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Studies on the Particle Board

Report 4; Temperature and Moisture Distribution in Particle
Board during Hot-pressing

Wood Physics, Section II

Takamaro Maku, Ryozo Hamapa and Hikaru Sasaki
(Received December, 5, 1958)

This report is concerned with the temperature and moisture distribution in the
direction of the thickness of particle board which consists respectively of granular
and/or flakey particles.

I Experimental Procedure

1. Board preparaticn

The particle boards used in this experiment are divided into the following two
types (Photo. 1):

G-type : Made of granular particles (4~10 mm long, 1~5 mm wide and 0.1~
2.0 mm thick) of KABA
(Betula Maximowicziana
Regel) and BUNA (Fa-
gus cvenata Blume), and
is comparatively porous.

F-type : Made of
flakey particles (8~15
mm long, 3~20 mm wide
and 0.1~0.5 mm thick)
of KABA and is relative-
ly dense.

The particles men- Lo e T
Photo. 1. Particles using in this experiment.
A : Flakey particles for F-type board.
B : Granular particles for G-type board.

tioned above were con-
ditioned to definite mois-
ture content by water
spraying and then formed in a mat and hot-pressed into the board of 17 x17 X2
(thickness) cm. In these experiments, upper and lower hot-plates were regulated
to keep the same temperature 135°C and no binders were applied for the con-
veniences.
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‘2. Temperature measurement

The temperature was measured by means of Cu-Constantan thermocouples of
0.2 mm diameter, 10 mV-voltmeter and 6 points change-over switches. After sol-
dering the junction the couples were inslated completely with the thin Japanese
paper and phenol resin.

‘Total weight of particles prepared to get the predetermined specific gravity

of board was divided into several equal parts. : ,
W v quat b /geasufmg Uppir//-/ot- Plate

After sprinkling one of them to a mat, a Oill\vlgi 2 /f
thermo-couple was put on the center of it 2 ! o / M/ 5‘[
and then next part of particles was sprinkl- 3 { O 5 % b
“ed and so forth. In a preliminary experiment 4 4 O S f -
the thickness of each above mentioned mat 5 § f ( I P i
(layer) in board was considered to be pro- 6> [ r)“ Hot-P[/age
portional to its weight.
The measuring points of temperature are

as shown in Fig. 1 and the error of the %?,%Uf ing  Upper Hot-Plate
measurement was 2% at about 100°C. The ’\:0; L jf Y T A/8
measurement started just at that time when 2 o 7\ : I
the material was put into hot-press, it, how- »5 O- .

ever, took about 20~40 seconds to compress

NV Y

I
_

the material to 20 mm thick. . 6 —~
' . ‘ Lower Hot- Plate
3. Moisture measurement Fig. 1. Measurement of temperature.
Total weight of particles prepared to L Upper ﬁ"f -Plate
have a definite specific gravity, was divided Measying Zone L "/’7/ /9 J(
into seven equal parts. They were sprinkled 3 070 1 :
) -4 6//////_ - #—Centml
one after another to a mat in 17X17 cm form- ) : Z ‘//;//// ' \ Layer
ing-box, and during this process, fine strings ( /171N \
. 7777
were put on each mat as the marks (as Lower Hpt —Plate)\<§trmg
shown in Fig. 2). : Fig. 2. Masurement of moisture
content.

After hot-pressing, the board was taken
out, and each layer of its central zone was quickly separated and put into weigh-
ing tubes for the moisture content determination.

