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The »nroblem studied here was the effect of certain raw-material
and process variables on the nronerties of a homogeneous wood flake
board. Samnle boards were made in wrich the varisbles were moisture
distribution, initiusl ovressure, and overall board density. The study
emnhasized the effects of these wvariables on the distribution of the
density through the thickness of the finished boards; and in turn,
the effect of the density distribution on the elastic properties of
the board, esvecially the modulus of elasticity.

nlso included was a study of the temverature chances at different
voints in the board curing pressing. This was used to explain the
drying process of the boards in the heated press.

It was found that the three variables had a considerable influence
on the density distribution in the finished bosrd and this in turn had
an influence on the modulus of elasticity of the bosrds. The density
of the surface layers of the bourds was increzsed by adding moisture to
the surface of the mat before pressing, by increasins the initial pres-
sure; and the relative density of the face layers was increased by

decreasing the oversll board density.
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ILTROLUCT ION

The manufacture of wood particle bozrd is esscntially a
laninating orocess in which a betch of small wood varticles in the
form of flakes, chins, or solinters is mixed with a bincder and com-
vressed into & thin sheet in a hezted oress. rlake bourds, one type
of particle board, is comnosed of siall, thin, recti:nrular flakes of
wood (&).

There are two tynes of variables involved in the manufecture of
wood fl-ke board which affect the »nronertics of tie finished board:

1. the ruw-meterial variables and 2. the variables of the nress
cycle. The raw-material variauvles are flake snecies, flake geometry,
flzke moisture cortent, and glue content (9).

The variation in pronerties would obviously affect the density,
compressibility, etc. of flakes oroduced from the various snecies. BRy
flake geometry is meant the size and shape of the individusal flaokes.
Zlost flakes are croduced with a thickness within the runge of 0.005
inch to 0.015 inch, & width of 1/8 to 3/8 inch, and a lensth of 1/2 to
1 inch. Y¥lakes arc usually cut by means of oplener-type knives set into
the face of a circular disc. The flake length is controlled by scoring
knives projecting from the disc or by precutting the boards to length.
The flake thickness is controlied by adjusting the nrojection of the
krnives. The wicdth of the flake is tie most vsriible of its dimen-
sions. It is random and denends on the tyve of cuttine machine used.
Further reduction by hammernmillins is generclly necessary.

The flule moisturc conteit is usually kept within the range of

6 to 12 per cent. Sometimes, however, the moisiure content of the



surface-laver flzkes is increased to as rish es 30 per cent in order
to sttain desired res:lts in the Luronerties of t e finished bowura,

The wdhesive used in the marufacture of wrod flake Toard 1s a
thermosetting, synthetic resin; for exanmple, ures fornaldechyde or nhenol
foraaldehyde., The amount of adliesive added is usually betaseen 6 and 12
cer cent bnsed on the dry welcht of the flikes. 4 weter solution of the
adhesive containing about 50 to ©0 nper cent solids is sprayed onto the
flakes in some tyve of rotsting mixer.

The varizbles of the nress cycle are nress temner:ture, initizl
pressure, ané rress time (2). Conrercial overations use multisle-o.ening
hydreulic hot vpresses w'ich have high hest cavacities. Fress tempera-
tures in the renze of 300 to 350° ¥. sre necess=ry for sdequate curing
of the glue., The qress temmerature is kent constont during the oressing
time. The initial pressure is ti.«t which is aonlied to the mst of flukes
in order to comoress it to some vredetermined thickness. This thickness
is controlled by steel ston; wirich are placed in the press. The time it
takes for tke press to reach these stons is czlled the nress closing
time. The initiel oressure may very from 100 psi in sone overations to as
hich s 500 psi in others. The rurcose of the oressure is to bring sbout
the lergest rossible contszcet area between the flakes, The length of the
vress cycle is definrd szs the totzl time trat the board is in the press.
Usually 8 to 12 minutes are neceszury to insure an zdecuste curing of

the glue. The oress cycle is discussed in detail below.



