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ABSTRACT

THE DURABILITY OF A TWO SPECIES
PARTICLE BOARD

by Bruce A. Wittrup

This study was undertaken to determine if a durable species
could protect a non-durable species when the two were combined in

particle board. Two durable woods, redwood (Sequoia sempervirens

(D. Don) Endl.) and northern white cedar (Thuja occidentalis L,)
were mixed with jack pine (Pinus banksiana Lamb.) in varying per-
centages to see if a durable board could be produced.

Other factors investigated with redwood only were; 1) the effect
of heat on board durability, 2) the effect of adhesive (urea-formal-
dehyde and phenol-formaldehyde) on durability, and 3) the decay due
to different organisms.

The durability criterion was the weight loss of the blocks after
exposure in soil block decay chambers. The primary decay agent usgd
was Lenzites trabea; the fungus Polyporus versicolor was used on cer-
tain redwood blocks.

A supplementary test was undertaken, in which thin pine veneers
were fastened securely to blocks of redwood. This was to determine
if the redwood could protect a non-durable species in close contact
with it.

The results show that, with the manufacturing methods used, the
durable wood imparts no protection to tle non-durable specles when

the two are combined in particle board. The results of the test with
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thin pine veneers showed that with sufficient moisture movement
after contact, the redwood did impart a protective action.

The supplementary tests with redwood only, showed that; 1)
boards produced with urea-formaldehyde adhesives are less durable
and more severely delaminated than blocks produced with phenol-
formaldehyde adhesives, 2) the heat used did not impair the decay

resistance of the redwood extractives, and 3) Polyporus versicolor

is a less severe decay agent than Lenzites trabea for the species

tested.
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INTRODUCT ION

The purpose of this study was to establish whether a small percen-
tage of durable wood could protect a particle board comprised largely
of a non-durable species. A preliminary study indicated this principle
might prove true.

Two durable species were chogen; redwood (Sequoia gempervirens (D.
Don) Endl.) and northern white cedar (Thuja occidentalis L.). These two
species were to be mixed with jack pine (Pimus banksiana) in varying
percentages.

Particle board is not now widely used in places where decay resis-
tance is an important factor. If a board could be produced in the above
manner, which had good decay resistance, it could expand the uses of
particle board without greatly increasing the cost.

A second test was undertaken to learn more about how durable wood
could protect a non-durable wood, if indeed it does. Thin veneers of a
non-durable wood were fastened to a durable wood and teated for decay
resistance, These veneers were varied in thickness to see how far this
protective action, if any, could extend into the non-durable species.
This test was meant to substantiate the results of the test on the
particle board.

The soil block test was chosen as the criterion of durability.
This method of testing has been questioned as a valid method of deter-
mining decay resistance, however it is widely used and its usefulness

is recognized by many authorities,



REVIEW OF LITERATURE

Hood Extractives:

The extractive content of wood is the primary factor in a wood's
durability. The makeup and chemistry of these extractives is very
complicated and the exact structure of many is not known.

Of the two durable woods used in this work, only the extractives
of redwood have been investigated to any great extent. One of the
most complete studies of redwood extractives was carried out by The
Institute of Paper Chemistry (1). In this work, they found that red-
wood extractives contained the following four classes of materials:

1) coloring matter, which included phlobaphene, tannin, sequoyin, humic
acid material, and a material resembling tannin, but differing in that
it is insoluble in ethyl acetate, 2) sugars and polysaccharides, 3) cy-
closes (pinite and sequoyite), and 4) mineral salts. Of these four
groups, only the coloring matter portion is toxic to fungl and the only
fraction of the coloring matter found to be toxic was the tannin (1).

The tannin content of redwood varies and has been reported by
different investigators as being between 4 and 12 per cemt (1, 2, 3).
The atructure of tannin is not known exactly, however many complicated
structures have been proposed for it. One of these which has been syn-
thesized and found to be qualitatively equal to the natural pholobatannins
is bis-(7, 3', 4' trihydroxyflavopinacol) I. (2).

