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Competition for the conventional supply of wood residue uti-

lized by the particleboard industry is increasing. Utilization of low

quality residues by the pulp and paper industry, new sawmill and

plywood recovery techniques, and the growing practice of converting

low quality residues into steam and electrical power have all cut into

the conventional wood furnish supply of the particleboard industry.

New sources of raw material need to be located if the industry is to

maintain its present production volume and product mix. It was

hypothesized that previously unused wood residues containing small

amounts of bark could supplement the conventional supply (planer

shavings, sawdust, and plywood trim) of wood materials utilized in

particleboard fabrication if board quality was maintained.

An experiment was designed to utilize laboratory fabricated

medium density homogeneous particleboard to evaluate the effects of

supplementing bark at the rates of 5, 10, and 20 percent (oven dry

weight basis) for a standard wood furnish. Three types of bark
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(Douglas-fir, ponderosa pine, and red alder) were individually substi-

tuted and compared to boards fabricated with the standard wood furnish

and to each other for significant differences in selected physical proper-

ties. Half of the boards were bonded with urea-formaldehyde, while

phenol-formaldehyde resin was utilized for the remaining boards.

Performance between the three boards was close when compared

to each other. Increasing the rate of bark substitution linearly de-

creased selected strength properties, but had little effect on dimen-

sional stability. On the average, modutus of rupture decreased from

7% to 24%, modulus of elasticity decreased from 4% to 17%, and inter-

nal bond decreased from 4% to 21% for the rates of 5% to 20% bark

substitution, respectively. Red alder bark substitution enhanced

internal bond properties. Performance comparisons between the two

resins were not studied.
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BARK AS A SUPPLEMENTAL SOURCE FOR
WOOD FURNISH IN PARTICLEBOARD

I. INTRODUCTION

The objective of this study was to determine the effects on the

physical properties of laboratory-made particleboard caused by the

addition of bark to the wood furnish in rates from 5 to 20 percent.

Three types of bark common to Oregon were examined: Douglas-fir,

ponderosa pine, and red alder. For adhesive, urea-formaldehyde

(UF) was used in fabricating half of the test panels, and phenol-

formaldehyde (PF) was utilized for the remaining panels. The

physical properties examined were modulus of rupture (MOR), modu-

lus of elasticity (MOE), internal bond (IB), linear expansion (LE),

and thickness swell (TS).

Economic utilization of large quantities of bark generated by

the forest products industry in the Pacific Northwest has received

considerable attention in the past. Some successful outlets have been

developed for barl:-. with the significant areas being in fuel, agricul-

tural applications, and chemical utilization.

The conventional source of wood furnish used by the particle-

board industry consists of planer shavings, sawdust, and plywood

trim. A combination of technological advances by the sawmill and

paper industries, plus the increasing use of industrial residues for
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fuel are placing new pressures on this conventional supply of raw

material (Wilson, 1975).

If the particleboard industry is to maintain its present produc-

tion volume and hopefully to grow, supplemental sources of raw ma-

terial must be located. Two possible alternatives are bark and logging

residues.

Large amounts of bark at a competitive price may not be

available if increases continue in bark utilization. If small quanti-

ties of bark are available due to a lack of demand, the industry might

turn to bark for a supplemental source of raw material if board quality

can be maintained.

Industrial residues (slabs, edgings, and low grade chips) which

have bark connected to wood could conceivably represent a major

source of raw material for particleboard fabrication, especially where

the cost of separating the bark and wood would be expensive and im-

practical.

Forest logging residues could also provide a good source of

furnish for the particleboard industry if harvesting costs were more

competitive. Significant reductions in costs are not forecasted in

the near future, however, the pulp and paper industry has begun to

utilize logging residue. Processing to eliminate bark and fines from

logging residues could provide a low grade source of material.

The major markets for particleboard are industrial core stock,



underlayment, and mobile home decking. Industrial core stock is

used in cabinets, countertops, and furniture. Underlayment grade

board is used primarily in housing as a smooth non-structural base

for linoleum, tile, and carpeting. Mobile home decking is similar to

underlayment, except it is manufactured in special sizes for the

mobile home industry.

In these applications, dimensional stability is an important

factor in determining whether or not the board is acceptable in the

market place. Lehmann (1974) reported that low quality logging

residues containing bark should be limited to 15 percent (oven dry

(OD) basis) in flakeboard if a serious dimensional stability problem

is to be avoided.

Industrial core stock board requires the lowest dimensional

stability of the three major types of board products. In addition,

industrial core stock board is usually overlaid or edge glued. Market

requirements for this type of board are likely to be too stringent to

support the hypothesis of including up to 20 percent bark in particle-

board.

Under layment and mobile home decking are similar in product

requirements. Both products are normally utilized in applications

that require little use of thin overlays or edge gluing. Small amounts

of bark, therefore, may be acceptable in these types of board products

if dimensional stability can be controlled and mechanical properties
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maintained.

Underlayment type boards are manufactured either as a homoge-

neous or layered composite. A homogeneous construction was utilized

in this study to help distribute the effects of bark inclusion within the

board and because some plants are limited to homogeneous board

production.

The two major types of resin used in the particleboard industry

are urea- and phenol-formaldehyde. Urea-formaldehyde accounts

for more than 90 percent of the resin utilized. A representative

industrial grade resin from each type was used in this study. The

resins were designed to be compatible with the wood furnish.

Urea-formaldehyde resin solids application (based on OD weight

of the wood furnish) for underlayment type board ranges from 5 to 8

percent in the Pacific Northwest. Phenol-formaldehyde resin solids

application ranges from 4 to 7 percent. Resin solids application in

this study was 6 and 5 percent for the urea- and phenol-formaldehyde

resins, respectively.

Panel density for underlayment type board ranges from 40 to 48

pounds per cubic foot (lb/cu. ft). A 44 lb/cu. ft (OD) board was used

in this study as a trade off between the two extremes.

Furnish is a term used in the particleboard industry which may

be defined as all of the raw materials which go into particleboard

fabrication. The wood furnish used in this study was a commercial
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type wood residue containing planer shavings, sawdust, and plywood

trim. As previously mentioned, the three bark furnishes which were

used independently of each other were Douglas-fir (Pseudotsuga

menziesii), ponderosa pine (Pinus ponderosa), and red alder (Alnus

rubra).

Substitution levels for the bark furnishes were 5, 10, and 20

percent. Substitution was on an oven-dry weight basis. Currier and

Lehmann (1970) investigated bark substitution in the middle layer of

three layered boards. They noted substantial decreases in board

properties in the 12 to 25 percent bark substitution range, based on

total board weight. 13y sampling the 5 to 20 percent range in this study

it was possible to find the point where bark substitution causes signifi-

cant effects in board properties.



II. REVIEW OF LITERATURE

As previously stated, the objective of this research was to study

the effects on selected physical properties by adding bark in the 5 to

20 percent range to a medium density, homogeneous particleboard.

Thus, this literature review was focused first on variables affecting

the selected physical properties (MOR, MOE, IB, LE, TS) investi-

gated in this study, and second, the effect of adding bark in the range

studied to a medium density, homogeneous particleboard.

The physical properties of particleboard are influenced by

many parameters which may be grouped into three general areas:

raw materials, manufacturing process, and post process

treatment. The first two areas are of primary interest in this study

as these are the areas where specific variables must be controlled

if experimental treatment effects are to be meaningful.

The assumption was made in this study that the laboratory

blender represented 100 percent resin (bond) efficiency for all boards.

Burrows (1961) defined maximum resin efficiency as the application

of a minimum quantity of adhesive to wood particles necessary to

obtain optimum physical properties of the pressed board.

Parameters Affecting Strength and Dimensional
Stability Properties of Particleboard

The specific parameters of interest affecting the selected
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properties to be studied are: specific gravity of wood particles,

particle geometry, resin type, resin content, resin distribution and

efficiency, board density, acidity, moisture content of mat into press,

density profile, and press cycle.

Specific Gravity of Wood Particles

The specific gravity of the wood particles used in particleboard

fabrication has been related to MOR, MOE, 113 (Larmore, 1959),

and TS (Gatchell, Heebink, and Hefty, 1966). These investigators

concluded that, in the ranges studied, there was an increase in MOR,

MOE, IB, and TS as particle density was decreased when all other

process conditions were held constant. The explanation for this is

that a given weight of particles from a low-density species will occupy

a greater volume than the same weight of similar particles from a

high density wood. When these particles are compressed to the same

thickness under the same conditions, a higher relative contact between

particles occurs for the low-density wood, thus bonding properties are

improved. Ga,tchell, Heebink, and Hefty (1966) found improved resin

efficiency when using low-density particles in comparison to high

density particles. A clear relationship between LE and particle den-

sity has not been established.



