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ABSTRACT

Aspen, Pepulus tremuloides, and yellow birch, Betula alleghan-
 

.gggig, flake boards were fabricated and tested to determine the

effects of wood specific gravity, resin content, and board density on

the strength and dimensional stability prOperties. The variables

were: (1) wood specific gravity, 0.37 and 0.65, (2) resin content,

percent solids, h and 8 percent, (5) board specific gravities, 0.56

and 0.72. .A static bending test and a tension test perpendicular to

the surface were run according to Tentative.A.S.T.M. Standards *(l).

The modulus of rupture, prOportional limit stress, modulus of elastic-

ity, and the work to maximum.load were calculated from.the static

bending test. Dimensional stability measurements for the boards were

taken first at equilibrium.in constant conditions of 80' F.-5O percent

relative humidity and then in constant conditions of 80’ F.-80 percent

relative humidity. The percent change in thickness and in linear

expansion was calculated, based on the dimensions at equilibrium in

80’ F.-5O percent relative humidity. .A statistical analysis of vari-

ance was performed on the data for each test to determine significance

for the fabrication variables in question.

Aspen flake boards had higher modulus of elasticity, higher

work to maximum load, and lower linear expansion, as compared to yel-

low birch flake boards. The higher resin content boards had lower

thickness expansion as compared to the lower resin content boards.



The boards of high specific gravity had higher modulus of elasticity

than the low specific gravity boards. From the data it appears as

though aspen flake boards have higher modulus of rupture values than

the birch boards, but the statistics do not indicate this. High resin

content also appears to produce high modulus of rupture, but again

this is not statistically substantiated.
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I . Introduction

A wood particle board is composed of essentially dry wood par-

ticles which have been coated with a resin binder and pressed into

shape. Particle board was first introduced as a commercial product

in Germany, in 19%. It was originally produced to utilize wood

waste. low, in many situations, particle board manufacturers are

using wood from the tree, rather than from some waste source. With

this occurring, it is evident that a product has been deve10ped, not

solely as a utilizer of waste, but as a new product for new uses.

There are several basically different methods of production

and many variables within each method. It is not within the scope

of this paper to outline these methods or all of the variables. An

effort will be made to investigate some of the basic variables that

are always present. These basic variables influence the mechanical

preperties of particle board. At the present time there" is little

or no standardization of mechanical preperties. A prospective user

of particle board can not consult a simple table to determine the

mechanical preperties, as he could with steel or alumimm or even

with wood. In most cases it would be difficult to determine these

properties, even from the manufacturers, and in some cases the only

source of such information would be through a series of tests made

privately.
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U. Klauditz *(5) carried out research investigating the modu-

lus of rupture in bending for varied board specific gravities and

for different Species. Figure 1 Shows the results of his work.

.Lctually the work involves the difference in species which have many

variables in themselves. The average Specific gravities for each

wood could be assigned, and a comparison.might then be made between

wood specific gravity, board specific gravity, and strength, but such

factors as wood specific gravity and board resin content were not

varied. The work that has been done on the interrelationship of

fabricating variables and mechanical preperties is not conclusive.

H. Dale Turner *(8) carried out further basic research on the

effect of particle size and shape on the strength and dimensional

stability of wood particle boards. In this work, Turner tested boards

of various Specific gravities made up with different percentages of

synthetic resins. Different species of wood having varying specific

gravities were also used in the study. Turner made no attempt to

correlate the strength prOperties with all three factors of varying

wood specific gravity, resin content, and board specific gravity.

Turner's work.was primarily an investigation on particle shape. He

did find, however, that board density was of primary influence and

that resin content was of secondary influence in controlling strength

properties.

The simple relationships between strength and resin content,

strength and board density, and strength and species are known.

Without more detailed basic research in the particle board

field, it will be difficult to predict and establish any kind of

standardization as concerns the physical preperties of particle board.
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The majority of particle boards made in the United States

utilize softwoods because there has been.more softwood waste avail-

able. Some manufacturers are making boards from hardwoods now, and

consequently it is important to learn more about the use of these

woods in.particle board.