O\ H
e Son
CHe

c-oH
C—OH
[
C”'@"“ I,
o/ OH

2



Tannins extracted from wood are never obtained as a pure substance,
but rather as a heterogeneous mixture. Tannins have the following pro-
perties in common (2): 1)all are polyhydroxylic phenols, 2) tannins are
soluble in water, alcohol, acetone, and ethyl acetate, and 3) are easily
oxidized and give characteristic colorations or precipitates with me-
tallic salts.

Tannin is found in wood, bark, leaves, and cones of trees. These
tannins are not all of the same structure and the difference is usually
quite distinct (2).

The toxicity of tannin is not great when compared with chemicals
such as sodium pentachlorophenate. Data have shown that 823 times as
much tannin by weight as sodium pentachlorophenate is required to in-
hibit fungus growth (1). Therefore, it is only the very high percentage
of tannin found in redwood that 1s responsible for its durability. In
tests carried out on an agar medium containing 2.058 per cent tannin
extracted from redwood, no growth of the fungus Fomes annosus was ob-
served. As stated earlier, only the tannin fraction inhibited fungus
growth to any great extent.

The extractive content of northern white cedar is not as well
known as that of redwood. Compounds which have been identified in
northern white cedar are: e<and ¥ thujaplicins, cedrol, white cedar
oil, and traces of thujic acid (2, 3, 4). The o< thujaplicin is pre-
sent in concentrations of 0.08 percent compared to 0.008 percent for

¥ thujaplicin., The thujic acid, present only in trace amounts in

northern white cedar, is the major constituent in western red cedar

(Thuja plicata D. Don) extractives (4).



The extractive content in redwood or any species will vary with
position in the stem and age of the tree. The extractive content is
greatest in newly formed heartwood at the lower portion of the stem.
The extractive content decreases going up the stem or toward the pith.
Two possible reasoms for this are given by Scheffer and Hopp (5);
they suggest 1) "That a greater quantity of the resistance factor is
produced per unit of newly formed heartwood each year and that this
resistance factor is not stable but subsequently deteriorates in effec-
tiveness with age™ or 2) "that the quantity of the resistance factor
produced for a unit of new heartwood is about the same from year to
year, but is supplemented by a comtinuous outward diffusion or migra-
tion of previously formed resistance factor.®

The position of the extractives within the wood has been investi-
gated by Tarkow and Krueger (6). They found that of the hot water solu-
ble extractives, 73 percent are found within the cell walls and the
remainder in the cell openings.

That the extractives of redwood are heat labile has been shown by
Anderson, Duncan, and Scheffer (7). They found no fungicidal action
on extractives removed with hot water, Extractives removed with cold
water and concentrated by freeze drying showed good fungicidal proper-
ties. To determine the effect on redwood durability, the above authors
(7) conducted decay weight loss tests on boards dried by different me-
thods. They found that kilm drying, with temperatures not exceeding
180 degrees Fahrenheit, decreased durability only slightly. A pre-
steaming treatment at 212 degrees Fshrenheit for four hours prior to
kiln drying reduced durability to the extent that the weight loss






increased from 2 percent to 7 percent. Solvent drying in acetone

increased the weight loss to 12 percent.

Particle Board:
Particle board is a relatively new product in this country,

being introduced after World War II., For this reason we do not have
extensive data on the durability of particle board.

In a three year test at the U. S. Forest Products Laboratory (8),
the following results were obtained: 1) phenolic resin adhesives were
more durable than urea or urea-melamine adhesives, 2) increased den-
sity improved the strength and durability (tested on an outdoor test
fence) and 3) painted specimens after three years' exposure on a test
fence were still in good condition. It was also found in this study

that increasing the amount of adhesive (phenolic and urea) or the addi
tion of 1 percent wax improved the boards' durability.

A test of particle board durability, using the soil block test,
was also conducted at the Forest Products Laboratory (9). This test,
in agreement with the above study, also found that increasing the
amount of urea adhesive and the addition of 1 percent wax improved the
board durability. In this study, however, increasing the amount of
phenolic adhesive or increasing the density appeared to have no effect
on the durability.

