
ID=2
817

 
c.2 

1995
-96

SEA.
N, 

S.T.
 Pr

ote
cti

on 
of 

OSB
 wi

th 
non

-le
ach

abl
e b

ora
tes

 
(up

dat
ed 

to 
inc

lud
e t

eri
ite

 an
d p

lan
t t

rial
 st

udy)
. 

(Ca
nad

ian
 Fo

res
t S

erv
ice

 No
.7).

Dep
t N

o: 
38, 

Pro
jec

t N
o: 

3810
H013

.

£Q«n.pdF

Project No. 3810M013 
Canadian Forest Service No. 7

PROTECTION OF OSB 
WITH NON-LEACHABLE BORATES 

(Updated to Include Termite and Plant Trial Study)

by

Sy Trek Sean 
Research Scientist 

Composite Wood Products

March 1996

This project was financially supported by the Canadian Forest Service 
under the Contribution Agreement existing between the 

Government of Canada and Forintek Canada Corp.



SUMMARY

The benefits of using sodium borate as a wood preservative against a variety of insects and fungi have long been 
known. Sodium borate, however, is leachable and has an adverse effect on the mechanical properties of phenolic- 
bonded composite panels. In this study zinc borate has been examined as a possible way to avoid the detrimental 
effects on mechanical properties and reduce leach-out behavior of borate-treated panels.

Ten series of experimental panels were prepared to evaluate the effect of zinc borate (BoragardRZB) on the 
properties of OSB panels. Polyethylene glycol was used as the flowing agent. In the first five series, treated 
panels were bonded with phenol formaldehyde (PF) novolac-type resin while resole PF was used in the second 
five series. The mechanical properties of panels treated with zinc borate and bonded with resole PF and 
polyethylene glycol were found to comply with the CSA requirements. Panels made with novolac PF and 
polyethylene glycol and treated with 1 and 2.5% borate met all the CSA requirements except MOR after two 
hours boiling. It should be noted, however, that the 5% borate-treated panels which also had a higher resin 
content, had excellent results in MOR after the two-hour boil test. Creep-test results showed no evidence that 
borates have any adverse effect on the long term performance of treated panels. The results of leaching tests have 
suggested that BorogardRZB treated panels can be used in unprotected environments without any significant 
reduction in protection. Decay test results showed that treated panels were not subject to attack by Gloeophyllum 
trabeum or Coriolus versicolor. Weight losses for treated panels were under 1% and no fungal growth was 
observed. Formosan termite field tests were conducted in Hawaii and results confirmed that one percent of zinc 
borate provides good protection against termite attack. Mill application tests have been conducted to support 
technology transfer. Results have shown that the zinc borate system can be implemented in a mill operation 
without major changes to plant procedure.
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1.0 OBJECTIVES

To develop a process for the successful addition of borates into OSB panels in order to make the product more 
resistant to decay, insects and fire.

To ensure adequate performance of treated panels under many types of applications.

2.0 INTRODUCTION

OSB panels are currently being used to replace solid wood materials and plywood panels in applications where 
moisture, decay or termite hazards may exist. As a result, there is a need for an OSB panel that has an improved 
resistance to these destructive agencies. At present, however, OSB panels are not available as treated products 
for use in hazardous environments.

Attempts to use traditional wood preservatives such as chromated copper arsenate, pentachlorophenol, and 
creosote in OSB panels have been made by several researchers but, because of the general need for an 
environmentally friendly treatment, these materials are considered unacceptable for use in a composite board 
plant.

The benefits of using borate salts to protect wood against a variety of insects and fungi have long been known. 
Borates have a low mammalian toxicity and are considered to have a low environmental impact. In fact, borates 
have been used as antiseptics. The successful application of borates as an OSB panel preservative may open 
many new markets for the OSB industry. Furthermore, borates also impart some fire resistance properties to 
wood and wood products which could be an important added benefit.

Several disadvantages of using borates as wood preservatives have been observed in the past. The most critical 
of these is its adverse effect on mechanical properties of composite wood panels. The interference of borates with 
the adhesives bonds is due to a gelling reaction between the resin's functional groups (CH2OH) and the borate 
ions (Pfaff 1993). Severe pressing conditions are required to break such complexes, in order for the resin to be 
able to flow and cure in a normal manner.

