuit air moveren within the

~
J—R

, | _ N N ) ' AR RS BN
the tray and the ank. A 1O cm dimeter fan (Muftin, mode

1U2A 1) positioned at one end of the

SOt tray arg

-

lated ar withm the chamber over the surface of e

sotl to ard in the distribution of spores.

~-

Samples were suspended at even spacing. Using sve-hooks onone of four plastic upport bars spanning

5.

L4

-

-~

the width of the tank.  The samples were suspended with the long dimension verticat and parallel to cach

- } :

other so that the faces were perpena

-

culag 1o the Do mir-tTose The fower ctnds ol the saanples were 1hotd

-

1 .

T em o above the sort surface

v
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[eat was applied to each chamber by an immersion heater (Ogden, 300 watt. 120 volt) nstalled
horizontally in the water through one end of the chamber. The heater was confrolled by a sohd-state

electronic lemperature controller (Ogden) o maintain a temperature ol 250+ 1.0°C m proximity to the
samples, as measured by a thermocouple located amonust the samples. To wd i even heat distribution.
water within the tank was constantly stirred by an aquanum circuiating pump (Agua-pump-1. variable
flow) set at maximum flow. Lack of chamber ventilation resulted in a constant relatve humdity at, or
near. 100% inside the chamber. This s confirmed by the constant formation of condensate on the pitched

COVCI.

4.3 Inoculum

The following cultures were inoculated onto 1.5% malt extract, 20 avar (Difcoy Petri plates and

incubated for 18 days at 32.5°C to produce inoculum for the fest chamber:

Alternaria tenuissima group (Kunze) Wiltshire Ftk 6918

Aspergillus niger v. Tiegh. ATCC 6275
Aureobasidium pullulans (d By) Arnaud ATCC 9348
Penicillium citrinuwm Thom ATCC 9849

An inoculation suspension was preparcd by scrapmg spores and mveelium from the surface of the
incubated plates and mixing in a blender with water for 15 «econds. The suspension volume was adjusted
with water to about 1 litre. A 50-ml pipetie was used te distnibute the noculum evenly over the sotl
curfaces in the four chambers. The chamber was operated at test conditions for at least one week before
the moculum was introduced, and was operated at test conditions for at least four weeks after moculation
before the test samples were installed in the chamber. This allowed the fungt to become established in the
soil and to produce spores for dispersal to the sample surfaces.

44 Assessment

Following two and four weeks exposure withim the environmental chamber, samples were removed,
weighed, and rated for the extent and atensity of fungal growth on a scale of 10, where zero represents
no growth and ten represents cxtensive and intense fungal crowth. The rating system places cmphasis on
aces over coverage on edues, and considers degree of disco ouration by

surface area covered on the two |
fungal growth. Sample moisture upLaxe during the two-week exposure periods was deternuned from

changes i sample weights.
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5 Results and Discussion

5.1 Assessment After Two Weeks

Results for mtings of mould growth on samples at two and four weeks are summarised as averages of ten
replicates of each panel product i Table 2. Also shown in Table 2 are the moisture uptake
determinations expressed as the average percent increase in sample weights from the nitial weights
recorded before exposure in the chambers.

Table 2:  Summary of Mould Growth Rating and Percent Moisture Uptake at Two and Four

Weeks
ir Loading% Fungal Growth % Moisture Fungal Growth % Moisture
Panel Type BAE Rating at Uptake at Rating at Uptake at
| 2 Weeks (9~10)* | 2 Weeks™ 4 Weeks {0-10)* | 4 Weeks™
Control 0.00 | 4.8 (17) 18.8 (0.8) e (1.3) 196 (0.8)
]
Genics 2.9% Cu (.88 (0.8 (0.8) 20.7 (0.7) 4.4 (1.3) | 22.4 (1.1)
B | - — R I . 1
Genics 5% Cu 0.98 0.6 (0 7) 20.3 (1.0) 3.3(1.3) | 218 (1.2)
Genicé 10% Cu B 1.28 T 0.6 (0 7) B 20.0 (1.2) T 25(1.1) | 214 (1.0)
gr;tiwdy:rous Boric | 55 1109 18.6 (0.9) 6.7 (1.9) 19.5 (0.9)
AOZTdVS‘OUS HOIC 113 1109 20.1 (0.6) 1009 | 212(0.9)
D. Fir Plywood 0.00 c.1(1%) 17.9 (1.8} 0.5 (0.5) 17.3 {1.6)
Zinc Borate 0.89 6.4 (7 m 5.4 um MQ")(H N 157 (0.7)
ﬁ%%iso"ate N/A 8.1 (0 8) | 130 (f),{a; | 10.0 (0.0} 146 (2.7)

* Mean values with standard deviation shunwe nn parent/iesis

After two weeks of exposure n the chambers, there was very little mould growth on any of the OS5B
products containing copper/borate  or anhydrous bore oxide, and there was no evidence of 4
dosc/response effect within these products (average ratmgs of 0.6 to 117 Mould growth was more
extensive on the untreated control OSE panels (average ratng of 4.8). Mould growth was most extensive
on the Douglas fir plywood and the zine-borate OSB pancls and OSB tongue and groove (T&G) tlooring
products (ratings of 6.1 10 8.1). Most mould growth on all sampies appeared as a very hght, white or palc
orcen growth most evident when viewed at a low angle across the surface of the sample.

