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SUMMARY

Over 100 pertinent reports and publications were reviewed on the utilization of bark residues for energy 
and value-added products. Approximately 10 million bone-dry tonnes of bark residues are produced 
annually as a by-product from the Canadian forestry industry. Environmental agencies are invoking 
stricter regulations with regard to landfill disposal and phasing out the use of beehive burners. Hence 
there is an urgency to find alternative uses for bark residues.

Although the use of bark residues in energy systems represents an attractive way to dispose of large 
quantities, these energy options are curtailed by low gas and electricity prices. A potential short term 
solution to dispose of large quantities of bark residues is to make the bark non-leachable by a practical 
method followed by disposal in landfills that accept non-leachable residues. However, this would only be 
possible in certain areas of the country.

A new technology developed by Simco/Ramic Inc. shows good potential to sort out “white wood” from 
bark residues allowing a higher value-added application for the separated “white wood” such as in MDF.

Bark has unique properties compared to wood in that it has a much higher inorganic and polyphenolic 
content. This facilitates the use of bark for higher-value products albeit these products consume much 
smaller quantities of bark compared to energy uses. Bark has been found to be an excellent material for 
agricultural and landscaping uses and has been utilized in this area for many years. Over the years, it 
has also been utilized as an adhesive filler for plywood glues. Much research has been conducted on 
other uses for bark and these include oil pollution control agents, adhesives, particleboard additives, 
frost-insulation materials, biofilter media and an oil drilling mud additive. Because of its unique 
adhesive properties, a future value-added product could be bark board made without synthetic adhesives. 
In particular, because of bark board’s excellent durability properties, an overlaid bark board could have 
good market potential for exterior products such as siding. The volatile organic compounds (VOCs) 
emitted in the high-temperature bark board pressing process could be passed through a biofilter using 
bark as a medium.
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1.0 OBJECTIVE

To review literature on the utilization of bark for energy and value-added products.

2.0 INTRODUCTION

The forest products industry is being forced to do more with less because of increasing demands continually 
being placed on a shrinking resource base. Currently, over 10 million bone-dry tonnes (BDMt) of bark 
residues are produced annually as a by-product from the Canadian forestry industry.

A report by Stanley Industrial Consultants Ltd. (1992) provides a good overview of environmental 
legislation and practices affecting sawmill waste disposal in jurisdictions in Canada, United States and 
Sweden. Detailed information is provided in the standards for allowable air emissions in each of the above 
jurisdictions and shows a wide range of requirements amongst them. It is noteworthy that because all the 
wood residues in Sweden are either used for wood by-products or used for the generation of power, no 
legislation governing disposal practice is required. This results from the strong market demand for wood 
by-products in Sweden. Thus, Sweden provides an interesting contrast to the practices and problems of 
wood residue disposal in the Canadian Forest industry.

In Canada, the environmental agencies are invoking stricter regulations with regard to landfill disposal of 
bark. At the same time these agencies are legislating the phase-out of beehive burners, which have been 
used until now to dispose of large quantities of bark. Since the majority of the bark residues are disposed 
of in this manner, it is therefore highly important to find alternative uses for bark waste in the form of 
higher-value products or in energy generation.

3.0 STAFF

G. E. Troughton Composites Research Scientist
B. Holder Librarian

4.0 DISCUSSION ON UTILIZATION OF BARK FOR ENERGY

4.1 Energy Options

The use of bark residues for energy generation is attractive since this option allows for large quantities of 
bark residues to be consumed. A solution for disposing of some of the large surplus of wood waste in B.C. 
(Simon’s Strategic Services Division, 1990) is large-scale export of hog fuel to California. However, this 
should be viewed as a short-term solution for two reasons, namely, (1) it produces very little value-added to 
the regional economy and (2) it is much more efficient to generate power in a B.C. plant and export it via 
transmission lines to the U.S.

An effective method to ship hog fuel to California was developed by Vancouver Fiberfuels. The company 
uses a 50,000 ton vessel which provides considerable economies of scale over barging. The company has a 
barge loading facility in Mission, B.C. which allows it to source wood waste from throughout the lower 
Fraser Valley. The company has the potential to ship 400,000 BDMt’s annually to the California power 
generation market which consumes in excess of 7 million bone-dry tonnes of wood residue per year.
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A report by “Simons’ Strategie Services Division, 1990”, stated that of all the types of residues evaluated 
(e.g., bark, sawdust, shavings), bark offers the greatest technical and economic challenges. In the Simons’ 
report, 22 process options for conversion of wood residues to energy were screened based on factors such as 
potential markets, status of the technology, potential for utilization of large quantities of wood residues and 
benefits and constraints of the option. Of these, the report listed the following five energy options as the 
most promising on the basis of amount of residue consumed and the rate of return:

OPTION

APPROXIMATE
CAPITAL

COST
($ MILLION)

PRE-TAX 
RATE OF 

RETURN* (%)

ANNUAL
CONSUMPTION

(BDMt)

1. Residential fuel pellets 1.6 63.7 22,000

2. Lumber dry kiln heating 2.4 12.0 10,800

3. Electricity generation 
(Utility and cogeneration) 10.8 11.4 320,000

4. Lumber dry kiln with 
electricity cogeneration 9.5 11.1 34,800

5. Suspension firing to 
displace fossil fuels 10.7 10.7 50,400

* The financial rates of return were determined for these five energy options based upon operating and 
capital costs along with the prices of the products (heat energy and electricity) into which the wood 
waste is converted. These base case assumptions were intended to represent typical conditions in the 
near future. The rate of return is calculated as the net annual cash flow as a percentage of the total 
capital cost and is done on a before-tax basis. Also because of the sensitivity of the rates of return 
to changes in wood residue costs and changes in energy and electricity prices along with potential 
variations in other site-specific factors, the base case financial analysis results should be treated as 
indicative, rather than definitive. Detailed site-specific studies must be undertaken to provide firm 
conclusions as to the viability of any of these utilization options at a particular scale, location and 
point in time.

Option 1 is especially attractive because of its high rate of return. Wood pellets are produced commercially 
both in Canada and the United States. Although option 2 provided the second highest rate of return, this 
option consumed the least amount of wood waste. However the option could be attractive to a sawmill with 
dry kiln capacity wishing to dispose of their waste and where other energy costs such as natural gas were 
high.

Options 3 and 4 generate electricity as an end product. Option 3 applies to a stand-alone or cogeneration 
plant producing electricity for sale via a Hydro company. There is potential for a large use of residues by 
installation of a few large plants or a larger number of smaller plants. Option 4 addresses the energy needs 
at sawmills where heat is needed for the lumber drying kilns and electricity is required in the sawmill.
Option 5 is applicable to pulp and paper operations and displaces natural gas or heavy oil fuels.
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4.1.1 Fuel Pellets (Option 1)

Fuel pellets have seen wide use (Resch, 1989) for residential heating in specially-designed wood stoves and, 
to a lesser degree, for industrial boiler fuel. The fuel pellets can be made from either sawdust, shavings or 
bark residues. However, since the wet bark residues (Edwards, 1983) have to be first dried and pulverized 
before entering the pellet mill, the drier sawdust residues (sawdust and shavings) are more economical for 
the production of fuel pellets.

Since the introduction of residential pellet heaters to the US market in 1983, sales have doubled each year.
In 1988, 14,000 heaters were reported to be sold in the U S. Pellet stoves were introduced to B.C. in 1987 
and as of 1989, 4000 units have been sold. The boom in residential wood use is attributed to their much 
lower emissions and greater convenience relative to burning firewood.

On a laboratory scale (Shen, 1987), water-resistant (boilproof) pellets were successfully produced without 
synthetic adhesives and with a conventional pelletizing process by pretreating mill residues of wood and 
bark with high-pressure steam for a short period.

The Levelton extrusion technology has been demonstrated successfully at a pilot plant scale level (Edwards 
et al. 1988) to produce water-resistant densified fuel from coarse pulverized wet residues. Pilot plant tests 
(Levelton, 1993) were successful in producing high quality moisture-resistant fuels from western hemlock 
bark hog fuel. This process uses a relatively simple reciprocating ram extruder to form a product without 
addition of binders that does not disintegrate when wet. These characteristics make it very attractive as a 
commercial boiler fuel. However, further work is needed to increase the production rate with the extruder to 
make this process economically feasible.

