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INTRODUCTIOR

The fact that all types of wood particle boards and
natural wood are subjeet to a certaln amount of dimension-
al change due t0 a change in moisture gontent 1s well
established., To compensate for thie shorteonming, numerous
' experiments have been or are being conducted in order to
find a way to inorease the dimensional stabllity of wood
particle bvoards, Generally, an inerease in resin content,
an elevation of curing pressures, and the addition of
water repellents are the three most common methods of re-
dueing the dimensional change of toards, Cf course, threse
practices inorease the ¢cogt of production, In addition to
these three common methods, an increase 1in dimensional
atabllity of wood particle board can possibly be attalned
by ueing different types of resins in face layers and the
gore. This latter 1s the approach that this thesis aims
to establish,

For the face layers of a sandwich-type board, a
waterproof resin (Phenocl-formaldehyde) was uged., For the
core, a less expensive, water resistant (Urea-formaldehyde)
regin vwaas used, Since the cost of resin binder is a major
item in producing wood particle board, usually 35 to 60
rercent of the total manufacturling cost, any reduction in

resin cost would constitute a considerable saving to the
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manufacturer,l

Thus, the purpose of this astudy was to try to in-
crease the dimensional stabllity of a Urea-formaldehyde
board by using a waterproof resin in the twe face laysrs
of the board., Presumably this would give the resultant
produgt a much higher dimensional stability, but with a
comparatively small increase in cost due to the low cost
of Urea-formaldehyde resin (about half the price of Phenol-
formaldehyde resin at the present time) used in the core
layer. The reason thie stabllity was expected was due to
the fact that the faces of a board play the most lmportant
role in making the board water resistant, Therefore, a
more water resistant face, not only should inerease the
dimensional stability of itself, but should also retard
the gontact of water with the core layer,

To illustrate thils prineciple, let us assume a plece
of sponge enclosed in a tightly covered glass bottle; no
matter how strongly the sponge might tend to atsord mois-
ture, it would not get a chance to be in contact with the
outside nmolsture, This 1s beosuse of the proteeting and
isolating function of the bottle.

0f course, this analogy of a sponge and a bottle

cannot be rigldly applied to & wood particle board since

1E, s, Johnson (ed.), Wood Particle Eoard Handbook
iﬁgg?h Carg%ina: The Indusiriai Experimental Frogram,
’ vgpo % .
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the waterprcof resin faces do not make the board completely
water proof (except with excessive amounts of resin). In
addition, the edges of the board are usually unprotected
because sawing will expose the core to the atmosphere and

noisture,



PREFPARATION OF SAMFPLE EOARDS

Three batchesz of sample boards were made under ap-
proximately the same conditions. These conditions were
resin content, moisture gontent of mat pricr to hot press-
ing, and pressure. There were differcnces in temperature
and pressing cycles depending on the necessary curing tem.
perature rsquired by the different types of resins and the
adJustment of pressing cyeles which were necessary in order
to produge boards of the same density under different cur-
ing temperatures,

These three different batohes of boards were as
follows: (1) boards using 6% Urea-formaldehyde resin as a
birder throughout; (2) boards using 6 Phenol-formaldehyde
resin as a binder throughout; and (3) boards using 6%
Prenol-formaldehyde resin as a binder in the face layers
and 6% Urea-formaldehyde resin in the core., The total
thickness of the two faces of the sandwich type board was
equal to the thickness of core, Teén boards were made of
each type 80 that they could be statisticslly compared,

The first letter of each type of board is capital-
ized throughout this paper to represent those made for this
study, For example, the term "Urea resin bonded board"
meang the urea resin bonded board spseciflc to this study.

Otherwise, the term "ures resin bonded board" used in the

-l
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paper is Just a tommon name or term for this general type
of board. This distinetion is also valid for the Phenol-

ures reasin and Phenolie resin bonded boards.
Yood Raw Yaterlals

Splinter type particles were obtalned from The Ana-
gonda Co., Lumber Dept., at Bonner, Montana, They were a
mixture of Douglas fir, western larch, and ponderosa pine,
(the "fines" residue from thelr ohip screening opsraticn),
with a small percent of bark. The particle size was coarse,
ranging from 4 to 8 mesh, These particles were dried to
5.6 percent moisture content before they were sprayed with

the resins.
Type of Resins

Phenol-formaldehyde and Ureas-formaldehyde resins are
the two resins most commonly used as binders for wood com-
position boards. These are usually supplied to the indus-
try in liquid form, however, powdered resins are svallable
and they sare sometimes used instead, The amount of resin
required is dependent upon the iype of board, the manufap-
turing process, and the intended use of the board,

The resins used in this study were AMRES 612CA
Fhenol~formaldehyde and AMRES 7500 Urea-formaldehyde., ZIoth
of them were in a liquid form but contalined differing sol-
ids content (44.8% solids for AMRES 61204 and 66,8% solids
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for AMRES 7500}, The curing temperatures were appllied in
agscordance 1o the suggestions of the manufacturer, the

American-Marietta Company,2
Other Factors

Percentage of resin. The recommended resin content
for particle board advised by the Adhesive, Resin & Chem~
ical Division of American-Marietta Company 1s 3% to 6% for
both urea and phenolie resins. In order to get better come
parative results between different types of boards, the
highest percent, 6%, was used for all boards in this study.

