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Summary 

The work presented in this report addresses the manufacture of bark board products on Forintek's 15 x 15 
-inch hot press. The properties of these bark board products including fire and decay resistance, fastener 
and weathering properties, VOC's and formaldehyde emissions, dimensional stability and strength 
properties are discussed in the report. Some discussion on the mechanism of bark board chemical 
reactions is discussed. Results on catalysts to reduce pressing temperature and time, the potential to 
utilize recycled material as well as a preliminary market evaluation for bark board are also discussed. 

Specifically using an optimized pressing schedule on the 15 x 15 - inch hot press at 260°C, spruce bark 
boards exhibited excellent internal bond strength and dimensional stability. 

Results showed that by using 3% by weight of a catalyst, the pressing temperature can be reduced by 
40°C in the manufacture of bark board. 

Results showed it is feasible to use recycled plywood and OSB trim furnish up to 20% by weight in the 
manufacture of spruce bark board. 

A preliminary marketing study indicated that the positive attributes of bark board showed strong potential 
of marketing a bark board product not only in North America but also in Japan. 

Bark boards made from eastem and westem species as well as catalyzed Douglas fir bark all showed 
substantially lower VOCs emissions compared to commercial unfinished MDF and particleboard panels. 
These bark boards also showed negligible formaldehyde emissions and were about one hundred times less 
than the 0.3 ppm emission limit set by the American HUD and voluntarily adopted by the North 
American Composite Panel Association. The VOCs emissions were driven off the bark boards during the 
manufacturing process. The higher levels of VOCs emissions during the pressing step would have to be 
considered when constructing a plant. 

By overlaying spmce bark board with thin 1.5 mm birch veneers, the nail-head pull-through load 
increases by a factor of over four and is comparable to plywood and oriented strandboard. 

Based on cone calorimeter test data, one-step birch veneer overlaid spmce bark board would exhibit a 
flame-spread rating in the range 60 to 70. This compares to a flame spread rating range of 140 to 220 for 
OSB, 90 to 120 for Canadian softwood plywood and a flame spread rating below 25 for fire-retardant 
wood. The cone calorimeter test data also showed the time to ignition for one-step birch veneer overlaid 
bark board is much better than most wood products. 

Preliminary results showed that painted westem spmce bark board samples showed good weathering 
properties. 

Both Douglas fir and spmce bark boards showed good resistance to brown rot fiingi. 

The durable, dimensionally stable bark board products are unique compared to all other wood composite 
products in that they are manufactured without the need for expensive synthetic adhesive. 
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1 Objectives 
The overall objective is to optimize the manufacture of bark board products and evaluate their properties 
such as fire and decay resistance. 

Further specific objectives are the following: 

• To evaluate the mechanism of the curing reactions of bark board 
• To evaluate the feasibility of using recycled material and the effect of wood fibre content on bark 

board products 
• To evaluate different catalysts to reduce the pressing temperature for bark board products. 
• To conduct a preliminary assessment of the market potential for bark board in Japan. 

2 Introduction 
At present, approximately 12 million bone dry tonnes (BDMt) of bark residues are produced annually as a 
by-product of the Canadian forest products industry. Environmental agencies are invoking stricter 
regulations with regard to landfill disposal of bark. At the same time, and most notably in British 
Columbia, these agencies are legislating the phase-out of beehive burners, which have been used until 
now to dispose of large quantities of bark. Because of stricter environmental regulations it has become 
highly important to find alternative uses for bark waste in the form of higher-value products. 

A good opportunity to utilize bark residues for a higher-valued product is bark board. In earlier studies, a 
pressing process (about 150 C) was used to prepare bark boards without synthetic resin (Wellons and 
Krahmer, 1973). However, the bark boards prepared using this manufacturing process did not display 
good durability or dimensional stability properties. It is hypothesized that these lower board properties 
resulted because the temperature was not high enough for polymerization reactions between the phenolic 
components in the bark. 

Utilizing the adhesive properties of bark, a unique durable product, bark board, has been produced using a 
high temperature process (250 C to 300 C). This high temperature process (Chow, 1975) was developed 
to manufacture bark board without synthetic adhesive at the Westem Forest Products laboratory (now 
Forintek). The mechanism for this process involved polymerization reactions of phenolic components in 
the bark representing a novel gluing process which resulted in highly durable bark board panels. The 
polymerization reactions compete with concurrent thermal degradation reactions. Also, since the 
polymerization took place via condensation reactions, water was produced and this had to be removed to 
avoid steam blisters. This could be overcome by using a vacuum-platen system for releasing the steam. 
Thus a five-minute pressing time at 300 C could produce a Douglas fir bark board panel having an 
internal bond strength of 200 psi. This is well above the CSA-0188- 1978 requirement of 65 psi for the 
highest grade particleboard. When the Douglas fir bark boards were boiled in water for two hours, the 
internal bond strength and modulus of rupture were similar to the dry strength values, indicating excellent 
durability properties. Similar properties were found for lodgepole pine and westem hemlock bark board. 
These bark panels were comparable with bark boards made with 4.5% phenolic resin, indicafing that there 
was sufficient bonding from the bark itself 



Recently, building on and modifying the previous technology, research has been conducted on a 
laboratory scale to produce panel products from bark containing different proportions of wood and bark. 
A Forintek US patent for the manufacture of bark boards was issued (Troughton et. al, 1998) in March 
1998 and a patent has been filed in Canada. These patents involve a high-temperature process without 
the use of synthetic adhesives or vacuum platens. A US patent was issued (Troughton al, 2000) for 
bark board products in September 2000. Excellent dimensional and durability properties have been 
found for the bark board products. 

There are many product opportunities for this product since recent research shows the product is showing 
very good resistance to decay and termite attack. One recent study (Troughton and Gaston, 1997) shows 
this product has good potential as a siding product and could compete against non-wood products. 
Successfiil commericalization of bark products would lead to the opening of many new composite panel 
plants and create new jobs in the forest products industry. 

Although it has been demonstrated that a durable, dimensionally stable bark board can be manufactured 
at high temperatures (300°C), more basic information is required to optimize the manufacturing process 
and obtain more information on the properties (such as fire and decay resistance) of these boards. This 
would involve an understanding of the polymerization reactions and internal mat pressure occurring 
during the formation of the bark board and the benefits of using catalysts on diese reactions. This could 
lead to a lower pressing temperature which would make the process more economical and facilitate 
commercialization of bark products. A better understanding of the effect of wood fiber and recycled 
composite products such as OSB and plywood trim ends could expand more value-added product 
opportunities. 
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4 Materials and Methods 

4.1 Materials 

Approximately 230 kg of westem white spruce, 100 kg of westem red cedar, 110 kg of Douglas fir, 10 kg 
each of eastern white spruce, eastern jack pine and eastern balsam fir bark in the green-condition were 
dried in a forced-draff oven at 70°C for 72 hours and each bark species was ground in a Wiley mill to pass 
a 5-mesh screen. The average moisture content of the resulting ground bark was 2% on an oven-dry 
basis. 

