252

NR—F 4 7V <y FOEFIC ZBERE

hE 2. &%
R¥ JEME - XH

B’k 3
Heay &L

On the Stratification of Particle Mat by Hot-Pressing.
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Photo 1. Particles used in this experiment
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B EABREL, AR CNICKSRRYESE 2kg/cm? OBRER A7V » # v THBEAL
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F1HBOR—-FDORTY VT « 5y 7 2KRDT,

Table 1. Conditions of hot-pressing

Particle board SP-2 board SP-3 and WSP board
Dimension of particle board (cm) 45 % 40 % 1.9 (thickness) © 45x40 x 3 (thickness)
Temperature of hot plate (°C) 140 150
Closing speed (kg/cm2-min) 3.5, 8.4, 17.7 and 31.9 4, 8, 15 and 30
Pressing time (min) ‘ 10, 15 and 25 30, 35, 40 and 50

|

SP-2 board; 2 cm thick board made of standard particles. (159 m.c. after resin blending)
SP-3 board; 3 cm thick board made of standard particles. (15% m.c. after resin blending)
WSP board; 3 cm thick board made of standard and moist particles.

(22, 27 and 369, m.c. after resin blending)



261

2.2.1 WEISHRES

F—-IvrE&Ntw o b A, BBRETHEEIICEMT SE, YR~ v MICHREISHBRET
Bo —MRICNN—F 4 e =2y POBFICHI-TIE, F— FEIARHTIENTR b yreds
FRHENDS, ZOLIBEAT VAL I > TMEAONIENO—EMA b v S -T, = v
FCAETZEOETAZLEZ EBTEIN, 22T, APFETHA N v 2 2FEHET, EROF
WEMBICLEDOF LA TV - F =V L > TR~ FEXLZHEI L,

2y PABMSHAEERROBOTH B, THBbLE, Ty b« L AOWMEFMHICED DT
reENERE (EMEE KK #, PG-500KU) o1z, B0 TAHIES GtMmEX K.K.
&, DPM-2E6) 2@ U CHIZEMNELRGNCRBE IR FETH B, BB, —EOFHERE
EAELHic, BICENETHHOTERARCHTOEELRTHEEZ FOEAL, ECH
7o o CERERET OIS B DEBICTIH S L S WWME L,

2.2.2 PENEERIES

ZORER SP-3 8L£U WSP X— FOBEHERBICOWVWT, $i—a3 v 4 v ey #BERICK
> ThREN,

6EHOBBEN LA —I v/ OBEBRTENEN » PHOROMEE v b Lz, THEDL, =
w FRME (45X40cm) OAE 45cm 2257510 134 (40 em) WETHEHEETIH LD
10cm ORIBIRENT, = v FEIHFATERER +hH»51.8 2.5 5.3, .08 KT 8.8cm
DOFH6AICEy b Lo CRODE[ILDVT, RETIEMES, EHRRD, 63T AREM
B THHEL, FRICBIIEEREELL -7,

8B, =y FPOREHRAFOR VD N—F 4 7 VOFEE, ERIKL->T, FAENMELD B
BLTNEEDEBODONSE, FLTABHEZEUR-—FEI 2B LT, Zho0BKRAES
R LI,

2.2.3 RFY VT Ny 7 HIESE

BT EBORKEBEICENT, BERIVEEL TSy bERy P« FLRANGEDHT
b, BEEHCE->THEEI LD SELRS, WHWAEXF ) VT« Ny 2 BT D, T
IZ, WHBBIE-7Db, BBAELZMRET 2 EHBICI-TRIEL, TEHI-7ck—-NR
HWHEX LD LB, LEd->T, E—FORT7Y) v 7« Ny 7 OBRFE, BTREORTE
BEOBGOH, H50RF-FEIRFHOF = v 7 OMBLOEETH S,

K= FDRFY) v e Ny s id, B S—F 4 20 EAEAF ORI KT 5 BRI EE
B SEEREEER S EZED, FCTARE TR, REE®E | BEREREEZETHE LR
DRFY VT e Ny 7 EZRDEIICHE LI, TRbHB, BREBERIO XA TV r—JDiH
L, BREOHEKE 1 HRKBEUHBRAHAS LT — FiciBRbEMT 285 (BAELH 0%
SLOB B ERN) KB ZLA TNV - =YV OHRALDEDPD, TNENDORAT Y VT o N
v I RO, BEEBRORT Y v 7 Ny o BJIRERERERD 2, 1 B O Z hidRHR:
EERS ETBET 1 HROEBERMRBIER ST OMERT,