Molsture gontent of mat prior to press. The boards
for this research were made by the dry process, whieh
means that the molature gcontent of the mat prior to press
was less than 15 per cent,” The actual moisture content
of the mats in thls study was 12%, which again followed the
sugzeation of American-Marietta Company.¥

Preggures aprlied. All boards in this project were
econsolidated under the same initial squeere of 500 psi and
& subsequent holding preasure of 200 psi. Though the total

2genera ;nrgﬁga%;on on Particle Eoard Manufasturing
$§g§;g§‘ bibllogrs Washington: American-Marietta Com-
pany

;95’?1 »

3woo0d 2&%g§§%§l££.§2§£§ﬁ (Oregon: Pacific Power &

Particle Eoard Manufagturi
Washington: American-Marietta Com-
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time under pressure was the same, the different types
varied in the time period for each of the two stages--the
squeeze and holding stages. When higher temperatures are

aprlied to boards during hot pressing, higher densities
are produced, Therefore, in this study, an adjustment in

pressing cycle was nesessary to produce boards of three
different groupe having the same density,

Processes and Board Making FProcedures

All voards were pressed in a single-opening hydrau-
lic hot press, The boardes were all 1/4" by 8" by 10" in
dimension and about 0,85 in specific gravity. FProcedures
of board making were necessarily varied somewhat among the
three groups.

Urea resin bonded particle boards. 3Splinter type
particles were soreened to 4 to 8 mesh and dried to 5.6%
moisture content, Then, in a drum type nixer with a speed
of approximately 20 rotations per minute, the partiocles
'ﬁere‘é%én1§méaa€§§'uitﬁwliquid Urea-formaldehyde ééain by
spraying. A quantity of liquid resin, welighing 6% resin
solide by oven dry wood particle weight, was mixed with
6.4% of additional water to make a mat having 124 molsture
content by oven dry wood particle welght,

The mat was Tormed by hand, Before hot pressing a
pre-press with a forming frame was applied. Thils practice
was applied to partislly form the board and to reduce 1its

thickness before ocuring. The pressure used for pre-pressing
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was 200 psl and 1t was maintained for 30 seconds without
heat., The process following the pre-pressing was hot press.
ing, All the boards of this category were consolidated un-
der a 2eminute initial squeeze at 500 psl followed by a
holding period of 8 minutes at 200 psi. The platen temper-
ature was 285°F,

Phenolle resin bonded particle boards. Most parts
of the procedure in this category were as same as that of
the Urea resin bonded particle boards except thet the tem-
perature and pressing eycle were changed., The new platen
temperature was 320°F and the new pressing cycle was: (1)
30-second initizl squeeze at 500 psi: (2) 20-second breath-
ing perilod, free from pressure ; and (3) 9-minute 30-second
holding pressure at 200 psi, Sinee a higher temperature
was applied to the mat, the breathing period for moisture
escape was found neoessary to avoid blistering. Also, the
shorter initial squeezing time was necessary to avoid pro-
duoing a higher density board than desired,

Bandwich type particle boards. Usually so-called
sandwich type partiele boards are boards made from differ-
ent sizes or species of particles in different layers, But

here, different from the others, the sandwich type particle
boards were made of the same slze and specles in the face

layers as in the core. The reason that these are here
called sandwich type boards 1s that different resins have

been used in the face layers and in the core,

In making boards of this type, urea resin coated
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particles and phenoliec resin e¢oated particles were prepared
separately, The mixing of the resine and the mechanics of
apraying vere the same ag in the other two batches,

Before mat forming, equal welghts of ures resin
ccated partleles and phenolle resin coated particles, on a
pure wood partiele welght btasls, were welghed, DBeecause of
the lower solids percent in the phenclie resin in its 1ig-
uid form, the aetual welght of phenolie resin costed par-
ticles was a little higher thaen that of the urea resin
costed partlcles., Vhen forming the mat, half the quantity
of phenoliec reslin coated partleles was placed on the caul
to make a bottom layer, Next, all the ures resin coated
particles were placed con top of the bottom layer, Then on
top of the core layer, the remalning half part of phenolie
resin costed particles was placed, After the nat forming
was comnpleted, a pre-pressing at 200 psl was used before
hot pressing., Tor this sandwich type board the platen tenm-
perature was 320°F and the pressing eyele was: (1} 40
second initisl squeeze at 500 psi; (2) 20-sepond btreathing
period free from pressure; and (3) 9-minute 20-second hold-
ing pressure at 200 psi.

The reason for using a longer initlal squeeze for

his type of board tian for the Phenolic resin bonded board
was that the lower molsture content in the urea resin
coated particles of the core layer made the total molsture

content of the mat of this type lower than that of the
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phenol type. It was found from an exploratory experinment
that the density of Phenolice reain bonded board was higher
than the sandwieh board when the same time of initlal
squeeze was aprlied. This result was interpreted to mean
that the higher moisture ¢ontent of the mat of Phenoclie
resin bonded board increased 1lts compressibllity during the
hot pressing,

The total thilckness of the two face layers of thils
type of board was equal to the thickness of core, The
total thicknessz of the board - face larver + core + face
layer = 1/16"+2/16"+1/16" = 1/4",

The temperature applied to boards of this category
ahould he elaborated, The same 320°F terperature as vas
used in making Phenollie resin bonded particle board was
uged rather than that vhich was used in the Urea resin
bonded particle bomrd, Thie was dlctated because of the

higher curing temperature nceded for phenclic resin,



FREPARATICN FOR TESTING AND TESTING PRCCEDURES

A1l of the boards were tested for the values of mols-
ture content, specific gravity, bending strength (repre-
sented by modulus of rupture), water absorption and thick-
ness swelling., Defore the actual testing, all boards were
conditioned to conatant welght and molsture content, then

cut to test-specimen slze.
Conditioning of Boards Frior to Tests

According to ASTH Designation: D 1037 - 56 T all
boards were conditioned to constant welght and molature con-
tent in a ¢conditioning chamber maintained at a relative
numidity of 651 percent and a temperature of 6826°F.5