II. Experimental Results

1. Temperature distribution in the board

Generally, the temperature change of board in hot-pressing takes place in three
directions, namely in horizontal and vertical directions, but in this experiment, the

— 35 —
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Temperature (°C) Temperature (°C) authors fixed their eyes
Or 50 100 9 5‘0 100 only upon the latter which
VL UPP” Hot- P lote 1 4 //2/4/_ is most important in prac-
Press - Time (fmz‘za[ tinitial o : )
(min.) : cmp /° :Tt?my ' tice.
1,40 !
2 E \ | I(\ E The results on G-type,
1 ) \ R .
| °}\: : S~ F-type and 3 layers con
Lowet Hol Zplate 377/ [T struction board are shown
w 7 o .
1 /'(" in Fig. 3. In this figure,
> % C\E it is clearly shown that if
N NG the initial conditions—
7 . I: temperature of hot-plates,
’ 10 ] . . . .
u v 1 moisture distribution and
20 i C 1 .
2 ) others—are symmetrical
]
Eo\n ' l\ﬁ about the central layer,
i 4 T the temperature distribu-
10
- W/ 'l tion at any time can be
-‘\ :‘!l considered to be, also,
1 I
: 0\;‘ ! \o__ symmetrical about the
T i P > central layer.
45 e of From the view point
[ |I
:(° S of the curing of the binder,
S ©,
o\ : LNy it may be concluded that
G-type L 3Layer Const ruction F-typ .
# Spec. gGramty 065 Spec Gmwty 075 » the most important layer

Moist. Content. 300%) Most. Content 30 (%) st be the central layer

Fig. 3. Temperature distributions in boards. .
whose temperature rises

most slowly during hot-pressing.  Therefore, in this report, the authors discuss
mainly on the temperature of the central layer here-after.

2. Relation between the initial moisture content and the temperature behavior.

A) In the case where the initial moisture content is uniform
G-type :

Fig. 4 shows the results on G-type board of specific gravity 0.65 and 20 mm
thick.

When the initial moisture content (moisture content of particle mat before hot-
pressing) is about absolutely dry, the temperature behavior of central layer shows
a characteristic curve of general heat conduction. But, when the initial moisture
content is relatively high, the temperature of central layer maintains constant
{(about 100°C) for a while. And, the heigher the initial moisture content is, the

longer the time of constant temperature is.

— 36 —
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This can be explained as follows: As the moisture movement in such particle
board as G-type is much easier than in wood, almost all of the heat transfered to
the central layer are expended for the evaporation of water. Therefore, the ma-
terial dries at a constant rate up to 109% moisture content. The drying rate then
decreases suddenly and the temperature begins to rise again just as the same as

in veneer drying.” (cf. Fig. 13, 15)

4 ‘ : . - 140 ; K
! O-Hof—PZalt,e E?Pf_falgr_ei]ia&l _____ L___ - /—/of—PZer Tewpeuz‘u/g( 135°1C)
’X‘ ——-—m—:;————-——- e —
] ~ ?'/’Z/ 7
(« / (c / —
5120—— LS -l Al o e .
O] y rERV AV 71 < Nz
3 /1 1 1A / — N/ 4
2 AT T s AR 7
s bl A I~ = o o /|
8100~ Bioof—F = =
=l g
95) '° i ggg’tzg rézt Motsture 95) x
© 3% ‘ B v -:§
g 80 ] s Z: 111 (%) éBO Toiial Feisiore
@ H ° . U 14 4 & iyl (%) —
i o Uz22 - _ ° w12
80| e =30 0w 60 ° ! =20
a =30
40 20 F
2
0 20 40 60 80 0 20 40 60 80
Press-Time (min) Press-Time (min)

Fig. 4. Relation between initial moisture con- Fig. 5. Relation between initial moisture con-
tent and temperature behavior of central tent and temperature behavior of central
layer of board. (G-type, spec. gravity 0.65, layer of board. (F-type, spec. gravity 0.75
board thickness 20 mm) board thickness 20 mm)

F-type

Fig. 5 shows the results on F-type board of specific gravity 0.75 and 20 mm
thick.

In this figure, when the initial moisture content is nearly zero, the temperature
behavior in the central layer shows a normal curve of heat conduction. When the
initial moisture content is relatively high, however, the temperature of the central
layer reaches a maximum point beyond 100°C at the early stage of hot-pressing,
and the higher the initial moisture content is, the higher the value of the maximum
temperature is. S . .