One board tested in the above study conteined "About 50 percent
western red cedar and 50 percent alder flakes." This board showed a

very low weight loss (4 percent) when exposed to the fungus Poria

monticola, however, when exposed to Lenzites trabea, the weight loss

parallelled that of boards produced with low to moderate decay






resistant woods. The low weight loss was "tentatively attributed to
the naturally occurring toxic extractives present in the 50 percent
western red cedar flake component.® The fact that the above board
contained 50 percent hardwood flakes might better explain the low
weight loss from exposure to Poria monticola. In all three boards in
the above study, which contained hardwood flakes, the weight loss was

less for Poria monticola than for Lenzites trabea. Of 14 boards in

the same study containing all softwood flakes, only one lost more
weight with Poria monticola. If the alder flakes were not susceptible
to decay by the organisms used, the "avenues of travel" proposed later
in the current study would not be present.

vuch work has been done on the addition of a preservative to par-
ticle board. In most of these tests, the preservative has been incor-
porated in the adhesive.

In one of the early tests, Klauditz and Stolley (10) found that
pentachlorophenol in a urea-formaldehyde resin produced a chipboard
resistant to both fungi and termites. The amount of preservative
shown to be effective was 1.5 percent of the oven dry weight of the
chips.

Other investigators (11) found the optimum percentage to be 5
percent pentachlorophenol when incorporated with urea-formaldehyde.

Huber (12) incorporated pentachlorophenol in both urea and phe-
nolic adhesives. He found that 0.6 percent of the ovyen dry weight
of the chips gave good protection in soil block tests with Lenzites
irabea.

Brown and Aldon (13) sprayed the preservative on the flakes,
rather than mixing it in the adhesive. Using pentachlorophenol at






1.25 percent of the dry chip weight, they produced phenolic resin
boards which were very resistant in twelve month ;xposure tests.
Boards produced with urea, using the same method, did not prove
durable in the test.

Pentachlorophenol has been the primary preservative used in
this type of particle board test. However, others have been used.
Sokolova and Timofeeva (14) used sodium fluoride and sodium fluosi-
licate at 0.5 and 1.0 percent of the dry chip weight. They obtained
good protection in this way when the blocks were exposed to Conio-

phora cerebella.

Criterion of Durability:
There are many criteria for testing the durability of wood.

Probably the most accurate method is actual records kept of wood in
service. However, the length of time required rules out this method
for most practical purposes. The most widely used and accepted me-
thod of testing durability 1is the weight-;oas method. This method
is outlined in the A.S.T.M. Standard D 1413-6l. (15). The above pub-
lication includes the method for incorporation of a preservative in
the test blocks. A publication by McNabb (16) omits this procedure
and gives a good outline of both the soil-block and agar-block method.
Many other methods have been proposed, such as toughness tests,
hygroscopicity, crushing strength, and others. A method devised by
Brown (17) involves tensile testing of very thin test specimens after
exposure to fungi. This method involves much less time (1 to 2 months)
in testing than the weight-loss method (4 to 5 months) and Brown ob-

tained good results using this test. Brown has stated that this pro-






cedure should be applicable to particle board testing as well as
solid woodls

Some of these methods show merit and promise; however, Hartley
(18) states, "None of them has enough supporting evidence to justify
being substituted for the weight-loss test without further careful
study.” The weight-loss method measures the loss of wood substance
due to metabolic conversion of wood to carbon dioxide and water.

In the weight-loss method, exposure chambers are prepared in
most cases with soil and feeder strips. There are many factors which
can vary in the preparation of the so0il block bottles and if test re-
sultsvare to be compared, these factors must be as uniform as possible.
Some of these variable factors which require control are given by
Duncan (19) as: 1) soil characteristics, 2) effect of aeration'and
3) moisture content of soil relative to its water holding capacity.
In tests on these variables, it was found that 1) the soil character-
istics had 1little effect unless extreme soil types were involved, 2)
the moisture content of the soil should not exceed 150 percent of its
water holding capacity, and 3) to assure aeration, caps should be loosely

attached with no liners, or the cap vented with a glass tube.