Kethod of Cutting Speclinens

The eutting method for testing specimens from each
1/4" by 8" by 10" board is shown in Figure 1. As shown,
two specimens were cut from each of the sample boards for
the modulus of rupture (¥,C,.R.) test. Specimens for the
M.0.R. test were 1/4" by 2% by 8",

One of these two was prepared for testing of M,0.R,

under normal sondition, and from this specimen two coupons

‘entative Methods of EVALﬂATlEG T E PRCE-
mes of TUILDIG FLBERK L?‘E hiladelphia: Amerlcan
Soclety for Testing a ,1§956), p. 123,

iater
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FIGURE 1. CUTTING PLAN FOR TEST SPECIMENS AND COUPONS
-
j" Sample Board
N Specimen Specimen
No. 1 NO. 2
(2" vy 8") (2" vy 8")
} Coupon 74
(2" by 2")
7
%
"//
/ 7
Coupon 4
(2" by 2") 7
4 Z
e
1w
-3
p gn

- - !-
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of 2" by 2" dimension were cut following the ¥.C.R. test,
for further study of speoific gravity and moisture content
of board at test.

The cther specimen was mrepared for the tests of
water absorptlion, thickness swelllng and the reduction of
¥,0.R. after soaking, No coupons werec cut from this speci-

men.,

Testing Procedures for Statle Bending

{M.0.R, test)

Conditioned specimens. The K.C.R. tests were per-

formed in secordange with the A3TY Designation: D 1037 -
56 T, Each test specimen was 2" in width and 8" in length,6
The span for eagh test was 24 times the nominal thlakness,
in other words, 1/4" x 24 = 6", for our boards,7

The supports were rounded to a radius of 1 1/2 times
the thiekness (1/4"x1.5) of the material being tested,
which 4e equal to 0.375".8 The load was applied continu-
ously throughout the test at a uniform rate of motlion of
the movable eross head of the testing machine of 0.1" per

minute., The measurements of thickness were read to the

ERTIES QOF EU LG Fl , lelp
Seaie%y or Testing Mater al, 1956), p. 125,
T1pid., p. 125,
8rvad., p. 125,
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nearest 0.001", and loads to the nearest one pound.

The formula uged for caloculating the ¥,0,R, was:

R = __3FL
2bae

where:

modulus of rupture, psi.

L]

maxinunm lﬁad, 1%331
length of span, in,
= width of specimen, in,

H

T« < S B T - ;
4]

= thickness (depth) of specimen, in,

Soaked gpeclmens. The edges of speglmens will ab-
sort more water than the faces, and this will vary the per-
centage of water absorption appreciably according to size,
For example, a smaller size specimen hss a higher percentage
of edge surface, sc more water per unit volume will be abe
gorbed and more swelling will result. All boards prepared
for testing under soaked condition were edge sealed with a
paraffin which had a melting range of 140° to 143,6°F (60°
to 62°C). The reason for using a paraffin with this melt
ing range was that it would not be melted at the soaking
temperature. The sealing of edges in this test was done to
incerease the comparison values of properties of boards
after soaking.

Ag a matier of faet, thls praectice did not make the
edges of specimenag fully waterproof, since openings oocured

after swelling, However, as an exploratory experiment
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showas (Table 1), thia practice did show effective results,

In ascordance with ASTM Designation: D 1037-56T,
the specimens to be tested in the soaked condition should
be submerged in water at 6822°F for 24 hre, before the
test.? 1In order to amplify results, the temperature used
in this study was higher than standard, After the edges of
the specimens were sealed with paraffin, they were sub-
merged in water at 113°F for 24 hr, Since date was to be
comparative, 1t was deemed that this departure from stan-
dards would not reduce the effeotiveness of this study.
Upon removal from the water, specimens were set on edge
and allowed to draln for 10 minutes before meaguring their
thickness, width, length and weight,

The nmethods of applying the load, such as head speed
and length of span, were the same as those mentioned in the
aeation, gcndit;oned speeimens, According to the standards
the head speed and length of span should have been adjusted
ascording to the inecreassed thickness, However, here the
M,C.R. of soaked specimens was so much lower than that of
condltioned specimens that the slightly higher value for
¥,0.R, (than standard), gained due to the using of same
length of apan (6"), and the same speed of head applied
(0.1" per minute), was far below the point which could

9 entative Methods of for EVALUATING THE EROP-
BUILD E%@‘aomgg mlade lphias American
SOG X3 y or es aterial, 1956), p. 137,



TAELE I

COMPARISON OF WATER ABSORPTION AND THICENESS SWELLING
BETWEER PARAFFIN EDGE-COATED AND UNCOATED BOARDS

(in per eent)
Edge ) | Type of Board
g treatment -
Ures Pheanol-res Fhenol
Coated 112.0 »96.}6 65.0

Uncoated 161.0 100.0 73.2




«»l’?u

possibly influenee the accuraecy of the compared resultis,

Other Testing Proecedures and Formulas Used

Speeific gravity. As discussed before, two 2" by 2%
coupong were sut from each broken apsecimen after M,.C.R,
teat., These were welghed and thelr thlckness, width and
length were measured. They were then oven-dried at 10312e°¢
for 24 nr,10