Particle Geometry

The particle geometry of the wood furnish utilized in particle-

board has been related to MOR, MOE, IB (Brumbaugh, 1960), LE

(Lehmann, 1974), and TS (Mottet, 1967). Long, thin particles im-

prove MOR and MOE in comparison to short thick particles which

improve IB (Brumbaugh, 1960). The slenderness ratio of a particle

is the ratio of length/thickness. Post (1958) concluded the optimal

slenderness ratio for bending properties is 250-300, while the opti-

mum ratio for internal bond is 60. Lehmann (1974) reported increas-

ing flake length reduced LE in flakeboard and concluded that flake

length is the dominant factor affecting LE. I- articles with a high

slenderness ratio are favorable for both LE and TS (Mottet, 1967).

Resin Type

Urea- and phenol-fromaldehyde are the two basic types of resin

used by the particleboard industry and as previously stated, urea-

formaldehyde accounts for over 90 percent of the resin utilized.

The basic parameter that determines which resin will be used in

particleboard fabrication is the desired moisture resistance of the

board. Pehnol-formaldehyde is normally utilized in exterior applica-

tions while urea-formaldehyde is used for interior products. Phenol-

formaldehyde is extremely heat and moisture resistant, while urea-

formaldehyde bonds may be hydrolyzed when exposed to moderate
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combinations of heat (120°F) and moisture (90% relative humidity).

Carroll (1963) reported commercial particleboard made with

phenol-formaldehyde resin was superior in bending properties when

compared to boards made with an equal amount of urea-formaldehyde

resin. Carroll states that on a laboratory basis, urea- and phenol-

formaldehyde adhesives yield the same performance in bending proper-

ties when applied at the same rates, under the same conditions. He

explains the difference as being the superior ability of phenol-

formaldehyde to form excellent bonds under commercial conditions.

This may be an important factor if a low quality residue (bark) is

added to particleboard under commercial conditions.

Resin Content

Particleboard strength properties are strongly related to resin

content in the range of 4 to 10 percent (resin solids based on the OD

weight of the wood furnish). Talbott and Maloney (1957) found MOR,

MOE, and IB to be linearly correlated with increasing resin content

for Douglas-fir planer shaving based particleboard. Gatchell,

Heebink, and Hefty (1966) concluded resin content is the most impor-

tant variable affecting TS. Lehmann (1974) concluded resin content

(3 to 9% range) has little effect on linear expansion in flakeboard

exposed to changes in relative humidity,



Resin Distribution and Efficiency

As previously stated, Burrows (1961) defines resin efficiency

as the application of a minimum quantity of adhesive to wood particles

with the resulting optimum physical properties in the pressed board.

If optimum physical properties are to be realized, the resin must be

distributed throughout the entire range of wood furnish screen frac-

tions. Thus, optimum resin distribution might be defined as the rate

of uniform resin spread between and within wood furnish screen

fractions which yields optimum board properties for a given resin

content, wood furnish, and process conditions.

In a study of resin efficiency, Wilson and Hill (1976) compared

commercial blenders with a laboratory blender. They found resin

distribution between screen fractions to be a lesser factor in con-

tributing to the lower efficiency of the commercial blenders in com-

parison to their laboratory blender. They postulated however, a

significant factor in optimum resin efficiency is the ratio of particles

within each screen fraction that have resin to those that do not.

Wilson and Hill (1976) made the assumption that their labora-

tory blender was 100% efficient. They reported the most efficient

commercial blender studied obtained approximately 80% efficiency

for bending strength and 60% efficiency for IB. The same laboratory

blender that Wilson and Hill utilized was used in this study; thus,

10
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similar blending efficiency ranges may be applicable for this study if

these data are to be compared with commercial specifications.

Board Density

Increasing board density for medium density particleboard has

been directly related to MOR, MOE, IB (Turner, 1954) and TS

(Gatchell, Heebink, and Hefty, 1966). Board density is a measure

of the particle compaction within the board. Board density may be

increased (assuming no change in final board thickness) by increasing

the total weight of the wood particles in the mat, or by compressing a

given weight of particles within the mat to a smaller thickness, or by

both. A direct relationship between board density and LE has not

been established.

Acidity

The acidity of wood has little effect on particleboard fabrication,

although it can affect the rate of urea- and phenol-formaldehyde cure.

Urea-formaldehyde resin is acid curing (working pH 3.5), while

phenol-formaldehyde is a base curing (working pH 9-10) resin. If the

wood furnish is of a different pH from which these resins were de-

signed, under-cure or over-cure may result if the press cycle is not

changed. The three types of bark added to the wood furnish in this

study were all slightly higher in pH with repect to the wood furnish.
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The process conditions, within each resin type, were identical for

all boards. Thus, depending on the buffering capacity, type, and

amount of bark added to the wood furnish, differences in the rate of

adhesive cure might be expected. These differences could be com-

pensated for by increasing the length of time the particle mat remains

in the press, or by increasing press temperature. It was believed

press times utilized in this study were of sufficient length to insure

adequate cure of both resins.

Moisture Content of Mat into Hot Press

The moisture content of the particle mat into the hot press, with

all other conditions held constant, can affect the density profile, rate

of press closure, heat transfer within the mat, surface properties,

resin cure rate, and the plasticity of the particles within the mat.

If the moisture of the mat into the hot press is held constant, the

variation in these factors will be held to a minimum. However, if

changes occur in the wood furnish (i. e. , bark addition) the relative

rates of plasticity within the mat may change. Heebink, Lehmann,

and Hefty (1972) related moisture content and plastic flow in particle-

board to the density profile of the board.

Density Profile and Press Cycle

The press cycle in the board fabrication process determines
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the density profile of the board, with all other factors held constant

(Heebink, Lehmann, and Hefty, 1972). The density profile is the

variation in mat density from each surface to the core of the finished

board.

As previously stated, MOR, MOE, IB, and TS are related to

board density. The rate of compaction of the particles in particle-

board is greatest at the face and least in the core for short press

closure times (less than 60 seconds). Thus, the density of the board

is greatest on the face and least in the core.

Since four of the five physical factors being tested in this study

are related to board density, reproducible density profiles in the

board fabrication process are required if comparisons between differ-

ent treatments are to have Triesning.

If different press temperatures are utilized in the board fabrica-

tion process, the rate of plastic flow of the particles will change and

alter the density profile. Urea- and phenol-formaldehyde resin

systems require different heat inputs from the hot press (for optimum

cure), thus different density profiles between the boards from each

resin type used in this study should be expected, since the only differ-

ence in process conditions are hot press temperature and total time

in hot press.



Bark Properties Affecting Strength and Dimensional
Stability Properties of Particleboard

Bark properties of interest in this study are strength, silica

content, dimensional stability, and extractive content.

Strength

The inherent strength properties of bark must be considered

when it is to be added to particleboard. The sieve cell is the most

abundant cellular element in bark (Chang, 1954). It is similar in

size to the tracheid (fiber) in wood, but lacks secondary cell wall

thickening. Secondary cell wall thickening in the tracheid contributes

the stiffness and strength to the woody plant cell. Thus, bark is

inherently weak as a building material in comparison to wood, and

should not enhance the strength properties of particleboard.

Currier and Lehmann (1970) noted substantial decreases in

MOR, MOE, and IB when more than 12% bark (based on total board

weight) was added to the center layer of a three layered particleboard.

Lehmann and Geimer (1974) studied structural particleboards from

Douglas-fir forest residues and concluded MOR, MOE, and IB were

significantly decreased when bark content exceeded 12% (OD basis).

14

Silica Content

Silica content is an important characteristic of bark in relation



15

to the machinability of particleboard containing bark. Silica content

is a function of the amount of dirt and silica contained in bark.

Lehmann and Geimer (1974) indicated silica content above 0. 03

percent in particleboard (OD basis) can cause excessive tool wear.

They reported that uncleaned bark can contain up to 0. 99 percent

silica, while domestic woods normally contain less than 0. 02 percent.

This suggests tool wear may limit the amount of some barks which

may be used in particleboard fabrication (assuming board quality is

to be maintained).

Dimensional Stability

Lehmann and Geimer (1974) stated bark in excess of 15% content

in structural flakeboards can cause serious LE problems. Currier

and Lehmann (1970) found similar results for three layered particle-

board. Maloney (1973) studied 100% bark particleboard. He reported

Douglas-fir and ponderosa pine bark boards yielded very high LE

values (1. 5% and 2. 5% respectively) in comparison to commercially

produced particleboard.

Lehmann and Geimer (1974) noted little effect in TS properties

with up to 25% bark (OD basis) inclusion in structural particleboard.

Maloney (1973) concluded 100% Douglas-fir and ponderosa pine bark

boards had TS values similar to wood based particleboard.



Extractive Content

Anderson (1974) reported bark is generally much richer than

wood in the quantity and complexity of its extractive components. A

major constituent of the extractives found in bark are the polymeric

phenolics (i. e., tannins). Hall (1971) and Saayman and Oatley (1975)

have suggested such tannins, when combined with formaldehyde,

might be used in preparing adhesives for the particleboard industry.