2.3 —=F 4 7 F— FOMERBLL

ERE, BBIUABAKIEEDREZMITE > T, A)=F 1 7 v« F— FICEREESE
EXhizhEsh%e, K- FOEIXFHICEIIREOSHICLD, QK- FHEBEDXS KK
BEINLHE, BREEOEREBEHOSVITREIB LY v/ FRIC XD BRI LT,
2.3.1 RBROHN )
F—MERETEONLE IS TOR - ¥, LEMFRERHORERBRF (P RBAO



262

BHEN%Z, WFhoBALF— VEATA2IFTROLI KB, L, Ti4bb, SP-2 &—
Fibid 4x35cm (REBF) & 5x35cm (BHEEBR) %2, £—F1KHLLEINDT,
SP-3 85X WSP K — Fh b ZB#EXNOHBENMEE I T, 3x41lcm (REBRF) & 5X
4lcm (BRBR) %, F—F1IKILVB2KIT, WThbHEBRFOEEE XUEEORF
JEEREAIC LTEE L, CcrkBBRROEEERZ, RERF CREEMED DITIERKED
LrfloEs, BREFCTRANEE2V S,

B S h - RBIT B RREN E CEERERZICRE Lk,

2.3.2 WESHREE

R— FEIFAK BT 2LEOCHMIE, BBF2XE» SJART LV —F THHIL, ZOREKOD
BEBIUEEBLOWHI AN OHEL KD Z HETRE Ul DHl 2N OHE o 12

=G (gfem)
czic Wi, Wi i BIEBOYIBIRTB KUBROER (8), di, div1 11 [BIEH OWHIATE KUBROBEX
(cm), b, I : HBF OEB LTRSS (cm)

1BlOYHIES (d—div1) REED» SIEXK, SP-2 ®— KTk 0.5mm 3, DWTLS,
2.58 &7 3.0mm, SP-3 33k WSP ¥— FTi3 0.5mm 4[6, 1.0mm 4[5, 3.0mm 3
EBlTtH 5,

2.3.3 HigERE

HTREE O R, ERoLS5ic5 () x35 EX) X2 (EX) cm & 5x41X3cm
D2BETHL, BT B v OHIZ, HIE TS, %ETI2THS,

HEic ik BEAERBE RH-10 M2A0, RBAKOF— FEKEEICHRENTE FFES
4% 75 mm) A7 EHEE 50~60 kg/min THZ, WE Skg TEiEE 1/100mm 0F A 7
W F =V TlebABERE U, HITHE op SHITY V788 By 2R TR

="y (kglem?)
Eb=% (kg/cm?) |
czic P:BXKHEE (kg), [: 2%y (cm), Z:WEEAHK (cm?), 4P : LR FRFE & TR
TEDE (kg), 4y 1 4P CWHIET B2 A RO DS (em), T HE 2RE— A~} (cm?)
5B, REBKT®RBIBENSOAKESE, JIS A 5908 i & » THIE Ui,

3 EBEREBIUEE

31 »N—F 4702y FOREIES

SP-2 = PRDWT, H#EEEZEZ/ 7 A —2 & LTHERBMEEKE (= v b OREISH)
OBf%% Fig. 5 IKART. WIMOER ERMIRITEEMEE CREEIICET 23 TOEHE
%, HRETHMI<y FONMIEHOBREZR LTS, FEEESKEVIRE, (VBEKER
EpskE L, QEIBRBKTERESIS/NEL, QFEMFOMLE (W HEEcHOER &/
éwoCn&@ﬁ@%%uSRs7yru£wf§%wenkoBEvvrwowfﬁ%mﬁ%
% Liiri (1969) DTV 5B, EMEESASOIRE, ~—F 4 7 LV ONEIc X 2 w18k hsE
BIGEOEAPCR O N, BAEBESKEL L L L L BIEBORFENL (F— FoBRIL



fFahsd, ¥k, BAEBESKELZ LICK-
T, BMi~oy PEEIEBT S HAOERBRCETS
BB b/MEL, MBKZEROEBICEH->TO
B, chick2B0RFECE->T, SEBEHE
KRBLTISHO EBMBELL #7750 LH
ﬁf%éom£Svar@#Aﬂﬁﬁ&®%m
# %, Keylwerth ®+ﬁ&bc LichioTRDB L
SI15.0+0.9%TH %,