Wood-Fungi Relationship:
As mentioned earlier, the loss in weight accompanying decay in wood

is due to the metabolic comversion of wood to carbon dioxide and water.
This c&nversion i8 accomplished by enzymatic degradation of cellulose
by fungus hyphae moving through the wood substance. The fungus hyphae
can move through the wood either through natural openings, such as cell

lumens and pits, or through the cell walls.

10 Op. CIto



The manner in which the hyphae penetrate the cell wall is given
by Proctor (20) as, "the secretion of enzymes at the tips of pene-
trating hyphae, and the total dissolution of the cell wall by enzyma-
tic activity in advance of actual passage through the wall." The
hyphae are usually constricted as they move through the cell wall and
then expand as they enter the cell cavity.

The actual utilization of the cellulose by the fungl is divided
into two types of reactions (21): 1) fhe extracellular reactions in-
volving the conversion of wood to linear anhydroglucose chains and
these in turn to cellobiose, and 2) the intercellular reaction con-
sisting of the conversion of cellobiose to glucose which can be uti-
lized by the hyphae. This last conversion is accomplished by the
enzyme p -glucosidase.

The decay of wood usually takes place under conditions of good
aeration. However some growth can occur in anaserobic conditioné (22).
In this case the products are substances such as alcohol and oxalic
acid, rather than carbon dioxide.

The production of water can be great enough to sustain the fungus
growth if it is well established (18). If evaporation of water is not
excessive, the fungus can thrive with no external source of water.

The growth of fungus is slowed down to a great extent in a dura-
ble wood or wood treated with a preservative; however, decay does occur
slowly in such wood. Lyr (23) has investigated this fact and suggests
reasons for its occurrance. He has shown that the extractives pino-
sylvin-mono-methylether, p -thujaplicin and the chlorophenol preserva-
tives are no longer toxic after oxidation by fungal oxidases such as



laccase, tyrosinase, and peroxidase. One or more of these oxidases
are present in nearly all fungi which attack wood. Lyr gives the
following relative values of the ability of different substances to
resist oxidative degration: 1) 5-chlorophenol=100, 2) 4-chlorophenol
=95, 3) 3=-chlorophenol=86, 4) 2-chlorophencl=60, 5) pinosylvin-mono-
methylether=20, 6) R -thujaplicin=15.

Lyr also states that, "the tannins of the heartwood strongly
inhibit oxidases.® This would support the findings that it is the

tannins in redwood which are largely responsible for its durability.

10



PARTICLE BOARD TEST

Wood Source:

Three species of wood were ﬁsed in this study. The wood was to
be as fresh cut as possible and therefore could not be obtained from
regular commercial sources. The reason for this was that it was not
to be soaked in water before flaking as this could remove extractives.
A second reason being that any heat treatment, such as kiln drying,
could affect results.

The redwood (Sequoia sempervirens) was shipped from California
in waterproof paper. The wood was at a very high moisture content
and was shipped just after sawing. It was received as rough one
inch lumber.

The northern white cedar (Thuja occidentalis) was shipped from
Northern Michigan in the form of eight to twelve inch diameter posts.
This was sawed to one inch lumber at the Forest Products Department
sawmill.

The jack pine (Pinus banksiana) was cut from the Michigan State
University Experimental Forest. This was also sawed into ome inch

lumber at the Forest Products Department sawmill.

Flake and Board Preparation:
A1l three species of wood were converted to flakes measuring

1 inch by 0.75 inch by 0,015 inch. Flaking was done on a converted
lathe equipped with two knives attached to a steel plate. The flake
aize was reduced by passing the flakes through a hammermill. A 3/4

inch screen was used on the hammermill for the jack pine and northeran



cedar. No acreen was used in hammermilling the redwood as it is
more brittle and was broken up too much with the screen attached.

After reducing the flakes to the proper size, they were air
dried to approximately 10 percent moisture content. These flakes
were then placed in an equilibrium chamber for twenty-four hours to
attain a uniform moisture content of 6 percent. The conditions were
140 degrees Fahrenheit dry bulb and 110 degrees Fahrenheit wet bulb.

The conditioned flakes were then weighed to the correct percen-
tages for each individual board and stored in sealed plastic bags.