The use of borates as wood preservatives in OSB panels requires a resin that does not react readily with borates. 
This was demonstrated by the use of a "two-stage" (novolac) phenol-formaldehyde (PF) resin, as opposed to the 
typical "one-stage" (resole) PF normally used in OSB production (Hsu and Pfaff 1993). Another approach to 
minimize the gelling reaction is to switch from a soluble borate salt such as sodium borate to a less soluble 
material such as zinc borate.

Because of its low solubility, it is very difficult to incorporate zinc borate into solid wood. However, it is quite 
simple to incorporate it as a powder into composite wood products during the manufacturing process. 
Furthermore, zinc borate has recently been registered in the US as a wood preservative (BorogardR ZB).

3.0 BACKGROUND

Over the past three years a method has been developed that allows borates to be incorporated into OSB bonded 
with the traditional PF resin powder. A pilot plant trial conducted at the Alberta Research Council showed that 
one percent Tim-Bor™ could be introduced into OSB under simulated mill conditions. However, it was found
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that sodium borate is leached out of treated panels by simple soak tests. To ensure adequate protection under all 
applications, the leachability of the borate needs to be minimized. Accordingly, a "non leachable treated panel" 
was identified by Forintek's Technical Advisory Committee as a key item for research.

The success of this study wouldl be of direct interest to the OSB industry. The production of a treated OSB panel 
would increase the potential for new markets where customers require improved durability. Improved fire 
performance would also make the product accessible to applications where a specified level of fire resistance is 
required. Furthermore, as a specialty product "treated" OSB would be expected to command a higher price.

The design of this experiment rests on the premise that the adverse effect of borates on adhesive bonds can be 
minimized by the presence of a flowing agent such as polyethylene glycol, and that OSB panels with good 
resistance to decay and termite attack can be produced by the addition of 1 percent of zinc borate.

4.0 STAFF

T. Sean Research Scientist
Project Leader

F. Côté Technologist

5.0 MATERIALS AND METHODS

5.1 Test Panel Preparation

Experimental panels were prepared in the laboratory, using standardized procedures simulating commercial 
techniques. Production materials used in this study are listed in Table 1.

Ten series of test panels were prepared to evaluate the effect of zinc borate (BorogardRZB) on the mechanical 
properties of panels. In the first five series, panels were bonded with a novolac PF resin while a resole PF was 
used in the second five series. Three panels with a target density of 40 lb/ft3, based on the ovendry weight of 
panels, were produced for each experimental series.

To prepare experimental panels, strands were dried to a target moisture content of 3 percent. Approximately 20 
lbs of dried strands were placed into a drum-type laboratory blender where hot wax was sprayed onto the furnish 
followed by the addition of adhesives. After ten minutes of blending, polyethylene glycol was sprayed onto the 
furnish zinc borate was added and the furnish was blended for another 10 minutes. Mats were hand-felted onto 
caul plates and hot pressed, at 215°C for 4.5 minutes, as shown in Table 2.

5.2 Methods

5.2.1 Mechanical strength and Thickness Swelling

Three panels from each series were edge trimmed and cut into test specimens, as shown in Figure 1, to determine 
the effects of treatment on bending strength, stiffness, IB strength, thickness swelling and creep properties (CSA 
CAN 0437-93 Test Methods for Waferboard and Strandboard). The larger off-cuts from each panel were 
retained for decay and termite field tests.
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Table 1
Materials Used for the Preparation of Experimental Panels

Furnish Type Commercial Code

Commercial strands Aspen

Adhesives

Novolac, Phenol-Formaldehyde, powder form 

Resole, Phenol-Formaldehyde, powder form

Neste Resin # 29-303 

Neste Resin # BD-804

Additives

Zinc Borate, powder form 

Slack Wax, solid form 

Polyethylene glycol, liquid form

US Borax BorogardRZB 

Slack Wax, Esso # 778 

Aldrich #25322-68-3

3



Table 2

Experimental Design
for the Zinc Borate-Treated Panels Bonded with Phenol-Formaldehyde Resin

Series
Number

Adhesive
Type;

Code Restn Addition 
[%]'

Borate Addition 
{%]>

Polyethylene glycol
m

1

Novolac

N-0 2.5 — —

2 N-l 2.5 1.0 —

3 N-2 2.5 1.0 0.4

4 N-3 2.5 2.5 1.0

5 N-4 5.0 5.0 2.0

6

Resole

R-0 2.5 — - ,

7 R-l 2.5 1.0 ...

8 R-2 2.5 1.0 0.4

9 R-3 2.5 2.5 1.0

10 R-4 5.0 5.0 2.0

1 Based on panel ovendry weight

Conditions:

Wax content 
Panel size 
Panel orientation 
Target density 
Pressing method

1.5%
26x28x7/16"
Random
40 lb/ft3 including additives, based on ovendry weight 
Conventional: 215°C for 4.5 minutes (1 minute to reach stop)
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■î jj

■ : c d

Eending 75 x 316 mm

T.S. Tests 
150 x 150 mm

Ü2T
ox

cri-

E
E
<c
CO
X
in
h-
CJ
Ç
T3
C
0)

CO

w-
75
or

1-
CD'

©•>
CO-
cn

E
Eo
unLO
X
LO
CM

CO
75
0)\—
Cl<x>
(VL—

O

E
E
co
cô
X
LO

a
ç
'•cc
CQ

<n
75'
aj

ar■sc.
Q:L.
a-h—
aj-
>
03-

03-

Figure 1 Method of cutting specimens from 26" x 28" test panels.
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5.2.2 Fusion Diameter Test

A Fusion Diameter Test, was performed to study the flow behavior of the PF resins. 0.5 g of resin was first 
compressed into a 12.7 x 6.0 mm cylinder (diameter x height). The compressed pellet was then placed on a hot 
plate at 150°C between a sheet of aluminum foil and a glass plate. The fluidity of the resin is obtained by 
measuring the diameter of the melted pellet after 3 minutes of heat under 68 psi of pressure.

5.2.3 Leaching Test

Leaching tests were performed by immersing panel specimens in flowing water for periods of 6, 24, and 168 
hours. The soaking conditions conformed to the CSA 0437-93 water soak test. After the immersion period, 
specimens were ovendried and milled to wood flour prior to conducting boron analyses.

5.2.4 Decay Test

Blocks were exposed to the white and brown rot fungi, Gloeophyllum trabeun (G.t) and Coriolus versicolor 
(C.v), in an agar test according to the procedures established by the American Wood Preserver's Association 
Standard (AWPA (1988, Appendix A)) Standard Laboratory Test Method to Evaluate Preservatives in Non-Soil 
Contact Use. Weight losses were evaluated based on the ovendry weight of samples before and after fungal 
exposure.

5.2.5 Field Termite Resistance Test

Termite field tests were initiated in collaboration with Michigan Technological University. Dr. Peter Laks was 
responsible for the tests. Samples were exposed to the Formosan subterranean termite at a Michigan Tech test 
site in Hilo, Hawaii, where test specimens along with untreated wood attractor stakes were placed in a horizontal 
array on hollow concrete blocks of about 10 cm in thickness. The assembly was then covered with a wooden box 
to prevent direct contact with rain. This test procedure was designed to simulate wood building components in 
above ground applications. Performance results were evaluated based on a rating using a 0 to 10 scheme. A 
rating of 10 indicates that the sample was in perfect condition, while a 0 rating signifies that the sample was 
destroyed.

6.0 RESULTS AND DISCUSSION

6.1 Flow Behavior of the Resin

Table 3 summarizes the effect of zinc borate and polyethylene glycol on the flow properties of phenol 
formaldehyde resin. As expected, the presence of borates reduces the flow properties of the resin. The diameter 
of the melted pellet decreases with increases in borate content, and this reduction becomes more and more severe 
as higher amounts of borate are added. A reduction in diameter of about 75% was observed when 66% of borate 
was incorporated in the pellet. This supports the assumption that the borate ions interfere with the functional 
methyl groups (CH2OH) of the PF resin. This interaction is known to cause the resin to gel before it is able to 
develop an effective bond.

An improvement in resin fluidity is seen to result from the addition of a flowing agent (e.g., polyethylene glycol). 
Polyethylene glycol, however, also has an adverse effect on the curing properties of PF resin when excessive 
amounts are used.
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It was observed that as the content of polyethylene glycol was increased, the curing speed of the PF resin was 
reduced. If the ratio of borate to PF resin is 1:1 the optimum level of polyethylene glycol appears to be 
approximately 40% on a weight to weight basis.

Table 3

Effect of BorogardRZB on the Fluidity Behavior of Phenol-Formaldehyde Resin

Novolac Type
Polyethylene glycol 

[% f

0 20 30 40 50

Ratio of PF/ZB Diameter of the Melted Pellet [mm1]

100:0 50 — — — - - -

100:50 47 53 55 64 64*

100:100 39 45 55 63 64*

100:200 14 36 48 61* . . .

Resole Type
Poly(ethylene)glyco!