As an example of a successful wood pellet fuel manufacturing facility, the Manke Lumber Company 
(Stanley Industrial Consultants Ltd., 1992) in Tacoma, Washington established such a plant in the early 
1990s and has been marketing their product both for industrial and domestic uses. The company sells 
almost all of its wood pellets in the local area. Interestingly one of Manke’s customers switched its fuel 
from coal to wood pellets because of the cost of the emission control equipment required to control sulphur 
emissions from the coal.

Another successful wood pellet plant, Pellet Flame Inc. (Swaan, 1995) is situated in Prince George, B.C. and 
is one of the top ten producers in North America.

4.1.2 Dry Kiln Heating System (Option 2)

This option utilizes the wood waste (bark, sawdust, shavings) to supply heat to operate the dry kiln in a 
sawmill as an alternative fuel to natural gas. It is interesting to note that on a bone-dry basis, bark provides 
a higher heat value BTU/Lb than wood as shown in Table 1 (McWilliams, 1995b). In general, with the 
implementation of much more stringent wood waste disposal regulations combined with higher natural gas 
prices in the future, this option will become more attractive to sawmills.
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Table 1: Some Heat Value Examples for Bark and Wood

Wood *
Heat Value (BTU/lb)

Bark’"
Heat Value (BTU/lb)

Softwood

Douglas fir 9,200 10,100

Western hemlock 8,500 9,800

Lodgepole pine 8,600 10,760

White spruce 8,500 8,720

Jack pine 8,500 9,040

Hardwood

White birch 9,340 10,110

Red alder 8,000 8,410

Black cottonwood 8,800 9,000

* Values based on an oven-dry basis.

4.1.3 Electricity Generation (Options 3 and 4)

Large scale generation of electricity from wood residues using a boiler and one or more steam turbines is 
proven technology. In industrial settings, as found in the forest products industry, it is common to 
cogenerate steam and electricity, with the steam being used for process and heating uses and the electricity 
being used to power the plant. Electricity in excess of the plant’s needs would be sold to the utility.

B.C. Hydro in 1989 (Simons’ Strategic Services Division, 1990) examined the potential for cogeneration of 
electricity using wood residues in the B.C. forest products industry. The study estimated that a potential 533 
MW of cogenerated power could be installed in the medium to long term assuming a significant real increase 
in the cost of fossil fuels.

Since two types of energy products are produced in the cogeneration option and it can consume large 
quantities of wood waste, it is informative to look at a financial analysis of this option (Simons’ Strategic 
Services Division, 1990). A base case set of assumptions and before-tax rate of return are shown in Table 2 
for a 60 MW plant. The sensitivity of the rate of return to changes in wood waste costs and energy prices for 
the cogeneration option is shown in Fig 1. The figure shows the rate of return is very sensitive to both wood 
waste costs and energy prices.
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Table 2: Large Scale Cogeneration Plant

BASE CASE ASSUMPTIONS

CAPITAL COST $108,063,000
PRODUCTS:

Electricity 399,336 MWh
Steam 150,000 GJ

PRODUCT PRICES:
Electricity $0.050 /kWh
Steam $3.00 GJ

REVENUE:
Electricity $19,966,800
Steam $450,000

Total revenue $20,416,800

OPERATING COSTS:
Woodwaste consumed 320,000 BDMt mixed waste
Woodwaste cost per unit $4 /BDMt
Total woodwaste cost $1,280,000
Other operating costs $8,128,000

Total operating costs $8,128,000

NET INCOME BEFORE TAXES $12,288,800

RETURN ON CAPITAL (before tax) 11.4%

Where MWh - megawatt hour
kWh kilowatt hour
BDMt - bone dry metric tonnes
GJ gegajoules
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4.1.3a Cogeneration Plants

Several wood-fired electricity generating plants (Sandwell, 1989) have been in operation for many years in 
North America and are located in Chapleau (7MW), Ontario; Kettle Falls (46 MW), Washington, 
Burlington (50 MW), Vermont and Shasta (49 MW), California.

Descriptions of successful small and larger size wood-fired electricity generating plants are now given. The 
7 MW wood-fired cogeneration facility in Chapleau, Ontario (Ivey, 1989) was a pilot project, the first of its 
kind in Canada, and was built to demonstrate the feasibility of wood-fired cogeneration. This facility is 
unique since it is an independent, privately owned thermal generating plant buying and burning wood waste 
in order to sell steam to a private consumer and electricity to a major public utility. Two important 
advantages for this cogeneration project were (1) the securing of a long-term twenty-year contract to sell 
the entire output from the plant and (2) that turbine and generation technology is well established thereby 
eliminating research and development costs for the plant. There is a greater technical challenge to build a 
small cogeneration plant than a much larger plant since the smaller plant requires the same kind of “front 
end” project development in putting together all the technical, financial and environmental requirements. 
Although the “economies of scale” are working against the operation of a smaller plant, the Chapleau 
cogeneration plant was made profitable. This was done by operating and maintaining the plant with a 
minimum of staff and a high degree of automation to run the plant efficiently.

Construction of the Chapleau plant began in 1985 and the plant was fully operational in 1987 with an 
overall annual plant availability exceeding 90%. The plant uses a boiler incorporating a Detroit stoker 
“hydrogate” rated at 33,840 Kg/h at 385 °C and 6,200 kPa. The grate is a water cooled sloping, vibrating 
grate, which automatically discharges the ash into a wet ash sluice at the front of the boiler. Particulates are 
removed using a combination of a mechanical multi-cyclone dust separator followed by a Joy type “D” wet
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scrubber in the base of the stack. Because of the computerized control system to run the plant, only two 
engineers on each shift are required and two maintenance men on days. Wood waste consisting of a large 
amount of bark residues and an average 50% moisture content is collected from three sawmills within a 
three kilometer radius of the plant. Chapleau Forest Products Limited delivers the wood waste to the 
cogeneration plant by belt conveyer while specially built up tandem dump trucks deliver the waste wood 
from the other two sawmills. The Chapleau cogeneration plant disposes of 100,000 tonnes per year of 
sawmill wood waste thereby converting an environmental problem into a renewable source of clean useful 
energy.

The larger size Kettle Falls plant (46 MW) in Washington has a single Combustion Engineering travelling- 
grate boiler rated at 188,300 Kg/h at 520°C and 10,100 kPa. In 1981, construction was begun and in 1983 
the plant went into commercial operation. The capital cost in 1981 was US$93 million. The availability of 
the plant exceeded original expectations ranging from 85 to over 90%. The waste wood consisting of 
sawdust, shavings and bark at moisture contents ranging from 40 to 55% is delivered by truck. A 45- to 
60-day stockpile is maintained at the plant. The waste wood is obtained from 15 sawmills within a 135 km 
radius of the plant. Natural gas is used for ignition, flame stability and as a standby fuel. Coarse 
particulate matter in the flue gas is removed using a multicyclone and fine particulate is removed using an 
electrostatic precipitator (Sandwell, 1989). The plant is staffed with 30 people.

Detailed studies on cogeneration plants in B.C. have been conducted for a 60 MW plant in Williams Lake 
(Sandwell, 1989) and in three separate plants in Vanderhoof (72 MW), Houston (72 MW) and Smithers (42 
MW) (Sandwell, 1990). Further, Northwest Energy Inc. Made a decision to install a 60 MW wood residue- 
fired power plant in Williams Lake, B.C. which has been in operation since 1992. Although the economics 
for building a cogeneration plant were reasonable in 1992, because of low market prices for power derived 
from other sources (Fairbaim, 1995) it is not economically feasible to build a similar plant in 1996.

Currently in B.C., Evans Forest Products is operating a cogeneration plant using hogged wood waste as the 
fuel. The plant is supplying heat and electricity needs for their plywood mill in Golden and excess 
electricity is sold to B.C. Hydro to meet local power needs. Canfor is planning on building a 30 MW 
cogeneration plant in the Prince George area using wood waste to fuel the unit.