TEE PHESS CYCLE

The relationsiips between the varizbles which ma'te ur the press
cycle are demonstr:ted by a test involving the use of a stack of
veneers in vlace of a mat of flakes., 4 stuck of veneers 0.40 inch
in thickness was vlaced betvieen iezted platens wi ich were nounted in
a testine machine., The temnerzture of the nlatens was 300° F. &
vredetermined load was annlied and held constant until the veneer
st=ck hued been comoressed to a thickness of 0.50 inch. The machine
wzs then shut off for the remainder of 10 minutes. The changes in
oressure snd veneer thickness with time were recorded for the 10-
minute "press c;rcle',

Figure 1 and Figure 2 srow the result of the test on birch ven-
eers and prima vera veneers respvectively. The stack of 0.035-inch
birch veneers at an initial moisture content of 13.8 ver cent was
comoressed from a density of 0.665 gm/cm3 to a density of 0.790 gm/me.
The stack of 0.037-inch prima vera veneers at an initisl moisture con-
tent of 10.3 per cent was compressed from a density of 0.500 gm/cm3 to
a density of 0.600 gm/me. Figure 1 shows that the higher initial
pressure results in a shorter "closing time"™ and a greater drop off in
pressurc afterwards. Figure 2 shows that if the initial pressure is
not sufficiently hich, the veneers cannot be compressed to the desired
thickness even though the pressure is maintained for a considersble
lencth of time.

A comparison of Figures 1 and 2 would suggest that moisture con-
tent has some effect on the comnressitility of the vencers. The birch

veneers had an initial moisture content 3.5 ver cent hicher than the



Fimure 1.

"Press Cycle" for Zirch Veneer Stacks

Veneer thickness 0.035 inch
Initial moisture content 13.83%
Initizl density 0.605 gm/cm3

Final density 0.790 gm/cn’
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Firure 2.

"pPress Cycle" for Prima Vera Veneer Stucks

Veneer thickness 0.937 inch
Initisl moisture ceontent 10,3%
Tnitisl density 0.500 gr/cm’

Final density 0.670 gn/cn’
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orima vera venecers., st the 530 nsi level, the "closing ti:e" of the

tirch vencers was 45 seconds shorter thon that of the psrima wvers, in

7 0d comrrescive strensth of bircli.

Excressirg the results of this study in terus of thre mirulcchiwre
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compresced to a desired thickness. The oeriod of time covered by this

part of the uress cycle is tie clesing time of the vpress. The remuinder

of the

—
[

yress cycle comporices the second p:rt. During the first

»

art,
the initizl »rescure is bullt u»> ¢nd remuins constand until tie press
closes. Tre deflection of the =zt during this time is a process involv-
ing heat and molsture trunsfer inward from the mat surface, This move-
ment of heat z»d moicture cuuses a decrease in the comprsosive strength
of succes:zive luyers of flakes. The cousequence of this successive wea-
kening of luyers i1s an uneven density cistribution through the thickness
cf the finished board. The hishest density will occur at the noint in
the bourd thickucss wlere the effect of heat ard moisture is greatest,
The density distribution in the finished bourd is, therefore, determined
during tre first »ert of the press cycle while the full initicl sressure
is acting on the mat. Daring the second part of the tress cycle, the

rressure on the bourd is indeterminate and usually decreases as a func-

tion of time.



RIVIz. OF LITTRATURE

Only one article was found in which the author actually plotted
curves of the density distribution througl: the thickness of the board
(7). Considerable work, however, has been done in the area of raw-
material and press cycle veriubles and their effect on the pronerties
of fleke board. =slso useful information was found in & study of the
effect of heat and moisture on the strength of solid wood (2).

1. D. Strickler found in a study of Douglas-fir flake board that
a density distribution is the direct result of verying the press cycle
and moisture content. Fe found that by increzsing the initial nressure,
the density of the surface layers was increased and the center density
was decreased, an increase in the moisture content of the surface lay-
ers had the same effect if the initial »ressure was high but for lower
pressures the point of maxinum density occurred at a point about 1/4
the distance from the surfsce of the board to the center. Vhen the ini-
tial moisture content of the flakes was low and the boards were oproduced
with a low overzll density, the density distribution tended to "even out".

The mechanical pronerties of the board illustrate the effect of
pressure snd moisture on the density distribution. The modulus of elas-

ticity generally increzsed with an incresse in initiel moisture content
and initial pressure. The effect of moisture distribution is shown by
the fact that the moculus of elasticity increased with an increase in
surface-layer moisture content up to sbout 21 per cent moisture content,
then decressed. Too much moisture adversely affects the gluing vrocess,

and therefore decreases the density of the surface layers.



Strickler used thermocounles nlaced in the mats to study the
temperature incresse during the pressinz, Initial pressure, moisture,
end moisture distribution all influenced temperature increzse., Eeat-
ing up of the center of the bosrd was &accelerated by incressing the
initisl voressure, increasing the initizl oversll moisture content, and
increasine the surface moisture content. Incressing the overall den-
sity of the boards did not have any sicnificant influence on tempera-
ture increase,

The press cycles used in the study were somevnat artificisl since
the boards were not precred to stons., Therefore, the effect of the
closing time conlsd not be ev:aluszted because there was no determinsble
closinzg time.