[% f

0 20 30 40 50

Ratio of PF/ZB Diameter of the Melted Pellet [mm1]

100:0 49 — — — . . .

100:50 44 49 52 64 64*

100:100 34 42 50 53 58*

100:200 14 30 35 40* —

1 Average of four measurements
2 Based on BorogardRZB Weight [%] 
* Not completely cured

6.2 Properties of BorogardRZB-Treated Panels

Tables 4 summarizes the thickness swelling and mechanical properties of the treated panels bonded with resole- 
type PF. Mechanical properties examined include modulus of elasticity in bending (MOE), modulus of rupture in 
bending (MOR), modulus of rupture after 2-hour boil (MOR*), and internal bond (IB). Although the dry MOR, 
MOE and IB were reduced somewhat by the borate treatments, they are still at very acceptable levels. The high 
strength values of 5% borate panels (code R4) are probably attributable to the higher resin content of these
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panels. However, the good dry strength did not translate into good wet strength for panels made without 
polyethylene glycol. The wet strength of the R1 panels (1.0% borate and no polyethylene glycol) was low and 
failed to comply with the CSA requirements. As expected, the addition of polyethylene glycol improves the wet 
strength of treated panels. All treated panels containing BorogardRZB and a flowing agent were found to comply 
with all the CSA 0437 requirements for the properties evaluated.

The properties of panels bonded with a novolac PF resin are summarized in Table 5. The addition of a flowing 
agent to the treated panels had a positive effect on the adhesive bonds. Mechanical properties were improved for 
IB, MOE, MOR and MOR. However, all MOR values were below standard except for the N4 panels. Again this 
is probably due to the higher resin content in these panels. It should be noted that both the MOR and the IB for 
the control panels were also below standard, suggesting that the addition of borates was not the primary cause of 
weakness in these panels.

The effect of borates on the long term performance of treated panels is also a concern for the OSB industry. 
Results of creep tests presented in Table 6 show that BorogardRZB has no significant adverse effect on the long 
term properties of OSB panels. The creep properties, in terms of cumulative, secondary and irrecoverable creep, 
of control and treated panels are within acceptable limits.

6.3 Leachability of Borate

Leaching test results are summarizes in Table 7. A discrepancy between the target borates content and the 
measured level in the treated panels was observed. It appears that not all the powder additive was retained on the 
flakes. However, it has been observed that the addition of polyethylene glycol, a liquid, has a positive effect on 
the absorption capability of borates and resin onto the surface of the wood flakes. Leaching test results have 
shown that the borate content of treated panels decreases somewhat for short term leaching then leveled off after 
24 hours of leaching. This suggests that BorogardR treated panels can be used in an unprotected environment 
without any significant reduction in protection.

6.4 Decay Resistance

Decay test results are presented in Table 8. Samples from the treated panels were exposed to attack by the white 
rot fungus Gloeophyllum trabeum or the brown rot fungus Coriolus versicolor. Weight losses for treated panels 
were under 1% and no fungal growth was observed. In these tests, untreated panels were not seriously attacked by 
Coriolus versicolor, however, they were attacked by Gloeophyllum trabeum. Weight losses for the control 
panels bonded with novolac- and resole-type PF were 5% and 7.8% respectively.

6.5 Termite Resistance

Formosan termite test results are listed in Table 9. After 12 months of exposure, there was significant attack on 
the untreated panels. Samples containing zinc borate, however, showed little or no damage. There is no 
significant difference in the ratings between any of the treated samples. This suggests that one percent of zinc 
borate provides good protection for panels against the Formosan termite.
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Table 4

Properties of BorogardRZB-Treated Panels, Bonded with Phenol-Formaldehyde, Resole-Type Resin

Panel
Identification

Th. Swelling
1 % I

IB
[MPa]

MOE
[MPa]

MOR
[MPa]

MOR*
[MPa]

R-0 9.24 0.550 4220 30.4 14.0

R-l 12.17 0.360 3790 22.7 6.01

R-2 9.42 0.550 3560 25.2 9.47

R-3 11.49 0.410 3350 23.6 1 1 . 8

R-4 9.76 0.530 4750 32.0 12.0

CSA
Requirements

15 0.345 3100 17.2 8 . 6

1 Below CSA Requirements 
* Two-Hour-Boil Test
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Table 5

Properties of BorogardRZB-Treated Panels, Bonded with Phenol-Formaldehyde, Novolac-Type Resin

Panel
Identification

Th. Swelling
E%]