Significant increases in cogeneration implementation (Applied Decision Analysis, 1992) in Alberta appear 
to require major changes in policy. The most discussed policy issues are how the prices paid to new 
electricity suppliers should be set and how new increments of supply should be approved. Low electric 
rates are the biggest discouragement to cogeneration from wood waste in Alberta. If government policy 
could provide long-term stability for electric and gas prices, then project financing risks for cogeneration 
plants would be drastically reduced. Another important policy issue on the building of cogeneration plants 
in Alberta is the future impact of environmental legislation.

4.1.3b Particulate Pollution Abatement Technologies

In existing cogeneration plants as well as new plants now being built, different types of particulate 
pollution abatement equipment (PPAE) are required. Since the PPAE is a significant capital cost item 
when building a cogeneration plant, it is important to choose the PPAE or combinations of this equipment 
that will most effectively meet the air emission standards in the particular locality. A description of the 
general capabilities of the four generic PPAE types available (Monemco Consultants Ltd., 1991), namely, 
multicyclones, wet scrubbers, fabric filter baghouses and electrostatic precipitators, is now given.

Particulate Pollution Abatement Technolgies multicyclones are mechanical separators which use centrifugal 
forces to separate and remove particulates which have been entrained in fuel gas streams emerging from
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boilers. The gas stream entering the cylinder of the cyclone is forced into a high speed vortex which throws 
the entrained particles away from its axis so that they impinge upon, and are collected by, the wall of the 
cylinder, while the gas exits the cylinder through a central passage. Multicyclones are the least expensive 
of the four generic PPAE types.

Wet scrubbers operate on the principle of contact between the incoming particle-laden flue gases and the 
droplets of a liquid spray. The liquid spray permits the gas to flow onward but wets and captures the 
entrained particles so that they are forced to separate from the gas stream.

Fabric filters sieve material through a mesh, so that the entrained particles larger than the openings in the 
mesh are retained and clean gas is permitted to pass. When the particles retained on the upstream side of a 
filter gradually accumulate, they form a filter-cake which itself, up to a point, augments filtration. As cake 
formation builds up, gas flow is obstructed and pressure drop across the filter increases. When differential 
pressure sensors indicate that the pressure drop has reached a set level, gas flow to that section of the 
baghouse is cut off, and the fabric filter is cleaned by reverse/pulsed compressed air and/or mechanical 
agitation so that the cake drops into collection hoppers for discharge to the ash removal system.

Electrostatic precipitation electrically charges the particles in the flue gas stream as it flows between high 
direct current voltage electrodes. The charged particles are deflected onto collecting electrodes from where 
they are dislodged by mechanical agitation and fall into removal equipment for discharge to the ash 
disposal system. Although electrostatic precipitators are the most expensive of the PPAE types, this 
equipment is the most efficient in removing particles. A summary of the four PPAE types is shown in 
Table 3.

Table 3:
Summary of Relative Costs and General Capabilities of Particulate Abatement Equipment

Multi-cyclones Fabric Filters Electrostatic
Precipitators Wet Scrubbers

Particulate
Moisture dry dry dry/wet dry/wet

Dry or Wet 
Operation dry dry dry/wet wet

Minimum Size 
Collected (/^m) 5-25 0.1-1.0 0.01 0.5-10

Collection 
Efficiency (%) 75-90 95-99+ >99 75-99

Temperature 
Limit (°C) 600 260-900 300-600 >600

Relative 
Equipment Cost low moderate-high high high

Relative 
Operating Cost low moderate-high low high

Space Required small moderate-bulky bulky small-moderate
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4.1.4 Suspension Firing to Displace Fossil Fuels (Option 5)

The 10.7% rate of return for a suspension-fired boiler was based on a typical boiler in an interior pulp mill 
delivering 1,008,000 GJ/year. The rate of return is quite sensitive to increases in the price of the fuel 
displaced by wood waste firing. A S1.00/GJ increase in the gas price will increase the rate of return by 
10%. Therefore, any substantial fuel price increase will make this option very attractive.

Overall, the primary advantage of the above energy options is that the technology is proven. Further, as an 
incentive for cogeneration plants, the B.C. government has authorized B.C. Hydro to pay private power 
producers an environmental premium of up to 15% more than its avoided marginal cost in cases where the 
project is deemed to be environmentally beneficial.

However, the following factors have limited the utilization of bark residues for energy conversion.

• Unwillingness of producers of mill residues to commit to long-term supply contracts to energy 
conversion facilities.

• Lack of reliable and up-to-date information concerning the availability of mill residues on a sub
regional basis.

• Mixed and often contaminated nature of the residues.

• High moisture content of the residue, which lowers the net calorific values.

• Uncertainties regarding environmental emission standards and the capital costs associated with 
often unproven emission control equipment.

• Abundant and relatively low priced alternative fuel sources, especially natural gas and electricity.

4.2 Potential New Sorting Strategy for Energy Use and Added Value Products

With the rapid upsurge of medium density fibreboard (MDF) plants being built in Canada (McWilliams, 
1995a), the availability of “white wood” for these plants will become extremely important. A good 
potential source of “white wood” (Nguyen, Dunwell, 1995) is contained in bark residues if it could be 
sorted out. The amount of “white wood” would vary depending on site and debarking process but could be 
up to 30%. One possibility to sort this “white wood” would be to use new technology presently being used 
commercially in North America for sorting out bark from softwood pulp chips in the pulp and paper 
industry (Araki, 1994). A unit manufactured by Simco/Ramic can not only separate out dark-colored 
material (bark) from light-colored material (pulp chips) but it has also been demonstrated it can do the 
reverse just as efficiently (Araki, 1995). The Simco/Ramic chip sorter works on a principle of differential 
light reflectivity and can sort up to 15 bone dry tonnes of material per hour. A pilot plant model is 
operating in Medford, Oregon and is used for feasibility studies. Thus, this new technology shows good 
potential to sort out “white wood” from bark residues. The separated bark could then be used for energy 
purposes while the “white wood” could be used for MDF manufacture.
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4.3 New Emerging Technology for Energy Use and Added-value Products

4.3.1 Ensyn Technologies Inc.

A new technology (Rodden, 1993) developed by Ensyn Technologies Inc., an Ottawa company, is based on 
the conversion of biomass such as bark residues into a low-sulphur liquid fuel for power generation using a 
rapid thermal processing (RTP) system. The RTP process heats biomass to an extremely high temperature 
(up to 950°C) for just 0.5 seconds at atmospheric pressure with no oxygen. This process is similar to the 
catalytic cracking process used by the oil industry. Rapid heating of biomass breaks the chemical bonds 
thereby producing a liquid bio-oil. Rapid cooling prevents the completion of chemical reactions, thus 
preserving the liquids.

This RTP technology has moved from bench-scale units to commercial plants after 10 years of research and 
development. The first commercial plant in Wisconsin, USA was started in 1989 and its product 
applications include boiler fuel and food flavoring chemicals.

The RTP system is now undergoing trials in Europe and a plant is being built in Italy. The bio-fuel 
produced in this plant will be used to generate electricity and will be co-fired with petroleum fuels in a 100 
MW thermal generating station.

Other product applications (Graham and Huffman; 1995) which are under development are “bio-diesel” 
fuel, “bio-turbine” fuel, wood preservatives, adhesives and activated carbon. These products are being 
developed both independently by Ensyn and in cooperation with strategic partners throughout Europe and 
North America.

4.3.2 Heuristic Engin eering In c.

A two-stage gasifier (Lefcort, 1995) was developed by Heuristic Engineering Inc. of Vancouver, B.C. in the 
mid to late 1980s to gasify wet sawmill wood waste including bark residues into a burnable “producer gas”. 
In the gasification process, because of the high temperatures used (2000 °F), all the solid wood waste is 
converted into a burnable gas leaving no oil/tar or charcoal by-products. In 1988, a two-stage gasifier was 
successfully demonstrated whereby a 3 million BTU/h prototype gasified 45% m.c. cedar wood chips into a 
“producer gas”.

Energy can be recovered from the “producer gas” in the form of heat to operate dry kilns and supply heat 
for buildings and electricity to run equipment in 100 million fbm per year sawmills.