Four kg of ground (pass a 5-mesh screen) westem white spruce bark was boiled 2 hours to remove low 
molecular weight phenolic compounds. The extracted spruce bark was dried to 2% average MC on an 
oven dry basis. 

Ten veneers (300 x 300 x 0.75 - mm) each of lodgepole pine and birch and ten birch veneers (300 x 300 x 
1.5 mm) were used in the veneer overlay experiments. 

Ten 9.5 mm-thick 3-ply SPF plywood and ten 11 mm-thick oriented strandboard panels having 300 x 300 
mm dimensions were used in the experiments. 

Approximately 2 kg each of dry plywood and OSB (4% average oven-dry M.C.) trim ends were each 
ground in a Wiley mill to pass a 5-mesh screen. 

For the majority of the bark board experiments, the following pressing conditions were used. 

A bark mat was made with 900 grams of ground spmce bark and formed into dimensions of 
300 x 300 x 30 mm. This bark mat was then laid between two TEFLON™ sheets to prevent die bark 
sticking to the metal platens. The pre-form assembly was tiien placed between interwoven stainless 
steel mesh screens and placed in a 15 x 15 inch hydraulic press with electric platens heated at 260°C. 
The mat was then compressed to 8-mm stops with an initial pressure of 3.45 MPa (500 psi) for one 
minute. The pressure was then reduced to 2.01 MPa (300 psi) for 19 minutes. 

Bark boards were also prepared using die above procedure at different pressing temperamres and times. 
The pressing conditions are provided in the relevant tables. Further, bark boards were made with 3 per 
cent by weight catalyst and some bark boards were made with 10 and 20 per cent by weight ground 
OSB and plywood furnish respectively using the above experimental procedure. 

4.2 Methods 

4.2.1 Preparation of Bark Board 



4.2.2 Preparation of One-step Veneer Overlaid Bark Board 

For the overlaid veneer boards prepared with 0.75 mm thick birch veneer (2% m.c), 600 grams of dried 
(2% m.c.) spruce bark was placed between the 300 x 300 mm veneers. This 300 x 300 mm assembly was 
laid between two TEFLON'^'^ sheets to prevent the overlaid veneers sticking to the metal platens. The 
pre-formed assembly was then placed between interwoven stainless steel wire mesh screens and placed in 
a 15 X 15 - inch hydraulic platen press with electric platens heated to 260°C. A similar 20 minute 
pressing schedule as above was used. One-step veneer overlaid bark boards were also made with 0.75 
mm thick lodgepole pine veneer. 

4.2.3 Preparation of Two-step Veneer Overlaid Bark Board 

Spruce bark boards (300 x 300 mm) were spread with emulsion polymer isocyanate glue and overlaid 
with 1.5-mm thick birch veneer. The assembly was then pressed 5 minutes at 150°C platen temperature 
and 200 psi. 

4.2.4 Strength and Dimensional Stability Testing 

Each of the 300 x 300 x 8 - mm bark boards was cut into two 50 x 170 mm bending specimens for dry 
testing and eight 50 x 50 - mm specimens for internal bond determination and tested according to CAN 
3-0188.l-M-78 (interior mat-formed particleboard) standard. Also, two 50 x 170 - mm bending 
specimens were cut for the 2-hour boil test, which is not specified in the CAN 3-0188.l-M-78 standard 
since the boil test is used for exterior adhesives. 

The percentage edge thickness swelling was determined for the bending samples after a 2-hour boil 
treatment. 

4.2.5 VOCs and Formaldehyde Analyses 

The VOC emissions testing was carried out according to the ASTM DSl 16-90 standard (Standard 
Guide for Small Scale Environmental Chamber Determinafions of Organic Emissions from Indoor 
Material/Products). Aldehydes and ketones emitted from bark boards were determined by using 
isocraticireverse phase HPLC equipped wifli a Waters high-pressure pump model 510, a Waters 
automatic autosampler model 712 WISP, a Nova-Pak C-18 column, a Waters UV detector Lamda-Max 
model 481 and a Waters data system. Aldehydes and ketones were derivatized with dinitro-phenyl 
hydrazine (DNPH) during the sampling and desorbed with acrylonitrile solvent for analysis. This 
method of aldehydes and ketones detection and analysis is the ASTM DSl97-92 standard method. 

4.2.6 Nail-head Pull-through Resistance 

Three 75 x 150 mm specimens were cut from each of the following 4 panels: bark board, two-step birch 
veneer overlaid bark board, 9.5 mm thick 3-ply SPF plywood and 11 mm thick OSB. The specimens 



were tested according to ASTM-D1037 for nail-head pull-through resistance. For this fastening test, three 
galvanized box nails 2.87 mm in wire diameter and 6.75 mm in head diameter were driven into the 
specimens with the nail head flush with the surface of the board. 

4.2.7 Weathering Evaluation 

Two spruce bark board samples (12.7 x 25.4 cm) were painted with white latex paint. One sample was 
painted with one coat and the second sample was painted with two coats of paint. Similarly, two 
softwood plywood samples (12.7 x 25.4 cm) were painted with one and two coats of white latex paint. 

In May 1998, these four samples were placed 100 mm apart on inclined racks 1.5m above the ground, 
with a southem exposure. They were located at the exposure site at the Forintek westem laboratory in 
Vancouver, B.C. This site is within the zone of medium above-ground decay hazard. Temperatures 
annually average 9°C, with a December average of 2°C and a July average of 16°C. Precipitation 
annually averages about 1000 mm, with 150mm in December and 13 mm in July. 

4.2.8 Fire Resistance 

Cone calorimeter tests were conducted by the Fire Research Group at Forintek's Ottawa laboratory. The 
tests were conducted according to ASTM E 1354, Standard Test Method for Heat and Visible Smoke 
release rates for Materials and products using an Oxygen Consumption Calorimeter. Five samples, 0.37 x 
3.94 X 3.94 - in. (9.5 x 100 x 100 - mm) were cut form one-step birch veneer overlaid spruce bark boards 
which were prepared on the 15 x 15 - inch hot press. The average moisture content of the samples was 
6% based on oven dry weight. 

4.2.9 Decay Testing 

4.2.9.1 Test Blocks 

Bark board panels were cut to provide test blocks of dimensions 19 x 19 mm x panel depth. Ponderosa 
pine (Pinus ponderosa Laws.) sapwood free of knots, excessive cross-grain, resins and other obvious 
defects was milled to provide test blocks of dimensions 19 x 19 x 19 mm. Blocks with an air-dry weight 
of 3.5-3.6 g were selected for testing. The non-durable pine sapwood blocks were included as a check for 
ftjngal vimlence. 