IB
[MPa]

MOE
[MPa]

MOR
[MPa]

MOR*
[MPa]

N-0 10.83 0.320' 4350 30.6 7.01

N-I 11.45 0.2201 3750 25.5 3.1'

N-2 10.04 0.470 3840 26.4 7.4'

N-3 11.06 0.400 3920 25.2 5.8'

N-4 9.50 0.440 4530 33.1 13.6

CSA
Requirements

15 0.345 3100 17.2 8.6

1 Blow CSA Requirements 
* Two-Hour-Boil Test
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Table 6

Creep Properties1 of BorogardRZB-Treated Panels

Panel
Identification

Cumulative Creep 
[mm]

Secondary 
Creep [mm]

Irrecoverable 
Creep [mm]

N-0 3.86 0.46 4.96

N-2 4.80 1.79 6.05

N-3 4.61 1.05 4.67

N-4 3.29 0.41 4.83

R-0 4.07 0.53 5.08

R-2 3.77 0.54 4.91

R-3 3.14 0.42 4.62

R-4 3.99 0.51 4.82

1 Average of 3 measurements 

Conditions:

Load : 10 kg (15% of MOR)
Temperature : 20°C
Humidity : 65% (RH)
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Table 7

Leachability of BorogardRZB-Treated Panels Bonded with Phenol-Formaldehyde Resin

Code and Target Content 
of BorogardRZB [%] Actual BorogardRZB Content [%j

Exposure Time [Hrs] 0 6 24 168

R-l 1.0 0.69 0.58 0.51 0.49

R-2 1.0 0.93 0.80 0.75 0.70

R-3 2.5 1.92 1.81 1.64 1.44

R-4 5.0 3.43 3.0 2.89 2.75

N-l 1.0 0.71 0.54 0.48 0.46

N-2 1.0 0.95 0.80 0.74 0.68

N-3 2.5 2.08 1.90 1.80 1.34

N-4 5.0 3.28 2.95 2.71 2.70

12



Table 8

Decay Resistance of Control and BorogardRZB-Treated Panels

Panel
Identification

Gloeophyllum trabeum 
(G.t)

Coriolus versicolor 
(C.v)

Weight Loss 
1%1

Fungal Growth Weight Loss (%] Fungal Growth

N-0 5.0 light <1 none

N-2 <1 none <1 none

N-3 <1 none <1 none

N-4 <1 none <1 none

R-0 7.8 moderate <1 none

R-2 <1 none <1 none

R-3 <1 none <1 none

R-4 <1 none <1 none
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Table 9

Termite Attack Rating1 BorogardRZB-Treated Panels

Code and Target content of 6 Month 12 Month
BorogardRZB [%} Rating Rating

N-0 0 9.7 8.4

N-2 1 10 10

N-3 2.5 10 10

N-4 5 10 10

R-0 0 9.6 7.1

R-2 1 10 9.8

R-3 2.5 10 10

R-4 5 10 10

1 Average of ten assessments based on a scale from 0-10; 10 indicates sound and 0 indicates completely 
destroyed

14



7.0 CONCLUSIONS

The adverse effects of borates on the mechanical properties of treated OSB panels can be reduced by the addition 
of a flowing agent such as polyethylene glycol.

The benefits of treating OSB with borates can be obtained without any significant adverse effecst on the long 
term performance of the treated panels.

The production cost for a one percent BorogardR ZB treatment for OSB panels is estimated to be approximately 
US $20/ 1000 ft2, (3/8" basis, 40 lb/ft3 density).

8.0 RECOMMENDATIONS

The possibility of loading very high levels of borate into OSB panels should be examined. For fire resistances 
5-7% is required before noticeable improvement can be expected.
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1.0 INTRODUCTION

OSB is not available today as a treated product for use in hazardous environments. There is, however, a growing 
interest in the development of new OSB products that are resistant to termites and fungal decay.

During the past few years, Forintek has committed a large effort towards the development of borate treatment as 
wood preservatives for OSB and solid wood products. A practical method of incorporating borate compounds 
into wood composites has been developed.

Work in this project was to conduct a preliminary study simulating the production of borate treated panels using 
mill conditions. The study would utilize liquid phenol-formaldehyde resole-type resin and an emulsion wax 
system.

The design of this experiment is based on the fact that OSB panels with good decay protection and termite 
resistance can be achieved by the addition of 1 percent of borate. Two approaches were considered: the first 
approach was to directly add borate into the liquid resin, and the second was to mix borate with the emulsion wax.