In 1996, the primary interest in wood waste gasification is in Europe. Projects are underway in Europe to 
demonstrate that it is possible to gasify wood waste and use the resultant “producer gas” to fuel a gas 
turbine and generate electricity without using a boiler. The installations are expensive and hard to justify 
with the low cost of natural gas worldwide.
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5.0 DISCUSSION ON UTILIZATION OF BARK FOR VALUE-ADDED PRODUCTS

5.1 General Physical and Chemical Properties

In general, bark is composed of two portions: the light-colored inner bark composed of living phloem 
tissues and the dead dark outer bark. The detailed structure of bark is given by Esaou, 1965, Howard, 
1977 and Koch, 1985.

The properties of bark are quite different from those of wood because of its unique anatomy, high 
aromatic composition and low cellulosic content (Steiner, 1981). Both moisture content and specific 
gravity vary much more in bark than in wood (Martin, 1969). The high phenolic content (30 to 70%) 
of bark can influence moisture distribution and retention. Harris and Nash (1973) showed it was difficult 
to air dry bark to yield a material with a uniform moisture content. Pockets of moisture tended to become 
entrapped inside the bark and maintained a variable moisture content of 30 to 50% when the bark 
samples reached constant weight.

Bark is very different from wood in terms of dimensional changes during drying. Whereas radiata pine 
bark (Harris and Nash, 1973) shrinks in the radial direction, Douglas fir bark expands in this direction. 
Both Douglas fir and radiata pine bark show much greater longitudinal shrinkage than the corresponding 
wood species and this can be attributed to the relatively low cellulosic content of bark in comparison to 
wood.

Bark has a much higher ash content than wood (Koch, 1985). The ash content can be as high as 12.3% in 
the white ash species (Choong et al. 1976). Calcium is the major inorganic mineral found in bark with 
smaller amounts of sodium, potassium, magnesium, zinc, iron, aluminium and phosphorus.

The anisotropic characteristics of bark influence its mechanical strength. For example, the compression 
strength of bark along the grain is only one-third to one-sixth that of wood (Lin, 1973). Bark contains 
shorter and weaker fibres than wood which results in lower bending and tensile strengths in composite 
products than in the corresponding products made from wood (Koch, 1985).

5.2 Agriculture and Landscaping Uses

There is good potential to use bark products in agriculture and landscaping and this represents the second 
largest use of bark (Letkeman, 1977) after fuel in North America. A similar viewpoint was expressed in 
a general review (Weissman et al. 1980) done in Germany which concluded that the most economical use 
of bark is as a fuel or as a mulch for agriculture.

Bark can be used for the following: (1) ground cover or mulch (2) soil amendment for growing plants 
and (3) bedding for animals and poultry litter (Koch, 1985).

5.2.1 Ground Cover or Mulch

As ground cover or mulch, bark suppresses, weeds, conserves moisture, insulates the soil thereby 
reducing extreme fluctuations in soil temperature, improves appearance and prevents erosion. Both bark 
and wood of southern hardwoods have been used as mulch, but bark has several advantages over wood. 
The darker color of the bark mulch makes it more pleasing to the eye. In addition, bark decomposes
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more slowly in soil than wood thereby slowing down nitrogen depletion. In the southern States, bark 
does not attract termites or provide nutrients for them. The higher quantities of phenolic extractives such 
as tannins in bark compared to wood are beneficial for promoting soil fertility in that these extractives 
form chelates with heavy metal cations and help retain important minerals in the soil. They also 
complex with soil nitrogen compounds and prevent their rapid breakdown. Bark has been found to 
depress soil-borne plant diseases (Harkin and Rowe, 1971).

Hardwood bark mulch has been applied to disturbed sites in West Virginia such as surface-mine spoil 
banks, earthen dams and roadsides (Sarles and Emanuel, 1977). This mulch was found to be effective for 
establishing vegetative cover quickly and controlling erosion when applied with recommended amounts 
of lime, seed and fertilizer. Since machine application of the bark mulch requires uniformity of particle 
size and freedom from dust, Sarles and Emanuel (1977) recommended the bark residue be shredded and 
screened to eliminate fine particles.

Graves and Carpenter (1980) found that hardwood bark mulch formulations were superior to water-borne 
fibre mulch in establishing permanent grass vegetation on severely disturbed strip-mined land in 
Kentucky.

It was demonstrated (Holmes et al. 1973) that southern hardwood barks provided good protection for 
trails against erosion. A four-inch thickness of medium-grade bark was found to provide good protection. 
Roth (1975) showed that medium-grade hardwood bark fragments could be utilized successfully for 
camping pads and picnic sites.

Mulch from softwood bark has been used successfully by Boise Cascade Corporation in landscaping, 
agriculture and horticulture. The company did recognize transportation costs limit this market within a 
50-mile radius of the plant. The bark mulch is especially effective for the organically-dependent Idaho 
soil and is laid down on the soil with nitrogen additives (Letkeman, 1977).

Another company, the Chesapeake Corporation of Virginia (Sproull et al. 1963; Cone et al. 1959;
Sproull et al. 1965) developed a commercial process whereby they reacted comminuted southern pine 
bark in an aqueous solution of urea, phosphoric acid, ammonia and potassium chloride to give a wide 
range of fertilizers under the name of "Greenlife Products". The unusual growth effects produced in 
plants when this bark formulation is used as a fertilizer are explained as being due to the porosity of the 
bark and the chemical union between bark components and plantfood, the plant nutrients being gradually 
released, thus feeding the plants at a uniform rate.

Recent research (Buck, 1994) was conducted at a demonstration site at Manning, Alberta using hog fuel 
(large quantities of bark) and various fertilizers at levels ranging from 12 to 36 tons per acre.
At these levels of mulch application, poor crop (barley) growth was found. Further experiments were 
planned for 1995 in which lower levels of mulch application were to be used. As well, some composting 
of hog fuel was to be initiated and assessed for farmland soil improvement.

In recent years, three B.C. companies have utilized bark for agricultural and landscaping use and have 
been successful on a commercial basis. Pacific Bark Blowers (Steer, 1995) in Burnaby, B.C. has been 
operating for two years applying bark mulch using a special blower system. This company sees future 
potential growth for their mulch on a large scale in forests, parks, and greenbelt areas.
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Envirowaste Co. (Chase 1995) in Abbotsford, B.C. has been in commercial operation for four years 
producing 60,000 tonnes annually of composted material. A large proportion of the biomass used to 
produce this product is derived from bark residues. Douglas fir bark from Galloway Lumber Company 
is being processed into landscape bark (Anon, 1995) by Rocky Mountain Landscape Bark Co. in Elko, 
B.C. Trials in Victoria, Australia (Anon, 1970) showed promising results for using radiata pine bark as 
a mulch for apple trees in orchards.

In Great Britain in 1977 all the softwood bark produced was used as a mulch in the horticultural market. 
The mulch was used as packaging media for nursery stock, erosion control and decorative landscaping 
(Letkeman, 1977).

In Norway, Solbraa (1982, 1986) has conducted experiments over eight years using conifer bark mulch 
to improve the growth rate of seedlings of different species. He observed that the depth of bark was very 
important to the growth of the seedlings. Application of a 20 to 60 cm layer of bark increased diameter 
growth by 140% after a temporary growth reduction while a 120 cm layer caused mortality in the 
seedlings.

5.2.2 Soil Amendments fo r  Growing Plants

When used as a soil amendment, bark (Koch, 1985) upon decaying provides humus which replenishes 
soil organic matter, improves moisture-holding capacity and slowly releases nutrients for plant use. 
However, bark is deficient in nitrogen and this needs to be added. A possible low-cost method to add 
nitrogen could be the fines obtained from MDF plants which contain nitrogen in the form of urea- 
formaldehyde (King, 1979).

In productive soils, micro-organisms break down raw organic materials and release nutrients such as 
fixed nitrogen in forms suitable to plants. Because these soil processes continually deplete organic 
materials, organic amendments are required to sustain soil fertility. Effectiveness of the soil amendment 
is very dependent on its chemical composition. Thus the amount and type of minerals it contains is 
important. Potassium and phosphorus are major plant nutrients and therefore are desirable, whereas 
excess salts can be detrimental. Bark provides a good source of potassium and phosphorus. Lignin is a 
major constituent of humus. Carbohydrates provide food for micro-organisms and since their metabolism 
requires nitrogen, excessive amounts of carbohydrate may deplete nitrogen available to plants. This can 
be remedied by addition of nitrogen through ammoniation, addition of a fertilizer or by prior 
composting.