Burrows (1960) made 100% Douglas-fir bark boards without the addi-

tion of an adhesive, suggesting that some possible interactions may

exist between the bark tannins when only heat and pressure is applied.

Thus, with the combination of free formaldehyde, heat, and pressure,

reactions may take place with the tannins in the barks utilized in this

study to enhance board properties.

16



III. EXPERIMENTAL DESIGN

This experiment was designed to compare the strength and

dimensional stability properties of laboratory made particleboard as

affected by the independent substitution of three species of bark at

three content levels into standard wood furnish. Independent data

sets were generated for each resin type. No attempt was made to

directly compare the two resin performances.

A completely randomized 2- by 3- by 3-factorial experiment

was used. One control set of boards (four replications for each resin)

with no bark was prepared for each resin type. Four replications

(boards) were made for each combination of independent variables.

A total of 80 boards (2x4+2x3x3x4) were made. Table 1 contains a

summary of the experimental design.

Table 1. Summary of experimental design.

17

Factors No. of levels Levels studied

Resin type 2 Urea-, Phenol-formaldehyde

Bark type Douglas-fir, red alder,
ponderosa pine

Bark level 3 5, 10, and 29 percent (oven-dry
wt. basis)

Control boards/ 4 control boards for each resin
Resin type type

Replications/
Combination 4 replications per combination



Preparation of Boards

The wood furnish used in this study was a mixture of Douglas-fir

and western hemlock planer shavings, sawdust and plywood trim. It

was obtained at Duraflake Division, Willamette Industries, Albany,

Oregon. The furnish was received as it left the driers. Furnish

moisture content averaged 4. 0 ± 0. 5 percent. A representative 5000

gram sample of the furnish was screened using number 4, 10, 20 and

40 standard mesh screens; screen analysis is contained in Table 2.

The three barks were obtained from the regions where they

were produced as a by-product of a sawmill or plywood operation.

The Douglas-fir bark was obtained at Rexius Fuel and Growing Center,

Eugene, Oregon. The ponderosa pine bark was donated by Brooks-

Scanlon, Bend, Oregon. The red alder bark was donated by Paul

Barber Hardwoods Co., Philom,ath, Oregon.

Each bark was individually hammermilled using a 3/8" screen.

The average moisture content of the barks at the time of hammer-

milling ranged from 22 to 28 percent. After hammermilling, the

bark particles were dried at 180°F in a forced-draft oven to 4 *0. 5

percent moisture content.

Each bark was screened using number 6, and 40 standard mesh

screens. The number 6 screen was used instead of the number 4

because it was determined the number 6 screen would retain wood

18
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wood particles mixed in with the bark furnish and let the bark furnish

pass through the screen. The wood particles in the bark furnish

resulted from small pieces of wood adhering to the bark in the debark-

ing process. Particles retained on the number 6 screen and falling

through a number 40 screen were discarded to remove the wood

particles and fines generated by hammermillin.g. Each bark furnish

was rescreened using number 10 and number 20 standard mesh

screens. The wood and bark furnishes were sealed in plastic bags

until use. The bark furnish screen analysis is contained in Table 2.

Table 2. Screen analysis of wood and bark furnish.

Mesh no.

(+4) 0. 31

(-4, +10) 43. 83

(-10, +20) 30. 06

(-20, +40) 22. 27

-40 3. 53

1Wood Furnish Bark Furnish
Screen DF PP RA
Wt. % Screen Screen Screen

Wt. % Wt. % Wt. %

1 DF Douglas-fir, PP = Ponderosa Pine, RA = Red Alder

+ 10 screen percentage

A laboratory type, rotary drum blender was used to apply the

resin to the wood and bark furnish. The spray system utilized an air

atomizing nozzle to distribute the resin. Atomizing pressure was

42. 012 47. 762 26.66

25. 16 31. 54 48. 39

32. 83 20. 70 24. 95



60 psi. All resin and wax applications were based on the oven-dry

weight of the wood furnish. Six percent resin solids were applied for

the urea-formaldehyde boards. Five percent solids were applied for

the phenol-formaldehyde boards. Both resins were obtained from

Borden Chemical Co. , Springfield, Oregon. The urea-formaldehyde

resin, WS-155-11B, was applied at 65% solids content, and the phenol-

formaldehyde resin (MH-193-31) was applied at 40% solids content.

A wax emulsion, supplied by Borden Chemical Co. (EW-407) was

mixed with the urea-formaldehyde resin. The solids content of the

emulsion was 47%, and it was applied at 0. 5%. Borden Chemical Co.

recommended not to apply wax with the phenol-formaldehyde resin.

Moisture adjustment of the furnish to 10% was controlled by spraying

water on the furnish after it had been placed in the blender and prior

to resin application. Enough furnish to fabricate two boards was

placed in the blender for each resin application. After blending, all

furnish was removed from the blender and placed in a plastic bag and

then sealed.

Mats were fabricated by hand felting the furnish onto a 18 x 18

inch aluminum caul plate placed in a deckle box. The weight of ma-

terial per 3/4 inch board was based on that to produce the desired

oven-dry density (44 lb/cu. ft. ) at the moisture content (10 ±0. 5%)

of the furnish after blending. Only enough furnish was removed from

the plastic bag to fabricate one mat at a time. There was



approximately a 15 minute span between pressing the first and second

mat. After hand felting, a second aluminum caul plate was placed on

top of the mat in the deckle box. The deckle box was removed with

only the mat and caul plates remaining.

The mat plus caul plates were placed in a 24 x 24 inch steam

heated hot press equipped with stops to provide a net clearance of

3/4 inch. Pressure was applied to close the heated platens to the

stops in 30 * 5. 0 seconds. Initial platen pressure of 750 psi was

held for 30 seconds to prevent spring-back and then gradually reduced

to 250 psi in the following 30 seconds, while maintaining mat thickness.

Mat thickness was monitored with a dial indicator. Platen tempera-

ture was 3300F for the urea-formaldehyde boards and 350 F for the

phenol-formaldehyde boards. Total cycle time was 8 minutes for the

UF boards and 12 minutes for the PF boards. Platen pressure was

gradually backed off to 0 psi over the last 30 seconds of the press

cycle.

After pressing, all boards were cooled and placed in a condi-

tioning room at 70oF and 65% relative humidity for at least two weeks

prior to testing. Table 3 contains a summary of the process condi-

tions utilized in this study.



Table 3. Particleboard process conditions.

Factor Condition

Density (oven dry)

Thickness

Wood furnish

Resin

Resin content

Wax

Press cycle

44 lb/cu ft

3/4 inch (sanded to 5/8 inch)

Commercially obtained--
(shavings, plywood trim,
and sawdust), and bark
substitution

Urea-formaldehyde
Phenol-formaldehyde

5% UF
5% PF

0. 5% (UF boards only)

UF 8 minutes
PF 12 minutes

Press closing time 30. 0 ± 5. 0 seconds

Press temperature UF 330°F
PF 350°F

Mat moisture content 10. 0 ± 0. 5%
into press
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Testing of Boards

Prior to testing, all boards were sanded on a 24-inch pressure

feed belt sander. Three passes per side of each board were run

until 1/16 inch of material was removed from each side. Terminal

thickness ranged between 0.625-0.638 inches.

Upon reaching equilibrium moisture content in a controlled

conditioning room (65% RH, 70°F), test specimens were cut according

to Figure 1. Each MOR, MOE, and IB specimen was measured in

length, width, and thickness to a tolerance of 0.001 inch. The green

weight of each specimen was recorded to the nearest 0.1 gram and the

green density calculated. The density of each specimen is contained

in Appendix A; density of the dimensional stability specimens was

not calculated.

Procedures outlined in ASTM standard D-1037-72a were fol-

lowed for MOR, MOE, and IB tests. LE tests were performed

according to ASTM standard D-1037-72a, with the following excep-

tions: 1) LE specimens were cut from laboratory boards in only one

direction (no directional preference in laboratory boards), 2) relative

humidity ranged from 30% at 909F to 90% at 90oF during the moisture

cycle. TS measurements were taken from the LE specimens at the

same time the LE measurements were recorded.

MOR and MOE were determined for specimens tested on a 15-

i inch span and deflected at a rate of 0.20 inches per minute. An
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Instron testing machine was utilized.

IB was determined from 2 x 2 inch specimens glued between

metal blocks with an epoxy resin. Each specimen was loaded in

tension perpendicular to the assembly at a head speed of 0. 05 inches

per minute. A Tinius-Olson testing machine was utilized.

LE was determined by allowing test specimens to condition

for 15 days under controlled conditions of 30% relative humidity at

90°F. Specimens were measured in length to a tolerance of 0. 001

inch. After initial measurements, specimens were allowed to

condition for 15 days under controlled conditions of 90% relative

humidity at 90oF. Specimens were remeasured and LE was calcu-

lated as a percentage of the initial conditioned length (30% RH, 90°F).