2.0 OBJECTIVES

To confirm that the new borate technology could be implanted into a mill operation. 

To evaluate the mechanical properties of the treated panels.

3.0 STAFF

T. Sean Research Scientist 
Project Leader

F. Côté Technologist

4.0 MATERIALS AND METHODS

Waferboard panels were prepared in the laboratory, using standard procedures simulating mill operation 
conditions. Production materials used for the preparation of the experimental panels are listed in Table 1. Two 
types of borates which have been registered in the United States as a wood preservatives were used in this 
investigation. Sodium borate, Tim-Bor™ is a water soluble compound used extensively for pressure treatment of 
solid wood products. Zinc borate, BorogardRZB, is a low solubility compound and its application is limited to 
treatment of materials where it can be mixed with components before forming products.

4.1 Panel Preparation

To prepare experimental panels, strands were dried to a target moisture content of 3 percent. Approximately 
201bs of dried strands were placed into a drum-type laboratory blender, where wax was sprayed onto the furnish 
followed by the addition of adhesive. Mats were hand-felted onto caul plates and hot pressed, as shown in Table2.
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4.1.1 Addition o f Borate Into a Liquid Resin

Borate compounds and polyglycol were directly added into a liquid resin, followed by a thorough stirring for two 
minutes prior to the adhesive application.

4.1.2 Addition o f Borate Into an Emulsion Wax

Borate compounds and polyglycol were directly added into an emulsion wax, followed by a thorough stirring for 
two minutes prior to wax application. Attempts were also made to determine if the addition of BorogardRZB into 
the wax caused any long term problems for the spraying system. In this study, an additional mixture containing 
wax, borate and polyglycol was prepared and left in a covered container at room temperature for two weeks.
After this exposure, the mixture was examined and sprayed onto furnish.

4.2 Panel Testing

Panels were tested according to CSA CAN 0437-93, Test Methods for Waferboard and Strandboard.

5.0 RESULTS AND DISCUSSIONS

5.1 Addition of Borate Into a Liquid PF Resin

As expected, because of its high solubility, Sodium Borate, Tim-Bor™ was extremely reactive with PF resin and 
caused adhesives to gel almost instantaneously. The resin became very viscous, and, it was impossible to spray it 
onto the furnish. The addition of polyglycol (a flowing agent) had no effect on the gelling reaction between the 
borate and the resin. The mixture was very high in viscosity and it was impossible to spray it onto the furnish. 
This option is not recommended for the production of treated panels.

The addition of zinc borate into PF resin also caused some gelling problems. However, because of its low 
solubility, BorogardRZB is less reactive than Tim-Bor™ with PF resin. The gelling reaction between 
BorogardRZB and PF was less of a problem compared to Tim-Bor™. The resin viscosity was slightly increased 
but the problem was corrected by the presence of polyglycol. The addition of polyglycol lowered the viscosity of 
the mixture to a level where it was possible to spray it onto the furnish. Table 2 summarizes the thickness 
swelling and mechanical properties of the panels treated with BorogardRZB and bonded with resole type PF. Test 
results are shown for modulus of elasticity in bending (MOE), modulus of rupture in bending (MOR), modulus of 
rupture after 2-hour boil (MOR*), internal bond (IB) plus thickness swelling and water absorption after 24 hour 
water soaking. As expected, BorogardRZB had no adverse effect on the properties of treated panels. All treated 
panels containing BorogardRZB were found to comply with all the CSA 0437 requirements for the properties 
evaluated.

5.2 Addition of Borate Into an Emulsion Wax

The application of the wax containing borate chemicals onto the furnish did not produce any technical problems. 
This can be attributed to the fact that borate ions did not interfere with the emulsion wax. Table 3 summarizes 
test results for panels treated by directly adding borate into a wax emulsion. There was, however, a clear 
difference in the performance of panels treated with BorogardRZB or Tim-Bor™. As expected, the PF bonded 
panels did not have adequate wet strength (MOR after 2-hour boil) and problems were observed for thickness 
swelling and water absorption when mixed with water soluble Tim-Bor™. However, there was no indication that 
dry mechanical properties of panels were adversely affected by the water soluble borate. The performance of the
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BorogardR ZB is shown in Table 3. The results show that panels treated BorogardRZB had excellent mechanical 
properties. Thickness swelling and water absorption were also unaffected by the treatment.