Objective

The objective of this thesis is to determine the character of

the relationships between the three factors: (1) specific gravity

of the wood, (2) Specific gravity of the particle board, (5) resin

content of the board, and the strength and dimensional stability of

flake boards made from hardwoods. This study should reveal whether

the Specific gravity of the wood used in fabricating particle board

has a significant effect on the strength of the derived board when

interrelated with the factors of board specific gravity and resin or

glue content. If the specific gravity of the wood causes significant

variations in the strength of the resulting panels, then it should be

possible in the future to predict more reliably the relative mechanical

preperties of boards made from woods of different specific gravities,

with different resin contents, and with different board specific

gravities.

Part of the work for this problem was carried out by the author

as an employee of the United States Forest Products Laboratory. The

problem was carried on as an approved Forest Products Laboratory

project.
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II. Materials and Methods

At Selection of variables

Hood material requirements for the study dictated the choice of

two Species of widely different Specific gravity. It was desirable

that the species have similar structures. .Aspen, Pogulus tremuloides,

and yellow birch,‘§g§g E alleghggensis, were selected.

The board densities or specific gravities to be used were

selected as representative of typical boards produced by the particle

board industry. The densities and specific gravities used were 35

pounds per cubic foot, 0.56, and #5 pounds per cubic foot, 0.72.

These specific gravities were based on ovendry weight and volume at

equilibrium.in constant conditions of 75' F. and 65 percent relative

humidity. '—

Four percent resin solids and 8 percent resin solids, based

on the weight of ovendry wood, were selected as the third variable.

In this case an attempt was made to bracket the percentages used by

industry.

In order to obtain a.measure of the variation to be encountered,

a series of replications were fabricated. The three tests described

in the section detailing testing procedure were carried out. .A star

tistical analysis of variance was run for the maximum.load in static

bending. There was no significant difference at either the 5 percent
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or the 1 percent level. The analysis of variance is given in table L

From these results it appeared that three replications of each board

type would give sufficient data for a satisfactory analysis. The

relationship of variables and replications in the experimental design

for this study is indicated in table 2.

B. Material Procurement

{Approximately 20 cubic feet of each Species, in the green condi-

tion, were required. One yellow birch 103 provided a sufficient

volume of material. Its average specific gravity, based on green

volume and ovendry weight, was 0.65. Procurement of suitable aSpen

was more difficult. Three aspen lOgs were selected as matched material

on the basis of specific gravity. The average Specific gravity of

each 103 was 0.56, 0.57, and 0.57. From this point on, the term wood

specific gravity will replace the term wood species. There are other

variations between species, but in this study they have been considered

negligible.

C. Particle Generation

In any kind of scientific study of strength prOperties, it is

desirable to obtain uniformity in the material being tested. Conse-

quently it is essential that the particles generated for a study of

this type have some uniformity. .At the present time, the most easily

generated uniform wood particle is the flake. A.flake 1 inch along

the grain, 0.5 inch across the grain, and 0.010 inch thick was



Table l.-qAnalysis of variance for maximum loads in static

bending forgpreliminary test boards

 

:DF; Suqu EMDSQ ; F ;F.05;F.Ol

Total : 11 : 1,761.27 é : : :

Between boards : 2 : 29h.§5 : 1h7.26 : 0.90 : 19.h : 99.h

Within boards : 9 i l,h66.7h s 162.97 : : :
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produced on the disc flake cutter at the Forest Products Laboratory.

This cutter is illustrated in figure 2. The lower picture shows the

disc cutter head at rest with the knives and spur cutters in the face

of the disc. The 0.5-inch-thick blocks on the lathe bed were fed into

the disc as it revolved. The grain in the flakes, with respect to

radial or tangential dimensions, was not controlled. The upper pic-

ture illustrates the cutter head in Operation. Some difficulty was

experienced in drying the flakes because they had a tendency to stick

tOgether. LDrying was successfully carried out in a rotary drum,

through which hot air was forced.

D. Resin Binder.Application

Borden’s UW¥17 Urea Formaldehyde was used as a binder because

it is a typical synthetic resin used in the particle board industry.

This resin had a solids content of 65 percent and was applied to the

flakes in the form.of a mist or fine spray. The flakes were placed

in a rotary drum.illustrated in figure 5. As the drum.rotated, the

flakes tumbled and the resin was applied through a paint sprayer at

#5 pounds per square inch air pressure.