In general, soil amendments should have high water-holding capacity and cation exchange capacity, low 
soluble salt level and a low carbon/nitrogen ratio. Also since most crops and trees prefer neutral or 
slightly acidic soils, the pH of the soil amendments should correspond to these conditions. Southern 
hardwood barks show a pH range of 4.4 to 5.7 (Koch, 1985). Barks of major southern hardwood species 
such as red oak, elm, ash, sweetgum and maple have been used effectively as potting media. Harkin and 
Rowe (1971) showed a wide variety of trees and plants (e.g. pines, firs, junipers, azaleas, lilies and 
roses) grew well using a bark potting medium. Spomer (1975) indicated that the coarse textured structure 
of bark is beneficial for soil aeration. Scott and Bearce (1972) used the southern hardwood bark potting 
medium for greenhouse pot flower production while Szopa, Hartley and McGinnes (1973) successfully 
used it for container-grown chrysanthemums. Malek and Gartner (1975) demonstrated how this potting 
medium can suppress plant parasitic nematodes on container-grown plants.
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Poultry manure and bark (Mater, 1977) have the potential when composted together to produce a 
valuable agricultural product. The relatively high nitrogen content of poultry manure can provide the 
nitrogen required by bark for effective utilization in horticulture and agriculture. Since bark has been 
found to be very effective in absorbing noxious odours (Martin et al. 1972), this ability is very useful 
when composting bark with poultry manure.

A commercial operation, Paygro, Inc. in South Charleston, Ohio, uses southern hardwood bark as a 
potting medium for container stock (DeCamp 1980). The bark is composted for a short period of time, 
about 10 days at 30°C. Prior to composting, nitrogen and phosphorus are added. After composting, iron 
sulphate, magnesium sulphate and sulphur are added. The principal advantage of this potting material is 
the pathogen control afforded by hardwood bark to inhibit root rots and parasitic nematodes.

Recently, Clark (1994) indicated at an Albertan utilization of wood residue workshop that composting of 
wood fibre residuals such as bark is a waste management and utilization tool that can become an integral 
component of forest industry strategies. Through education and public awareness, the value of compost 
derived from forest residuals such as bark can be demonstrated and a demand can be created for this 
agricultural product.

Besides these North American examples, there are many other examples on a worldwide basis showing 
that bark can be successfully used as a soil amendment for growing plants. Experiments in Nordic 
countries (Sandvik, 1963) showed that composted Norway spruce and pine treated with ammonium 
sulphate and lime was good for adding humus to the soil. Solbraa (1967, 1971) concluded that 
composted bark from Norway spruce and Scots pine could compete with peat for horticulture and 
nurseries in Finland and Sweden. Both greenhouse and field studies were conducted and a variety of 
conditions such as aeration, pH and composting methods were evaluated. Studies done in Finland 
(Isomaki, 1967) showed composted bark exhibited similar properties to peat for growing different types 
of plants including flowers, strawberries and cereals.

Beresnev (1975) describes a method incorporating the processing of bark into the production line of a 
Russian sawmill. As the bark is removed from the softwood logs, the bark is fed directly into a special 
comminuter, and a mixture of nitrogen, phosphorous and potassium (NPK) fertilizers is added. After 
mixing, the material is stored in composting piles for six to 10 months. Work at Russia's Arkhangelsk 
Institute of Wood and Wood Chemistry (Sinnikov, 1976) on spruce bark showed that bark compost 
produced good results for growing pine seedlings and cucumbers. In experiments conducted in 
Germany, Meinken et al. (1988) recommended that when using bark as a potting medium for ornamental 
plants, a nitrogen-enriched fertilizer (20% nitrogen) should be added. They also noted that since the bark 
contains substantial reserves of available potassium, the supplementary fertilizer should only contain 
small amounts of potassium. Hoffman (1967) discussed the use of bark waste in Germany as a useful 
source of organic matter in nurseries, both with and without composting. Pine bark compost was used 
successfully in a three-year experiment conducted in Germany as a potting compost for ornamental 
plants. It was found the pine bark stabilized the structure of the compost and improved the air/water 
relationship (Bowe, 1971).

In experiments conducted in Spain (Toval - Hernandez, 1981), ground pine bark when mixed with NPK 
fertilizer was found to be effective in increasing growth height of five seedling species including Douglas 
fir. Similar successful experiments on using bark compost as a growth medium for plants have been 
done in many other European countries including Poland (Filipek et al. 1986), Austria (Krapfenbauer, 
1977), Netherlands (Cappaert, 1976; Boon, 1985) and Czechoslovakia (Ferda, 1982):
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5.2.3 Bedding for Animals and Poultry Litter

Bark has been shown to be an excellent bedding material for animals. It is very effective in absorbing 
odours of animal manure and poultry droppings. In a study by Larsen et al. (1976), a mixture of 
shredded bark and sawdust performed very well as a bedding material for animals. Another study 
(McGovern et al. 1977) demonstrated that shredded aspen bark was highly suitable for livestock bedding. 
It was noted the spent bedding material now rich in nitrogen from the manure could be used as a soil 
conditioner.

Experiments (Allison et al. 1973; Labosky, 1977) have shown that hammermilled hardwood barks were 
very effective as poultry litter. Labosky et al. (1977) observed that bark litter can be successfully reused 
for as many as five broods of broilers with no apparent adverse effects on broiler health and quality. 
Fuller et al. (1950) demonstrated that ground waste bark was a better poultry-house litter material than 
many other materials commonly used for this purpose such as peat moss and diatomite. The ground bark 
was found to have superior drying properties, nitrogen retention and insulation value.

5.3 Uses as Adhesives

Bark from the forest products industry shows good potential for wood adhesive development. An 
adhesive should offer cost-effective bonding of wood particles, fibre, strands or veneers, thereby 
producing composite products such as particleboard, medium density fibreboard, oriented strandboard 
(OSB), plywood and laminated veneer lumber. To produce good bonding, an adhesive must wet the wood 
surface and adequately penetrate and adhere to the wood surface. This should result in strong and stable 
composite products.

Synthetic adhesives such as phenol-formaldehyde have been used very extensively over the past 50 years. 
Their use in the wood composites industry can be attributed to the following factors: consistent and 
reproducible formulations, relatively low cost, acceptable short-and long-term performance and 
acceptable reactivity.

Reduction in costs and greater environmental acceptability are two important reasons for the 
development of natural adhesives derived from bark. However, the following key factors in natural 
adhesive development have to be addressed: product variability and yield solubility in aqueous systems, 
viscosity control, durability, color and whether or not formaldehyde is required as a reactant.

Tannin adhesive formulations produced from bark have been studied and developed on a worldwide 
basis. The tannin-based adhesives have the following advantages: ready availability from bark, greater 
tolerance to higher moisture content bonding, and higher reactivity potential resulting in faster cure 
times. However, these adhesives also have the disadvantage that extraction methodology can be costly 
and can influence quality, and there is a need to control reactivity during preparation.

The chemical reactivity of the bark tannins varies greatly for hardwoods and softwoods (Steiner, 1981). 
The basic structure of condensed tannins from hardwoods contains a substituted resorcinol unit whereas 
tannins from softwoods contain a substituted phloroglucinol unit. The substituted phloroglucinol unit is 
much more reactive than the substituted resorcinol unit making softwood bark tannins more difficult to 
formulate into adhesives. However, by using special gluing techniques, such as the honeymoon system 
(Kreibich, 1988), the reactivity of the softwood tannins can be used to good advantage.
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Since the bark from hardwoods, especially black wattle from South Africa and China, provides much 
higher yields of tannin extract and more controlled reactivity than bark from softwoods, much more 
successful adhesive development work has been done on these tannins. For example, black wattle bark 
has over 50% extract while the softwood bark of hemlock has 13% (Hergert, 1988). South Africa 
continues to have good commercial success using tannin adhesive formulations from wattle bark. The 
South African research on wattle tannins has resulted in the replacement of phenol as well as resorcinol 
in wood adhesives for bonding plywood and particleboard and has produced fully structural adhesives for 
the manufacture of laminated timbers.