As previously mentioned, TS measurements were obtained from

the LE specimens. The thickness of each specimen was measured

to an accuracy of 0. 001 inch under each of the moisture conditions

utilized for the LE test. Percent TS was based on the initial condi-

tioned thickness (30% RH, 90°F).

Sixteen IB specimens, eight MOR and MOE specimens, and

four LE and TS specimens were tested for each experimental combi-

nation.

Silica Content Determination

Silicate values were determined by the dry ash method for the



Residue type Silica, content
(%)

Wood Furnish O. 05

Douglas-fir bark 0.22

Ponderosa pine bark 0. 39

Red alder bark 0.28
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three bark types utilized in this study. Two replications for each

type of furnish were obtained from ten gram samples.

Oven dried ten gram samples were ashed in a furnace at 550°C.

Ten mls of nitric and two mls of perchloric acids were added to the

ash and dried on a hot plate. The residue was treated with one-tenth

normal hydrochloric acid and filtered through S &S blue label, a

highly retentive quantitative paper (paper ash 0. 00004 gms. ). The

residue and filter paper were ashed in a furnace to burn away the

paper. The residue weight was then calculated as a percent of the

dry ten gram sample.

The nitric and perchloric acids converted the carbonates to

CO2' leaving calcium residues in a water soluble form. The hydro-

chloric acid removed metal ions and left the silicates and contami-

nants not affected by the above treatment.

Table 4. Silicate and contaminant content of wood and bark furnish.



Density Profile Analysis

The density profile of each experimental combination of vari-

ables for the phenol-formaldehyde boards was determined. Relative

differences in the distribution of density throughout the board thickness

as a function of bark type and level was desired, as density profile

in particleboard is a strong determinant of board properties.

X-ray radiography in conjunction with a densitometer was

utilized to obtain, a continuum of data. Density profiles were obtained

by recording the intensity of light transmission through an exposed

and developed X-ray film of the particleboard cross section,. A

dental X-ray head with a 2 millimeter slit mounted on a motor driven

carriage was used to scan the samples. The film was Kodak Industrial

Type AA Ready Pack. Exposure for 12 millimeter thick samples was

1. 5 minutes at 30 kV and 7 milliamperes. A density profile of a

typical board is contained in Figure 2.
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Figure 2. Typical Density Profile

28



IV. RESULTS AND DISCUSSION

Strength Properties

The strength properties for each type of resin, bark type, and

bark content were compared statistically with a one-factor analysis

of covariance treating density as the covariate. This type of analysis

removes the influence of density variation within each board and

allows the treatments effects to be evaluated after the strength proper-

teis have been adjusted to a common density. This analysis was

possible because strength properties decreased linearly with increas-

ing bark content, and the slopes of the regression lines were not

significantly different between bark types. Table 5 contains a. least

significant difference cutoff analysis for the physical properties

studied. Tables 6-8 summarize the unadjusted and adjusted strengtb.

values for the different treatments. The adjustment factor and proce-

dure for density adjustment is contained in Appendix A. Figures 3-8

contain the adjusted data in graphical form. Linear regression equa-

tions for the various adjusted strength properties are in Table 9.

The statistical data are summarized in Tables 10-12. A two-tailed

T-test (p=0.10) was used to test for significant differences in adjusted

means for each experimental combination. Comparison of bark type

at each content level was performed with a two-tailed T-test (p-=0.10).

Only comparisons within each resin type were evaluated.

29



Table 5. Least significant difference cutoff values.

P = O. 10 P = O. 02

30

Physical
property

psi
or %

% of
control

psi

or %

% of
control

Urea-formaldehyde

IB 5.83 psi 3.94% 8,45 psi 5.71%

MOR 105 psi 4.96% 152 psi 7. 19%

MOE 12, 896 psi 3.58% 18, 687 psi 5.19%

LE 0.038% 15.8% 0.055% 22.9%

TS 1.75% 19.0% 2.53% 27.5%

Phenol-formaldehyde

IB 6.03 psi 3.99% 8.T4 psi 5.78%

MOR 95 psi 4.59% 138 psi 6.65%

MOE 10,476 psi 2.77% 15, 180 psi 4.01%

LE 0.046% 13.1% 0.066% 18.9%

TS 0.77% 18.2% 1. 11% 26.4%



Table 6. Summary of data from internal bond tests, urea- and phenol- formaldehyde treatments.

Bark type Bark level
0/0

Densitl
lb/ft

I, B. Adjusted % Change
psi I. B. psi from control
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Urea-formaldehyde

Control 0 44.19 146.5 147.7

Douglas-fir 5 44.84 144.7 144.2

10 44.94 Z35.6 134.8

20 44. 78 119.8 119.5

Ponderosa pine 5 44.48 136.7 137.1

10 44.71 122.7 122,6

20 44.58 109.9 110.1

Red alder 5 44.89 155.8 155.2

10 44.81 140.4 140.0

20 44.29 113.9 114.8

Phenol-formaldehyde

Control 0 44.89 150.8 151.2

Douglas-fir 5 45.29 148. 9 147. 5

10 45.03 134. 8 134.5

20 44.78 120. 8 121.6

Ponderosa pine 5 45,04 138.2 137.9

10 44.49 133.4 135.5

20 45.27 119.8 118.5

Red alder 5 45.52 172. 5 170. 1

10 44.59 166.9 168. 6

20 44.83 157.9 158. 5

2. 3

8.7

19.1

7.2

-16.9

25.4

+ 5.0

5.2

22.3

2.4

11.0

19.5

8.8

-10.4

21.6

+12. 5

+11.5

+ 4.8
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Table 7. Summary of data from modulus of rupture tests, urea- and phenol-formaldehyde treatments.

Bark type Bark level Density M. 0, R. Adjusted % Change
lb/ ft psi M. O. R. psi from control

Urea-formaldehyde

Control o 42,62 2043 2128

Douglas-fir 5 43,01 1971 1964 - 7,7

10 43.02 1852 1843 -13.4

20 42.92 1606 1620 -23.8

Ponderosa pine 5 42,64 1874 1954 - 8.2

10 42.86 1709 1737 -18.4

20 42.95 1621 1628 -23.5

Red alder 5 43.46 2010 1897 -10,8

10 43.07 1811 1790 -15.9

20 43.22 1535 1479 , 30.5

Phenol-formaldehyde

Control 0 43.65 2056 2086

Douglas-fir 5 43.62 2017 2053 - 1.6

10 43.73 1881 1895 - 9.2

20 43.69 1611 1633 -21.7

Ponderosa pine 5 44.05 1967 1917 - 8.1

10 43,53 1808 1863 -10.6

20 43.96 1706 1674 -19.7

Red alder s 44.06 1979 1927 - 7.6

10 43.74 1809 1821 -12.7

20 44.04 1627 1578 -24.3
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Figure 5. Adjusted Average MOR Properties, UF Treatment
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Figure 6. Adjusted Average MOR Properties, PF Treatment



Table 8. Summary of data from modulus of elasticity tests, urea- and phenol-formaldehyde
treatments.

Bark type Bark level Densitir M, 0. E. Adjusted % Change
lb/ft psi M. 0. E. psi from control
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Urea-formaldehyde

Control o 42.62 348506 360026

Douglas-fir 5 43.01 347361 346401 - 3.9

10 43.02 315884 314604 -12.8

20 42.92 299431 301351 -16.4

Ponderosa pine 5 42.64 331255 342135 - 5,0

10 42.86 312369 316209 -12.2

20 42.95 291252 292212 -18.9

Red alder 5 43.46 338760 323400 -10.3

10 43.07 317546 314666 -12.8

20 43.22 281069 273389 -24.2

Phenol-formaldehyde

Control 43.65 374161 377161

Douglas-fir 4 43.62 363776 367376 - 2.6

10 43.73 357283 358683 - 5.0

20 43.69 325856 328056 -13.0

Ponderosa pine S 44.05 373424 368424 - 2.4

10 43.53 357848 363248 - 3.7

20 43 96 353045 349845 - 7.4

Red alder 44.06 367148 361948 - 4.2

10 43.74 326257 327457 -13.3

20 44.04 302362 297562 -21.2
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Figure 7. Adjusted Average MOE Properties, UF Treatment
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1

X1 = Density ( lb/ cu. ft. ), X2 = Bark Content Level

2
DF = Douglas-fir, PP = Ponderosa Pine, RA = Red Alder
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Table 9. Regression equations relating particleboard properties to particleboard strength.