A technique was used by the author for photographing individ-

ual flakes after they had been resinpcoated. Ia yellow fluorescent dye

was added to the resin in very minute quantities. The resin was then

sprayed on the flakes in the usual manner, and a l-quart sample of

flakes was selected from several places in the mixing drum. This

large sample was spread out under an ultraviolet floodlight, where the

presence of glue was evidenced by yellow spots on the deep purple
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Figure 2

Disc flake cutter in Operation

Disc flake cutter showing knives

and Spur cutters in face of disc



 

 





ll

Figure 5.--Resin application equipment
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background of wood. From this sample, 15 flakes were selected which

represented the range from.most glue present on a flake to least glue

present on a flake. These 15 flakes were arranged in descending order

from.most to least glue present. Two ultraviolet floodlamps were used

to illuminate these flakes and the representative sample was then

photographed in black and white. The flakes were turned over in place

and photOgraphed again so that both sides of each flake could be seen.

The resin present on each flake is evidenced by white areas or spots

on the flakes in the photographs. Resin coverage for the h percent

level on birch flakes is illustrated in figure h, and for the 8 per-

cent level in figure 5. One-trial particle board was pressed using

birch flakes coated with the fluorescent resin. .A photograph of a h-

'by 5-inch area on the board was made under ultraviolet light and is

shown in figure 6. This board was of yellow birch, with h percent

resin and having a specific gravity of 0.56. The uniformity of spread

obtained was considered adequate.

In the flake-drying process the moisture content was held to 6

percent :1 percent. The urea formaldehyde was not diluted with water.

It required from 5 to 8 minutes to apply the resin to the flakes, and

the moisture content of the resin-coated flakes was 10 percent 31

percent. These moisture contents were recommended as typical of

industrial practice.

E. Particle Board Fabrication

The boards were pressed in rough form, 28 inches by 2% inches

by 1/2 inch. This was the size from.which the static bending and the
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Figure h

Resin coverage for the h percent level on birch flakes (1X)

Reverse side of flakes
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Resin coverage for the 8 percent level on birch flakes (1X)

Reverse side of flakes
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Figure 6.--Birch particle board showing resin coverage, h percent

resin solids, specific gravity 0.56



 



dimensional stability specimens could be out most conveniently. One-

half-inch steel stops were placed between the 1/h-inch aluminum cauls

to control the thickness of the board.

The specific gravity of the board was predetermined by placing

a weighed quantity of resin-coated flakes into the forming box. The

weighed charge of flakes was laid down in a mat inside the forming

box by distributing them.evenly over a screen which was vibrated by

hand. The screen had l-inch-square mesh. The forming box was set

directly on the bottom caul. This felting procedure is illustrated in

the photOgraph in figure 7. The forming box was then lifted free of

the mat, the steel stops were placed on each side, and an identifica-

tion tag was placed on the surface of the mat. The mat of flakes is

illustrated in figure 8. .After placement of the top caul, the assembly

was slid into the press. The press was closed immediately, and pres-

sure up to 750 pounds per square inch was applied to bring the upper

caul down to the steel staps as rapidly as possible. Rapid closure

was desired to avoid the possibility of precure in the glue lines.

The press cycle, including closing time (#0 seconds), was 15 minutes

at 525° F. The finished board, as it came from.the press, is illus-

trated in figure 9. The boards were allowed to cool, and then they

were trimmed and cut into the required test Specimens.

Four samples from.each'board fabricated were weighed and

measured to determine whether the board actually was of the desired

specific gravity. In two cases, boards were detected which did not

meet the requirements and replacements were made. .All the preceding

fabrication work was carried out at the U. 8. Forest Products Laboratory.
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F. Testing Procedure

The static bending test and the tension test perpendicular to

the surface were carried out according to the accepted tentative

standards *(l). The specimens for these tests were stored at constant

relative humidity conditions for a period of 1 month prior to testing.

The average moisture content of the boards as they came from the press

was about 2 percent.

The average moisture content for the aspen boards was 6.6 per-

cent, while that for the yellow birch was 7.h percent. The percentage

resin content present in the boards appeared to have little or no

effect on these moisture contents. It is a known fact that the strength

of the wood varies as the moisture content varies. The slight differ-

ence in the moisture content undoubtedly makes some difference in the

strength values determined and acts as another variable. .As the

moisture content difference is less than 1 percent, it will be assumed

that this variable is negligible.