All blocks were prepared for testing using six replicates for each combination of variables, plus two non-
infected check blocks for each variable. Blocks were conditioned ovemight at 40°C in a forced-draft 
oven prior to weighing. 

4.2.9.2 Leaching 

Leaching was done on all blocks following the AWPA Standard Method (AWPA El0-91, 1998). Blocks 
were placed in containers, grouped by panel type, immersed in water and a vacuum of 635 mm of 
mercury pulled for 30 minutes. On releasing the vacuum, the blocks remained immersed for a further 30 



minutes. The restraining weights were removed from the waterlogged blocks and the water changed. 
Leach water was then changed daily for a two-week period, using 50 ml/block. After leaching, blocks 
were air dried for one week prior to overnight conditioning at 40°C in a forced-draft oven and weighing. 

Test blocks were arranged on cardboard trays, sealed in polyethylene and sterilized with 25 Kilograys of 
ionizing irradiation before installation in soil jars with established fungal colonies. 

4.2.9.3 Soil Block Test 

The test method followed was generally as described in the AWPA El0-91 Standard for laboratory soil 
block testing (AWPA E l 0-91, 1998). Cylindrical glass jars (500 ml) were half-fdled with soil adjusted to 
50% moisture content. The soil was topped with two 3 x 29 x 35 mm ponderosa pine sapwood feeder 
strips, the jar was closed and the assembly sterilized by autoclaving at 103.4 kPa for one hour. After 
cooling on a clean air bench, each jar was inoculated with one of the following wood-destroying fiingi 
grown on 1.5% malt, 2.0% agar (Difco): 

Neolentinus lepideus (Fr. ex Fr.)Redhead et Ginns Ftk 44D 
Postia placenta (Fr.) M. Lars, et Lomb. Ftk 120F 

The test fungi used, N. lepideus and P. placenta, are common brown rot decay fungi. Both of these 
strains are specified in the AWPA El0-91 standard test. N. lepideus is known to be creosote- and oil-
tolerant and preferentially decays softwoods, while P. placenta is copper-tolerant, also preferentially 
attacking softwoods. Although a brown rot fungus, wood decayed by P. placenta has some of the visual 
characteristics of white rot. 

Following inoculation, jars were closed with a sterile lid containing a vent hole sealed with a membrane 
filter to exclude contaminants. Infected jars were incubated for three weeks at 25°C and 80% relative 
humidity before aseptically placing the irradiated blocks, two per jar, on top of the feeder strips. Non-
inoculated sterile jars were prepared for check blocks. Jars were then incubated for a fiirther 12 weeks. 
At the end of the incubation period, blocks were removed from jars, cleaned of any adhering mycelium 
and weighed. They were then conditioned at 40°C in a forced-draft oven and reweighed. Block moisture 
contents and weight losses were then computed. Weight losses were corrected using non-inoculated 
check block results to compensate for any non-fungal weight loss or gains. Decay was confirmed by a 
visual inspection of the test blocks. 

Compound A (3% w/w) (Troughton, 2001) showed a significant effect as a catalyst in the high 
temperature pressing of bark board. Thus, overall, the properties of the Douglas-fir bark board 
prepared at 260°C for 5 min. (Table 1) widi catalyst A were better than those for die uncatalyzed 
Douglas fir control bark board made a 300°C for 5 min. The average internal bond strength of 122 psi 
for the catalyzed bark board was much higher than that for the control bark board, 58 psi. Also, die 

5 Results and Discussion 

5.1 Evaluation of Catalyst 

•
Forintek 



dimensional stability was better for the catalyzed Douglas fir bark board made at 260°C (average % 
thickness swelling after 2-hour boil test = 3.2%) was better than that for the uncatalyzed bark board 
made at 300°C (average % thickness swelling after 2-hour boil test =4.5%). The average modulus of 
rupture (MOR) (Dry and 2-hour boil) 735 and 467 psi respectively for the catalyzed bark board made at 
260°C was slightly higher than the uncatalyzed bark board made at 300°C, 706 and 396 psi respectively 
while the modulus of elasticity (MOE) (dry and 2-hour boil), 97,000 and 63,000 psi respectively was 
slightly higher for the uncatalyzed bark board, 136,000 and 70,000 psi respectively. It is interesting 
that the average internal bond strength, 65 psi (Table 1) for the bark board made at 230°C was higher 
tiian the control at 300°C. Thus, by using 3% catalyst A, the pressing temperature can be reduced by 
at least 40°C. This is very significant since it makes the manufacturing process much more practical. A 
lower pressing temperamre results in less fire hazard in the mill and less energy required to produce the 
product. 



1 

IS 

f 
I 

I 

I 
I 

(0 
3 

o 

(Q O 
d) 

(0 
3 
3 
•o 

i i 
P 
d) 

_ w 
•5 °-
m o 

O t-
o 

H I 

o 

o I s o o 

c 
0) 

Q 
d) 

c 

~ o 
m rol 

£«8 

eg o 

>>.5' T 

w c o 

c o o 
O) 
c "S w 
0) 

i n 

00 
CD 

d 

OO 

CO 
CM 

CD 

CO 

O 

CO 

00 

CO 

o 
o 

5 
C3 

O 
o 

CO 
00 

i n 
o 

o 
o> 
OO 
CD 

CO 
CD 

m 
d 

d 

o 
CM 

CD 

o m 
m 
CO 1̂  

CD 
CO 

CM 
CM 

CO 

o "S 
o i 
CO o 

o 
t i l 
E g g 

m i n 

" § ™ @ 

2 E E 
Q . T j -

CO o 
d 

CJ> 

co o 

00 
d 

d 

o 
00 
d 

>> 

CD O 

C Q. Q-

m in CO 

"gm® 
£ E E 
D. •.-

•o 
CO 
c 
E 
TO 
CU 
•D 

o 
d 

o CO 
CM 
d 

m 
CM OM 
d d 

CM c» 
d d 

CD 
CO 
OM 

i n 

CO 

m o 
d 

•* 
00 
d 

-a 

Z to 

CJ m 
o ^ 
O I 
CO o o 
®~._ 
7- ^ <" 
E o o 

"g «@ « i i a> E E 
a. I-

m 
CO 

CN 
00 

p. 
OO 
CO , 

I 
CJJ 
CO 

CM 
CM 

O 

CO 
d 

8 
d 

00 
d 

o 
d 

o 
OO 

T3 
C N 

o o >. 
Z (0 

s 

(J (U 

CD O 

C Q. O. 