1
y = a + bX + cX

1

2

Urea, formaldehyde

IB = 15.5 + 3. 0 - 1.6 DF
2 -0.95 0.90

IB = -46. 7 + 4. 2 - 1.7 PP -0. 93 0.86

IB = 8.9 + 1.7 - 2.7 RA -0.96 0.93

MOR = 3371 + 126. 9 - 23. 5 DF -0.95 0,91

MOR = 9340 + 264.3 - 20.7 PP -0.82 0.67

MOR = -7345- 218.8 - 28.6 RA -0.96 0.92

MOE = -626670 + 22811 - 2825 DF -0.90 0.80

MOE = -1167900 + 35445 - 3259 PP -0.92 0.85

MOE = -921490 - 29471 - 3484 RA -0. 91 0.84

Phenol-formaldehyde

IB = -16. 0 + 3. 8 - 1.7 DF -0.95 0.91

IB = -13,6 + 3. 5 - 1.3 PP -0.88 0.77

IB = -20. 3 + 4. 3 - 0. 8 RA -0. 82 0. 67

MOR = -5823 + 182.7 - 27.6 DF -0.96 0.91

MOR = -5362 + 168.4 - 16. 6 PP -0.83 0.69

MOR = -7774 +224.2-23.4 RA -0.92 0.85

MOE = -323580 + 16110 - 2664 DF -0.93 0.87

MOE = -604500 + 22368 - 1263 PP -0.90 0.81

MOE = -627420 - 22922 -4112 RA - 0. 93 0.87



Table 10. Analysis of covariance for internal bond, urea- and phenol-formaldehyde treatments.
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Urea-formaldehyde

Phenol-formaldehyde

**Significant difference occurs among adjusted means at the 99% level.

*Significant difference occurs among adjusted means at the 95% level.

Total 39 12781. 691

Density 1 261. 619 261. 619 10. 961**

Bark 2 8887. 933 4443. 967 186. 189**

Content 3 2450. 680 816. 893 34. 225**

Bark x non-
zero content

4 276. 139 69. 035 2. 893*

Error 29 692. 173 23. 868

Total 39 9005. 115

Density 1 48. 426 48, 426 2. 372

Bark 2 1132.71 566. 136 27.726**

Content 3 6710. 595 2236. 865 109. 548**

Bark x non-
zero content

4 314. 582 78. 646 3. 852*

Error 29 592.164 20.419

Source D. F. $. S. M. S.



Urea- f orma ldehyd e

**Significant difference among adjusted means at the 99% level.

*Significant difference among adjusted means at the 95% level.
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Table 11. Analysis of covariance for modulus of rupture, urea- and phenol-formaldehyde treatments.

Phenol- f ormaldehyde

Total 39 1482271

Density 1 171409 171409 32.280**

Bark 2 39611 19805 3.730**

Content 3 1194358 398119 74974**

Bark x non-
zero content

4 43699 10924 2.057

Error 29 153933 5310

Total 39 1206684

Density 1 110129 110129 19.471**

Bark 2 37867 18933 3347**

Content 3 953028 317616 56.165**

Bark x non-
zero content

4 30930 7732 1.367

Error 29 164027 5656

Source D. F. S. S. M. S.



**Significant difference among adjusted means at the 99% level.

*Significant difference among adjusted means at the 95% level.

Urea- formaldehyde

Phenol-formaldehyde
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Table 12. Analysis of covariaAce for modulus of elasticity, urea- and phenol-formaldehyde teatment.

Total 39 24910526500

Density 1 3176534680 3176534680 40.066**

Bark 2 1543030970 771515485 9.731**

Content 3 20588377910 6862792637 86.560**

Bark x non-
zero content

4 876596900 219149225 2.764*

Error 29 2291214790 79283269

Total 39 23657951700

Density 1 1073337830 1.073337830 15.878**

Bark 2 6020436690 3010218345 44.531**

Content 3 13208440000 4402813333 65.132**

Bark x non-
zero content

4 2322110850 580527713 8.588**

Error 29 1960340100 67597935

Source D. F. S. S. M. S.
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All treatments for both resins yielded strength properties

greater than the commercial specifications (CS-236-66 IB1) outlined

for medium density interior grade particleboard, with the exception

of the MOR values for the 20% red alder (RA) treatment. The mini-

mum specifications outlined in CS-236-66 IB1 are 1600 psi for MOR,

250, 000 psi for MOE, and 70 psi for IB. As previously stated, the

laboratory blender utilized throughout this study was inherently

higher in efficiency than typical commercial blenders (Wilson and

Hill, 1976), suggesting a reduction in physical properties if the

same raw material and process conditions were applied in a com-

mercial atmosphere. All strength properties are discussed in terms

of their density adjusted strength values.

Internal Bond Results

Urea-formaldehyde Treatment

The IB value for the control treatment was 147. 7 psi (see

Table 6 and Figure 3). A 3.94% (5.83 psi) difference in treatment

properties, with respect to the control treatment, represented a

significant difference in treatment means (see Table 5). Bark addi-

tion significantly reduced IB properties in all comparisons, with the

exception of RA and Douglas-fir (DF) at the 5% substitution level.
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At this level, RA significantly enhanced IB properties while DF substi-

tution yielded an insignificant IB property difference with respect to

the control treatment. Within each bark type, increasing the rate of

bark addition significantly reduced IB properties.

As previously stated, a two-tailed T.-test (p=0. 1) was utilized

to compare bark types at each content level. Significant differences

existed between all barks at the 5% level, DF/PP (Ponderosa pine)

and PP/RA at the 10% level, and DF/PP at the 20% level.

Phenol-formaldehyde Treatment

The IB value for the control treatment was 151.2 psi (see Table

6 and Figure 4). A 3. 99% (6. 03 psi) difference in treatment proper-

ties when compared to the control treatment, represented significant

difference in treatment means. Bark substitution significantly re-

duced IB properties for the 10% and 20% content level for DF and all

levels of PP bark substitution. All content levels for the RA substitu-

tion yielded IB properties significantly greater than the control treat-

ment.

Increasing the rate of bark addition significantly reduced IB

properties for DF bark, however statistical indifference existed

between PP and RA bark substitution at the 5% and 10% levels. Sig-

nificant differences existed between all barks at the 5% level RA/DF

and RA/PP at the 10% and 20% levels.



Internal Bond Discussion

Internal bond is an indication of how well the particles within

particleboard are bonded to each other. If 100% resin efficiency is

assumed and significant differences in raw material and process

conditions are non-existent, optimum IB strength is primarily an

indication of the inherent strength of the particles utilized in board

fabrication. Thus, when a material of low strength (bark) is increas-

ingly substituted for a higher strength particle (wood), internal bond

values should decrease as they have in this study. The initial level

and rate of decrease in TB properties should depend on the relative

strength values of the materials substituted (DF, PP, and RA bark)

and other factors associated with the materials that affect resin

efficiency.

Specific factors within each bark that relate to resin perform-

ance are pH, density, particle geometry, and extractive content. The

DF and PP barks performed basically the same at the three substitu-

tion levels within each resin treatment, but RA was superior in

performance for all levels in the PF application and at the 5% level

for the UF application. RA bark is high in pH (pH= 4. 9) when com-

pared to DF (pH = 3. 6) and PP (pH 3. 8) bark, plus it yields a differ-

ent screen fraction distribution of particle sizes when hammermilled

(see Table 2). It is beyond the scope of this study to interpret the
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effects of chemical and physical considerations relating bark and LB

properties for particleboard, but this is most likely the area in which

an answer could be drawn to explain the difference in the RA bark

performance.

The relative differences in density profile for the different

barks and substitution levels utilized in this study were insignificant.

The RA bark extended boards, at all levels, exhibited slightly higher

(1-2 psi) core densities in comparison to the control, DF, and PP

treatments. As previously noted, the process conditions utilized in

this study combine to form a density profile with a relatively high

face density with respect to the core. Internal bond is directly re-

lated to density (see literature review). Since the RA boards had

slightly higher core densities, some increase in 1B performance

might be attributed to variance in the density profile between treat-

ments.

Linear regression equations, contained in Table 11, provide

some insight to the predictability of IB values as a function of the

bark substitution level. The correlation coefficients indicate IB

strength is inversely linearly related to the level of bark substitution.

Modulus of Rupture Results

Urea-formaldehyde Treatment

The MOR value for the control treatment was 2128 psi (see



Table 7 and Figure 5). A 4. 96% (105 psi) difference in treatment

properties, with respect to the control treatment, represented a

significant difference in treatment means. All levels of bark substi-

tution significantly reduced MOR properties with respect to the con-

trol treatment. Within each bark type, increasing the rate of bark

substitution significantly reduced MOR properties. Significant differ-

ences existed between DF/PP at the 10% level plus DF/RA and PP/RA

at the 20% content level.

Phenol-formaldehyde Treatment

The MOB. value for the control treatment was 2086 psi (see

Table 7 and Figure 6). A 4. 59% (95 psi) difference in treatment

means. Bark substitution significantly reduced MOR properties in

all comparisons, with the exception of the DF treatment at the 5%

level. At this level, substitution of DF bark yielded MOR properties

statistically equal to the control treatment. Within each bark type,

increasing the rate of bark addition significantly reduced MOR proper-

ties, with the exception of the PP 5% versus 10% comparison. Sig-

nificant differences existed between DF/PP and DF/RA at the 5%

content level and PP/RA at the 20% level.