The test specimens were brought to equilibrium and tested at

Michigan.State University. .A Baldwin Emggy Testigg Machine was used.

There were four replications of each of the aforementioned tests

within each board replication.

Dimensional stability was measured by determining the percent

change in length and thickness. The test specimens were first brought

to equilibrium by placing them.in a controlled room at 80' F. and 50

percent relative humidity for 1 month. .An 18-inch length was measured

to the nearest 0.001 inch, and the thickness was measured to the

nearest 0.001 inch. The test specimens were then placed in another
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controlled room at 80' F. and 80 percent relative humidity for 1

month. At the end of this period the specimens were again measured

and the percent change, based on the dimension at the first measure-

ment, was calculated. There were two test Specimens taken from each

board. The dimensional stability measurements were made at the U. S.

Forest Products Laboratory.
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III. Results

A. Data Discussion

Several strength characteristics were calculated from.the

strength tests. The averages of these data for each board type are

summarized in table 5.

The dimensional stability data are included in table 5. The

change in thickness was considerable compared to the change in length.

The change for thickness ranged from 6 to 11 percent, while the

change in length was consistently below 0.2 percent.

The average prOperty values for each board type were plotted

in graphic forms .A visual inspection of the graphic results suggests

certain relationships. For the five strength prOperties tested,

graphs appearing in figure 10 through figure 1h, it appears that

boards made with aspen, the wood of low specific gravity, have con-

sistently higher strength values. For the percent change in length

graph, figure 15, it appears that aspen has a smaller dimensional

change. The graph for the percent change in thickness, figure 16,

shows no apparent relationships. Comparing the percent change in

strength prOperties between boards of different specific gravity

indicates another relationship which bears out Klauditz's work. That

is, as the board density is increased, the strength prOperties of

boards made with woods of different specific gravity have a tendency
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Fig. 10 Effects of Resin Content and Board Density

on the undulus or Rupture for Particle Board Relative

to the Specific Gravity or the Wood Used.
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P13. 11 Effects of Resin Content and Board Density

on the Proportional Limit Stress for Particle Board

Relative to the Specific Gravity of the Wood Used.
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r13. 12 Effects of Resin Content and Board Density

on the Hodulus of Elasticity for Particle Board

Relative to the Specific Gravity of the Wood Used.
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Fig. 13 Effects of Resin Content and Board Density

on the Work to maximum Load for Particle Board

Relative to the Specific Gravity of the Wood.Used.
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Fig. 14 Effects of Resin Content and'Board Density

on the Tension Perpendicular to the Surface for'

Parti'cle‘Board Relative to the Specific Gravity

0f thO W006 088d. . '

 

 
 

'3 200 _._
p.

g aspen . birch

H i—I—

e

O

o

y.

u -

:1

a)

o 8ik451bs.

g r-

.p

3

“ 100 “—'

O

,4

:1

o r-

v-I

c.

5‘
a. __ 9*

45-4511...
a 0i?

0.. Bfi-SSlbs.

a h-

.‘3 45935111..
0

fl 1 l 1 l 1 l_ .1

g: 0

.30 .40 .50 .60 .70

Specific Gravity of Wood Used

in Fabrication



Fig. 15 Effects of Resin Content and Board Density

on the Percent Change in Length for Particle Board

Relative to the Specific Gravity of the Wood'Used.
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to equalize. In other words, at some high board density the modulus

of rupture for boards made of woods of varying specific gravity will

be equal or nearly so.

B. Statistical Analysis

Duncan's text on Quality Control and Industrial Statistics *(5)

was closely followed in the selection of the prOper error mean squares

to be used for testing each variable.

.An analysis of variance was performed first for the board

specific gravities within each specific gravity class. In other words,

an analysis of variance was perfonned to determine whether there were

any boards in the 0.56 specific gravity class having significantly

different specific gravities. A.similar analysis was performed for

the 0.72 specific gravity class. There was no significant difference

within the specific gravity classes. These analyses are shown in

table h.