i n i n 00 

« i i 
£ E E 

Q . T - T f 

o 
CM 

O 

8 

CO 

m 
m 

CM 

CD o 1̂  

CO 
m 

i n o 

8 
d 

o 
CO 
d 

i n o 

CM 
00 

T3 1 (U 
C N 

o o >. 
Z CD s 

CJ (U 

I I I 
"SIS® 
£ E E 
Q. T-

.a 

-§ s: 

I I 

I ? 
y 

DO 



5.2 Evaluation of Different Pressing Schedules and Combining Bark Species 

The properties evaluated for westem red cedar bark boards under a variety of pressing conditions 
(Table 2) are shown in Table 3. The pressing time was varied from 20 minutes at 260°C to 4 minutes 
at 315°C. In general the properties, especially internal bond strength, were higher at the high pressing 
temperatures. At pressing temperatures of 305 and 315°C, the average internal bond (IB) strength met 
the strength requirements for IB in die CAN3-0188.l-M-78 standard. It is postulated that the 
polymerization reactions were more complete at the higher temperamre. 

The western red cedar bark boards showed excellent dimensional stability since at all the pressing 
temperatures, 260, 290, 305 and 315°C, the average % edge swelling of the bark boards was below 
10% after a 2-hour boil test. This can be compared to approximately 50% edge thickness swelling in 
oriented strand board (OSB) and total disintegration of particleboard. Since die natural adhesive in bark 
is phenolic die bark board is very resistant to hydrolysis. The synthetic adhesive used in particleboard 
is urea-formaldehyde resin which is readily hydrolyzed and breaks down under severe moisture 
conditions. 

The results for the bending tests (Table 3) demonstrate the excellent durability properties of bark board. 
For all the pressing temperatures evaluated, the average percent retention of modulus of mpture (MOR) 
(strength) and modulus of elasticity (MOE) (Stifthess) after a 2-hour boil test was 79% or higher. In 
general die % retention increased with pressing temperature, and at 315°C pressing temperamre, the 
average % MOR retention was 100% and avg. % MOE retention was 88%. 

Bark boards were made from different combinations of westem white spmce and westem red cedar 
bark residues. The pressing conditions are shown in Table 1 and the measured properties are shown in 
Table 4. The amount of westem white spmce bark added to the westem red cedar bark varied from 25 
to 75 %. The results in Table 3 show that with increasing westem white spmce bark, the internal bond 
strength increased. By adding 75% western white spmce bark to the western red cedar bark, the 
average IB strength met the strength requirements in the CAN3-0188.l-M-78 standard. It is noted that 
in a previous report (Troughton and Gaston, 1997) done for the Alberta government, the average IB 
strength for westem white spmce bark board was 83 psi at an average density of 0.80. 

With increasing western white spmce bark content from 25 to 75% on a weight basis, the average % 
thickness swelling after the 2-hour boil test showed a substantial drop from 10.5 to 5.3% thereby 
showing better dimensional stability properties. 

A previous study (Troughton and Gaston, 1997) showed that for western white spmce bark board, the 
average dry bending strength (MOR) and stiffness (MOE) values were 1025 psi and 194,000 psi 
respectively at a density of 0.86. The average bending MOR and MOE values after a 2-hour boil test 
for this bark board species was 696 psi and 98,000 psi respectively at an average density of 0.85. It is 
interesting to note that in general, the MOR and MOE values shown in Table 4 for different 
combinations of westem white spmce and western red cedar bark board were higher both for dry and 
wet (2-hour boil) conditions Uian western white spmce bark board alone. Thus there was no 
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interference in the bonding reactions during pressing caused by combining the western red cedar bark 
with westem white spmce bark. 

The results show that although the strength properties show some variation, dimensionally stable bark 
boards can be made by combining different bark species. 

Table 2: Pressing Parameters for Bark Boards 

Panel 

Pressing Parameters for Bark Boards 

Panel 
Species Composition 

Temp 
°C 

Initial 
Pressure 

for one min 
(psi) 

Pressure 
for 

remaining 
cycle 
(psi) 

Total 
Time 
(Min) 

CI 100% western red cedar 260 500 300 20 

C2 100% western red cedar 260 500 300 20 

C3 100% western red cedar 260 500 300 20 

C4 100% western red cedar 260 500 300 20 

C5 100% western red cedar 290 500 300 5 

C6 100% western red cedar 290 500 300 5 

C7 100% western red cedar 290 500 300 5.5 

C8 100% western red cedar 305 500 300 5 

C9 100% western red cedar 305 500 300 5 

C10 100% western red cedar 305 500 300 4.5 

:C11 100% western red cedar 305 500 300 4.5 

C12 100% western red cedar 315 500 300 5 

C13 100% western red cedar 315 500 300 4.25 

C14 100% western red cedar 315 500 300 4 

CS 1 25% western red cedar / 75% western white spruce 260 500 300 20 

C S 2 25% western red cedar / 75% western white spruce 260 500 300 20 

C S 3 50% western red cedar / 50% western white spruce 260 500 300 20 

C S 4 75% western red cedar / 25% western white spruce 260 500 300 20 

C S S 75% western red cedar / 25% western white spruce 260 500 300 20 



Table 3: Results for Western Red Cedar Bark Boards 

Average Density 
Avg. IB 

(psi) 

Avg MOR Avg MOE Avg % 
thickness 
swelling 

(%) 
Panel IB 

(g/cm )̂ 
Bend 

(g/cm') 

Avg. IB 
(psi) Dry 

(psi) 
Boil 
(psi) 

Dry 
(10'' psi) 

Boil 
(10* psi) 

Avg % 
thickness 
swelling 

(%) 
CI 0.754 0.803 33.4 1096 714 2.74 1.88 9.1 
C2 0.738 0.742 18.6 612 479 1.75 1.26 9.8 
C3 0.827 0.819 29.7 791 728 2.38 1.91 10.8 
C4 0.799 0.862 22.1 788 836 2.58 2.44 8.0 
Average 0.780 0.807 26.0 822 689 2.36 1.87 9.4 
C5 0.753 0.830 21.5 1020 801 3.02 2.25 8.7 
C6 0.794 0.788 55.8 846 851 2.58 2.60 6.9 
C7 0.798 0.880 20.4 1147 1062 3.30 2.77 6.7 
Average 0.782 0.833 32.6 1004 905 2.97 2.54 7.4 
C8 0.672 0.746 42.5 868 884 2.63 2.89 9.2 
C9 0.740 0.765 28.9 634 675 2.63 1.98 8.4 
C10 0.844 0.797 77.7 1032 1045 3.32 2.90 7.0 
C11 0.809 0.805 59.5 1193 1040 2.97 2.87 8.5 
Average 0.766 0.778 52.2 932 911 2.89 2.66 8.3 
C12 0.767 0.793 44.4 916 962 2.95 2.74 4.5 
C13 0.790 0.765 31.9 715 625 2.49 2.04 8.2 
C14 0.702 0.804 75.1 1036 1092 3.24 2.83 7.4 
Average 0.752 0.787 50.5 889 893 2.89 2.54 6.7 