Successful wattle tannin adhesive trials have recently been completed in China (Zhao et al. 1994). These 
tannin adhesives were formulated from extracts obtained on a commercial basis from the bark of black 
wattle grown in China. The production of wattle tannin in China has grown from 100 tons per year in
1989 to approximately 1500 tons per year in 1995. The trials showed that plywood made using these 
tannin formulations surpassed the requirements for exterior grade plywood, according to the Chinese 
standard, over a wide range of gluing conditions including closed assembly times up to 16 hours. Much 
longer closed assembly times are required for producing plywood under factory conditions in China than 
in other countries such as Canada, USA and Japan which normally use 20 minutes.

Unique adhesive formulations have been developed and commercialized in South America using a 
combination of polymeric 4, 4'- diphenylmethane diisocyanate (MDI) and pine tannins from bark for 
exterior particleboard (Pizzi et al. 1993). In this formulation, the deactivation of the isocyanate group by 
water has been overcome by having a high number of methylol groups attached to the tannin. The 
reaction between MDI and the methylol group attached to the pine tannin is faster than that between MDI 
and water. The reaction of the pine tannins with diisocyanates allows the preparation of adhesives which 
are lower in cost than polymeric MDI but which equal its excellent performance. As well, this 
copolymerization reaction decreases the inherent toxicity of MDI.

Development of tannin adhesive formulations from softwood bark has also taken place in New Zealand, 
Australia and North America. In New Zealand, adhesive development work was carried out on radiata 
pine tannin extract. This formulation was commercialized and New Zealand Forest Products Ltd. 
operated an 8000 tonne/year resin plant from 1981 to 1987 (Woo, 1982). The plant shut down in 1987 in 
part due to variability in reactivity in the tannins obtained by a method using sodium carbonate and 
sodium sulphite to facilitate extraction and reduce concentrate viscosity. The New Zealand plant used 
new extraction technology employing a vacuum belt counter-current washing process.

Recently, researchers (Lomax, et al. 1994) in New Zealand had hoped to increase the extractability of 
tannins from bark for adhesive use using a steam explosion process. In fact, this process decreased the 
levels of extractable tannins since it caused lower molecular weight tannins to condense and form less- 
extractable polymers. Since the steam explosion process showed good potential in reducing phenolic 
leachates from bark, further work by these researchers is continuing using this process to improve bark 
for horticultural use or as a filter medium.

Australian researchers carried on further research on using radiata pine tannin extract as an adhesive 
using hot water extraction techniques to preserve the tannin reactivity. Pilot plant trials were held in
1990 and 1991 and these showed that good quality particleboard could be made with the tannin 
formulation. Excellent results were also achieved in preliminary scale manufacture of plywood, OSB, 
MDF, glulam and LVL. Further work to optimize the system focuses on the use of surfactants in the 
tannin formulation and improved extraction techniques. The following are some of the advantages
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attributed to pine tannin extracts: excellent waterproof bonding, relatively fast curing, non-alkalinity, 
low formaldehyde emission, low cost, suitability for replacement of high-cost synthetic resins such as 
resorcinol-formaldehyde, suitability for steam injection pressing due to "non flushing" characteristics 
and a good environmental image compared to other phenolics.

In North America, the first research on adhesives based on tannin extracts from hemlock bark was done 
by Rayonier Incorporated in the mid 1950s (Hergert, 1988). This research led to commercial 
manufacturing plants in Vancouver, B.C., Canada and Hoquiam, Washington, USA. Besides the 
adhesives development, this company commercialized the following products using hemlock bark 
extract: drilling mud additives, bark extract enriched with manganese and zinc trace metals for 
agricultural crops, chemical grouting system and boiler and cooling water treating mixture. Both exterior 
plywood and room temperature-curing laminating adhesive formulations (Herrick and Conca, 1960; 
Herrick and Bock, 1958) were developed using hemlock tannin extracts. The tannin extract was used to 
partially replace the phenol in the plywood phenol-formaldehyde adhesive and the resorcinol in the room 
temperature-curing phenol-resorcinol-formaldehyde laminating adhesives, thereby reducing the cost of 
these phenolic adhesives. However, in the early 1960s, phenol prices dropped substantially causing the 
closure of the commercial tannin adhesive operation of Rayonier Incorporated.

A fundamental study (Steiner, et al. 1975) on physico-chemical properties of western hemlock bark 
extractives showed that the age of the bark and method of extract removal greatly influenced final 
adhesive quality. Differential thermal analysis and gelation studies showed reactions of hemlock bark 
extractives with formaldehyde had more of the characteristics of a phenol-resorcinol-formaldehyde resin 
than a phenol-formaldehyde resin, especially in terms of the pH-dependent exothermic reactions.

Phenolic copolymer resins (Chen, 1994) formulated with up to 60% southern pine bark extract were 
prepared at the University of Georgia. The resins were found to have excellent bonding properties and 
exhibited room-temperature curing properties. Thus, phenolic resins can be modified by adding southern 
pine bark extract to more closely approach the properties of the more expensive phenol-resorcinol- 
formaldehyde resin. In addition, some interesting work (Chung et al. 1988) has been done in Akron, 
Ohio showing loblolly pine bark tannin can replace part of the resorcinol in resorcinol-formaldehyde 
latex adhesive to successfully bond nylon cord to rubber.

In recent years, for economic and technical reasons, research in North America has concentrated on the 
use of tannins as substitutes for resorcinol used in wood laminating and fingerjointing phenol-resorcinol- 
formaldehyde (PRF) adhesives. This research on the development of tannin-based room-temperature 
curing adhesives from softwood barks in North America has been done by Kreibich (1988). A 
honeymoon system for fingerjointing lumber has been developed. The tannin component extracted from 
southern pine bark with sodium hydroxide catalyst is spread on one set of fingers while the mating finger 
profile has the PRF component with the formaldehyde donor (paraformaldehyde). A rapid reaction 
occurs when the glued joints are pressed together. In this manner, half of the resorcinol in the PRF resin 
can be replaced by the tannin. It was also demonstrated that this tannin could replace half of the PRF 
resin in conventional manufacture of laminated beams.

In summary, the price of synthetic resins is the driving force for the utilization of bark-derived tannins 
for adhesives. The higher prices for synthetic phenolic resins in South Africa, South America, New 
Zealand and Australia compared to North America have facilitated greater utilization of tannin adhesive 
formulations in these countries.
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5.4 Bark Board Panels

Bark board panels have been made using synthetic resins such as urea-formaldehyde at levels of 7.5 and 
10% (Maloney, 1973). Bark board panels made with western red cedar on the faces and Douglas fir in 
the core resulted in panels meeting low- and medium-density U.S. wood particleboard specifications in 
bending and internal bond strength. Bark board panels have also been manufactured without the use of 
synthetic adhesives using a low temperature (moderate durability) and high temperature (high durability) 
manufacturing process.

Several groups of researchers have evaluated the low-temperature manufacturing process (below 200°C) 
and Wellons and Krahmer (1973) concluded that the mechanism of self bonding of bark particles was 
primarily a physical process involving thermoplastic flow. Heritage (1956) described a method using the 
low-temperature thermoplasticization process for preparing 1/8 - inch thick bark board panels at a press 
temperature less than 210°C.Using western red cedar and eastern white cedar bark, acceptable insulating 
boards (Clermont, et al. 1948) were prepared. The eastern cedar boards had much higher tensile and 
modulus of rupture strength than those made from western red cedar bark. Bark board (Burrows, 1960) 
was prepared from Douglas fir bark particles in the 12 to 20% moisture content (M.C.) range using 
pressing pressures of 1 and 3 MPa at 138°C. Although the higher M.C. of the bark facilitated the 
thermoplasticization process, the bark board panels had to remain in the press to cool to avoid steam 
blisters. The bark board panels produced were suitable for interior conditions.