Heat trunsfer was the subject of a study coniucted by T. F.
Duncan (1). Fe studied the effects of heat trinsfer on the proverties
of 3/4L-inch purticle boszrd in which he varied the paorticle geometry,
overall bo:zrd density, vpress temoerzture and resin tyne. Ee found
thst the bourd density did affect the rate of heat trensfer, Fe noted
that the center-line temperature of the denser boards was lower thean
that of the less-dense bosrds at the szme »laten temperature. This
was attributed to the fasct thst although heet conductivity is directly
relzted to density, the awount of heat reruired to increase the tem-
perature of the denser hozrd is greater than that reouired for a low-
density board. Fe indicated trat the leveling off of the time-temvera-
ture curves was vrobably due to either moisture escaping from the
board or a temperature gradient being set u»n in wrich the flakes lost

heat as fust as tiev absorbed it.



another study on heat transfer was conducted by G. Raclkwitz (().
A temverature increzse in the bo=rd atove 100° G. ean best occur if
all the moisture in the board is converted to stean. Then, according
to Rackwitz, this temnmerature increzse follows the leaws of eouili-
brium moisture content of wood in suverheuted steam. The center of
the bozrd alsays has the lowest temnerature &nd hichest moisture con-
tent, is the steam vressure builds uo in the center of the board, the
temnerature incre=zses. Therefore the temperature gradient between the
center of the bosrd and the surface decrecses, resulting in an in-
creased heating tinme,

The heating tine necessary to cure the adhesive is expressed by

the following formula (6):

.75
t = K(1.870 - )(‘“)

heztine time in minutes

in which 1

=
1]

¥ = temmerature factor deosending unon the platen temnercture
(£ decrezses with increwsed vlaten temperature)
U_ = initial flake moisture content in per cent
2d= bezrd thickness in mm
isccording to ti'ls formula, the press cycle can be s ortened by de-
creasiny tle initisl molsture content of the flzkes or by increasing the
nlaten tcuverature., Shortening the nress cycle would increase vroduc-
tion in a cewrercicl orerstion, bit either of the zbove-mentioned methods
would heve adverse effects on tie finished board auality. 4 better ie-
thod of incressing vroduction would be to add more onenings to the press.
R. Keylwerth (5) analyzed tlie imvortance of moisture content on the

density distribution in one- and three-laver fl:ke boards. Tn the

O



oroduction of flake bocrd, the etont to e woord is nl:isticized
derends upon the temverature of the wood, tire wood moisture content,
and the pressure. This "softening" of the wond is important in flake
board because it sffects the amount of contact area achieved when the
mat of flakes is vressed. I it is assumed that wood does not have a
pronounced yield voint, then the nrowortional limit can be considered
to be the starting point of plastic deformstion.

E. L. Ellwood (2) studied the effect of temnerature on the mechani-
cal pronerties of beech in comoression pernendicular to the grain,
Keylwerth used the results of this study to show the relstionship be-
tween the pronortional limit stress (¢ ™), the wood moisture content (m),
and the wood tem .erature (T). This relationship is expressed by the
formula:

100)

= 0 - £ '2
g =70 log ) 0.454T7  (kz./cm®)

~~N

Figure 3, taken from Keylwerth's article, is the grarhic reoresentation
of this formula. This graph shows that by increasing the moisture content
and temperature, the »roportional limit of the wood will be lowered.

Ficure 4, also taken from Keylwerth's article, shows the effect of
the moisture content of the flakes in the surface layer on the density
of the surface lecyer, the density of the center of the board, and the
overall density of the board. The values used in this graph were taken
from a studyr by F. Fahrni (3) on the effects of hich moisture contents
in the surface lzyers.

Figure 4 shows that by increasing the moisture content of the sur-
face layers, tie density of the surface layers is incressed without in-

creasing the overzll density of the board. The gravh also indicates

10



that there is a 1imit to the amount of watcr that can be added to the
surface layers and still increuse their density.

0. Suchsland (8) studied the effect of raw-materizl and rrocess
variables on the proverties of & two-species, three-laycr flake board.
The core consisted of elm flakes and the faces were comnosed of aspen
flaZzes, Ttre thin, narrow, high-density elm flekes were less compressi-
ble than the thin, wide, low-density asven flekes., This resulted in a
sandwich-tyve construction in which the core density was lower than the
face density.