Table 4: Results for Western Red Cedar/Spruce Bark Boards 

Average Density 
Avg. IB 

(psi) 

Avg MOR Avg MOE Avg % 

Panel IB 
(g/cm') 

Bend 
(g/cm') 

Avg. IB 
(psi) Dry 

(psi) 
Boil 
(psi) 

Dry 
(10' psi) 

Boil 
(10* psi) 

thickness 
swelling 

(%) 
CS 1 0.862 0.867 58.4 1179 1106 2.48 2.13 4.8 
CS2 0.762 0.881 43.3 1062 819 2.43 1.78 5.9 
CS3 0.807 0.890 37.8 1134 798 2.96 2.06 6.1 
OS 4 0.793 0.880 32.3 1113 814 3.08 2.08 10.0 
05 5 0.790 0.850 29.1 836 758 2.76 2.06 10.9 



5.3 VOCs and Formaldehyde Emissions 

The VOCs and formaldehyde emissions from eastern and western species bark boards are shown in 
Table 5. Thus the TVOCs, which is defined as the sum of concentrations for individual VOCs listed in 
Table 5, for the eastern and western species bark boards range from 0.017 ppm to 0.037 ppm compared 
to the range 0.07 to 2.34 ppm found for some unfinished particleboard and medium density fiberboard 
(MDF) panels (Koontz and Hoag, 1995). Based on this comparison, the bark boards show substantially 
lower VOCs emissions than commercial unfinished MDF and particleboard panels. 

Of the bark boards, eastem jack pine bark board emitted the most formaldehyde at 0.00476 ppm (Table 
5). This amount can be considered negligible when compared to the 0.3 ppm formaldehyde regulation 
level requested by the Departement of Housing and Urban development (HUD) for materials used in 
mobile homes (Barry, 1995, 1998). Both the uncatalyzed and catalyzed westem Douglas fir bark 
boards showed very low formaldehyde emissions, 0.00227 and 0.00325 ppm respectively and were 
about one hundred times less than the limit set by HUD. These low formaldehyde emission values can 
be attributed to the fact that the bark board is manufactured without the use of synthetic formaldehyde-
type adhesives. Some formaldehyde emission values for unfinished MDF and particleboard panels 
given by Koontz and Hoag (1995) range from 0.08 to 0.30 ppm which is substantially higher than that 
found for the eastern and western species bark boards. 

The low VOCs and formaldehyde emissions can be a strong marketing tool for bark board products 
both in North America and Japan. 

Table 5: Formaldehyde and VOCs Emissions from Different Species Bark Boards 

Organic 
Compound 

Eastern 
White Spruce 

Eastern 
Balsam fir 

Eastern 
Jack Pine 

Western 
Douglas fir 

(Uncatalyzed) 

Western 
Douglas fir 
(Catalyzed) 

Formaldehyde 3.91* 3.84 4.76 2.27 3.25 

Acetaldehyde 5.98 7.60 8.95 7.82 10.02 

Acetone 4.94 11.26 10.22 3.03 7.70 

Propanal 0.77 0.76 1.21 0.85 nd 

Butanal 0.90 1.03 1.84 nd 1.36 

2-butenal n d " nd nd nd 0.95 

Benzaldehyde nd 0.04 0.23 nd nd 

Pentanal nd nd 0.25 nd 0.47 

Hexanal 0.32 0.18 0.85 nd 0.41 

Other organics 0.18 0.22 5.27 5.03 12.87 

TVOCs 17.0 24.90 33.58 19.00 37.00 

Concentrator! in ppm x 10'^ 
* nd - not detected 

irintek 
mada 



5.4 Feasibility of Utilizing Recycled Material 

Forintek conducted a study on the feasibiHty of using recycled OSB in the manufacture of particleboard 
(Barry, 1997). In this smdy, OSB panel trim was hammermilled into particles similar to particleboard 
core ftirnish. Various proportions of OSB particles were mixed with commercial core furnish and 
laboratory scale particleboards were produced under typical commercial conditions. The results 
showed the addition of the OSB furnish to the core furnish had a significant negative effect on the 
particleboard properties. For example, the addition of 12% OSB fumish to the panel weight was 
enough to reduce the internal bond strength of particleboard by up to 45 %. Most likely the alkaline PF 
resin in OSB could adversely affect the curing properties of the urea-formaldehyde resin. 

The strength and dimensional stability properties of spmce bark board made with different amounts of 
recycled OSB and plywood trims fumish are shown in Table 6. In general, there was little change in 
average bending modulus of mpmre (MOR) and modulus of elasucity (MOE) widi increasing amounts 
of recycled OSB and plywood trim furnish up to 20% by weight in the spmce bark board both for dry 
and 2-hour boil conditions. The average internal bond strength and % edge thickness swelling both 
increased slightly with increasing recycled OSB and plywood trim ftimish. At 20% by weight recycled 
OSB and plywood trim furnish in the spmce bark board, the % edge thickness swelling was below 10% 
after the 2-hour boil test indicating excellent dimensional stability properties. This can be compared to 
approximately 50% edge thickness swelling in OSB and total disintegration of particleboard. Since the 
naniral adhesive in bark is phenolic the bark board is very resistant to hydrolysis. The synthetic 
adhesive used in particleboard is urea-formaldehyde resin which is readily hydrolyzed and breaks down 
under severe moisture conditions. 

Unlike the case for using recycled OSB fumish in particleboard manufacUire, the use of the OSB wood 
flakes did not interfere with the bonding process during the manufacture of the bark board. Based on 
the results of the present smdy, it is feasible to use recycled plywood and OSB trim furnish in the 
manufacture of bark board. 
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5.5 Polymerization Reactions 

The strength and dimensional stability properties of extracted and non-extracted western white spruce 
bark boards are shown in Table 7. Thirteen % of low molecular weight phenolic compounds was 
extracted after 2 hours of boiling in water. The results for the properties of non-extracted spruce bark 
board represent bonding contributions from both high and low molecular weight phenolic compounds. 
These control bark boards show good bending strength and internal bond strength as shown in Table 7. 
The results for the properties of the extracted spmce bark boards represent bonding contributions from 
the high molecular weight phenolic compounds only. The bending values are reduced by about 30% 
and die internal bond strength is reduced by 50% thereby showing the low molecular weight 
compounds make a substantial contribution to the strength properties of spmce bark board. 