DX, WSP =y ricoWTai~3, 2D~
v FOEE (WP) L@ (SP) EBLi31 @ 2
EARBHERO &KRZ SP BRI TH B DI
HLT, WP 22, 275 L U36%0D 3BRETH D,
Tk EEF 39~ T 30 kg/cm?-min T% 5, Fig. 6
KRT LI, BRRKEMER REEKEOHNT
BAOT2EABALNDE, Zhiz RBASHEEZN
128, (WKRSFick3RBOREL, @RBERIC
BOTREI N AL, @KERICKL S BB
> TCORDZEENBIDARIEBZLELX D O
LEbh b, Fig. 7 [SHBEROREL B ERBE
DERBEEKBEL 5 2 -2LLUTRLI, D5
HRTExBLH1C, 1) SP=v iz WSP =t
T AR b > TIHENB B %
, QFBEARNE = v I T EFH
B9L, 20#%BEEEE, ChRFEZO=20
BHRicksidh, REEKEDO Oy B
THEBOBEMAEE SN B3 BB ELTRE, &
[BICERE Lic BE KD ZKEIC X 3 WFIEH
OERBEZILND,

3.2 nN—F4on7y t ORFREE
Bk, =v PO BEIFAO LMEEE
W6 BTROLN-BEEEZANT, BAFEO
%ﬁﬁwﬁﬁ%v%bﬁﬁﬁ®ﬁ§ﬁﬁﬁ¢bﬁ
L THHThsEREL, F— FEXFAK
B354 (0(EHE), 4,75, 11, 15mm (fo
) OREZRE Ui, KOFH DL SP-3 <
v MIZDWT, EREER 30kg/cm2-min® X Q
RETOBREREL, 151& LT Fig. 8 kR L7,
EFHEHEERZZOREBEL HETE - 12205,
BRI HBER (150°C) icEEd 5, dhEEC
hicEy (hoELS 4 B0 7.5 mm) 4 E T
13, REBBHIZIZIONF%E TR SEKFEL

263

40

5

ol
[s]

Pressure  (kg/cm?)
el

=1

ao oo

Closing speed
(kg /cm?. min)
3.9
17.7
8.9
35

0

5 10 5
Press time (min)

20

25

Fig. 5. Pressing curves —moisture content
159,, resin content 8%, board thickness
20 mm, press time 25 min—

BH
(]
T

Pressure (kg/cm?)

w
o

e
———

5 20 25

surface moisture content (%)

335 40

Fig. 6. Relationship between initial pressure
and surface moisture content — closing
speed 30 kg/cm? - min, press time 30 min,
board thickness 30 mm—

40

o
(o]

|

Pressure (kg /cm?)

(SP mat)
(WSP mat) —————

{WSP mat) ——-—-=

(WsP mat) ———-—

Surface m.c. (%)
5

10

20

Press time {min)

%

Fig. 7. Stress relaxation curves — closing
speed 30 kgfcm2- min, press time 30 min,
board thickness 30 mm—



)
R

150, /’ N
- e
g — -
£100
2
é Foce
= at 4mm from the tace
o at 75mm from the face
at limm from the foce
Center
o]
o] 30

10 20
Press time (min)

Fig. 8. Temperature curves at fixed points in

the mat during hot-pressing — closing
speed 30 kg/cm?2- min, press time 30 min,
board thickness 30 mm, m.c. 15%—

Time (min}
S &
/(///
1)

@
Time {min)

b

15
Closing speed (kg/crn?- min)

—
15 25 35
Surface m.c. (%)

Fig. 9. Relationship between the time when

Fig.

the center of the mat attaines 100°C and
closing speed and surface m.c. — press
time 30 min, board thickness 30 mm,
center m.c. 15%—

150F
Closing speed
(kg/cm®-min)
e b s
g|00- ¢ 8
3 d 4
L
3
&
S0+
a
0 L " L
o] 5 10 15

Board thickness {mm)
10. Temperature distribution when the
mat was pressed up the fixed thickness
—m.c. 159, the fixed thickness 30 mm—