All boards contained 275 grams of conditioned flakes and 8 per-
cent adhesive based on the oven dry weight of the flakes.

Two different adhesives were used for the boards; phenol-formal-
dehyde and urea-formaldehyde. Only the phenol-formaldehyde, due to
its moisture resistance, would be suitable for use where decay was
important. The urea-formaldehyde was used in a few boards to see
how this adhesive might affect results. The adhesive application
was accomplished in a rotating drum type mixer. This method not
only assured an even application of adhesive, but also blended the
mixture of two species. The adhesive was sprayed into the mixer us-
ing air pressure and total spraying time was two to three minutes.

In the pressing operation, most variables were held constant
and some were varied for a small number of boards. All boards were
pressed to a size of 8 inch by 8 inch using 3/8 inch stops on the
cauls. The press used was a single opening hydraulic press which
has a 200 ton capacity. The press temperature of 325 degrees Fah-
renheit and pressure of 500 p.s.i. were maintained for all boards.

12



Press time was changed on two boards to see if increased heating
might affect durability due to its action on extractives.

Tables 1 and 2 show the twenty-three types of boards produced
for use in this study; certain of these boards were used in more
than one test.

After pressing, the boards were marked and stored in plastic

bags before cutting for the exposure tests.

Exposure Procedure:
In preparing the specimens for exposure to the soil block test,

several methods for determining the oven dry weight were considered.
Actual oven drying was not used due to the question of the effect of
heat on the extractives responsible for the woods' durability. Con-
ditioning the blocks to an equilibrium weight is a time consuming
procedure and was not used for this reason. The method used was to
cut twice the number of specimens required and use half of these to
determine the average moisture content of the board. From the mois-
ture content and the weight of the test specimens, the oven dry weight

was computed using the following formula:

Wl.gr

Moa ™ M.C.+l

WIoq = Oven dry weight, grams

Wgr = Original weight, grams

M.C. = Moisture content at
original weight,
percent

The exposure chambers were the standard soil block bottles and

were prepared as outlined in the A.S.T.M. Standard 1413-61T, with one

13






exception. This exception was that the feeder strips were inadver-
tantly cut with the transverse surface on the wide face. It is not
felt that this caused any great variation in the results.

The soil used in the bottles was a sandy loam with a water hold-
ing capacity of 37.3 percent as determined by A.S.T.M. standards.
The pH of the s0il was between 6.5 and 6.6 determined with a Beckman
pH meter.

The bottles were inoculated with fungus cultures obtained from
the U. S. Forest Products Laboratory at Madison, Wisconsin. Lenzites
trabea (Madison 617) was the primary fungus used. This fungus is pri-
marily a softwood rotter and is commonly found on wood in service.

Two additional series of decay chambers were prepared using Polyporus
versicolor (Madison 697). This is considered a hardwood decay agent
and was included for comparison.

The sterilized specimens were placed in the decay chambers and
these placed in a conditioning room at 80 degrees Fahrenheit and 67 percent
relative humidity. The relative humidity dropped to approximately 50
percent for a two week period due to a burned out motor, but the tempera-
ture was maintained at 802 1 degrees Fahrenheit throughout the entire

test.
The exposure period was twelve weeks and at the end of this time,

the specimens were removed, oven dried and weighed to the nearest 0.01

gram. The degree of delamination was determined and is shown in the

results.



Results and Discussion:

The results of the particle board decay tests are given in
Table 1 and Table 2, Table 1 gives the results for all boards pro-
duced using redwood and Table 2 gives results for all boards contain-
ing northern white cedar.

The decay-composition relationship of boards 1 through 10 for
the redwood is plotted in figure 2, and of boards 1 and 18 through 26,
representing the northern white cedar, is plotted in figure 4., On
both of these graphs, the weight loss is plotted versus percemtage of
durable wood present in the board.

Using a mixture of two species of wood in a single board, one of
three results should be expected; these three are discussed separately.

In case one, each wood would decay at its normal rate as though
the other wood were not present. In this case the plot of weight
loss versus percentage of durable wood should be a straight line re-
lationship represented by line A" on both figures 2 and 4.