The study on the longer term effect of BorogardRZB on the emulsion wax system shows no indication that borate 
interfered with the spraying system. After two weeks of contact, no reaction between borate and wax was 
observed. The mixture, when agitated, was easily spra\ d onto strands using an air spray system.

6.0 CONCLUSIONS AND RECOMMENDATIONS

The addition of borate into the emulsion wax presented the best approach for treating OSB panels under OSB 
plant conditions.

Water soluble borate, Tim-Bor™, is not recommended for use with liquid PF resins.

One percent of zinc borate, BorogardRZB, can readily be introduced into OSB panel. Insoluble borates have no 
adverse effects on the mechanical properties of the treated panels. Panels containing BorogardRZB were found to 
comply with all the CSA 0437 requirements for the properties evaluated.

BorogardRZB shows no long term effect on the stability of emulsion waxes. After two weeks of exposure no 
reaction between borate and wax was observed.

This study shows that the technology developed at Forintek could be implemented into a mill operation without 
major changes to a plant operation.

We recommend that a limited plant trial on BorogardRZB -treated OSB panels be carried out and that commercial 
size panels be produced and evaluated in terms of mechanical properties and termite and decay properties.

Table 1

Materials Used for the Preparation of Experimental Panels

Commercial Products Suppliers and Code

Furnish Commercial Poplar Strands Québec plant

Adhesives Resole, Phenol-Formaldehyde, liquid form Neste Resin # BB602

Additives Sodium Borate, powder form 
Zinc Borate, powder form 
Emulsion Wax, liquid form 
Polyethyleneglycol, liquid form

US Borax, Tim-Bor™ 
US Borax, BoragardRZB 
Hercules Paracol 800N 
Aldrich #25322-68-3
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Table 2

Properties of Borate-Treated Panels1 
Addition of Borate Into a Liquid Resin

Type of Borate Th. Swelling
(%)

W. Absorption
(%)

IB
(MPa)

MOE
(MPa)

MOR
(MPa)

MOR*
(MPa)

Control 13.1 27.9 0.503 4639 29.50 14.6

Tim-Bor™ Impossible to make panels

BorogardRZB 13.5 29.6 0.361 4547 26.7 8.8

CSA
Requirements

15.0 . . . 0.345 3100 17.2 8.6

1 Average of 6 specimens
* Two-Hour-Boil Test

Conditions:

Resin content 
Borate content 
Wax content 
Panel size 
Strand orientation 
Target density 
Pressing method

6%, based on liquid 
1%, based on solids 
1.5%, based on solids 
26"x 28"x 7/16"
Random
40 lb/ft3 including additives, based on ovendry weight 
Conventional, 215°C for 4.5 minutes (1 minute to reach stops)

22



Table 3

Properties of Borate-Treated Panels1 
Addition of Borate Into an Emulsion Wax

Type of Borate Th. Swelling
(%)

W. Absorption
(%)

IB
(MPa)

MOE
(MPa)

MOR
(MPa)

MOR*
(MPa)

Control 13.1 27.9 0.503 4639 29.50 14.6

Tim-Bor™ 65.9 89.3 0.361 4075 22.47 no bond

BorogardRZB 11.6 22.1 0.48 5111 32.11 14.3

CSA
Requirements

15.0 — 0.345 3100 17.2 8.6

' Average of 6 specimens 
* Two-Hour-Boil Test

Conditions:

Resin content 
Borate content 
Wax content 
Panel size 
Panel orientation 
Target density 
Pressing method

6%, based on liquid 
1%, based on solids 
1.5%, based on solids 
26" x 28" x 7/16"
Random
40 lb/ft3 including additives, based on ovendry weight 
Conventional, 215°C for 4.5 minutes (1 minute to reach stops)
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1.0 OBJECTIVES

To confirm that the new borate technology could be implanted into a mill operation. 

To evaluated the mechanical properties of the treated p mels.

2.0 STAFF

T. Sean Research Scientist
Project Leader

F. Côté Technologist

3.0 MATERIALS AND METHODS

Two types of emulsion wax from Borden e g. EW101 and EW-58S, were used to prepare the test panels. Four 
series of experiment panels were prepared to evaluate the effect of zinc borate on the mechanical properties of 
treated panels. In the first two series, panels were bonded with resin supplied by the Neste while Borden resin 
was used in the second two series. Three panels with a target density of 40 lbs/ft3, based on panel ovendry 
weight, were produced for each experimental series. Materials used for the preparation of the experimental panels 
are listed in Table 1.