TH#100°CizEL, OLCOBEELAHERT 5, C
NeH LTEEH» S 4 mm OMNE TR, 100°C ¥
HETHEBRERBIETT 4, —EEEBEERET
%@@K%@é%ﬁ?éocoiﬁmﬁﬁﬁﬁm
BEOMEIC—8Y 55, RN HEEEAT

Wi, D& Fig. 9 iR Lot E@as#y 100°C
KETHETONMBEEMERE SP-3 < M) &
LUERBAKR (WSP < 5 ) ORI, Ak
BEHRLLOBORBEXE <y b hLEE
DEFR IR E2boTCEERT, THITER
DEHIKE, BEBEFCL--TEBE= Y VER
BLOBICEL, BEBSEEMLLTZO BEES
WAL, —F, HETOKELEE (FBR) 5
BanT, PLENOKELROLERE, Zhic
LBERBIDLAR AT EICESE, TDIED,
7y POSHEMICHIEEI ENLZ D, EEEEY
LOFELIEMTICEBLINTHSI, &7,
EEEAKEERE N ER, FhiCk->T, BM
PORBNDED EEVBIDAT, 12, L0E
{ OIKELDER LD - T HOLEND BEENE
mAICIE B,

Fig. 10 j3 SP-3 = » } Ic2WT, <= » M5
EEICEREIN: BEREMRE) KEitsd s
vy FNOBESKEZRLILSDTHS, O
HTREMEENKENEE NEEEMEL, 15
B LU 30 kg/cm?-min DA T RLHE OB
BREEAEEMRLTOIEN, Lichi- T EH
ERRENIEE, < b OHDIADBET, &
BRImET X 5 MHBILOBEMSNEL, $—-FE
RACDTFTREM DS A » 2 T & ZIRT,

3.3 RFY T Ny

BREBER BLIVLIHEBO RS Y v Ny 2 &
Hksl - 08EE, SP-2 £—Figon TR
Lz, # DR,

(1) EREMBSE LN EE, EREEO BKT
BEE® BIULIHBORFY V7 « Ny 7 38
LRET T % (Fig. 11), 2hid3ERo k51,
EiEENAENEE, < v FOREIBENSKE
WZEIREXBHDT, TOHEIATY vy -
v 7 OEEBUERIERICBNTHRED LN,

@ FEHEESELNEE, FEREMIRNE



L, IBJHERIOSET UTEEIGT (BRERTE)
PNELTBD, ZORRRATY v I Ny g
L/h&<ies (Fig. 12, 13),

Yl EOKER, foVf-Nw&%¢é<bf
K= FRIREZ 21D1C1E, = v ORISR
(%ﬁEﬁE)%ka,ﬁﬂﬁécébt®B
DOFMRIT X KO0 FHAT, EERNSH
2EALT, BREMELZNILSTICENES
L

3.4 ﬁ—FEéfﬁK%Uéki@ﬁﬁ

N—F 4 v K— F O BRMEER, BEER-
r@EéﬁmmzwakﬁﬁﬁKgqf&dén
5C<E7b>§b\ bb)b$ tx-?/b@,’ﬁ‘BECE@L
<, C@@ﬂ/ﬁfc&énﬁ_%i@fo\<, 3~ b

gcou\*c@ & DBH, Fig. 4 iR LU #e Strickler
@%%&ﬂ%w B @RI s A BT H

BOoN, BRI

(1) FEEOHKCTES ATHRALEDD
SHONAMELK— FO RHEICEIL, TOMEA
12 SP BXU WSP k—roeTitddbhi, 1
Bl LT, SP-2 ®—F, EkEERE255 b DT
DINT, Fig. 14 KR LI, EREBEORAKT,
HEOCr—73X—F REICXD ANMEICAS
DPIBITT B, 1, F—FELHOHRERPD
KFL, ERiCEVEATREFEALT, |
ZBOEWNI LB BHASSH ONB,

@ WSP £—Fig2o0TRLK Fig. 15 it s
phadLHic, vv F ERDO ZEBAKKDOHK
T, EREIEEO LEoE (KE>KE) B EX

T 50, EBEKENGBICEDLE, DL-TZE
DERIBLTE, ILBEREEOHOONBLE

12, BEAKENKEZVIZE BEICELT 5,
BB LRSS,

EEDOY-— 7@¢@Em&bbnéctmow
T, Strlckler BROXHSWKHRALTVWE, T
L, BEOCIVWOREH» L TEICH > TO K3E
B, dHEBETLEO BEECL - THBEH
ArEitkBELTNE, ABRO LI, FhEHE
ELREEKBO BATHEDOY — 7 MESE—
FRECELLTS, BABEROHBL LR
OEORHEWTEE, THbhL, BRIKET L

Fig. 11.