Both for the extracted and non-extracted spmce bark boards, the % edge thickness was below 10% 
after the 2-hour boil test indicating excellent dimensional stability properties. This again indicates that 
both the low and high molecular weight phenolic compounds make a substantial contribution to the 
properties of die spmce bark board. This low % edge swelling of bark board can be compared to 
approximately 50% edge thickness swelling in OSB and total disintegration of particleboard. Smce the 
natural adhesive in bark is phenolic, the bark board is resistant to hydrolysis. The synthetic adhesive 
used in particleboard is urea-formaldehyde resin which is readily hydrolyzed and breaks down under 
severe moisture conditions. 

The above information shows that even though small amounts of low molecular weight phenolic 
material might be leached out during weathering in outdoor bark residue piles, the weadiered bark 
would still have sufficient phenolic compounds in it to produce bark board with good strength and 
dimensional stability properties. 
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5.6 Marketing Evaluation 

5.6.1 Housing in Japan 

When considering potential global markets for a non-structural, dimensionally stable, moisture resistant 
and termite resistant panel product such as bark board, one cannot help but to think of Japan. There are 
several reasons for this: 

• Japan is the only country in the world outside of North America that has a strong history of wooden 
residential construction. In fact, outside of North America and Westem Europe, Japan is the only 
other significant consumer of softwood lumber. 

• The large number of annual wooded housing starts is shown in Figure 1. Here it can be noted that in 
spite of the fact that Japan has a population which is only a little over a third of the U.S.'s, annual 
starts are comparable at an average of 1.4 to 1.5 million per year. Of these, it can also be seen in the 
figure that 40 to 60% of these starts are wood, mostly single family post-and-beam. 

2,000,000 
Total Housing Starts (including non-wood) 

1,500,000 

1,000,000 

500,000 

0 AM 
1974 1978 1982 1986 1990 1994 1998 

Platform-Frame (2x4) Post & Beam and wooden pre-fab 

Figure 1: Japan Housing Starts 

K M 
corp. 



• Like parts of North America, Japan has a major problem with adverse moisture conditions and 
termites as regards the durability of its wooden housing structures. Further, "healthy house" has 
become an incredibly strong driving force in consumer's specifications of composite and treated wood 
products. As an example of this, CCA has all but disappeared as a treating agent of wood in Japan 
due to consumer perceptions of its "toxic" nature. This is illustrated in Figure 2. As a fiirther 
example, in recent interviews with Japanese home consumers in Japan by the author, it was 
discovered that there is actually a willingness to forgo home mortgage rate breaks offered by the 
Japan Guaranteed Home Loan Corporation (GHLC) if the chemical termite treatments imposed by the 
GHLC are not used by the builder. 

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 

CCA P I Other Creosote 

Figure 2: Japan Treated Wood Production by Preservative Used 

• Unlike North America, Japan has a history of using moisture and termite resistant wood products as 
part of the home structure (where North America tends to limit its use of naturally durable or treated 
products outside of the building envelope, such as decking, fencing, landscaping products, and 
siding). This is illusfrated in Figure 3, showing the prominent use of treated wood as sill plates in 
post-and-beam homes, and "other" categories, which includes decking, but are largely other 
components of a post-and-beam house inside the building envelope'. 

' Naturally durable or treated wood products are rarely used for siding in Japan due to strict fire regulations. 
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Figure 3: Japan Treated Wood Production by Application. 

• While Japan has historically built homes with a short life expectancy (averaging roughly 25 years )̂, 
this has changed dramatically in recent years, including the Japan Ministry of Construction's newly 
stated policy of reducing housing costs and increasing its durability. Even more important are 
builders' and consumers' recent interest in the "durability" of a home with regards to earthquakes after 
Kobe. This is clearly illustrated in Figure 4 and Figure 5, showing a sampling of results fi-om a recent 
Forintek study (Cohen and Gaston, 1998). The results clearly indicate a strong demand for durability 
and strength over all else, both in the building system employed and in the use of engineered 
structural products (similar results were found for solid wood structural members). This is of 
particular relevance when it comes to the consideration of moisture and termite resistant wood 
products, as such decay can severely impact on the performance of a wood structure under a seismic 
load. 

Up to now, Forintek's consideration of individual bark board products have concentrated on non-
structural uses in North America, such as siding, roof shingles, floor underlayment, etc. While some of 
these uses may be appropriate for Japan, this report largely focuses on a structural use for bark board in 
Japan, being the sill plate in a post-and-beam home. 

^ For a full description of Japan housing demographics, see Forintek Canada's Japan's Value Added Market: Wood Products 
Attributes and Competition. 



Attribute Analysis 
Building Systems for Builders 

Attribute Preferences: 
score 

Durability 268 
Strength 265 
Construction method 177 
Design 162 
Structural material 122 
Green vs. dry 103 
Detached 81 
Size of house 37 
Size of structural members 26 
Country of origin 10 

Figure 4: Attribute Analysis - Building Systems for Builders (Cohen and Gaston, 1998) 

Attribute Analysis 
Eng. Structural Products for Builders 

Attribute Preferences: 
score 

Strength 304 
Durability 261 
Price Stability 228 
Connections 139 
Security of Supply 108 
Species 88 
Supply Reliability 71 
Treatability 45 
Source of Material 9 
Country of Manufacture 7 

Figure 5: Attribute Analysis - Eng. Structural Products for Builders (Cohen and Gaston, 
1998) 



5.6.2 The Japanese Post-and-Beam Sill Plate Market 

Somewhat similar to North American platform frame homes, the Japanese employ the use of a sill plate 
which effectively separates the main structure of their post-and-beam homes from a cement foundation. 
This is illustrated in Figure 6 and Figure 7, showing a post-and-beam sfructure generally and the sill plate 
detail, respectively. Note the lack of a basement, but rather an often ventilated foundation, which is 
common in Japan. This puts considerable performance expectations on the sill plate with this building 
technique, both in terms of moisture resistance and termite attack. 

Traditionally, sill plates in Japan have used CCA treated solid wood (most often green Canadian Hem-fir) 
for lower to mid end homes, and solid or laminated naturally durable wood for higher end homes. The 
naturally durable species of choice is Japanese Cypress (Hinoki) or North American Yellow Cedar, both 
of which are very expensive as compared to treated Hem-fir. 

As mentioned in the previous section, however, Japan has moved away from CCA almost exclusively, 
and moved to other copper based substitutes such as ACQ. Unfortunately, these substitutes are not as 
effective as CCA in either moisture or termite protection, and there is growing dissatisfaction in their use. 
Moreover, Japan is moving away from the use of green lumber in favour of kiln dried components, 
including for sill plates. This is largely being driven by the growing use of pre-cut factories for joinery, 
rather than the traditional method of mortise and tenoning the joints on site with green lumber. 