Chow (1975) developed a high-temperature process (250 to 300°C) to manufacture bark board without 
synthetic adhesives. The mechanism (Chow and Pickles, 1971) for this process involved polymerization 
reactions of phenolic components in the bark which resulted in highly durable bark board panels. The 
polymerization reactions had to compensate for 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 either a vacuum-platen system or using grooved 
platens for releasing the steam. A temperature range of 250 to 300°C was found to be the most effective 
for making bark board panels with short pressing times. Thus a five-minute pressing time at 300°C could 
produce a Douglas fir bark board panel having an internal bond strength up to five times greater than the 
CSA-0188 particleboard standard requirement of 0.276 MPa. When the Douglas fir bark boards were 
boiled in water for two hours, the internal bond strength and modulus of rupture strength were similar to 
the dry strength values, indicating excellent durability properties. Similar properties were found for 
lodgepole pine and western hemlock bark boards panels and these panels had strengths and dimensional 
stabilities similar to Type 1 exterior-grade wood particleboards described in the CSA-0188 standard. 
These bark board panels were comparable with bark boards made with 4.5% phenolic resin, indicating 
that there was sufficient bonding from the bark itself. Recently, it has been demonstrated (Troughton, 
1996) that durable bark board panels can be manufactured from spruce bark residues. An important 
environmental advantage for the bark board is the absence of formaldehyde emission since unlike 
particleboard it can be made without using urea-formaldehyde resin. The volatile organic compounds 
emitted in the high-temperature bark board pressing process could be passed through a biofilter using 
bark as a medium.

5.5 Fillers for Adhesives and Related Uses

Some minor uses found for bark have been as a reinforcement for plastics and as a component of 
plywood patching compounds. Bark fibre was found to be effective in plastic reinforcement (Gehr, 1962; 
Miller, et al. 1974; Soule et al. 1966). The coniferous-bark cork fraction was found to be suitable for a 
component of plywood patching compounds (Katashi, 1963; Christensen, 1964). However, a larger and
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more important application of bark (Chow, 1976; Letkeman, 1977) is as an adhesive filler. Douglas fir 
and red alder barks have been extensively used as a filler for phenol-formaldehyde glue used to 
manufacture plywood in North America. The bark is dried, ground and then air-and/or gravimetrically- 
separated. A fine particle size is required for the bark filler and the fibre usually has to pass a 200-mesh 
screen.

Because bark is potentially reactive to both phenol-formaldehyde resin and formaldehyde, it has become 
a common practice to heat the bark to make it inert when it is used as an adhesive filler. The use of 
unheated bark as a filler could cause a marked increase in viscosity thereby shortening the pot life of the 
glue and poor wood-glue bonding would result.

5.6 Usage in Particleboard and MDF

Research has shown that the addition of small amounts of bark to the wood furnish is possible in the 
manufacture of particleboard. Results from a study by Aaron (1973) showed that up to 10% bark in 
particleboard had no appreciable effect on physical properties but could detract from the appearance of 
the panel. To improve the surface appearance, bark-containing furnish can be restricted to the core. 
Further, particleboard panels can be made with wood particle surface layers and all-bark cores 
(Anderson et al. 1974; Deppe et al. 1972; Place et al. 1977). In cases where the raw material is in the 
form of small roundwood and sawmill residues, bark is sometimes included since it is too expensive to 
remove entirely (Gertijejansen, et al. 1973).

A study (Muszynski et al. 1984) was conducted in which particleboard panels were made with Scots pine 
furnish and spruce bark contents added in 10% increments up to 100%. Physical and mechanical test 
results indicated that boards suitable for furniture manufacture could be made with up to 30% bark 
content. Dost (1971) conducted a laboratory study which showed that particleboard strength and 
dimensional stability decreased with increasing addition of redwood bark fibre up to 30% w/w.

Lehmann and Geimer (1976) showed that the bending strength, stiffness and internal bond strength of 
particleboard decreased 25% with the addition of 25% Douglas fir bark while linear expansion increased 
by almost 25%. In another study, Wisher and Wilson (1979) found a similar trend for the mechanical 
properties but did not find any appreciable change in linear expansion or thickness swelling with the 
addition of 25% bark. In contrast to the findings by Lehmann and Geimer regarding dimensional 
properties, Starecki (1979) observed an improvement in both water absorption and thickness swelling 
with the addition of bark. Anderson et al. (1974) conducted experiments using different combinations of 
ponderosa bark and its extract as well as white fir bark and its extract in preparing particleboards. Small 
amounts of paraformaldehyde were used as a supply of formaldehyde to react with the bark and its 
extract during the pressing stage. The panels produced met the US commercial specifications for 
medium-density particleboards. A study at the Bison factory in Germany (Brinkmann, 1975) showed that 
high-density particleboards made with high urea-formaldehyde (11%) and 50 to 60% mixed spruce and 
pine bark exhibited very good properties.

The use of small amounts of bark in the manufacture of fibreboards in Swedish mills has been discussed 
(Alvang, et al. 1965). Fay (1982) discussed how the bark contained in softwood and hardwood edging 
waste has been processed into fibreboard along with the wood. The bark has been utilized commercially 
in fibreboard production in Hungarian mills since 1950.
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5.7 Oil Pollution Control

Research studies (Chow, 1976; Fahlvik, 1967) have shown that bark can be used to overcome 
environmental pollution problems through its use as oil spill absorbent.

Weldon (1970, 1972) reported the use of ground, air-dried yellow pine bark for absorbing oil. In this 
study the pine bark, which had particle sizes passing four-mesh but retained on a 20-mesh screen, was 
found to absorb two to three times its weight in oil. In another study (Martin et al. 1972), southern pine 
bark powder was found to absorb four times its weight of oil and the efficiency of oil absorption 
decreased with increasing particle size.

In a West German study (Weissmann, 1976), Scots pine, Norway spruce and beech bark were evaluated 
for their oil absorbing properties. It was found pine and spruce bark had approximately the same 
absorption capacity, but beech bark had a lower oil absorption capacity. However, the study concluded 
that because beech and Norway spruce bark had a high content of water-soluble extractives, these barks 
were unsuitable for the treatment of oil-containing effluents. It was found that absorption capacity was 
highly dependent on particle size, and that it increased with decreasing particle size. It is noted that 
leaching of the water-soluble extractives of Norway spruce and beech bark could be overcome by heating 
the bark (Chow, 1972).

By heating ground bark using an appropriate time-temperature schedule (Chow, 1972), the leaching of 
water-soluble extractives can be prevented. This heat treatment minimizes the contamination of water by 
extractives and allows the bark to be used to control oil pollution on water. Laboratory tests were 
conducted with ground Douglas fir bark to scavenge light crude oil. The results showed the amount of oil 
scavenged increased with decreasing particle size reaching a maximum efficiency in the 0.2 to 0.4 mm 
particle diameter range. In this particle size range, the bark absorbed on average seven times its own 
weight in oil.

Further experiments (Chow, 1972) showed bark had good potential for filtering oil from sewage systems. 
The efficiency of oil absorption by the bark was similar to that of commercial activated carbon and 
significantly greater than that of peat moss.

5.8 Filters And Heavy Metal Scavengers

Studies (e.g., Chow, 1976) have shown bark has good potential as a filter for air and liquids. Redwood 
bark fibres have been found to be suitable for making air filters (Kurjon, 1960). Another study (Lewis, 
1959) reported that redwood bark and kraft fibres, in combination with cotton linters and viscose-rayon 
fibres, can be used as an air filter for internal-combustion engines.

Cropsey and Weswig (1973) examined the use of Douglas fir bark as a trickling filter medium for animal 
waste disposal systems. The system was found to effectively remove the solid waste in poultry-manure 
slurries. Bark has also been used effectively as a biofilter (Alestalo and Koistinen, 1975) to purify 
malodorous pulpmill condensates. The bark biofilter was found to be 90 to 100% efficient in oxidizing 
malodorous sulphur compounds such as hydrogen sulphide and methyl mercaptan.