Fizure 5 shows the effect of the press closinz time and the face
material moisture content on the modulus of elasticity of t is bocrd.
The two closing times of 0.5 min. and 1.5 min. were obtained by using
initial »ressures of 570 psi and 250 nsi respectively. The granh is
plotted in terms of shellin~ ratio, core density, and fece density.
These had to be determined before tre effect of the raw-materiul and
crocess varisbles on the firished bocrd proverties cnuld be anslyzed.

Tke shelling ratio (A ) is cefined &s follows:

;l = thickness of the two faces
totul thickness of the board
From Figure 5 it can be seen thst the modulus of elasticity is in-
creased by cecreasing the closing time or incressing the moisture content
of the face material, This increase in modulus of elasticity is due rri-
marily to the increase in face density. At the same time, the core den-
sity decreases since the overull density of the board remained constant

at about 0,720 gm/cmB. The modulus of elusticity of a szndwich construc-

tion is derendent almost entirely on the stiffness of the face meterial.,

11
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On the bssis of the material discussed in the Introduction and
Review of Litersture, an exneriment was desiemned to study the effect
of the »ress cycle as a variable on the density distribution and other

pronerties of a homogeneous (one-layer) flake board.

14



Tigure 5 BEffect of raw material aad Process variables on the modulug of
olasticity of a 2 - epecies 3 - layer flake board

Tace density ( em/cn’ )
~/9%

|
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Y e
~ D B
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: 5
= v 700
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o /
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O. 4
Skelling ratio
© 0.5 min. closing time Core/Face weight ratio
e 1.5 min, closing time
® 150
_____ 6% face M.C, 2,13
- 12‘ face M, C, 3016

Graph reproduced from Suchsland's article (8)
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THE EXFERT.CIT

Desicn of the Exveriment

after a stady of the resilts of shne »relininary tests, it uus
decidad to male the flake bosards ot tiwo overall density levels using
toree Cifferzrt initisl »ressures. Surfuce water wos added to half
the boards made at the lower density level znd to all the bourds made

st the kicher density level s shoun in Tuble 1.

Frenzrotion of the Flales

hsen flakes were used which were cut with a nominal thickness of
0.710 irch. The flake l.ngth was 1/2 inch and the flake width before
reducins wes 1 inch, The flakes were reduced in width bv hammer-

millng throush a 3/4-inch screen. They were brought to a uniform

moisture content of about 6 per cent in a controlled hunidity cabinet.

The_ Thermocounlcs

Thermocounles weres made from 8-foot lensths of 30-gzuce coaner wire
and constantan wire., One end of a lensth of cowper wire was wrapped to-
gether with one end of a lencth of constanten wire and the connection
was then soldered. The lensth of this soldered connection was avnnroxi-
metely 1,/2-inch. This end of the thermocouple was placed in the mat to
measure the temnersture incresse. Three thermocounles were ovlsced in
each mst as it wuas formed: One at tre center of the mat thickness, one
midway between the center of the mut and the surfzce, and one on the top
surfeace of the mat cdirectly under the top caul as shown in Figure 6.
after the boards were recmoved from the press the wires leading into them
were cut off and reused by soldering tnrother the ends as before. lNew

thermocouples were prevared wien the wires becane too short.

16
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sddition of Surf-ce uuter

Surfece water was edded to tie various mats by s7wraying a very
fine mist onto the cauls from z gsnall conto'ner attachied to a soray
cun, The water was svrayved onto thre ton surfeoce of the bottom cail
before the "zt was formed., The same anount wes soraved onto the un-
derside of the too caul before it was vnlaced over the mat. Fifteen
grams of water were snrsyed onto esch cwul, but only sbout half of

it was retailned due to evanorstion.

ALoplication of the [clesi

he edhesive used was urea formaldehyde ..i-17 diluted to 50 ner
cent solids contcent for essier s»rzying and better coverase of the
flakes., The gmount cf glue shrayed onto the flakes in a rotary drunm

nixer was 8 ner cent glue solids, based on the dry weight of the flakes.

formetion of the Fosards

The moisture content of the flakes was recorded before the adhe-
sive was added, after the adhesive was added, and just before the mats
were placed in the »ress. 1In sddition, the totzl welglit of the mat
before pressin: was recorded.

The mats, held between the two sluminum cauls, were pressed to
3/3-inch steel stoos in a 20 x 20-inch, single-opening hot press. In
each case the vress closing time was recorded. The vress platen tea-
versture was 325° F., and the yress cycle wzs 10 minutes lons. The
initial oressure was 100, 200, 300 end 400 psi.