These phenomena explain that the moisture movement in this case is not so
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140 o Flate Teraire (1910 easy as in G-type, thus the evaporation
™ 2 R e e overcomes the moisture movement in
(c ]// , , board and the boiling point of water
Z>33 120 / y /’° ) /‘A 1% rises with the increase of inner vapour
"—;3 7 /° /° // pressure. As the moisture content
“5‘100 -~ ] e decreases, the rate of drying falls
‘(*)5‘. Ih down and the boiling point consequently
g ! g@ngzig/g iM(ogf)m decreases. In the latter stage of drying,
«gso . Z . 12 in accordance with decrease of the
§ 3 o U= 20 moisture content, the temperature begi-
60 ol U= 30 ns to rise again in the same manner as
in the case of G-type.

40 Three layer construction :
Fig. 6 shows the result on three
20 layer construction’s board of specific
0 20 40 60 gravity 0.65, and thickness ratio 1:2:1

Press-Time (min))
(face and back are F-type and core G-

Fig. 6. Relation between initial moisture
content and temperature behavior of cen-
tral layer of board. (3 layer construction, to that of G-type except a slight rise
spec. gravity 0.65, board thickness 20mm)

type) This result seems to be similar

of boiling point.

B) In the case where the initial moisture content of face and back layer differs
from that of core.

In above paragraph, observation has been done on such a case as the initial
moisture content of particle mat was uniform. In commercial productions, how-
ever, there are often such cases as the initial moisture content of face and back
layer differ from that of core layer—the moisture content of face layer is higher
than that of core layer, or water is sprayed on the cauls befor mat forming.

These operations increase the apparent thermal diffusivity of face layer and
are consequently great aid to shorten the press-cycle.

In the heating of a material in which the diffusion of vapour is comparatively
easy and in which there exist a certain amount of moisture (not saturated with
water) and tolerable pores for free vapour-movement, it will be considered that
the high temperature vapour produced in face layer diffuses into the inner layer
of lower temperature because of impossibility of the surface-evaporation, therefore,
the heat conduction is accelerated and the apparent thermal diffusivility is con-
siderably increased (for example, in the case of hot-pressing or steaming of wood
in the fiber direction®). The forming method mentioned above is an application of

this phenomenon.
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Now, in order to observe this effect, the authors carried out the following ex-

periments ; namely, four kinds of board which have the same mean moisture con-

tent of 239% but dif-
ferent moisture dis-
tributions before hot-
pressing, were hot-
pressed and the tem-
perature behaviors of
their central layers
were measured.

The obtained re-
sults are shown in Fig.
7. In this figure it is
clear that even if the
materials are prepar-
ed to the same mean
moisture content,
their temperature be-
haviors are greatly
influenced by their in-
itial moisture distribu-
tions. That is, the
higher the moisture
content of the face
layer is, the more the
thermal diffusion is
hastened and con-
sequenlty the tem-

perature rising and

140 ———
ﬁq‘i: Plate Errz/_ge_(_afu_fme_(_l_S_,S _(;) N
() //C//
120 /
O /
>5 [s)
K 7/
= A4
100 O BB 0 2 =
O Initial
O ?://ozstturte Mean
Gy onten
< i (%) (%)
e i i
= 80 —10 |23
g <— 58
g 2]
3] — 10 23
&= !A — 35
o0H «— 35 -
— 10 o 23
[ <— 35
40 Uniform 239
20
0 20 40 60 80

Press-Time (min.)

Fig. 7. Relation between initial moisture disturibution and
temperature behavior of central layer of board. (G-type
and 3 layer constr., spec. grav. 0.65, board thickness 20
mm) :

drying of the central layer are accelerated, thus the press-cycle can be shortened

remarkably.

3. Relations between the thickness ratio of three layer construction and. the

temperature bahavior.