Lightsey et al. (1975, 1976) demonstrated that six-foot deep bark filters (composed of 8% hardwood and 
92% southern pine) were effective in removing settleable matter and biological oxygen demand from the 
liquid fraction of sludge from a pulpmill primary classifier. As well, nitrogen content of the bark filter 
medium increased significantly after two months of use, enhancing its use as a compost material.
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Bark of coastal redwood, red oak, western hemlock, sweetgum and Douglas fir was tested in batch and 
continuous experiments to remove toxic heavy metal ions (Randall et al. 1974, Randall, 1977) from 
mining and industrial waste water. The metal ions evaluated were copper, lead, cadmium, zinc, 
chromium and silver. A possible mechanism was proposed for the uptake of the heavy metal ions by ion 
exchange in the phenolic groups of tannin compounds in the bark. The best results were obtained with 
coastal redwood bark. Using redwood bark, all divalent heavy metal ions could be reduced below the 
maximum levels in waste water prescribed by U.S. local and federal standards. Further, the bark 
substrate can be regenerated for further use by the addition of 0.1 N strong acid.

5.9 Use as Frost-insulation Materials

Conifer bark compressed blocks (Skaven-Haug, 1963, 1964, 1968, 1969) have been used successfully 
since 1960 in replacing peat blocks as a frost insulating layer under the normal track-bearing layer to 
prevent frost heaving in the Norwegian and Swedish railway systems. The moving-load deformation of a 
railway track in winter was reported to be smaller with a bark-insulation system than with a peat system. 
In comparison to peat, bark has the advantages of better decay resistance and reduced weed growth 
which helps reduce railway maintenance costs.

Bark has also been used to reduce frost damage in road construction in Nordic countries. Both 
laboratory and road tests (Gandahl, 1971) have shown that Norway spruce and Scots pine bark are 
equally effective as a layer to reduce frost penetration in roads in Norway and Sweden. Based on these 
studies, recommendations were made as to the optimum thickness required based on winter 
temperatures.

5.10 Wood Preservatives

Condensed tannins from bark have traditionally been used in many areas of the world to preserve fishing 
nets, twines and fabrics. A more modern application that is being investigated is wood preservatives. 
Laboratory testing (Laks 1985, 1988; Laks et al. 1988) has shown that a combination of tannin bark 
extract and a copper salt could be an effective wood preservative. The tannins were extracted from 
loblolly pine or southern pine bark for these experiments. Wood blocks treated sequentially with bark 
tannin extract/copper salt showed greater resistance to decay than pentachlorophenol when evaluated in a 
standard ASTM soil-block test. However, a practical obstacle to such applications is the two-step nature 
of the treatments. In the past such treatments have not been adopted for economic reasons.

5.11 Oil Drilling Mud Additives

Bark extract (Miller et al. 1960) has excellent properties as an additive in drilling mud for the drilling of 
oil wells. The bark extract is very good at controlling viscosity and gel strength. As well, bark extract 
has the exceptional property of providing water loss control.

During the 1950s and 1960s, Rayonier Incorporated (Hergert, 1988) commercialized a drilling mud 
additive made from hemlock bark extract. The western hemlock bark was extracted at high temperature 
in an aqueous sodium sulphite/bisulphite solution. The extracts were then concentrated in vacuum 
evaporators, spray-dried and sold as a powder. This commercial operation was conducted in Vancouver, 
B.C. In the early 1970s, strong competition from chrome-complexed lignosulfonates used in mud 
additives contributed to the closure of the Rayonier plant.
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5.12 Leather Tanning

Leather manufacture (Hergert, 1988) became a major industry in the United States in 1803. For the next 
100 years, the principal material used for tanning was hemlock bark tannin. However, in 1887, chrome 
tanning was introduced and by 1900, 75% of the leather manufactured in the U.S. was produced by the 
chrome process. Further, the importation of quebracho and wattle tannins in 1946 which produced a 
higher quality leather caused hemlock tannin use to decline to less than 1 % of the tannins used for this 
purpose in the U.S. About 15,000 tons (Bliss, 1988) of tannins, derived primarily from wattle and 
quebracho, are used in the United States on an annual basis for leather manufacture. The latter two 
tannins are renowned for hide tanning quality because they penetrate hides rapidly and impart light color 
to the final product.

5.13 Use in Pulping

In general, the addition of bark even in small quantities (e.g., 5 to 10%) has produced a deleterious 
effect on the chemical and mechanical properties of pulps in both the kraft and sulphite processes. This 
can be attributed to bark's complex structure, extremely variable properties, low cellulosic content and 
fibre length (Letkeman, 1977; Steiner, 1981).

A study was done (Welte et al. 1978) in which pulping by the Kraft process of barked and unbarked 
birch, beech, oak and poplar was evaluated both for separate species and mixed species. The results 
showed that the presence of bark lowered the yields, lengthened the time required for pulping, increased 
the consumption of chemicals, darkened the pulp, made bleaching more difficult and caused poorer 
papermaking properties. Similar findings were found (Bhagwat, 1975) when 5 to 10% southern pine 
bark was used in the Kraft pulping of southern pine wood and 15% Norway spruce bark (Roffael, 1978) 
was used in the Kraft pulping of spruce wood. A Kraft pulping study (Swan, 1966) of western red cedar 
showed that removal of the extractives from the bark did not increase pulp yield. As in the case of the 
Kraft pulping studies, researchers (Roffael, 1977; Kawase, 1967) have observed negative effects when 
small amounts of bark are added in the sulphite pulping process. The bark addition caused poorer 
chemical and mechanical pulp properties and reduced yield.

5.14 Pharmaceutical Chemicals

Bark contains some unique chemicals that have periodically been used in the pharmaceutical field on a 
limited basis. In 1957, Weyerhaeuser Co.(Gregorey, et al. 1961) produced quercetin on a commercial 
basis by oxidizing the hot water-extracted dihydroquercetin from Douglas fir bark. Quercetin was 
marketed for both antioxidant and pharmaceutical purposes. Pearl (1963) noted that salicin can be 
extracted using hot water from American quaking aspen bark for use as an analgesic. Russian 
researchers (Chernyaeva, et al. 1985) have demonstrated that Siberian fir bark can be distilled to yield 
the essential oil camphor, which can be used for pharmaceutical purposes.

In the 1990s, much publicity has been given to a new pharmaceutical chemical, taxol, which has 
exhibited good success in combatting cancer. This chemical was extracted from Pacific yew bark 
(Junod, 1992). Researchers introduced this chemical based on previous testing done between 1960 to 
1981. During this period of testing, out of 130,241 natural products tested for destroying cancer cells in 
humans, taxol was the only one to be found safe and effective. Further, this chemical was unique in that 
it destroyed cancer cells by a different mechanism than the existing drugs. In 1994, after determining

22



the chemical structure for taxol, pharmaceutical companies developed chemical steps to synthesize this 
chemical.

6.0 CONCLUSIONS

The disposal of large quantities of bark residues has become a major concern to the forest products 
industry because of stricter environmental legislation. Although the use of bark residues in energy 
systems represents an attractive way to dispose of large quantities, these energy options are limited by 
low gas and electricity prices. A potential short-term solution to dispose of large quantities of bark 
residues is to make the bark non-leachable by a practical method followed by disposal in landfills that 
accept non-leachable residues. This may be an option in parts of eastern Canada but would not apply in 
the west where suitable landfill sites are no longer available.

A new technology developed by Simco/Ramic Inc. shows good potential to sort out “white wood” from 
bark residues allowing a higher value-added application for the separated “white wood” such as MDF.

Bark has unique properties compared to wood in that it has a much higher inorganic and polyphenolic 
content. This facilitates the use of bark for higher-valued products albeit these products consume much 
smaller quantities of bark than energy uses. Potential product uses for bark include agricultural and 
landscaping, adhesives, adhesive fillers, oil pollution control agents, particleboard additives, frost- 
insulation materials, biofilter media and an oil drilling mud additive. Because of bark’s unique adhesive 
properties, a future value-added product could be bark board made without synthetic adhesives.

Increasing phenol and lignosulfonate prices could make tannin-based adhesives and tannin-based oil 
drilling mud additives economically viable again at some stage in the future.

7.0 FURTHER WORK

Since bark board exhibits excellent dimensional and water resistant properties, it is recommended further 
research should be conducted on evaluating bark board products for exterior products such as siding.
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