Average percent morsture uptakes were similar for all the Gemes OSB panel products, with or without

borates, and for Douglas {ir plywood (17.9% to 20.7%). Percent marsture uplihes were shightly lower for

he zine-borate panel products (154 for the OSB panels and 13.0% for the OSB tongue and groove

product).  This may be due (o the non-condittoned mutial weights of the 7ine borate treated products.
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5.2 Assessment After Four Weeks

Mould growth was more extensive on samples of all panel products after four weeks in the chambers.
The least extensive mould growth occurred on the coppet/borate samples and the high-level anhydrous
bqric oxide samples. Average ratings of the copper/borate samples may mdicate a dose/response effect
with samples of the low to high ratio copper/borate panels rated as 4.4, 3.3, and 2.5 respectively. The
anhydrous boric oxide panels show a strong dose/response with an average rating of the low-level
samples of 6.7 and an average rating of the high level samples of 3.0. The controf OSB, Douglas-fir
plywood, and both zinc-borate treated products had extensive mould growth with average ratings of 9.3,
9.5, 9.5, and 10.0, respectively. Only a few samples displayed intense mould colourati%n, and this was
usually on samples with extensive surface coverage on the faces or on sample edges. The only panel
product to consistently exhibit intense growth was the tongue and groove zinc borate product, where
growth was particularly extensive relative to all other panel products at both the two and four week
assessments.

Overall, average ratings of borate-containing products correlate well with the borate content determined
!)y analysis results (Figure 2), with the exception of the zinc-borate product. This may indicate the
Importance of borate as the active ingredient in providing mould resistance of the test products. The zinc-
borate may not have provided the expected resistance to mould growth due to the unavailability of the
borate to the fungi.

10 X )
(D
8
!
o 6 -
=
S
M|
. [
2 -
0 | 3 T | T T
0.0 0.3 0.5 0.8 1.0 1.3 1.5
% BAE
LEGEND X zinc borate O control OSB
| anhydrous boric oxide | anhydrous boric oxide copper-borate 2.9%
copper-borate 5% M copper-borate 10%  — trendline

Figure 2: Borate Content vs Mould Growth Rating
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There was littte additional moisture uptake by any samples between the two and four week assessments,
indicating that all panel types absorbed most moisture within the first two weeks in the chambers.

6 Conclusions

After four weeks of exposure in an environmental chamber, OSB samples containing copper/borate, at
each of the three levels tested, and anhydrous boric oxide at the higher of two levels tested, showed

substantial resistance to mould growth.

After four weeks a dose/response effect was apparent for the copper/borate and anhydrous boric oxide
products.

After four weeks of exposure in an environmental chamber, the untreated OSB panels, zinc-borate treated
panel products, and Douglas fir plywood were not generally resistant to mould growth.

All panel types absorbed most moisture within the first two weeks in the chambers

In order to not disrupt normal manufacturing procedures
the crushed wood preservative was introduced separately. It
will be appreciated however, that a plant converting to the use
of this type of wood preservative may choose to mix the crushed

wood preservative with the adhesive.

The term "building materials" in this application 1s not
intended to be limited to wood building materials. The term
is also intended to encompass building materials such as
insulation (whether styrofoam, expanded polystyrene, urethane
or fibreglass), sheeting material (whether drywall, plaster

board, plywood or straw board) and vapour barrier covers.

In this patent document, the word "comprising" is used 1n
its non-limiting sense to mean that items following the word
are included, but items not specifically mentioned are not
excluded. A reference to an element by the indefinite article
"a" does not exclude the possibility that more than one of the
element is present, unless the context clearly requires that

there be one and only one of the elements.

It will be apparent to one skilled 1in the art that

modifications may be made to the illustrated embodiment without
departing from the spirit and scope of the 1nvention as

hereinafter defined in the Claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of treating building matenals with boron, comprising the step of:

introducing boron during manufacture of wood or plant fiber-based composite
bullding materials held together by adhesive, the boron being introduced in the form of a
granular crushed water soluble copper-borate complex in order to reduce adverse effects of
the boron on mechanical bonding of the adhesive.

2. Bulding matenals, comprising:

wood or plant fiber-based composite building materials held together by adhestve;
and

granular crushed water soluble copper-borate complex, the water soluble copper-
borate complex reducing the adverse effects of the boron on mechanical bonding of the

adhesive.
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