For those not familiar with the joinery aspect of traditional post-and-beam construction, a few illustrations 
will be useful. Figure 8 and Figure 9 illustrate first and example of how intricate this joinery is, followed 
by an example of how such notched components are typically packaged today at a pre-cut facility, 
individually marked and ready for delivery to a building site and assembly. It is easy to see why green 
lumber, including for sill plates, is losing favour with such a system. Moisture changes from the pre-cut 
facility and the building site would make the fit of such joinery tenuous at best with green lumber. 

The point is, with the move away from CCA and the move toward the use of pre-cut and kiln dried, 
dimensionally staple building components, the Japanese are searching for alternatives for what they have 
been using. Kiln dried solid lumber and glulam have made sfrong inroads in most every member of the 
post-and-beam home. In the case of the sill plate, naturally durable, kiln dried, often laminated products 
have grown in use, particularly for higher end homes. What remains, however, is a substitute that the 
Japanese would like for the lower to mid-end homes. 

A barkboard laminated product may offer one alternative for this end-use. It is durable to moisture and 
decay. It has exceptional compression sfrength. It is inexpensive. And, as it does not resins in its 
manufacture, it is a natural product in terms of Japan's obsession with "healthy house". 





Figure 8: Joinery Connection for Post-and-Beam Construction 



5.6.3 Laminated Bark Board Sill Plates 

Forintek has made several prototypes of a laminated bark board product, layed up to the typical 
dimension of a sill plate in Japan, being 105 mm square. An example prototype is shown in Figure 10. It 
can be noted that the prototypes have incorporated two types of joinery, including a simple lap joint and 
one somewhat more elaborate. 

While it has been shown that simple mortise and tenon joints are possible with a laminated bark board 
product, early trials leave some question regarding the machinability required for more elaborate joinery, 
such as that used even for sill plates in traditional post-and-beam construction in Japan. Figure 11 
illustrates the typical lay-up of the connection between two sill plates, shown photographically as it leaves 
a pre-cut facility in Figure 12 and Figure 13. If such joinery was absolutely required, some modifications 
would likely be necessary with a bark board product. One possibility would be a laminated product 
combining bark board and a naturally durable solid wood, such as that illustrated in Figure 14. A fiirther 
advantage of the lay-up shown in the figure is that with less bark board, which is quite dense, the weight 
of the sill plate would be reduced. Further, with less product, so would the cost. 

While the product shown in Figure 14 would be somewhat complicated in terms of offering flexibility in 
length for connections and add considerably to the cost of a product which is targeting the lower to mid-
end homes in Japan, there is a further trend in Japan that may solve the problem of elaborate joinery. This 
is the trend toward "hybrid" house construction in Japan, which adopts some of the techniques of both 
post-and-beam and North American platform frame. While Hybrid construction involves many aspects, 
what it means for sill plates is the use of metal connectors in place of mortice and tenon joinery. Other 
than the possible problem of weight then, this means that a laminated bark board sill plate could be 
accepted without machinability attributes. Examples of "hybrid' sill plates are shown in the following: 

• Figure 15 shows the use of solid, non-jointed sill plates in Japan using comer braces; 
• Figure 16 shows how notches are put in the sill plate to accept non-load bearing boards; this could 

very possibly be milled into a bark board product; 
• Figure 17 shows how some builders add an intemal metal cylinder for added sfrength, secured in 

place with metal pins; this could also be possible with a bark board product; finally, 
• Figure 18 shows the use of seismic tie-down connectors, again very possible with a bark board 

product. 

B Forintek 
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Figure 13: Second Photograph of Sill Plates in Pre-Cut Facility 







Figure 18:Seismic Tie-down Connectors 

5.7 Nail-head Pull-through Evaluation 

The nail-head pull-through data are shown in Table 8. This data provides information on the fastening 
properties of bark board, veneer overlaid bark board, 3-ply SPF plywood and oriented strand board 
(OSB). The bark board specimens showed a much lower nail-head pull-through load than the plywood 
or OSB specimens. Both OSB and plywood have been used extensively as sheathing materials and on a 
much smaller scale as siding products. For both these products, nail-head pull-through resistance is 
important. Thus, for bark board to be usable as a siding material, holes should be pre-drilled for 
fastening purposes. However it is interesting to note that by overlaying bark board with a thin birch 
veneer, 1.5 mm thick, the nail-head pull-through load increases by a factor of over four and is 
comparable to the plywood and OSB panels (Table 8). 



Table 8: Nail-head Pull-through Data for Bark Board and Panel Products 

Specimen Max Specimen Max Specimen Max Specimen Max 
No. Load No. Load No. Load No. Load 

(N) (N) (N) (N) 

Ply1-a 1575 0SB1-a 1500 VENB1-a 1605 81-a 469 

Ply1-b . 1660 0SB1-b 1640 VENB1-b 1460 B1-b 470 

Ply1-c 1470 0SB1-C 2190 VENB1-C 1615 B1-C 426 

Ply2-a 1320 0SB2-a 1180 VENB2-a 1480 B2-a 500 

Ply2-b 1425 0SB2-b 1705 VENB2-b 1810 B2- b 610 

Ply2-c 1510 0SB2-C 2275 VENB2-C 1598 B2-C 397 

Ply3-a 1605 0SB3-a 1030 VENB3-a 1700 B3-a 356 

Ply3-b 1595 0SB3-b 1570 VENB3-b 1650 B3-b 338 

Ply3-c 1505 0SB3-C 1790 VENB3-C 1550 B3-C 280 

Ply4-a 1710 0SB4-a 1040 VENB4-a 1640 64-a 392 

Ply4-b 1340 0SB4-b 1330 VENB4-b 1710 B4-b 405 

Ply4-c 1405 0SB4-C 1420 VENB4-C 1765 B4c 400 

Ply5-a 1390 0SB5-a 1300 VENB5-a 1430 B5-a 310 

Ply5-b 1305 0SB5-b 1370 VENB5-b 1510 B5-b 230 

Ply5-c 1430 0SB5-C 1450 VENB5-C 1405 B5-C 245 

Average 1483 1519 1595 389 

std Dev 125 364 122 101 

where PLY represents 3 - ply S P F plywood 
OSB represents oriented strand board 

6 represents barl< board 
VENB represents birch veneer overlaid bark board 

5.8 Evaluation of Internal Mat pressure 

The relationships for bark board products between internal mat pressure and pressing time at 260°C 
platen temperature are shown in Figures 19 and 20. Figure 19 shows the relationship for spruce bark 
board and Figure 20 shows the relationship for one-step veneer overlaid spruce bark board. Both bark 
board products show two intemal mat pressure peaks at approximately 3 and 8 minutes pressing time. 
The one-step veneer overlaid bark board panel produced a higher maximum internal pressure, 52 psi, 
compared to the bark board, 30 psi. It is postulated that the wood veneer emits more volatiles than the 
bark at high temperatures as well as sealing diem in. Thus when scaling up the manufacture of the bark 
board products, more attention to reducing internal mat pressure is required for the one-step veneer 
overlaid bark board to prevent delamination. 