Modulus of Rupture Discussion

The inherently low strength of bark along the grain (compared
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to wood) plus the possibility of weak wood/bark adhesive bonds

accounted for the sharp dropoff in MOR properties as the rate of

bark substitution was increased for the boards fabricated in this

study. The low static bending properties of bark are a result of a

lack of secondary cell wall thickening. Poor adhesive bonds are a

result of extractive and pH differences found in bark with respect to

the wood furnish. Thus, as these data reflect, small quantities of

bark can cause significant reductions in particleboard static bending

properties.

Regression equations for MOR are contained in Table U. The

correlation coefficients indicate that, as bark is substituted for the

wood furnish, a predictable, negatively-sloped, linear relationship

exists for MOR properties.

Modulus of Elasticity Results

Urea-formaldehyde Treatment

The MOE value for the control treatment was 360, 026 psi (see

Table 8 and Figure 7). A 3. 58% (12, 896 psi) difference in treatment

properties, with respect to the control treatment, represented a

significant difference in treatment means. All levels of bark substi-

tution significantly reduced MOE properties with respect to the con-

trol treatment. Within each bark type, increasing the bark level
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significantly reduced MOE properties, with the exception of the RA

5% versus 10% comparison. Significant differences existed between

DF/RA and PP/RA at the 5% and 20% levels.

Phenol-formaldehyde Treatment

The MOE value for the control treatment was 377, 161 psi (see

Table 8 and Figure 8). A 2. 77% (10, 476 psi) difference in treatment

properties, with respect to the control treatment, represented a

significant difference in treatment means. All levels of bark substi-

tution significantly decreased MOE properties with respect to the

control treatment, with the exception of the DF and PP treatments

at the 5% level. Within each bark type, increasing the bark level

significantly reduced MOE properties, with exception of the DF and

PP 5% level versus the DF and PP 10% level. Significant differences

existed between DF/RA and PP/RA at the 10% level, and all barks

at the 20% substitution level.

Modulus of Elasticity Discussion

MOE decreased at a linearly predictable rate when each bark

was substituted for the wood furnish utilized in this study (see Table

11). The inherent low MOE of bark with respect to wood accounted

for the decrease in MOE particleboard properties as increasing

rates of bark were substituted for the wood furnish.
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Four parameters, with respect to the wood and bark furnish

utilized, determined the initial point and rate of decrease for the

particleboard MOE properties. The predominant parameter was the

relative MOE of each bark furnish with respect to the wood furnish.

The other three factors are the rate of bark substitution for the wood

furnish, the relative differences in particle geometry between the

wood and bark particles (see Table 2), and the placement of bark

within the particle composite.

Results and Discussion of Dimensional
Stability Pr op erties

Linear expansion and thickness swell values were statistically

analyzed using a one-factor analys is of variance test. The analysis

of covariance was not utilized to remove small density variations

between treatments because the relationship between density and

dimensional stability is not well established for particleboard. Table

13 contains LE values while Table 14 contains TS values for the differ-

ent treatments. Figures 9-12 contain the dimensional stability data

in graphical form. Linear regression equations for the mean LE and

TS properties are contained in Table 15. The statistical data are

summarized in Tables 16 and 17. A least significant difference test

criterion (1=0.1) was utilized to find significant differences in planned

comparisons (see Table 5).
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Table 13. Summary of data from linear expansion tests, urea- and phenol-formaldehyde treatments.

Bark type Bark level Mean linear expansion
(%) ( °A)

Urea-formaldehyde

Control 0 0.241

Douglas-fir 5 0.212

10 0.222

20 0.245

Ponderosa pine 5 0.272

10 0.238

20 0.250

Red alder 5 0.220

10 0.229

20 0.272

Phenol-formaldehyde

Control 0 0.355

Douglas- fir 5 0.357

10 0.340

20 0.290

Ponderosa pine 5 0.290

10 0.303

20 0.343

Red alder 5 0.301

10 0.351

20 0.386



0.3

RED ALDER

DOUGLAS-FIR

UREA-FORMALDEHYDE
6% SOLIDS

Figure 9. Average LE Properties, UF Treatment
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0.4

PONDEROSA PINE

PHENOL- FORMALDEHYDE
5% SOLIDS

Figure 10. Average LE Properties, PF Treatment
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As previously noted, the moisture cycle utilized in this study

to evaluate dimensional stability properties yielded by the different

treatments was severe in comparison to the standard outlined in

ASTM D-1037-64. Thus, dimensional stability properties in this

study might be poorer in comparison to boards tested under proce-

dures outlined in ASTM D-1037-64. Maximum linear expansion

outlined in CS-236-66 IB1 is 0. 35%. TS specifications are not stated

in CS-236-66.

Dimensional Stability Properties

Linear Expansion Results

Urea-formaldehyde Treatment. The LE value for the control

treatment was 0.241% (see Table 13 and Figure 9). A 15. 8% differ-

ence in treatment properties, with respect to the control treatment,

represented a significant difference in treatment means. Bark substi-

tution yielded insignificant differences in all LE combinations with

respect to the control treatment. Within each bark type, RA at 5%

and 10% yielded significantly lower LE properties with respect to the

RA 20% level. Significant differences existed between DF/PP and

PP/RA at the 5% content level.

Phenol-formaldehyde Treatment. The LE value for the control

treatment was 0. 355% (see Table 13 and Figure 10). A 13. 1% differ-

ence in treatment properties, with respect to the control treatment,
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represented a significant difference in treatment means. Bark substi-

tution yielded insignificant differences in all LE combinations when

compared to the control treatment. Within each bark type, signifi-

cant increases in LE occurred between PP at the 5% versus 20% level

and RA at the 5% versus the 10% and 20% content levels. Significant

differences between bark types existed for DF/PP and DF/RA at the

5% and 20% levels plus PP/RA at the 10% level.

Linear Expansion Discussion

The particle geometry of the wood furnish utilized in this study

was apparently the prime factor in determination of the LE properties,

Bark substitution did not cause significant increases in LE with re-

spect to the control treatment for either resin system. In a study

by Currier and Lehmann (1970), up to 25% bark substitution in the

core of three layer particleboards caused only slight increases in

LE properties.

Linear regression equations, contained in Table 15, indicate

bark content (within the limits studied) is not linearly related to LE

in particleboard.

Thickness Swell Results

Urea-formaldehyde Treatment. The TS value for the control

treatment was 9.21% (see Table 14 and Figure 11). A 19.0%
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difference in treatment properties, with respect to the control treat-

ment, represented a significant difference in treatment means. All

levels of bark substitution produced statistically insignificant differ-

ences in TS properties with respect to the control treatment. Within

bark types, RA was significantly lower at the 10% level when com-

pared to the 20% content level. Significant differences between barks

existed for DF/RA and PP/RA at the 5% and 20% content levels.

Phenol-formaldehyde Treatment. The TS value for the control

treatment was 4.25% (see Table 14 and Figure 12). A 18.2% difference

in treatment properties, with respect to the control treatment, repre-

sented a significant difference in treatment means. Bark substitution

yielded insignificant differences in all TS combinations when com-

pared to the control treatment. Within bark types, RA at the 5% level

yielded significantly lower TS properties when compared to the 10%

content level. Between barks, DF/PP and PP/RA were significantly

different at the 5% and 10% content levels while PP/RA were different

at the 20% level.

Thickness Swell Discussion

As concluded for LE, bark had little effect on TS properties for

the range of bark substitution studied. Major differences did occur

between TS properties for each resin, suggesting resin type may have

been the responsible factor in determining the basic TS properties
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RED ALDER
PONDEROSA PINE

DOUGLAS-FIR

11

UREA-FORMALDEHYDE
6% SOLIDS

10 20
BARK SUBSTITUTION LEVEL,

Figure 11. Average TS Properties, UF Treatment
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PHENOL-FORMALDEHYDE
5% SOLIDS

Figure 12. Average TS Properties, PF Treatment
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Urea-formaldehyde

Control 0 9.21

Douglas-fir 5 8.25

10 8.67

20 8.31

Ponderosa pine 5 8. 18

10 8.73

20 8.90

Red alder 5 10. 32

10 8.90

20 10.78

Phenol-formaldehyde

Control 0 4. 25

Douglas-fir 5 4.21

10 3.70

20 3.34

Ponderosa pine 5 2.63

10 2.59

20 3.04

Red alder 5 3. 55

10 4.36

20 3.98
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Table 14. Summary of data from thickness swell tests, urea- and phenol- formaldehyde treatments.

Bark type Bark Mean thickness
level swell

% %)



Phenol-formaldehyde

1
X = Bark Content Level

2

Urea-formaldehyde

DF =Douglas-fir, PP = Ponderosa Pine, RA = Red Alder
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Table 15. Regression equations relating particleboard properties to particleboard dimensional stability.