After taking them out from the electric-heated oven,
the dry weights were recorded sgain., The dimensions were
not measured after drylng sinee the specific gravity values
were oalculated on the basis of oven-dry welght and volume
at test,ll

The formula used in oalculating specifie gravity

wast
, Rw2
Sp.gx‘ ST et p—
Lbt
where:

Sp.gr = sgpecific gravity
K = 0.061, when metric units of welght and English
unlts of measurement are used,

w2 = final weight when oven dry, grama,

107entative Method Teet for EVALUATIEG THE EROP-
mg%zs cgm FIPE Aﬁ% Ph uaae""i""‘L"lpn a: American
Society for Testing Material, 1956), p. 141,

11@&‘ E ] po 1410
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L = length of eoupon, in,

b = width of coupcn, in,

t = thieckness of c¢oupon, in,

Molsture gontent. The molsture content at time of
test was caloulated from the initial and oven-dry weights
of each coupon., These welghts were collected from the
same goupons which were used for specifilo gravity testing.

The formula used in ealculating molisture content

wag:

Malﬁﬁ(,w}‘";w& )
w2

where:
¥ = nmoisture content, in percent.
¥l = woelght at time of test, grams,
w2 = final welght when oven-dry, grams,

Yater absorption, From the eonditioned and soaked
welights that were recorded from the same specimens used
for ¥,0.R, test in soaked e¢ondition, the water absorptions
were caloulated,

The formula used for water absorption was:

W.A, = 100 (_Egﬁ-»__%il,_,)

where:
W.A, = water absorption, in percent.

%Wl = conditicned welight, granms.



W2 = weight after scakling, granms,

Ihickness swelling. From the conditioned and the
soaked thicknesses which also were recordsd from the same
specimens uged for M,U.R, teste in smoaked condition, the
thickness swelling was caloulsted,

The formula used for thicknesas swelllng was:

, T2 -« T1
T.8. = 100 ( T )
where;
7.8, = thickness swelling, in percent,
Tl = eonditioned thlekness, in.
T2 = thickneas after soaking, in.



CALCULATICHN AND ANALYSIS CF VARIAKCE
The Form of the Tables Deslgned t0 Represent the Data

In order to eontein all the data on a single sheet,
the tables for recording of data and caleulating of results
were srecially designed, They were arranged according to
the order of teasting and cslculating procedures, In these
tables, the data from this study are included in thelr
entirety. Thege tables are included in the Appendix 80 as

to be avsilable for interested readers,

Celeulated RHesults of Boards at Time of Tests

Speeific gravity. As shown in Table II, the average
speoific gravity was 0,85 for Urea resin bonded boards,

0.84 for Fhenol~-ures resin bonded boards and ¢,86 for
Fhenoliec reein bonded bvoards. As all boards were made une
der control with the desire io produge an equal density in
the three batches; the differences in density whieh
ccourred here vere gaused by chance or unavoidable experi-
mental error, However, the differences were not statlstie
cally significant and they will not influence the results
of eompariscn in dimensional stability.

Moisture content at time of testg. The equillbrlum
moisture content (E.M.C.) will be affested by many fectors,
among them, the type and amount of resin, curing

w20~



TABLE II
AVERAGE SPECIFIC GRAVITY OF BOARDS MADE FOR THIS STUDY

Sample Type of Board
Board Ko,
Urea Fhenol~urea Fhenol
1 0.87 0.82 0.85
2 0.85 0.83 0.89
3 0.86 0.84 0.84
4 0.85 0.83 0.87
5 0.88 0.86 0.85
6 0.84 0.84 0.86
7 0.87 0.84 0.84
8 0.86 0.84 0.85
9 0.82 0.83 0.84
10 0.82 0.84 0.87
o 8.52 re s rry
Mean =X 0.85 0.84 0.86
Standard 0.021 0.010 0.016

_ Deviation
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tenmpersture, pressure, oand pressing cycle sre considered
most important., According to a laboratory survey the aver-
age E.}.C,'s found in thils country are 12-13% in natural
wood, 5-87 in Hardbosard and 8-9% in Farticle Toard, +2

The reason for the lower L,.Y.C, repregsented by wood
particle toard when compared to rnatural wood is probably
thet (1) the average higher density decrsased the aspace
which otherwige would abgorbh the Iree water (this may only
te true when comparing it with natural wcod}, (2) the
cured resin binders partlally gealed the openings of tra-
chelds and filled voids between individual particles.
Actually there are rany factors involved which will influ.
ence the I .H.C. values of a wood particle beard, and there
is no way at the present time to¢ esiinste or predloet the
exact E.1.C, value, Thls ocan be accurately determined
only by testing methods,

Generally, for boards condlitioned in the same con-
ditioning chamber for a definite length of time, less than
equilibriun time, 4t will be found that a urea regin bonded
board will contaln a higher molsture content than a phe-
nolie resin bonded board., Thls 1s due to the lower curing
temperature used for urea resin, which leaves more molsture

in a board Jjust coming out of the press. In ascordance

12g 5, Johnsen (ed.), ¥ood Particle Board Kandbook
(North Carolinas The Induatéiai‘ﬁkperimenta rogram,