In case two, the durable wood could afford some protection to
the non-durable wood. In this case the above mentioned curve should
concave upvard. This would be due to the following: the durable wood
would decay at its own rate, but the non-durable wood would decay at a
lower rate and move the curve down at all intermediate points.

In case three, no protective action is imparted, but rather, the
presence of the non-durable wood provides avenues of travel for the
fungus, through the board. In this case, the fungus should travel
through the avenues provided by the non-durable wood and branch out
into the durable wood. These mycelium branches could utilize the
durable wood as food substance until the toxic extractives stopped

15






their growth., In case three the percentage of decay of duréble
wood should decrease as the thickness of durable wood that the myce-
lium must pass through increases. For the 100 percent redwood board
the decay would be limited to the outer shell of the particle board.
In the boards manufactured partially of redwood, this surface of
vulnerability is greatly increased.

The shape of the curve in this case should be concave downward.
The reasoning for this is analagous to that for the opposite case.
The non-dursble wood should decay at its own rate, but the durable
wood would decay faster and raise the intermediate points.

The shape of the curve for both species would seem to conform
to case three. The curve for northern white cedar starts at a lower
point; however, the upper portion of the curve is level, rather than
the lower portion. This fact would still indicate that for the par-
ticular boards tested, case three would seem to be true.

The columns giving delamination data indicate the degree of de-
lamination after testing and subsequent drying. The rating system,
as stated on page 17, Table 1, was taken from Forest Products Labora-
tory Bulletin No. 2196. In this report they stated, "Severe delamina-
tion was not necessarily associated with high weight loss nor was the
lack of delamination closely correlated with a low weight loss.” In
the present study, this was not found to be necessarily true. With
the exception of the 100 percent redwood board produced with urea
formaldehyde, the degree of delamination would seem to be correlated

with weight loss. Figure 5 illustrates this factor for representative

samples,
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Figure 1.

Appearance of decayed redwood particle board;

1) 100% pine, 2) 25% redwood, 3) 75% redwood, and
4) 100% redwood. Boards at left illustrate surface
in contact with feeder strips, upper face shown at
right,
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Figure 2, Weight loss versus redwood content im particle Soard.
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Figure 3. Appearance of decayed northern white cedar particle board;
1) 100% pine, 2) 25% cedar, 3) 75% cedar, and 4) 100%
cedar., Boards at left illustrate surface in contact with
feeder strips, upper face shown at right.
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Figure 4. Weight loss versus northern white cedar content
in particle board.
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Specimen groups 13, 14, and 17 were added to this study to see
what effect increased heating might have on durability. Specimen
groups 6, 13, and 17 were all produced with 25 percent redwood and 75
percent pine. The amount of heat applied to these three groups is
quite different as shown in table 1, but the weight loss data arenot
appreclably different. Specimen groups 10 and 14 also have the same
makeup, but different ahounts of heat application. Here again, the
welght loss is not changed by additional heat.

Specimen groups 11 and 12 were produced with urea-formaldehyde,
which is not water resistant. In the 25% redwood group, the decay
loss increased and the boards were badly delaminated. The 100 percent
redwood board was not delaminated when removed from the exposure cham-
bers, but upon drying, delamination occurred. The weight loss of this
board was not increased due to the use of urea-formaldehyde adhesive.

Solid blocks of both redwood and northern white cedar were tested
for durability under exactly the same conditions as the particle board
specimens. The weight loss for the solid redwood blocks was 11.6 per-
cent, whereas the weight loss for the solid northern white cedar
blocks was 0.9 percent.

In comparing the decay losses of solid blocks with the 100 percent
durable wood particle boards, we find the results are not well corre-
lated. Redwood particle board lost 4.1 percent of its weight, but the
solid redwood lost 11.6 percent. The most obvious factor causing this
reduction would seem to be the presence of the phenol-formaldehyde ad-
hesive which is toxic. However the 100 percent redwood board manufac-

tured with urea-formaldehyde adhesive lost no more weight than the 100
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percent redwood board manufactured with the phenol-formaldehyde.