LE = O. 382 - 0. 00452 DE -0.54 0.29

LE = O. 271 + O. 00356 PP 0.66 0.44

LE = 0.283 +0.00539 RA 0.68 0.46

TS = 4. 39 - 0.05525 DF -0.53 0.28

TS = 2. 41 + 0.02971 PP 0. 35 O. 12

TS = 3. 74 + O. 01914 RA 0.18 0.03

LE = O. 201 + O. 00218 DF2 0.42 0.18

LE = O. 266 - O. 00107 PP -0.26 0.07

LE = O. 199 + O. 00356 RA 0.61 0.37

TS= 8, 43 - 0.00189 DF -0.01 0. 00007

TS = 8. 10 + O. 04350 PP 0.18 0.03

TS = 9. 40+ O. 05150 RA 0.23 0.05

y = a + bX1
2



Table 16. Analysis of variance for linear expansion, urea- and phenol-formaldehyde treatments,
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Total 39 0. 08577

Bark 2 0.00700 0. 00350 2. 287

Content 3 0.00587 0. 00196 1.279

Bark x non-
zero content

4 0.02692 0.00673 4.399

Error 30 0. 04596 O. 00153

Source D. F. S. S. M. S.

Urea-formaldehyde

Total 39 0.04569

Bark 2 0.00440 0.00220 2. 157

Content 3 0.00454 0.00151 1.484

Bark x non- 4 0.00612 0.00153 1, 500

zero content

Error 30 0.03062 0.00102

Phenol-formaldehyde



Table 17. Analysis of variance for thickness swell, urea- and phenol-formaldehyde.

Source D. F. S. S. M. S.

Urea-formaldehyde

Total 39 91. 9038

Bark 2 18. 1643 9.0821

Content 3 2. 1851 0.7284

Bark x non- 4 7. 3074 1.8269
zero content

Error 30 64. 2469 2. 1416

Phenol-formaldehyde

Total 39 27. 8912

Bark 2 10. 0076 5, 0038

Content 3 2. 1509 O. 7170

Bark x non- 4 3. 3820 0. 8205

zero content

Error 30 12. 4507 0.4150

4. 241

0. 3401

0.8530

12.057

1. 728

1.977
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in this study. Urea-formaldehyde bonds tend to deteriorate under

moderate combinations of heat and moisture. The 90% relative

humidity in combination with the 90°F temperature utilized in the

TS test may have caused the urea-formaldehyde bonds to hydrolyze

and enhance the rate of springback for the urea-formaldehyde based

boards.

The TS data compares with conclusions made by Maloney (1973)

for 100% bark based particleboard. He found little difference in basic

thickness swell properties between bark board and particleboard.

Linear regression equations, contained in Table 15, indicate

bark content (within the limits studied) is not linearly related to TS

in particleboard.

Results and Discussion of Silica
Content Calculations

The weighted average silica content of each wood/bark combina-

tion was calculated and is contained in Table 18. The silica contents

in this study were high in comparison to the maximum acceptable

values reported in current literature (Lehmann and Geimer, 1974).

The major difference is in the silica content of the wood furnish used

throughout this study (O. 05%). The calculated silica and contaminant

content of boards fabricated from 100% wood furnish was 67% higher

than the maximum "acceptable" value for particleboard. This fact
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probably stems from contaminants contaminants contained in the wood

furnish (i. e. dirt and grit) and not the actual silicate content of the

wood particles contained in the furnish.

Table 18. Calculated silica plus contaminant content of each wood/
bark combination studied.

Particleboard
Furnish Standard Ba,rk substitution level

type board 5% 10% 20%

Wood furnish

DF bark

PP bark
RA bark

0. 050%

O. 058%

- 0. 067%

0. 061%

--
O. 067%

0. 084%

0. 073%

-

O. 084%

0. 118%

0. 096%



V. SUMMARY AND CONCLUSIONS

This study evaluated the effects of substituting small amounts

of bark for the wood furnish utilized in particleboard fabrication.

Three barks were individually substituted at 5, 10, and 20 percent.

Selected physical properties (MOR, MOE, 1B, LE, and TS) were used

as the criteria to draw conclusions.

MOR, MOE, and LB properties all decreased at a linear rate

as the substitution level of bark was increased. LE and TS properties

were not significantly affected by bark substitution.

On the average, MOR decreased from 7% to 24%, MOE de-

creased from 4% to 17%, and IB decreased from 4% to 21% (except

for RA bark) for the rates of 5% to 20% bark substitution, respectively.

RA bark improved IB performance for all levels of addition (with re-

spect to the control) when phenol-formaldehyde resin was utilized and

enhanced the 5% bark content level for the urea-formaldehyde treat-

ment.

Based on the results of this study it can be concluded that:

A high quality underlayment grade particleboard may be fabri-

cated with up to 10% bark substitution from any of the barks

utilized in this study.

Red alder bark yielded superior internal bond performance in

comparison to the other barks utilized in this study.

66
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3. Little performance difference existed in strength properties

between the application of 6% and 5% urea- and phenol-formalde-

hyde resins, respectively.
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APPENDIX



Test

where: y. = adjusted treatment mean

7i non-adjusted treatment mean

error regression coefficientyx

actual density

= mean density

Table 19 contains the error regression coefficients obtained for

the physical properties by resin type in this experiment.

Table 19. Error regression coefficients.
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APPENDIX

Adjustment of Treatment Means

All treatment means for the physical properties studied in this

experiment were adjusted by the equation:

Density (7) Error regression coefficient (b )
yx

(lb/ft3) ( psi)

Urea-formaldehyde
MOR 42. 98 234, 70

MOE 42. 98 31951.

IB 44. 65 2. 595

Phenol-formaldehyde
MOR 43. 80 202. 43

MOE 43, 80 19985.

IB 44, 97 4. 387



Explanation of Treatment Code

The first digit is 1 or 2. It represents resin type (i. e. #1 is

urea-formaldehyde and #2 is phenol-formaldehyde).

The second digit represents bark substitution type (0, 1, 2, 3).

The #0 represents no bark substitution, #1 represents Douglas-fir

bark substitution. #2 represents ponderosa pine bark substitution.

#3 represents red alder bark substitution.

The third and fourth digits represent the bark substitution

level for each bark type. The digits 00 mean 0% bark substitution

(control board). #05 means 5% bark substitution. #10 means 10%

bark substitution. #20 means 20% bark substitution.

The fifth digit is the replication number in a particular treat-

ment.

IB, MOR., and MOE data all utilize this code. LE and TS

also utilize this code with the exception that the replication number

(fifth digit) was not included.
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Table 20.

Treatment
Code

Internal Bond data (UF).

7ri
x.

1
yi

lacGt
10002

1.49.94
145.56
142.75_

44.97
44.17

'151.71
144.73
144.1a

10004
11051
11052 -

11053
/1054
111.01 -
11102

147.63
139.75

-143.75
150.25
145.00-136.00
137.25

43.67
45.02
45.09
44.41
44.4945.88

150.17
138.71
143.31
149.11
145.6a
136.47
134.06

11103
11104
11201

-11202
11203
11204

- 12051
12052

13C 7q
176.56
113.94
122.3A
11.3.63
123.75127.81
136.69

_44.34_45.04
44.83
44.764434
45.20
44.03
44.45

137.55
113.47
122.59
119.43
122.32
129.42
137.21_

12053
-12054
12101

-12102-
/2103

144.13
138.1.9
126.75
123.13 -

'19.75

44.62
44.67
44.70
44.17

143.66
138.27
126.70
123.00
121.00

12104
12201
12202

121.19111.00 -
113.79

'45.2A
44.18
45.02

119.5(7!
112.22
112.42

12203 107.00 44.61 107.10.
-122(14 -
13051

43052
13053
13r54

103.13
162.75
148.69153.00
158.75

44.51
45.13
45.04--
44.70
44.67

108.49
161.56

-147.6%
152.87
158.70:

13101
13102
13103

141.AI
135.69
149.13

44.23
44.84
45.02

142.90
135.2a
148.17

13104'
13201
13202

1350itP.ee
1.12.5C

-45.15-
45.44
47.42

133.70.
115.95
115.69

13203 114.00 44.01 115.65
13204 111.13 44.27 /12.12
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Table 21. Internal Bond data (PF).