1956)’ P- 2230



with thia, the sverage molisture content of Ures resin
bonded boards {Table III) was 7.0%, hizher than the other
two types., However, it is not quite understood why the
average moisture coutent of Fhenvl-urea resin bonded boards
{6,479} was higher than that of the Phenclic resin honded
boards (5.9%4) esince they were consclldated under the same
curing temperature, and especlally since the 1ndtlal wols-
ture content of the mat of Thenolle resin bonded board was
higher, Ferhaps this wag caused by the early breathing in
making Fhenolic resin bonded board {after 30 sec., inltial
squeeze vs, after 40 seec, for Phsnol-urea resin honded
boards) which ineressed the quantity of molsture (steam)
that esgaped durlng the perlod of breathing, or else the
more gompletely cured resin, due to longer inltlal squeeze,
retarded the eascape of molsture (stean) from the Phenol-
urea resin bonded veard, This c¢onclusion cannot be arbi-
trarlly establlighed without further atudy, since other fac.
tors such as the different types of resins used; ote,, may
be invoived in ¢auslng such a result,

Bendinz strength tests. The bending strength of
particle board 1ls affected by a good many factors, such as
specles of wood usged, type and size of particles, amount
of resin binders, moisture content c¢f mat, density of
board, Anong all these, density and resin amount are con-
sldered t¢ be the most important two, Here in this study,

the bending strengths are represented by M.0.R. values,
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TAELE XXX
AVERAGE MOISTURE CONTENT OF BOARDS MADE FOR THIS STUDY
(in per eent)
Sanple of Board
e e Urea $ mmq;m $ Phenol %
1 7.3 5.6 5.8
2 7.0 6.2 6.1
3 6.8 6.4 5.9
¢ 63 6.4 5.9
5 6.6 6.0 6.2
¢ 6.8 6.7 5.9
7 7.1 6.7 5.8
8 7.1 6.7 6.0
9 b 6.6 5.9
10 7.4 6.7 6.1
Som =T 6.8 6423 59.3
Yaan = ¥ 7.0 6.4 5.9
. 0.6 0.3 0.20
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From the first table in the Aprendlix it ¢an be seen
that the average M.C.R., of Urea resin bonded boards wasg
3,742 psi, whioh was higher than either of the other two
types. The cause of this greater M.0.R, 1s understandable
since a lower curing temperature was usgsed and there was no
breathing period. Since the absence of a breathing period
under a lower curing temperature allows moisture to remain
in the board for a longer time, a better flowing of resin
- binder will result, Then, naturally, a better bonding and
higher strength wlll be produced.

The matter of why the average ¥,.C. R, of Phenol-urea
resin bonded boards was (3,151 psil, see the second table
in the Appendix) lower than Phenolie resin bonded boards
(3,341 psi, see the third table in the Appendix) should be
deduced from the faot that the high ocuring temperature used
in pressing FPhenolic-urea resin boards (320°F) produced
exgessive resin cure in the uresa resin bonded gore layer
(setually only 285°F required). The prédﬁeing of brittle
and flaky resin 1s a general result of excessive curing

tenperature,
Calculated Results of Boards After Scaking

Beginning from this part of the dliscussion the real
objeets of this study are presented, therefore more details
will be given in this part. An analysis of varisnce was

employed to analyze the data to obtain the maximum
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information therefrom,

¥ater abgorption. Reference to Table IV will show
that the average water absorption of Urea resin bonded
boards was 89,74, higher than that Fhenocl-urea resin
bonded boards (82.8%, and that the water absorption of
Phenol-urea resin bonded boards was higher than Phenclic
resin bonded boards (79.6%). These results were coinel-
dent with original assumptlon,

From the data in Table V, analysis shows that the
varianee due to differences in treatments is suffieciently
greater than that due to error tc make a highly signifi.
cant (P = 0.01 or 1%) econtribution to the total variance,
This means that there is less than a 1% chance that differ-
ences between treatments as great cr greater than those
ghown could arise due to chance sampling.

The analysis of variance by F -value can only test
the general significance of differences among groups., A

ry test of significance must be applled in the

form of a t-test, The equation used for this test was:

N S - N——
N  Error M.S, (1/n1+l/n2)

t

where:
Error M,3, = error varlance or error mean equare
X1 and T2 = the means of any two groups,
nl and n2 = the number of items in eaech group being

tested,



TABLE IV

(in per cent)

£ WATER ABSORPTION OF BOARDS AFTER SOAKING

86.9
76.2
83.3
Thoh
83.9
81.7
78.9
9.5
78.1
72.6




TAHRLE V

THE ANALYSIS OF VARIANCE OF THE DATA IN TABLE IV

Source of Sum of Degrees of Variance Semple ¥ F.05 r.0)
Variation Squares Freedon
Total 756.29 29
Between
Saxples 541.88 2 270,94 M.l 3.35 5.49
Within
Semples 24.41 27 7.94
(Brror)

e

#

4-9 8*
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Thus, for our data (see Tables IV and V):
A, Test of significance of difference between Urea

resin and Phencl.-ures reain bonded boards:

8o.7 - 8.8 . &9

" 7.94 (1/10+1/10)

B, Test of significance of difference bvetween

Phencl-ures reain and FPhenolie resin bonded boards:

t = 8208 ".79»6 = 2.5#
1,26

From the t-table, for 27 degrees of freedom (number
of 4.f, used to estimate the standard error term), a t-
value equal to 2,77 at P = 0,01 and 2,47 at P = 0,02 18
found, It can thus be seen that the difference in water
absorption bvetwsen Uresa resin bonded board and Fhenol-urea
resin bonded bvoard is definitely significant (above the
P = 0,01 level), Dut the &ifference between Fhenol-urea
reein and Fhenolie resin bonded hoards is slightly lower
than that above (between P = 0,02 and P = 0.01).