Another factor which could account for the increased durability
woul@ be the increased density of the particle board over the solid
wood. The density increased from 0.40 gram em.™2 to 0.76 gram cm™3
(oven dry basis) for redwood and this could explain the variation, |
Density is a questionable criterion of durability; however, Southam
and Ehrlich (24) concluded that, "For a single species of wood there
may be a tendency toward greater initial decay resistance in wood of
high specific gravity, but this tendency is nullified and may even
be reversed as decay progresses, and so is of little practical value."
The first half of this statement could explain the results obtained
in this study.

The decrease in durability of the northern white cedar particle
board compared to the solid block could not be explained in this way.
It 1s possible that some toxic component of the extractives reacted
with the phenol-formaldehyde and was lost in this way. There is no
comparable board produced with urea-formaldehyde and therefore it is

difficult to draw conclusions in this case.
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VENEER TEST

Procedure:

This test was designed to determine if a durable wood could
protect a thin layer of non-durable wood in close contact with it.

Thin veneers of southern yellow pine sapwood were cut at vary-
ing thickness measurements. The thickness began at approximately
0.005 inch and was increased by 0.010 inch intervals to a maximum
of 0.055 inch. These veneers were trimmed to 0.75 inch by 1 inch.
The oven dry weight of the veneers was determined by the same me-
thod used for the particle board specimens. The weight was deter-
mined to the nearest 0.0001 gram as the veneers were of very low
weight,

These veneers were fastened to the top of a small block of
redwood of the same dimension as the veneer, The veneers had to
be firmly attached so they would remain in close contact. This was
accomplished by having the veneers at a high moisture content be-
fore fastening them down on the redwood block. In this way they
would not swell in the moist decay chambers and buckle away from
the redwood block. The veneers were held down with two nichrome
wires placed and tightened around the entire assembly. It was felt
that the nichrome wire was so inert that it could have no effect on
the fungus growth. Figure 6 shows the completed test assembly and
the materials going into 1it.

Five assemblies of each veneer thickness were exposed in stan-

dard soil block bottles, to the fungus Lenzites trabea. The
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specimens were exposed with the non-durable veneer resting directly
on the feeder strips in the soil block bottles., The same soil and
conditions were used for these exposure chambers as in the particle
board tests.

A control group of five veneers with no redwood contact were
also tested. These veneers were placed directly on the feeder
strips and held down with squares of heavy window glass.

The specimens were removed from the chambers at the end of
four weeks. The pine veneers were carefully removed and oven dried.
Some of the thinner veneers had to be oven dried in individual con-
tainers so that no particles would be lost. The specimens were then
weighed to the same accuracy as prior to test. Weighing was done
using closed weighing bottles so that no moisture could be picked

up and affect results.
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Figure 6. Method of assembly and complete "Veneer Test" Assembly.

28



Results and Discussion:

From the results of the veneer test, it 1s obvious that the
redwood imparted a protective action to the thin pine veneers.

This fact is not entirely in agreement with results obtained from
the particle board test. A possible reason for these differences
could be the difference in moisture conditions of the test speci-
mens, The thin pine veneers and redwood blocks were kept at a very
high moisture content prior to exposure. This was to keep the veneer
from buckiing away from the redwood blocks in the moist decay cham-~
bers. The completed assemblies, at this very wet condition, were
then sterilized for 20 minutes prior to exposure. This period of
heating should produce considerable movement of steam and carry some
of the hot water soluble extractives from the redwood through the
pine veneer.

At no time during manufacture and testing were the mixtures of
species in the particle board subjected to heat while at a moisture
content over approximately 6 percent.

Anderson (25) has found that when redwood lumber dries, water
solubles are carried to the outer surface of the lumber. He states
that, "As the moisture evaporates from the surface, it leaves a heavy
deposition of water solubles at and near the surface." The above
statement and the fact that the completed assemblies were above the
fiber saturation point could explain the increased'durability of the

pine veneers attached to the redwood blocks.
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Table 3., Test results for veneer test.