A continuous time-temnerature curve was obtained for each of the
three tlermocoucles in the bosrds. They were connccted to an autora-

tic X-Y recorder throush a device used to switch frem one thermocounle

19



to another. Eucn of the boards was removed from the vress after the
10 mirutes, and inmediztely moisture content samnles were taken from

the edge snd center,
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TiZ TZETING PROCIDURZES

Cuttine the Soecinens

The following snecimens were cut from each board:
2 for moisture content (mentioned above)
1 for density distribution
1 for thermocounle locution

7 or 8 for bcnding tests

The method of cuttinz tlese iz showm in Figure 7.

Tests Concucted

The moisture content of each bosrd immedistely cfter pressing was
determined as described in Formation of the boards.

The exact locaticon of the thermocouples in each bozrd was deter-
mined by first measuring the thickness of the snecimen, then planing
it down from the top surface to the thermocounles. The thickness of
the remaining purt of the specimen was measurcd at each of the therno-
couple locations. The locations were expressed zs a per cent of the
bourd thickness, mezsurcd in from the top surface of the board. Theo-
retically they should be 03, 254, and 50% in all the boards (see
Figure 6).

The modulus of elusticity for each of the bend’ng specimens was
determined according to the AST!! standards for evaluating the oroper-
ties of fiberboard (10) except that the svecimens were one inch wide
instead of 3 inches. The tests were done on a Baldwin-Emery Si-4
testins machine. Before testing, the specimens were conditioned at
68° F. and 50 ver cent relative humidity to bring tlhiem to a uniform

molsture content of awut 8 per cent.
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Fizure 7 Method of cutting epecimeas from fimished boards

1 Bending specimen
2 Bending specimen
3 Bending specinmen
L Bending specimen
M. C. M.C.| Thermocouple location
(:> Density distribution (:)

® ®

5 Bending specimen
6 - Bemding specimen
7 Bending specimen
8 Beading specimen




The density distribution in tie top half of each bozrd was deter-
nined as follows:
1. Tre thickness of the density distribution specimen
was measured to the nearest 0.001 inch at 6 locations
which were mcrked on the bottom surface as shown in
Figure 7.
2. The lenagth and width of the svecimens wss measured
to the nearest 0.0l inch.
3. The soyecimen was weiched to the nearest 0.01 gram.
4e A nominal thickness of 0.005 inch wzs taken off the top
surface with a table jointer and the snecimens were
again weizhed and the thickness measured at the same
six locations .
Sten 4 was repeated until just over half of the soecimen was
removed., rrom the date thus obtained, the overszll density of each
specimen could be determined as well as the density of each layer

removed by the jointer.
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RESULTS OF TLE EXPRRL ENT

The results of the experiment are shown in Table 2. Using the
data obtained from the density distribution specimens, a granh was
constructed for each bozrd shoving the density of each of the 0.,005-
inch layers removed from tke ton half of the swecimen. For conven-
ience of comvarison, the relative density was nlotted instead of the
actual density. The buse density, reoresented by 1.000 on the granvhs,
is the overall density of the top half of the snecimen.

Some of the irregularities in the densities of adjacent layers is
due to errors in measuring the thickness of the layers. The accuracy
of the messurements (0.001 inch) was not sufficient for the thickness
being measured (0,005 inch)., The effect of this error was reduced by
constructing a granh in which two layers were combined to form one and
the density computed accordingly. The granh for board number 22, used
as an example, is shown in Figure 8. The effecct of the error was fur-
ther reduced by constructing another grarh in which three layers were
combined to form one. This graph for board number 22 is shown in
Figure 9,

The modulus of elesticity for each boarc was taken to be the aver-
age of the 7 or 8 bending svecimens. This modulus of elasticity was
adjuszted to the target density of the board by the use of regression
lines. The "least=-square" method was used to determine the equation
of the regression lines in wlich board density was the indevendent

variable and modulus of elasticity wes the devendent wvariable.
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Table 2 Regults of the experiment