After the strength and dimensional prOperties of the boards

were calculated, an analysis of variance for the three variables was

performed. From.the analysis of variance, snug test was made. The

analysis of variance tables for the properties investigated are given

in table 5 through table ll. .A summary of the results of these seven

analyses is given in table 12.

The statistical analyses showed that the specific gravity of

the wood used in fabricating the particle boards influenced the modulus





 

 

Table h.-2Analysis of variance for board specific gravities

3 3 : : : 2

:DF: Suqu : MnSq : F :F,o5:F.ol

---------------- :----z-c--------i---------:-—-----:------:------

CLASS AVERAGE 0.565

Total : l+7 : 0.01177 : : : :

Between boards : 11 : .00097 : 0.00008 : 0.267 : 2.06 : 2.78

Within boards : 56 : .01080 : .00050 i : :

CLASS AVERAGE 0.725 '

Total : #7 : .01755 : : : :

Between boards : ll : .00509 : .000h6 : 1.555 : 2.06 : 2.78

Vithin boards : 56 : .012211 : .00511 : : :
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of elasticity, the work to maximum.load, and the percent change in

length. In these three cases, the wood with the lower Specific

gravity showed an improved value for each pr0perty.

None of the independent board variables could be tested for

tension perpendicular to the surface because all three first order

interactions were significant.

The statistical analysis showed that the resin content used in

fabricating the boards influenced the percent change in thickness.

Eight percent resin solids resulted in reduced thickness change over

the 1 percent resin level.

The statistical analysis showed that the Specific gravity of

the boards influenced the modulus of elasticity. Boards of high

specific gravity had higher modulus of elasticity values than boards

of low specific gravity.

The statistical analyses do not consistently substantiate the

apparent relationships as indicated by the graphs of the actual strength

values. There may be supporting significant differences which are

not shown in the analyses of variance. There are two possible reasons

why these differences do not appear. One is that interactions are so

large and the other is that there are so few degrees of freedom in

the analyses.





12

IV. Discussion

The hand felting methods used in fabricating the particle

boards for this study are a subJect of controversy. It is felt by

some men in the field that without complete automation in the felting

process a uniform board can not be fabricated. .All that can be done

in any type of felting procedure is to distribute a uniform.layer of

uncompacted particles on the caul. The forming box used in this work

was merely a boundary to define the overall dimensions of the pressed

panels. In an automatic felting system, the particles are distributed

on a.moving conveyor by any of a number of feed mechanisms. The only

difficulties encountered in the hand felting system.used here was the

sticking together of groups of flakes for board types that had heavy

resin coverage per flake. These groups were broken up partially by

hand and again by the vibrating screen over the forming box, so that,

in general, single flakes fell onto the mat. The forming box had a

series of horizontal lines 1 inch apart on the inside walls. Low

areas were built up prOgressively by sifting more flakes over these

areas than over the higher areas. In no cases were high areas com-

pacted to produce a uniform height of mat. The boards made from wood

of high Specific gravity and at low board Specific gravities did Show

areas of low density and of high density on the cross section.



#5

V. Conclusion

It may seem strange that a wood of low strength prOperties

(aSpen) should produce a particle board with higher strength pr0p-

erties than another board made with a wood of high strength. The

answer lies in the specific gravity of the wood and the requirements

for a good glue bond. A.given weight of flakes of a low Specific

gravity wood occupies a greater volume than the same weight of similar

flakes of a wood of high Specific gravity. When these volumes of

wood are compressed to the dimensions of a board, a higher relative

contact will occur for the greater volume of wood, and a better glue

bond between flakes results. There is a greater glue spread per unit

of particle surface for the birch flakes as compared to the aspen

flakes, but the higher relative contact of the sepen flakes still con-

trols strength prOperties for medium density particle boards. For

high density boards, the glue Spread per unit area of particle surface

would become the controlling factor.

The sc0pe of this problem is not large, and consequently the

results of the work can not be reliably applied over a wide range of

wood species. Density of woods rather than Species should be used as

the basis for comparison. The results should prove reliable for

medium density particle boards made with hardwoods.

In general, the use of high density hardwoods for the manufacture

of particle boards in the medium density range should be discouraged.



A5pen is one of the hardwoods that will produce excellent flake

board.

Further basic research along these lines should improve our

ability to predict pr0perties for the boards made with known

variables.
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