The results on a 3 layer construction board of thickness ratio 1:2:1 (face:

core : back) was previously shown in -the article II-2-A. And in this article, the

authors discuss on the influence of the thickness ratio on the temperature behavior

in their central layer.

As it is clearly shown in Fig. 8, the thicker the core layer is, the more the

— 39 —
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Hot-Plate Temperature (135 °C) maximum  point 0

mmmmmmmmmm om o ST0 OC0 P D oCD SIS oo GE 650 | o T e temperature Of the

central layer de-

(C) /7 creases, and for the

120 /0 /‘ thickness of the face
o / layer less than h/8

(h=total thickness=
20 mm), the tempera-

AN

ayer
[
|
N
N

IOO—E ture of the central
of layer becomes to
Thickness Ratio Face:(pre = Back show the same be-

= Flo0) (Gramilar) (Flake) . _
80 ——— [ = NIl Flabe havior as in G-type.

4. Relation between

1205 1 specific gravity of

board and the in-

Temperature of Central L

—=

12 1 ner temperature
A) G-type
40 16 1
The relations bet-
‘ AL Granulor ween specific gravity
of G-type and the
20 [ A

temperature behavior

0 20 40 60 . 80 in the central layer
Press-Time (min)

Fig. 8. Relation between thickness ratio and temperature be-
havior of central layer of 3 layer construction board. (spec.
gravity 0.65, board thickness 20 mm, moisture content : face pared to the same
=core=25%)

are shown in Fig. 9.
The boards were pre-

initial moisture con-
tent 229 and to the same thickness 20 mm, but their specific gravities were res-
pectively varied to 0.4, 0.65 and 0.85.

It is known from this figure that the temperature behavior is not influenced
generally by the difference of specific gravity except a slight rising of boiling point
in high density.

This means that, in G-type boards, the drying rates are proportional to their
specific gravities and this will be reasonable from the fact that the relation bet-
ween the ratio w/7 (w: weight of evaporated water, 7 : specific gravity) and press-
ing time is shown as a linear irrespective of their specific gravities (ref. Fig. 12),
B) F-type

The obtained result is shown in Fig. 10. In this figure it is recognized that
the result here obtained is fairly similar to that of II-2-A (Fig. 5).

J— 40 _
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=
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é}a o o 065 g‘ 508 ° 0.65 I
& (4] 5 - EE . o
(_-‘ ] -] : 0.85 —
o 0.8
40 40
20 J‘ 20 I
20 40 60 80

Press-Time (min)

0 20 40 60 . 80
Press-Time (min)

Fig. 9. Relation between specific gravity and Fig. 10. Relation between specific gravity and
temperature behavior of central layer of temperature behavior of central layer of
board. (G-type, moist. content 22 %, board board. (F-type, moist. content 25 %, board

thickness 20 mm).

5. Relation between the hot-
plate temperature and the
temperature behavior of
board

The temperature behaviors in
the central layer of G-type board
in hot-pressing at 115°, 135°, 160°
and 180°C, are shown in Fig. 11.

It is, of course, known that
the temperature rising and the
drying of the central layer can be
accelerated by higher temperature
and the press-cycle can consequent-
ly be shortened.

6. The characteristics of
drying of board

Fig. 12 shows the characteri-
stics of drying, in hot-pressing, of

thickness 20 mm).

140 7
/
() / /
120 :
E 0/
B . A‘ ﬁ// s X
= T B
g o OA%
g
g I
‘o 80
© Hot-Flate Tempera-
g ture (°C)
= *
[=! . o
g 60 01' o I 135
QE) ox [ : 160
= @ : 180
40
20 10 202 30 40 50

Press-Time (min.)