ibicknegs swellipng. As Table VI shows, the average
thickness swellings were 73.3% for Urea resin bonded board,
65,5% for FPhenol.urea resin bonded board, and 61,8% for
Phenolie resin bonded board, From Table VII, the F-value
of 36,11 gained from our variance ratic test was mugh
greater than the F.value found in the F-tsble, which is
F = 5,49 at the léval of P = 0,01 when a variance with 2
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TABLE VI
AVERAGE THICENESS SWELLING OF BOARDS AFTER SOAKING
(in per cent)
= WT! — E————
Board Fo. T poog Fhenol-ures % Phenol

1 74,0 66.1 69.2
2 72.8 64,6 60.5
3 71.8 64.7 66.5
4 75.6 63.2 56.2
5 73.0 66.4 61.3
é 70.9 66.0 5445
7 Th.5 66.4 64.3
8 73.8 65.8 66.4
9 7.0 64,2 60.8
10 72.7 67.2 58.7
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degrees of freedom 1s tested agalnst an error varlance
having 27 degrees of freedom, 8o again, it is proved that
the varianse which 1s due tu differences in treatments 1s
sufficlently greater than that dus to error that 1t makes
a highly significant contribution to the total variance,

To dlecover 1f each treatment 1s siznificantly dif.
ferent from the others, a t-teat the same as that used in
the seotion Yater abgorpilon was used, Thus, for our data
(see Tables VI and VII):

A, Test of significance of difference between Urea

regin and Fhenol-urea resin bonded boards:

?373 - 65*5

t:,’v : v gu&&*?’—Sn?#
V' 9,22 (1/10+1/10) 1.36

B, Test of significance of difference b‘etween

Phencl«urea resin and Phenolie resin bonded boards:

=21 TR .2 X3 - JIP
1.36

From the t-table, for 27 degrees of freedom, a
value equal to 2,47 at P = 0,02 and 2,77 at P = 0,01 was
obtaired, Therefore, the difference between Urea resin
and Phenol-urea resin bonded boards is definitely signifi-
eant (above P = 0,01 level), The difference between
Phenol~ures resin and Phenolic resin bonded boards is above
the F = 0,02 and slightly below P = 0,01 level,

Reduotion of bending strensth after sosking. Table
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VIII shows that the aversge ¥.0.R, after soaking was 12,6%
{perzent of ungosked bendlng strength) for Ures resin
vonded boards, 16,6% for Phenol-urss rosin bonded boards,
and 16,2% for Thenollie resin bondsd toards, Table IX
ashows that the wvariance due to differences in treatments
is sulficiently greater than that due to error to mske a
highly signifleant (¥ = 0,01) contritution to the total
variance, Further tests wers:

&, Test of glgnificance of difference between Urea

regln and Phenol-urea resln bonded dboards:

12;6 "” 16(6 - 4‘.0

b or e

V' 4,81 (1/10+1/10) 0.97

= 4,12

B. Test of significance of difference between

Phenol-urea resin and Phenolic reain donded boards:

16,6 ~ 16,2
0.97

= 0.41

C. Test of significance of difference between Urea
resin ané Phenollie resin bonded boarda:

~ 12,6 « 16,2
: TR 28 e = 3,71
0.97 21

From t-values caloulated above, it is very c¢clear
that the differences in reduction of M.U,R. between Urea
reein bonded board and Phenol-urea resin bonded and between
Urea and Phenolle resin bonded board were definitely signif-

icant, The difference between Fhenol-urea and Fhenolie



TABLE VIII

AVERAGE REDUCTION OF BENDING STRENGTH OF BOARDS
SOAKING, REPRESENTED BY PERCENT CF ITS UNSOAKED
BENDING STRENGTH

{4n per cent)
P e ;rn. = SO
Poard Xo. Ures % Phenol-urea s Phenol %
1 12,7 19 12.6
2 12.3 13.5 15.1
3 13.3 19.7 14.7
4 l12.8 16.3 20.3
5 4.8 15.1 15.4
6 4.1 16.7 20.6
7 12,1 16.8 20.3
8 1.8 19.0 13.7
9 11.4 17.3 14.9
10 10.9 4.1 ek
Sum =2 126.2 166.4 162.0
Hoan = X 126 16.6 26.2
Deviasd Lz 1.99 3.00

Deviation

i

e ————
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resin bended boards was not significant (below P = C,.50
level),



RESULTS AND DISCUSSICH

It is commonly known that in similsr boards soaked
in water under the same conditions (suok as temperature,
tine, ete), a board with a higher original molsture con-
tent hefore soaking will absorb = lesser percentage of
water and consequently have s gmaller percentage of thlok-
ness swelling, Thus, the water absorpticn 2né thickness
gwelling of Urea resin bonded board should have been less
than Fhenol-urea resin bonded board, and also the Fhenole
ures resin bonded board should have been less than the
Phenclie resin bonded hoard, singe thelir original moisture
contents were 7,04, 6.4%, and 5,9% reepectively.