0 2 4 6 8 10 12 14 16 18 20 22 

Pressing Time(min) 

Figure 20:Relationship between internal mat pressure and pressing time at 260°C platen 
temperature for one-step veneer overlaid spruce bark board 



5.9 Evaluation of Weathering, Fire and Decay Resistance Properties 

5.9.1 Weathering Results 

After 2.5 years exposure on the test fence, the painted spruce bark board and softwood plywood samples 
were inspected and are shown in Figure 21. Considerable checking occurred in the softwood plywood 
samples especially in the sample with one coat of white latex paint. No checking was observed in the 
spruce bark board samples with either one or two coats of white latex paint. These preliminary results 
show the painted spruce bark board samples exhibited good weathering properties. 

Plywood sample Plywood sample Bark board sample Bark board sample 
- two coats of white latex - one coat of white latex - two coats of white - one coat of white latex 

paint paint latex paint paint 

Figure 21: Weathered Painted Bark Board and Plywood Samples 

5.9.2 Fire Resistance 

Researchers at the USDA, Forest Service, Forest Products Laboratory have reported that cone calorimeter 
test data can be correlated to flame-spread ratings obtained from the ASTM E 84 (CAN/ULC-S102) 25-ft 
tunnel for many solid wood products. Also, researchers in Sweden have demonstrated that cone 
calorimeter test results can be used to predict flashover and fire spread over wall and ceiling finishes in 
compartment fires. 

Once ignited, all wood products bum at about the same rate when exposed to sufficient heat. Flame 
spread over the surface of the material is related to the length of time required for ignition to occur and 
the subsequent peak rate of heat release (first peak following ignition). These data in (Table 9) 
demonstrate that if tested in the 25-ft tunnel, one-step birch overlaid bark board will probably exhibit 



flame-spread ratings of approximately 60 to 70 (Richardson 2001). Fire-retardant-treated wood exhibits 
flame spread ratings below 25 (approximately 15). Westem red cedar lumber (old growth) exhibits flame 
spread ratings of 65 to 75. Most construction lumber (SPF, Douglas fir. Hem-fir, fir plywood and 
Canadian softwood plywood) exhibit flame spread ratings of 90 to 120 whereas OSB exhibit flame 
spread ratings of 140 to 220 (Richardson, 2001). 

In Canada, flame-spread rating are specified in relation to maximum flame spread ratings of 150, 75 or 
25. In the United States, building codes specify flame-spread ratings in relation to maximum flame 
spread ratings of 200, 75 or 25. 

Thus, one-step birch veneer overlaid spmce bark board should fit within the 26 to 75 range: 
approximately equivalent to that of westem red cedar. 

The cone calorimeter test data showed the time to ignition for the one-step veneer overlaid bark board is 
43 seconds to ignition when exposed to 50 kW/m'̂  which is much better than most wood products. 

5.9.3 Decay Testing 

The results of this study are summarised in Table 10. Loss of wood mass (weight loss) indicates decay of 
the test blocks by the fungus. A weight loss of up to 3% is normally considered to demonstrate protection 
against decay, since up to 3% non-stmctural carbohydrates may be present in wood. Bark may, however, 
differ in this respect. Soil block tests are considered a rigorous laboratory test of durability as conditions 
are designed to favour decay. Both fungi used in this test are known to cause severe decay in wood in 
laboratory tests and nature. 

Substantial weight losses, typical for these fimgi, were obtained with both fungi on ponderosa pine 
sapwood blocks, confirming the vigour of the isolates used (Table 10). The moisture content of these 
blocks was within the range suitable for decay by wood-rotting basidiomycetes. 

Both the Douglas fir and spruce bark board samples were resistant to decay by N. lepideus. despite the 
known tolerance of this fungus for phenolics. These bark board samples were also resistant to P. 
placenta. 

Much of the bark board durability may be ascribed to the hydrophobic nature of bark because the 
moisture contents of the bark board were too low for decay. Decay in wood normally requires a 
minimum moisture content of 25-30%. 

These laboratory tests indicate that Douglas fir and spruce bark board will perform well under conditions 
conducive to biological deterioration. The weight losses in the soil-block test do not signify complete 
decay resistance, but they are very good for a naturally durable forest product. 
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6 Conclusions and Recommendations 
Results showed that by using 3% by weight of a catalyst, the pressing temperature can be reduced by 
40°C in the manufacture of bark board. 

Results showed it is feasible to use recycled plywood and OSB trim fumish up to 20% by weight in the 
manufacUire of spmce bark board. 

A preliminary marketing study indicated the positive attributes of bark board showed strong potential of 
marketing a bark board product not only in North America but also in Japan. 

Bark boards made from eastem and westem species as well as catalyzed Douglas fir bark all showed 
substantially lower VOCs emissions compared to commercial unfinished MDF and particleboard panels. 
These bark boards also showed negligible formaldehyde emissions and were about one hundred times less 
than the 0.3 ppm emission limit set by the American HUD and voluntarily adopted by the North 
American Composite Panel Association. The VOCs emissions were driven off the bark boards during the 
manufacturing process. The higher levels of VOCs emissions during the pressing step would have to be 
considered when constmcting a plant. 

By overlaying spmce bark board with thin 1.5 mm birch veneers, the nail-head pull-through load 
increases by a factor of over four and is comparable to plywood and oriented strandboard. 

Based on cone calorimeter test data, one-step birch veneer overlaid spmce bark board would exhibit a 
flame-spread rating in the range 60 to 70. This compares to a flame spread rating range of 140 to 220 for 
OSB, 90 to 120 for Canadian softwood plywood and a flame spread rating below 25 for fire-retardant 
wood. The cone calorimeter test data also showed the time to ignition for one-step birch veneer overlaid 
bark board is much better than most wood products. 

Preliminary results showed that painted westem spmce bark board samples showed good weathering 
properties. 

Both Douglas fir and spmce bark boards showed good resistance to brown rot fungi; 

Based on initial results showing a substantial reduction in pressing temperatures using a catalyst, it is 
recommended that fiirther work be undertaken to optimize the pressing condition for bark board. This 
work would greatly facilitate the commercialization of bark board since by lowering the pressing 
temperature close to other composite products manufacture such as OSB, advantages such as less fire 
hazard in the mill and less energy required to produce the product would be achieved. 
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