Fig. 11. Relation between hot-plate temperature
and temperature behavior of central layer of
board. (G-type, spec. gravity 0.65, moist. content
20%, board thickness 20 mm)



ROEBE G s ()

0 -
’ Board  Specific 25
(@) Type  Granty ()
se (G 0.8 20 iy 4 ataier 4
- oe G 065 o ol (
Z 60l ea :G 04 /Qr :g y
~— . [2)
ks * F 08 ‘/ paid & Board Specific
§ erid E\ ' type Gravily
- 7 Sobm=rfif—|
PR o
g5 ZZEpre L= |
o M" ae™] 05 a2 s (G 04
!éh 120 -
= — x o F 065
m S o (9} S~ 0 , N
20 g Fopag==hig0 = 0 4 8 12 16 20 26 28
ﬁ' ‘.’;:"'a‘ A 2 Moisture Content of Board  ( 9%)
2 S
‘,2‘?,"" 40 o2 Fig. 13. Moisture content-drying rate diagram.
s> (initial moist. cont. 21~22%, board thickness

0 N

Q 10 20 30 49 50 20 mm)
Press -Time  (min)

Fig. 12. Characteristics of drying of

board. (initial moist. cont. 21~22%,
beard thickness 20 mm) 9, and of specific gravity 0.4, 0.65 and

boards of initial moisture content 21~22

0.8 in G-type and 0.65 in F-type. From
this figure it is understood that the drying is represented by two constant rate of
drying and the former has no relation to the specific gravity but the latter is great-
ly affected by the specific gravities and the types of board.

Fig. 13 is the moisture-drying rate diagram obtained from Fig. 12. As obvious
from the figure, the lighter the density is, the smaller the drying rate of the second
zone and the longer the transition period from first drying rate to second one is,
and the critical moisture content is higher in lower density.

The pressing time of 20 mm thick board may be about 20 minutes or so, and
the typical specific gravity of the board made of Buna or Kaba particles may be
0.65 or so, therefore, from the view of commercial stand point only the first dry-

ing stage takes place of drying in practice.

7. Moisture disfribution in the board

In this article, also, the authors made the investigation only in unidirection
which may be more important.

Fig. 14 shows the moisture distribution in drying of G-type (A), F-type (B)
and three layer construction board (C). From figures it can be seen that the
moisture distribution is always symmetrical about the central layer if the initial
conditions are uniform or symmelrical about the mid-plane, and, moreover, from
(A), (©), in the first period of hot-pressing there is remarkable moisture move-
ment from face to core, but on the other hand, such kind of movement seems to
be very slight in (B).
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In case of G-type Moisture Content Moist. Cont. . Moist. Cont.  (%)"

or three layer con- 0 10 (%) g 10 20(/0) % 10 20..43
. . [ Uppe/‘ Hot- late :
struction the wave LA Ldillidiss ////‘F_//\/ ’/'R = ﬁ
like moisture move- Press -Time |: }gﬁ °\'3§TT é :
ment from face to (men.) 5 2 ;9§ 5 %g- SE
: § § 5
core first takes place _____,_,.J;\" ;E'.w l | £
7 /%/ 7277077777 ower Hot-Plate

and then, in the cen- = - - T
. S 1 i

tral layer, the hori- C——, \\3

zontal movement oc- 10 ‘Z 10

curs from the center "

to edge. In F-type, on

the contrary, it seems

R,
e S
that the vartical moi- “‘ig
7

()
()
3
oal

(o)
sture movement is P
very slight and the """’QZ 2o : % =5 l b?\ 20
horizontal one mainly \o ¢ S | »
S, ( e, I
takes place. ’o/ ! f/o«f' !
[o} [+]
Fig. 15 shows the H : | 4
moisture and the tem- i 4 | N\ 45 ! % 35
perature behaviors of .y : } ! i
G-type together. And OPP : i‘a”’ ! i
Fig. 16 shows, for g : 2 : g
(A) (B) (C)

comparison, the moi- i . o )
Fig. 14. Moisture distribution in board (20 mm thick)

A : G-type, spec. grav. 0.8, initial moist. cont. 21%.

distributions in several B : F-type, spec. grav. 0.65, initial moist. cont. 21%.