Jresfz-;w (pst) 100 200 300 400

Grams of dry flakes per board 1050 1150 1050 1150 1050 1150 1050 1150

Surface water added Yes no Yes yes no yes yes | no yes yes no yes
| Board mumber ; 1 19 16 6 20 17 11 21 18 22 b 23
iof flakes before mixiang with glue (%) 4.5 6e2 6.2 5¢5 6e2 6.2 | 4.5 5.6 7o' 6o lt 5¢5 6o lt
ic;of flakes after mixing with glue (%) 12,7 sl 403,60 13,6 .| A5 | a6 [12,0 1380 2ol 42l G iAn, Gies{aili
|_M.C, of flakes just before pressing (%) 12,0 .1A3:3 22,8 If 13,1 .| 13.2 | 12:9 | 120.2. |12.4 023 Siala3s60 sidl2o oS
|_M.C, of board immediately after pressing (%) 3.0 4,0 4,0 2,6 3.3 3ol 2.5 1.8 2.4 2.6 2.3 3.0
|_Press closing time (min,) 1,50 | . 0,60 |1.,00 | 0.80 |0.55 |0.55 | 0.50 0,00 0,25 |0.30 [
|_Cemter-line temperature of board at closing time (°F) 223 - - 115 198 184 138 106 122 - 85 88
|_"Leveling off" point of center-line temperature (°F) 234|220 231 | 240 235 | 251 |232 |a2u4 | 262 |2u8 |eus5 260
&at which center-lime temp, reached 220°F (min,) 1400 12,90 12,9071 1510 1230 | 1,10 | 0:90 |25 L2500 1 0.80: Mds10 w3510
|_Board thickness (inches) 0.364 | B06| o397 4359 | +362| 360 | o354 | «355| 351 o348 | .350 | .349
&bouﬂ density (gm/em’) 0.578 |0.533 | 0.591 0,594 |0.593| 0.639 | 0.568 | 0.617| 0.666 | 0,620 | 0.,625| 0,681

Modulus of elasticity — Adjusted to target density (1000 psi) [|586 L62 631 712 659 758 677 703 828 741 645 784
L

*% Press did not close * Press closed immediately
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DISCUSSION OF THE RESULTS

Density Distribution

There are actually two tyves of density distributions in a flake
board: 1. the density distribution across the area of a given layer in
the plane of the boesr¢ and 2., the densitics of successive layers through
the thickness of the board. The first is controlled by the flske geo-
metry and the method used to form the mat. It is determinesd when the
mat is formed and is not chinzed by the nressing operation. The second
tyoe, which will be the subject of tiiis discussion, is not affected by
the mat formetion,

The results of the experiment show th:it the density distribution
throuch the thickness of flake board is significantly aff:cted by the
rew-material and press-cycle variables. Figures 10 end 11 illustrate
the effect of three of the basic varicbles on this density distribution.
Figure 10 illustrstes the effect of surface water and initial wrecsure.
Firure 11 also illustrates the effect of initial pressure togcther with
the effects of the cverall censity of the board. These two figzures to-
sether include gre hs for all 12 boards made and are simplified vers-
ions of the type shown in Figures 8 and 9. Each interval is shown in
the form of a colunn. The height of the colunn represents the density
of the "layer", and tle width reoresents its thickness. The thickness
is 1/3 of tle thickness of the upoer half of the board. ¥or reasons
of comnarison, the thickness is expressed as s per cent.

The influences of the variubles on the density distribution ceccur
simultaneously; however, they will be discussed as if they occurred

one at a tine.
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1. The effects of nmoisture distribution

Incre:sing the moisture corntent of the surface flokes results in
an increase in the density of the luayers ne.r the surfuce and a cor-
resnonding decrezse in the density of the l:yers toward the center of
tle bour’. Figure 3 shows thut by increasing th. moisture content of
wood, the nro -ortional limit is lowered, makins it more comoressible.
If the surfcce flakes are easily conmnressed, a large contact area will
result. s was stzted earlier, the hirhest density will occur where
the combined effect of hest and moisture is grestest. Because the
flakes are made more comoressible by the addition of the water the
press closing time 1is reduced. nis mesns the grestest conbined effect
of heat and moisture will occur near the surface of the board.

The addition of water to tke surfuce also accelerstes the heat
transfer froa the surface to the center of the bowrd. The s'»rtened
closing tine speeds un the heat conduction between flules and the

moisture in the form of steam carries heat inwsrd from the surface.

2+ The eflfects of initial pressure

«ith increasinz initial pressure, the density near the board sur-
fece will increase to a maximum and then decrezse. Excluding all other
vurilables, the closing tine varies directly as the initisl nressure.
Toisture and heut heve time to move inward considerably before the
vress closes when the initial pressure is low. Conseue:tly the com-
pressibility of a large portion of tle flcekes is decreused., The re-
sult is en almnost uniform density distribution. If the pressure and,/

or moisture content is too low, the density of the surface layers
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will be lower than that of the center of the board. This is illustra-
ted by boszrd nwaber 19 in Fizure 10 &nd by bosrd nwiber 1o in Figure 11.

Tre combined effect of heat znd moisture ects ne:rer and neczrer the
surface as the closing tine is siortened by ‘ncreasing the nressure. Zx-
trenely hizh pressures close the press almost intedistely, and the full
effect of heat and moisture is not attained. Tre result is that the sur-
face lazyers will not recch the naximun density.