3.1 Panel Preparation

Borate compounds and polyglycol were directly added into an emulsion wax, followed by a thorough stirring for 2 
minutes prior to wax application.

To prepare experimental panels, strands were dried to a target moisture content of 2.5 percent. Approximately 20 
lbs of dried strands were placed into a drum-type laboratory blender, where the mixture of wax, borate and 
polyglycol compounds were sprayed onto the furnish followed by the addition of the adhesive.

Three-layer mats were hand-felted using 20/60/20 surface to core ratio prior to hot pressing.

3.2 Panel Testing

Panels were tested according to CSA CAN 0437-93, Test Methods for Waferboard and Stranboard.

4.0 RESULTS AND DISCUSSIONS

5.1 Addition of Borate Into an EW-58S Emulsion Wax

EW-58S wax was found to react with borate. The wax became very viscous, and it was impossible to spray it 
onto the furnish. The addition of polyglycol (a flowing agent) had no effect on the gelling reaction between the 
borate and the wax.

26



4.2 Addition of Borate Into an EW-101 Wax

In general, there was no noticeable problem observed related to the EW-101 wax during processing. Borates 
were very well dispersed into wax. The mixture, wax, borate and polyglycol were easily sprayed onto furnishes 
using an air spray system. This can be attributed to th fact that borate ions did not interfere with the EW-101 
emulsion wax.

Table 2 summarizes the test results for panels bonded with Neste and Borden resins. The results show that panels 
treated BorogardRZB and bonded with either Neste or Borden liquid resin had excellent mechanical properties. 
Thickness swelling and water absorption were also unaffected by the treatment. All panels were found to comply 
the CSA 0437 requirements for the properties evaluated.

5.0 CONCLUSIONS AND RECOMMENDATIONS

The addition of borate into the an emulsion wax presented as a best approach for treating OSB panels under OSB 
plant conditions.

EW-58S wax is not recommended for the mixture with borates.

BorogardRZB shows no long term effect on the stability of emulsion waxes. After two weeks of exposure no 
reaction between borate and wax was observed.

Panels containing BorogardRZB bonded with Neste or Borden resin were found to comply with all the CSA 0437 
requirements for the properties evaluated. One percent of zinc borate, BorogardRZB, can readily be introduced 
into OSB panel. Insoluble borates have no adverse effects on the mechanical properties of the treated panels.

This study shows that the technology developed at Forintek could be implemented into a mill operation without 
major changes to a plant operation.

We recommend that a limited plant trial on BorogardRZB -treated OSB panels be carried out and 
commercial size panels be produced and evaluated in terms of mechanical properties and termite and 
decay properties.
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Table 1

Materials Used for the Preparation of Experimental Panels

Commercial Prodr | i Suppliers and Code

Furnish Commercial Poplar Strands Québec plant

Adhesives Face : Resole, Phenol-Formaldehyde, liquid form 
Core: Resole, Phenol-Formaldehyde, liquid form 

Resole, Phenol-Formaldehyde, liquid form

Neste Resin # BB602 
Neste Resin # BB703 
Borden Cascophen AW-01

Additives Zinc Borate, powder form 
Emulsion Wax, liquid form

Polyethyleneglycol, liquid form

US Borax, BorogardRZB 
Borden, EW-101 
Borden, EW-58S 
Aldrich #25322-68-3
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Table 2

Properties of Borate-Treated Panels1 
Addition of Borate Into an EW-101 Emulsion Wax

Suppliers
Borate 

Content (%)
Th. Swelling

(%)
W Absorption

(%)
IB

(MPa)
MOE
(MPa)

MOR
(MPa)

MOR*
(MPa)

Neste

0 12.4 24 0.58 5857 42.3 19.86

1 11.8 23 0.57 4925 28.7 17.4

Borden

0 11.5 23 0.74 4913 32.2 19.82

1 12.3 24 0.63 5520 33.6 17.8

CSA
Requirements

15.0 — 0.345 3100 17.2 8.6

1 Average of 6 specimens 
* Two-Hour-Boil Test

Conditions:

Resin content

Borate content 
Wax content 
Panel size 
Strand orientation 
Target density 
Pressing method

: Face 6%, based on liquid 
Core 6%, based on liquid 

: 1%, based on solid 
: 1.2%, based on liquid 
: 26" x 28" x 7/16"
: Random
: 40 lb/ft3 including additives, based on ovendry weight 
: Conventional, 215°C for 4.5 minutes (1 minute to reach stops)
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