C : 3 layer construction, spec. grav. 0.65, average moist.
cont. 17.3%—face (flake) 43%, core (granular) 7%.

sture and temperature

intervals of hot-press-
ing. From these
ﬁgures it can be recognized that when the moisture content reaches to about 10%,
the temperature of this layer begins to rise again beyond the boiling point'and
that this grade of moisture content exists in the tran51t10n period of ﬁrst and
second drymg rate as a critical pomt

III Summary

1) The moisture and temperature distributions in cross section of board in
hot-pressing are symmetrical about the central layer, if the initial conditions are
symmetrical or uniform ,

2) The temperature of the central layer of G-type (good ventilative) stays for
a while at about 100°C, then it begins to rise again at about 109 moisture content,
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And the higher the initial Moisture Content Temperature )
; o y 1400y
moisture content is, the l PA—— - P[Zilo %) .r—190 i
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longer the time staying V72, 797005 Upper [0t [ Ll bl 6 i
N } Do T %%h&hlp 3'3\ e} 1
at 100°C is. On the je( s-/ime Jgfﬁ* '
S_otmn) T '3 ﬁ'n\
contrary, in F-type (not éf—} ?_J_Z :é)\ o ( :
T T 3 O !
i i - - - Mo o .
ventilative) the temper \ w0 \\g‘ N =

J--
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at the early stage of o"/ !

i Cower Hol-Plate, -
ature of the central m\ ?,_,__g-ﬂ’"
. 0\
layer reaches a maxim- i
o]
Qo
Mm—xy

pressing, then it gradu- T | i /
o\ | | 0
ally falls down to about °>: r
100°C and begins to rise 20 o | .
o ! 1 \
again at about 109% moi- rd Hl ' o=
1 ; Qun
sture content. And the \o\ ! ! O/
higher the initial moistu- 35 ‘s, ! g/
)
re content is, the higher W4 ' :\o
& 1 :

the maximum point of

temperature is.

The relation betwe- 45

en the temperature be-

o

N

O ey ;w2 O O

havior of three layer o=
Fig. 16. Moisture and temperature distribution.

(G-type, specific gravity 0.65, initial moisture content
its initial moisture cont- 229, board thickness 20 mm)

ent is similar to that of G-type.

construction board and

3) The temperature of the central layer of the board whose initial moisture
distribution is higher in the face, rises faster than that of uniformly distributed one.

4) The temperature behavior of three layer construction (face: F-type, core:
G-type) is similar to that of G-type board if the thickness of face is one-eighth or
less of thickness of board.

5) The temperature behavior of G-type may not be influenced by density, but
in F-type, the temperature of the central layer reaches generally a maximum point
beyond 100°C, and the higher the density is, the more the maximum point appears
highly and lately.

6) The drying of particle board is represented by two constant drying rates,
the first one has no relation with the specific gravity but the second one varies
greatly with specific gravity, and at about 109 moisture content there exists the
transition period of two drying rate above mentioned.

— 44 —
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(Fig. 6),

3) EEALFHEIKRILL RGEOHFLEORE EFIE U FEEKEL b O eth—h &/KE
A Te T EFA W L L ik B s v (Fig. 7).

4) =@t (JLE0.65) THEFIAT T ¢ 6 ¢ 1B F R RICEEBA> T nse, G
17 & 4 U WIRERE Y 73 (Fig. 8),

5) Gz A7 TRIIEEOLMNC b b FREKRITEREcH 228 (Fig. 9) Fra 7

TRILEDOERC W & OLME 100°C DL RIc AW TE s A EE & 0, EILEE - oA Es
B HokZz {#Hibh 5 (Fig. 10),

6) Gi4i,Ff47%%®wﬁﬁ&%ﬁ@20®ﬁ$%%mi@%én,%1§E$%
TR BV PR N SR — Z AT DU 2373 BT x [Jl—TdH D43, 5 2 Bl Rzt
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