However, the results show that these vere jlust the
opposite of this general rule when compared on the basis
of thelr original molsture contents, Thia means these
results were almosgt entirely ruled by the different treat-
ments (different types of resins and construetion of
beards)., Fortunately, this phenomencn served (o Justify
confiderce in comparing our results without further consid-
eration of small differcnces in original molasture contents.
An lncrease in pressing tenmperature may increase the dimen-
slcnal stability of a beoard, but this was not shown to be
the case iz this gtudy though different temperatures vere
ugsed, 4s R, &, Frashour and 3. I. Hixon Lave concluded in

thelr papoer:

~37=
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An inerease in pressing termperature increased
water resistance in the controel beoards (without
addition of either resin or wax) and in boards
contalning resin and wax, There was nc signifi.-
cant decreszse in water absorption when resin
slone wap added.l3

Thus, the increase in temperature vwhen resin slone
was added, as 1s the cage here, sghould not be expected to
significantly slter the resultis,

Comparison of water absorption. It waos quite evi-
dent from results (Table X), that the water sbsorption of
Uresz resin bonded board wae much greater than ithe other
two types of boarde, The difference tvetween Urea reeln
and Phenol-urea resin bonded boards was 6.9%4 (89,7 - 82,8%)
and between Phenol.ures resin and FPhenclic resin bonded
boards was 3,27 (82,8 - 79.64). 1In other words, the dif-
ference 1n weter sbsorption between Urea resin and Fhencl-
urea resin bonded boards was about twlee ag much as the
difference between the Phenol-urea and the Fhencliie types.
Consequently, thzse figures proved that sandwich type
boards had, not only hlgher water resistarse tran Urea
regin bonded boards, but algo had achieved sueh an improve-
ment In water resistance tiat 1t was ralsed near t¢ the

Frenolic resin bvonded :tcard laevel,

eompardison of thilsoknessz gwelliss. Jomrensurate with

133, @. Frashowr and 3. D, Hixon, iiardpoard fxom

Extracted Juniper Chi (Vol, VI, No. 2. Forest rroducts
Curnbil, 1350), De T6. ’ ’
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higher water reslstance of the Fhencl-urea resin bonded
board, 1te thlokness awelling was relatlively small, Its
ability to resist thiekness swelling was closer to that of
the Fhenolie resin bonded board than to the level of the
Uree resin tended board.

To put this in figures (see Table X}, the difference
in thickness swelllng between Urea resin bonded board and
Phencl-ures resin bonded board was 7.8% (73.3 ~ 65.5%) and
between Flhenol-urea resin and Fhenolie resin bonded board
was 3,7% (65.5 ~ 61.8%). Again the closer value of thieck-
ness swelling between the latter two indicates the success
of this study.

Comparison of ihe redustiop of bendinz strength.
Figures for the reduction of ¥,0.R, in Table X are in per-
cent bending strength of soaked btoards compared to condi-
tioned beard (without soaking). Therefore a higher value
of a percentsage in Table X means 2 lesser reduction of
¥.C.R. after soaking.

The differences of reductions of ¥.CU.R, were 4,0%
{(12.6 -~ 16,6%) between Ures resin and Phenoleurea resin
bonded boards, 3,67 (12.6 - 16.2%) between Urea resin and
Phenolie resin bonded boards, and only 0.4% (16,6 - 16.2%)
between Phencl-urea resin and Phenolie resin bonded bosards.
The fact that there are almost the same values for redustion
of ¥,0,R, of Fhenol-urea resin bonded board and Phenolie
resin bonded board indieated the excellent improvement in
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TABLE X

AVERAGE VALUES OF THE WATER ABSORPTION, THE THICKNESS~
SWELLING AND THE REDUWOTICN OF BENDING STRENGTH

{in per cent)
Type of Board
Item .
rea ¥ Phenol-urea % Phenol %
Thickness Swelling 73.3 65.5 61.8
Reduotion of

Bending Strength 12.6 16.6 16.2
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board dursbility which was effected by the newly designed
sandwioch type ¢onatructlion,

Theoretically, there 1s no reason for Fhenol-urea
resin bonded board to produce a lesser reductlon of K,C.R,
when gompared to the ¥Fhenolie resin bonded board, This is
an unexpecdted result, probably caused by within-sample
variation due to the inavoidable experimental error. With
such a low level of significant difference, (below P = 0,50
level), 1t can only be concluded that this was due to

chance alone,



CONCLUSICHS

It is natural to expeet the Fhenol-urea resin bonded
boards to have higher dimensional stabllity than the Urea
resin bonded boards due to the partlal use of the better
reagin binder, but one cannot be satisfled merely with im-
provement without further consideration, For example, we
gould not negesserily consider it advantageoue 1f the
value of dimensional stability of a Frencol-urea board were
just in between the others or beslow the average value of
the other two., Because of the half and half of the two
types of resing used, 1t would generally be thought that
the resultant value would be midway between the other two
types of boards, This was not the expected result of this
study,

As expected, Filgures 2, 3, and 4 shows that the
values of water abvsorption, thlckness swelling and redue-
tion of ¥,0.E, of Fhenol-urea regin bonded board were much
nearer to Fhenolle resin bornded Loard than to the Urea
resin bonded bvoard, They were above the average values of
those from Ures resln andé Fhenolie resin tonded toards,
The greatest aghlevement of the sandwlieh Ttoard was found
in its abllity to maintain bending strength (¥.C.B.) in
spite of the penetration of moleture, =zs evidernced bty the
fact that the value of the reduction cf ¥,C,R, of Phenolw

urea regin bonded toard was approximately the same as the
%



B/
value of Fhienolic resin bonded Loards,

The final conclusions of this study is that the
practice of using bvetter resin binders in the face layers
of a sandwleh type board does improve 1ts properties to
sueh a level that 1t can be considered advantageous from
the point of the cost of resin binders, That is, the sand-~
wigh type boards can approximate the properties of the
boards made with the more expensive resin at a resin ecost
totalling oonsideratly less since the compt of urea resin
is only about half the g¢ost of phenolic resin at the pres-
ent time,

Ag mentioned in seotion INTRODUCTICK the cost of
resin tinders is a major item 1in preducing wood particle
board, usually 35 to 60 percent of the total manufacturing
eoast, the low cost urea resin used in the core layer of
the sandwich type board certainly would constitute a cone-
giderable saving to the manufascturer if it could be done
without seriously redueing i1ts propertlies, This study

shows that 1t can be done in this case,
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Percentage of Thickness Swelling

FIGURE 3.