In agreement with the tests on stacks of veneers, hish initial pres-
suras residt in a rapid dron off in vressure «fter the press has reached
the stows. In certain cases the nressure on the bosrd in the press
éronoed to zero snd the boezrd shrunk away from the platens. This is
shown by the fict thet tie thickness of tie finished boesrd wes less than
the thickness of the stons. 4lso tlhe teuneruzture of tie board surface
dropred momentarily near the micpoint of the nress cycle indicating that
the thermocouple was not in direct contact with the caul (see Figure 14).

The thickness of the finished boards decreased with an increase in
initisl vressure. .hen hizh wressures are used, the mats are comvressed
to the stops before much if eny moisture is lost. Loss in moisture af-
ter the press is closed results in a shrinkuge of the boards in thick-
ness. The more moilsture there is in the board when the vress is closed,
the greater will te the shrinkage.

The press did not close when bozrds musber 19 and 16 were made, but
it did close when board number 1 was made, althoush the initial pressure
was the same in all three cases. The lack of surfuce moisturs kept the
press from closing on board nuaber 19, and tle increszse in the density

of the overall boecrd %eprt it from closing on bozrd nunber 16.
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45 wos expected, tre hirker in'tial wressures accelersted the

hest tronsfer becsucs of tre shortened closing tine (P'ukle 2).

3. The effects of overszll density

Bozrds mxde with the lower overall dersity hud a hi-her relative
density in the surfuce leyers than the bosrds made with the hisher over-
all density. Tt is necessary to use "relative density" here rather
than "actual density" because the boards were mude =t the two diff-
erent levels of overszll dersity. The lower density boards had a shorter

1

closing time. The results were hicler surface layer densities. The

effect of the closing tine on density distribution has already been

discussed.

Bending Strenrth of the Bosards

e

Fisure 12 illustrates the fact tist the effect of the ruw-material
and oress-cycle variables on thie modulus of elasticity of the finished
boards is a consecuence of tleir effect on the density distribution., 4
comvarison of Figures 10 and 11 with Figure 12 will verify this fact.
Both the modidlus of elasticity wslucs and the densities of the surface
layers increase &s the initial vressire increases from 120 to 200 to
300 nsi and then decresses as the initial vpressure incresses from 300
to 400 ovsi. The one excention in the trend of the modulus of elasti-
city vulues is board number 11 (see Figure 12). Tlis is explained by
the fact that the flakes from wiich tlils board was made had 2 moisture

content whrich was 2 per cent lower tlran the other bosrds. This is equi-

valent to more than 20 grams of water.
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It nmight be e-ncluded froa the above discuss’on tiat the modulus
of elasticity is a function of bvoorc dersily alone, Strictly speaking

tnils is not true because two boards csnunot be made whkich vary in den-

]

.

sity @lore. 2y adjusting the nmaterisl or process varichles to rnroduce

-

a board with different density, factors wldch affect tlie density cdis-

tribution and other board nroneriies are also affected.

The Dryings Frocess

The grash in Fisure 3 has already been used to illustrate the ef-
fect of tempersture and moisture on the comvressibility of the flales.
It can also be used to explain tlhe drying of the flukes which takes
place in the board. For this nurpose the graph in Fizure 3, taken from
Zeylwerth's zrticle (5), is revroduced again in Figure 13 with the ad-
dition of the equilibrium moisture content curves for wood in suner-
heated stezm &t pressures of 1.5 and 2.9 atmosnheres. These two curves
were talien from an article by /. G. Kauman.

Fizure 14 shows the tine-temnerature curves for the three thermo-
counles in bosrd nuuber 22, The curve for the center-line temperzture
will be used as an illustrative examnle in the Ciscussion of Figure 13.
The center-line temincrature for board number 22 after 1/4 minutes in
the press was 120° C. ifter 4.2 minutes in the press it had drooved to
114° C. it the time the board was removed from the press the center-
line temperature had increcased to 140.50 C. From Table 2 the moisture
content of the flakes used to male this bourd wns 13.6 per cent at the
time the met was put in the press. The moist e content of the board

imnedistely after pressing was 2.6 per cent.
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Ficure 14

Tine - temperature curves for the

thermnocounles in bourd number 22
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There are three "limit curves" for wood moisture content shown in
Ficure 13; One for steom at atnosnheric nressure, crc for steam at @
rressure of 1.5 atnospheres, and one for a steam pressure of 2.0 atmos-
pheres. These curves mark the unver linit of tlie moisture content which
wood can attain at any ¢iven teanerzture. For examnle, at a temperature
of 1180 C., the moisture content of wood cannot increase above 8 per cent
unless the steam pressure is increased above 1.5 atnosoheres.