Veneer thickness, inches Wt. loss, ¥ Wt. loss, grams

0.007 15.8 0.0060
0.014 11.2 0,0074
0.026 13.0 0.0191
0.037 4.9 0.0116
0.046 8.0 0.0215
0.053 8.3 0.0260
0.013% 64.1 0.0417

* Control, no redwood block
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Figure 7. Appearance of pine veneers after exposure to Lenzites trabea.
Thickness of veneers was: 1) 0.007 inch, 2) 0.014 inch,
3) 0.026 inch, 4) 0.037 inch, 5) 0,046 inch, and 6) 0,053
inch. Number 7 shows extreme of decay present in veneer
of 0,026 inch thickness.
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MICROSCOPIC EXAMINATION

Microscopic slides were made of various redwood boards used in
this study to show board makeup and location of decay. Color photo-
micrographs were taken of the 25 percent redwood particle board before
and after exposure to decay organisms.

Figure 8 iliustrates the cross section of the 25 percent board
prior to decay tests. This block was prepared for sectioning by im-
bedding the particle board in butyl-ﬁethacrylate; the procedure fol-
lowed is given in a publication by Rohm & Haas Company (26). Section-
ing was done on a sliding microtome and the slide was stained with
safranin-fast green as outlined in Sass (27).

Tﬁe photomicrographs in Figﬁre 9 11lustrate the fungus hyphae
present in a board of the séme redwood percentage after decay tests.
These sections were cut on a freezing microtome using carbon dioxide
under pressure to freeze the block while cutting. These sections were
stained with safranin and picroanaline blue as outlined in Cartwright
and Findlay (22). The decayed sections were cut from a position as
close to the cenﬁer of the test block as possible.

Sections were also cut from the center of the 100 percemt redwood
particle board after exposure in the decay test. No fungus hyphae
were observed in these sections. The fact that hyphae were found in
the center of the 25 percent redwood board would seem to substantiate
the theory that the pine allows entrance of the fungus into the center
of the board. Numerous hyphae were found in sections made from redwood

flakes removed from the center of the 25 percent redwood board. This
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gives evidence that once the fungus gains entrance through the
"avenues of travel® furnished by the pine, it can attack the red-
wood in the center of the block. This means the redwood flakes
adjacent to pine flakes in the center of the 25 percent redwood
board are as susceptible to decay as the redwood flakes on the
exterior of the 100 percent redwood board. Hyphae were found in

the surface flakes of the 100 percemt redwood board.
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a. 72X

b, 72X

Figure 8, Photomicrographs of 25 percent redwood particle board
prior to decay tests.
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a. 276X

b, 276X

c. 552X

Figure 9. Photomicrographs of 25 percent redwood particle board
after decay tests, showing fungus hyphae.
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CONCLUSIONS

From the results of this study, the principle of protecting
a non-durable wood with a durable species does not seem feasible
with the manufacturing methods used.

The results of the veneer test illustrate that the redwood
can protect a non-durable species under suitable conditions. Whe-
ther these conditions could be applied to particle board manufac-
ture cannot be answered in this paper.

The boards manufactured with urea-formaldehyde adhesive demon-
strate that even a durable species particle board is subject to
severe delaminatiom with this adhesive,

The different degrees of heat had no effect on the durability
of the boards produced. From these results it would seem that the
heat used in the normal production of particle board does not impair
the decay resisting effectiveness of the extractives in redwood.

Increasing the density of the redwood in particle board as com-
pared to solid wood increased its durability considerably. Whether
this increase is only in the initial stages of decay cannot be told

from the data.
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RECOMMENDAT IONS FOR FURTHER STUDY

This study was undertaken to determine whether a durable
species could protect a non-durable species from decay. With
the methods used in the production of the particle board tested,
it would seem that no protective action was imparted.

A primary factor deserving more attention is the movement
of extractives through the board. If the board were soaked in
water, some of the extractives might leach into the non-durable
species and protect it in this way. Another possibility is that
if the boards were pressed at a high moisture content, the in-
creased steam during pressing might carry extractives through the

entire board.
Density might also be a factor affecting the durability of a

board produced in this way. If the flakes were brought into closer
contact, the durable wood might prove more effective.
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