Treatment x.
Tr i 1Code

20001 144.01
20012 149.10
21003_ _1.56.35______
20114 153.50
21051 154.00
21052 -149.75
21053 142.5C
21054 149.50
21111 -136.13
21102 131.7521103__ 1.34.53___
21104 137.50
21201 119.53

-21202- 123.13
21203 125.51
21204 114.38
22051 149.78
22r52 137.25

44-.96
45.21
44.72_
44.53
45.7744.12
44.46
45.09
44.56
44.62
45,55
45.39
44.16
45.91-
44.73
44.31
45.97
44.55

144.04
147.54
157.9a
154.99.
150.49,150.41
144.74
144.5913793
132.29
132.09
135.66
127.18
'119.01
125.93
117.2
144.99
139.19

__22053____ 13-7.65
22054 132.50
22111 130.25
22112- 136.13- -
22103 136.17
22114 131.00
22211 11F.75-
22202 119.50
22217 _125,50_
22214 115,35
23151 le5.0
23052 166.50
23053 172.63
21054 165.25
23161 170.39
23112 155.53

_23103 176 31
23104 163.13
27212 157.1F

-23202 156.56
23203 159.75
23214 157.63

44.91
44.57
44.53-44,34
42.11
44.7744.73.
45.50
.45.63
45.23
46.0445.41
44,77
45.77

-44.50
43.24

_45.41.44.19
44.46
44.9644.71
45.19

133.59
133.32
132.11
136.76
141.22
131.81
119.86.
117.17
122.60
114.24
180.11i
154.25
173.51.
151.74
172.44:
166.22,
169,06155.55
160.12,
156.54;
150.99-
156.66



Table 22. Modulus of Rupture and Elasticity Data (UF),

Treatment
Code

MC? DENSITY

75

10001 1965.9C 333621.62 42.22
10002 2264.14 372730.60 43.47
10 333 2153.96 3412.09,19 42,37_.
16014 1897.30 341511.17 42.43
11051 1947.00 333544.17 42.90
11352 1948.76 354360.35 43.26
11053 2057.54 356943.37 43.04
11 054 2030.37 347095.37 42.85
11111 1305.70 313205.07 42.63-
11112 1920.86 317753.69 43.32
11103 1796.62, .367991.73 42.57----
11104 1385.74 324597.33 43.41
11201 1586.23 294741.35 42.80
11212 1634.51 3/2990.33 43.13
1123-31 1561.97 288813.31 42.64
11214 164r.2 301173.22 43.07
12051 1914.8i 310343.9? 42.16-
12052 1/61.20 341771.09 42.69
12053 1114.57 .371967.26 _42.95_
-12054 19C6.37 340936.09 42.74
12131 1607.00 307047.25 42:77
12112 1825.15 3200733.62 42.87-
12133 1587.46 308243.95 42.68
12104 181/.42 31.3246.02 43.11
-12211 1>.90.55 279717.93 42.71
12202 1304.65 311736.92 43.35
12213 1455.51 27'4336.99 .42.70_
12204 1631.04 -293665.25 43.02
13051 1930,30 328209.89 43.23
-1305? 1382.59 331345.41 43.71
13053 2353.49 344/.81.96 47.39
131554 2371.95 351301.95 43.49
17131 1770.03 314632.45 -42.85
13112 1313.90 322302.31 43.60
13103 1341.37 314682.45 _41.22,-.
13114 1810.47 -318517.41 43.22
13211 1674.33 705661.46 43.71
13212 1643.01 297105.90 43.30
17217 1.351.33 253043.72 43.01
13214 14'68.98 258464.72 42.86

ADJ. MOR

Yi

ADJ. MOE
2144.27 362904.738
2149.14 356724.61
2197..13_ _360599..29
2016.39 359334.18
1865.78 333100.15
1883.04 345923.07
2047.46 355026.31
2061.38 751239.50
1876.11 .322790.37
1841.06 .706890.35
1869.38_ 317396...54
1784.42 310348.45.
1628.48 360492.53.

-1587.5/ 366600.15
1641.67 299631.55
1619.13 298297.63

-2107.26 - .336543.74
1921.26 351036. 88

61,-1921.. 33,2925.7
1963.20 345604.33'
1656.29 314656.95

-1850.97 323543.23
1653.87 317334. ?5
1737.91 309392.39

-1653.92 -238344.60
1717.81 299915, 05

_A521.53 283833,27
1621.65 297387.21
1871.63 320222.141
1311.26 - 308321.-18
1957.26 331382. C'.3;
1952.25 334706.941
1809.54 -318336. t08
1309.30 321663.2-9

_178.5.54_ 307014.21
1754.14 310349.1.7
1503.35 282337.23
1567.-91' ri"."8

1344.84 252085.19
1497.14 272293.941



Table 23. Modulus of Rupture and Elasticity data (PF).

.

yi

76

TPTmT N,CR mOE - DENSITY MOR ADJ. MdE
20001 2065.92- :369009.61 43.66 2094.26 371798.51
21002 2003.00 371369.30 43.71 2321.22 -373167.95
2000a_ _1984.99 357375,6.3 .2111.5C__ 369766.38
20094 2170.62 393896.64 44.05 2120.01 393900.39
21051 1928.63 364399 .63 43.62 1965.07 357995. 9-3
21052 2.072.00- 364543,97 43.61 2110.46 - 363341. 12
21053 1931.21 360422.4C 43.37 2018.25 369015. 95
21054 2137.33 365731.32 43.89 2119.11 363940.17
21101 110'1.66 .339312.53 43..11 1941.34 3531E2. 18
21102 1517.73 3.6673.31 43.93 1791.41 364185. 26
21103_ 1581.28_ :355172..57 43.79 1313..30 355372. 42
21104 2024.95 367361.93 44.07 1170.29 362466. 03
21201 1506.69 329971.15 43.10 1648.39 343920 .65
21212 1666.78 335521.04 44.11 - 1604.03 329325. 69
21203 1535.33 317405.13 43.59 1657.60 319503. 48
21204 1677.60 320564.73 43.34 1625.50 319765 .,33
22051 2180.11 355379.7C 44.25 -2088.92 3763e6. 45
22052 1360.55 365595.03 43.99 1322,09 361797. 93
22,153_ 1975..14. ,37.0504.73 1952.17. 368336
22034 1352.51 372216.91 44.03 1106.02 367620 . 36
22101 1743.23 343379.94 43.32 1540.40 352972 74
72102 8 8,60 372635.72 43.813- -1832.41 371336.92
22133 1880,46 359075.92 43.46 1949.29 365370. 82
22104 1760.60 756300.61 43.44 1333.47 3631+99.21
22211
2220?

1560.57--
1752.16

350157.21
350891.44

43.61"
43.38

-1699.03
1735.97

353959.36
349292. 64

22233 357974.44 _1631.97_ 346782. 54
22204- 1663.38 353151.58 43.99 1625.42 34935443
23051
23052

2137.7?
2004.23

369273.92
364609.47

44.23
44.14

2040.55
1935.40-

359581 12
357814. 57

23053 1832.16 355951.42 43.84 1924.06 355152. 02
23054
23131

1442.23
1175.64

378757.94
327494.17

43.98
43.61

1905.79
1916.13 .

375163 .64
-331491.87

23102 1753.30 333113.76 43.47 1820.10 339708. 81
2310.3_
27104
23231

18-.91 _332243,53
43.31
43.89

1792.38
1493.72

326352. 58
31 /971 .96
737169. 36

1794,40--
1516.94

312171.51
308961.91

23217
23233

1568.31
1586.66

295673,95
293369.11

43.88
43.93

1652.62-
1560.34-

294080. 15
296271..06

23204 1734.49 305932.61 44.45 1602.91 292942 75
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Table 24. Linear Expansion and Thickness Swell data

(UF and PF).

To 1E Ts
1001
1060
1011
1E01
1105
1105
1105
1105
1111
1111
1110
1111
1121
1123
1120
1120
1205
1205
120'5
1205
1210
1210
1211
1213
1221
1220
1220
1220
1305
1705
1705
17E5
1310
1310
1310

.243 10.33

.193 9.6c-

.293 8.98

.231 - 7.90
2_59 R71.168 8.35
.230 8.13
.193 7.37
.17? 6.68
.234 8.35

..264 11.17
.211 8.54
.251 F.94
.268 7.3?
.235 8.24
.226 10.85
.268 7.12
.263
.251_ 7.153q6 9.05
.264 11.12
.251 7.70
.226 8.32

7.79
.272 8.8?
.243 11.84
.272_ _7.68
.214 7.2F
.230 9.15
.209 11.43
.222 11.75
.222 9.17
-.205 8.21
.200 P.13
.280 9.50

2010
2E00
70r'..0
2003
2105
2105
2105
2105
2111
2110
2111
2110
2123
2123-
2121
2123
-2205
2205
2205
2205
2210

-2210
2210
2210
2220
2220
2223

2705
2305
2305
2305
2311
2313
.2310-2310.
2329
2321
2321
2320

.367 5,41

.368 3.79
.351 3.49
.335- 4.31
.401 3.80
.376 51c
.335 4.13
.318 3.8?
.335 3.99
.443 4.1.5
.292 3.50
.293 3.18
.251 3.n8
.284-- 2.41
.293 3.6.
.335 4.17

293-- 2.5-6
.284 2.07
.276 2.23

2220-.310

.3U9

.351 2.70

.-293 2.38

.285 2.69

.284 2.5q

.343 2.84

.393 4.00.326_ 2,..56-2.76
.251 2.6°
.26R 2.92
.377 .4.62
.3en 3.17

-4318 L143
.318 4.13
.376 3.79.397- 5.09
.402 3.37
.368 4.15
.393 4.13
.384

1310
1320
1720
1721
1320

-9.74.222 -
.926 8.67
.7243 12.24
.310 11.37
.310 10.84