Figure 13 sucvests thres nozsibilities for the dryine vrocess which
takes plzce in the oress.

first the board dries out at atmosnheric pressure alons some curve
which does not reaclh the 1limit curve for atmospheric vressure until the
temoersture ot the center line has rcrched 120° C. Then the curve foll-
ows this curve uo and to the left until the temverature reaches 140.5° C,
at which time the »ress is onened and the board removed. There are two
rezsons why this is an unlikely possibility. In order for the drying to
occur at atnosoiieric pressure, the board wenld have to dry out to 4.8
ver cent moisture content from 13.6 ver cent before the center-line tem-
perzature reached 120° C. This temperature was reached in only l.4 minutes
in the example board, and a moistire content dron of almost 9 per cent is
not feasible for t'is short lencth of time. Ailso, in order for the tem-
perature to droo from 120O C. to 114° C., as 1t actually did, the moisture
content would have to increase to 6.2 per cent after havinc initizlly
drooned to 4.8 ver cent. This, too, is not likely.

The second possibility is t':t the temperature increases to 120° C.
with 1little or no change in moisture content, and then a moisture con-
tent increase occurs to account for the drop in temverature. The in-

crease in temnerature to 120° C. at a moisture content of abot 13.6
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per cent would resvlt in a steam nressure inside the board of about 1.9
atmosoheres or 13.2 nsi avove normal pressure., This steam »Hressure is
nuite »nossible. The gzranh, however, shows thut at tlis pressure it
would be impossible for a large enou;h increase in moisture content

to occur which would account for the temperature drop of 60 C.

The third rossibility is orobably the most correct. The temvera-
ture of the center of the board increased to 120° C. with little or no
change in moisture centent, result'nz in a stesm pressure of 1.9 stmos-
pheres. Then as the bozrd beg'ns to dry out due to steam escaning
throush the edges of the board, the pressure drons to 1.25 atmosnheres
causing the drop in temperzture. as more steam escapes, the tempera-
ture begins to rise aguin beceuse the moisture content has drooped.
Lventually the pressure drops to atmospheric conditions. Then the dry-
ing curve follows zlonz tle limit curve for atmospheric pressure until
the press is ovened. sccording to the granh, the moisture content of
the board as it came out of the press at 140.5° C. should be 2.4 ver
cent., Thkis 1s only 0.2 per cent lower than the zctually measured mois-

ture content for the example board.
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This study shows the effezcts of moisture distribution, initiszl
nressure, ard overell board density on the vrocerties of the finishcd
board. Sanvle boards were nade at two different overall density le-
vels using four levels of initiel n»ressure. Surface water was added
to 1/2 the boards msde at the lower oversll density and to all the
boards made at the higher density level. Surliuce water was acdded to
the flakes by sorerinc it onto the inner surfaces of the cauls. Fif-
teen grums wer: added to each surface. The initial pressures used
were 100 vsi, 200 nsi, and 300 nsi, The two target dersities were
0.6N0 and 0,650 gm/me.

The density distribution trrouzh the thicknecss of each board was
determined. Thermocounles were used to neasure teuversture chanres gt
different points in the board thickness while the bosrds were being
preszed.

The way in which the basic vurisblcs influenced the fin‘shed board
nronerties wus discussed and also the conse uent effect of tre density
distribution on the modulus of elssticity of the bosrds., Tt was noted
that the density distribution was a result of the weskening of succes-
sive layers of flakes during the closing tine of the oress. The dry-
ing »rocess in the rress was discusced zs it was related to the

equilibrium moisture content of wood in suverheated sieam.



LTTL.TI2YC OF Ti= STULY

Althonugh this study illustrates the rencrzl effects of tle
verieiles in the nroduction of wood flake bonrd, its vilue is
necescorily linmited by certain fuctors. o limited nuirter of san-
nle bouras were wade. & larcer nuiber nisht have nointed out
effects not shown in this studr, Tle size of the smecinens werc
linited by the size of the oress zvullable, In order to obtain
bending snceimens of stindard len<sti, the thickness of the bozrds
was linited to 3/8 inck. TLarser, thicker boerds would Leve ex-
kibited somevhat different dernsity distributi-ns.

Tn the laboratory a cloger clec cun be kent on the flake
moisture content and size, htut tle method of felting the mats by
hand is not zs desirable as the machire-felting process used by

industry.
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