100

90

70

60

50

30

10

COMPARISON OF THICKNESS SWELLING

73.3

65.5

61.8

Urea

Phenol=-urea

Type of Board

FPhenol



FIGURE 4. COMPARISON OF THE REDUCTION OF BENDING STRENGTH
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AFPPENDIX
The Form of the Tables Designed to Represent the Data

In order to eontalin all the data on a single sheet,
the tables were specially designed., They were arranged
socording tc the order of testing and caleulating proce-
dures,

Abbreviationz used in the firet table of the Appendix are:

vel, ue2......... .Ul0 = Urea resin bonded sample boards
Ko. 1 through lo, 10

Specimens for tests of conditloned board:

UO1l, UO21..........Ul0)l = specimen No, 1 (1/4" by 2" vy
8") from UOl through Ul0

U111, UO21l....... .Ul011 = coupon No., 1 (1/4" by 2" by 2")
from U011l through U101

vUo112, vo212.,......Ul012 = coupon No. 2 (1/4" vy 2" by 2")
from U011l through U101

i

Speoimens for tests of soaked board:
voi2, vo22.......,Ul02 = specimen ¥o. 2 (1/4" by 2" by 8")
from UOl through Ul0
Other abbreviations:
M, L, = maximum load, lba.
t. = thickneass of ooupon, in.
a, t. = average thickness of eoupon, in.

wl. = welght of c¢onditioned coupon, grams,
-50-
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w2, = welight of oven drled ecoupon, grams,
D. of w., = difference of weichts bvetween wl, and w2,, grams,
3., @G, = specific gravity of coupon,

- molsture content of eoupon, %,

o
E ]
<3
L 3
it

A, T, = average thiekneﬁa of ¢onditioned specimen, in,

A, 3. G, = average speelfic sravity of conditioned specimen,

A, M, C, = average molsture content of conditicned speci-
men, %,

¥. R1. = modulus of rupturc of conditloned speg¢imen, psi.

T1. = thicknesas of conditioned speeimen (before sosking),
in,

a. Tl, = average thickness of T1l., in,

T2. = thlckness of soaked specimen, in,

a, T2. = average thicknesa of T2,, in.

D. of T, = difference of thiskneas between a2, T1, and a,
T2., in,

=
foed
i

welght of conditloned apecimen, grams.
¥2. = wvelght of noaked spesoimen, grams,
D, of ¥V, = difference of welghts between ¥Wl, snd W2.,, grans.

', 3. = thickness swelling of specinmen after soaking, %.

i

D

T

W. A, = water abgorption of specimen after soaking, %.

M, R2, = modulus of rupture of spe¢imen after soaking, psi.

R, M. R, = reduetion of modulus of rupture, (¥, R. of
soaked specimen)/(¥. R, of conditioned specimen), %.

All the thloknesses were measured at four polnts

near the corners and one at the center of each soupon or
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specimen, Therefore, within eash t or T category in this
table flve measurements were recorded, Flgures used for
thi¢kness are thousandths of an lneh., For exanmple, a fig-
ure of 540 in t or 7T category means ,540 inch,

The same arrangement and order was alsc used for
the second and third tables of the Appendix, In additlion
to the abbreviations as mentioned above, PU and P are the
abbreviations of Phencl-urea resin bonded board and FPhe-

nolie¢ resin bonded bvoard.



TOTAL DATA RECORLED AXD CALCULATED FROM THE
UREA~-FORMALDEHYDE RESIN BONDED BOARDS

e At 8 e PP Bl 0t O Aot i 5. o AR LN S i e i 1 A . 0 e 1Ll 1 AL Gl A o b

lten of Board Average

Wil U2 w3 W4 w5 wh w7 ws w9 o

W1ll 021 W3l i ¢ TN w5l wel o w31 w9l ol
M.L. 58 54 56 55 55 55 52 42 51

¥

=

mmmmmmmmwmmsummsnmumo

t. 251 252 247 248 248 253 251 250, 257 264

251 250 247 264b 254 258 250 256 257 264,

U8 251 249 252 245 255 251 257 258 260

249 253 248 249 248 234 253 256 258 261

250 251 248 246 247 254 251 257 258 262
a.t. | 250 251 248 B a6 255 251 256 258 262 253
vi. 15.53 15.01 15.27 15.23 15.45 15.01 15.48 15.26 14.33 14.83  15.14
2. l‘t‘b uoel uc w 14.3‘ 3«-‘0‘7 l‘oﬂ? uo‘é 14. Uy 13, 33 3-3082 14-15
D.of w. 1.07 1.00 0.97 0.89 0.96 C.%4 1.02 1.02 1.00 1.0 .99

ﬁQc‘ 7.‘ 7‘1 6’3 6‘2 6.6 6.7 ?‘0 7Q° ?05 70‘ 7‘0

_gg -
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