Spring back (%)

)
°©
7

2001

265

Press time (min)
—e— (0
—x— 5
—as— 25

A

Y —— Spring back at the opening
of press

————— Spring back ot one day
after opening of press

------- .

—mmpe———— o } S

20
Closing speed (kg/cm?-min)

Comparison between spring back at

the opening of press and at one day after
opening of press — m.c. 159, board
thickness 20 mm—

20.0

Spring back (%)

10.0F

0

Closing speed
(kg /cm? min)
3.5

89
\ —a— 177
\ —s— 319

I
1 Spring back at the|
1 opening of press
I * —— " Spring back at
AN { one day after
! ~~_ opening ot press

‘\u\

=3 -
[P

15 20
Press time (min)

25

Fig. 12. Relationship between spring back

Spring back (%)

and press time — m.c.

159%, board

thickness 20 mm—

200

9

¢ Spring back at the opening

= Spring back ot one day oftér'_'
a The deloyed restorative

b The instontaneous

of press

/

opening of press ‘
component

restorative component

10
Finol pressure (kg/cm?)

Fig. 13. Relationship between spring back
and final pressure —m.c.

159%, board

thickness 20 mm—



266

Surface m.c. (%)
~ —_
+o.2¥ rozbf \ —— 22
T P\ —
(5]
§.+0-l{ §+o.| ‘, \—-»-— 36
2 - > 1 ‘
£ mean y! 4 5 NG ;\;\IO ‘@ mean —
S 1/ = & 10
] / . 2 . o —
-0/ Closing speed {kg/cm"- min) —oJ e S
25 : .
-—— 89
-0.2
—— 177 -Qer
—— 3.9
Distance from the surface (mm) Distance from the surface (mm)
Fig. 14. Density distribution from surface to Fig. 15. Density distribution from surface to
center —press time 25 min. m,c, 169%, center — closing speed 30 kg/cm2-min,
board thickness 20 mm— press. time 30 min, center m.c. 159,

board thickness 30 mm—

v FPREO/?S—F 4 7 VIE, KEVEREZS02DRIKTTIERL, EHEINI LEICRS
BETRH->THLEAKKTHD, @BEKRKSCLATNEILBIXCF0OBE (BER) OXWVWIKCHDS
NAFEFBTEABDIENT EiTX B,

3.5 ﬁ—F@ﬂﬁﬁék;UV/fﬁﬁ
KWMam(ww)u3g+—r@%ﬁm§m@@wcowf BRNEZEBOMKE, K—F0
@Hﬁéu&%ﬁﬁ i, MY v/ REE BEEOFNCE > TXEINEELTVS. T,
SMng(wm)uf—Fwﬁg@ﬁé(nbbﬁbﬁ)b&i@%ﬁ%b~ﬁﬁ%%%ﬁx§%%
(1965) IZ3BHLUVSER—-FOMTHRXS ERH»S 1mm BEXOBOHEE BER7 77 %
(BREOHELEIOAINTEE2) OBKEAT 2L LTS, CULLOKBELOHIFTE
BX30C, 20— F 4 JVEKBODBESRG EF - FOMTHRIBIUY VS REROBOHEEDIE
HYohTn5, EREBEKREDERICONT, m7yf@%?$ﬁﬁﬁﬁ%é,4~w%®ﬁ
AT, BEKETHZ1E BRI ES, ﬂﬁ%éﬂk%w,@i%%mﬁwmﬁ%mﬁ&c
ZIVCERANTENZE, @Uﬁé%&UV/ﬂ%ﬁﬂk%w miEam$mmwt&%Km
BakEsEETH S (FE25%, FEIS) &%, @Hﬁé%i@?z7%ﬁ@%kﬁ%r?
ma@&%m%é it,%&k#&mﬁﬁmomf BAEMERKENEEHTY v 7 HE
BHOMICKE < ??“«EZEE (Z vy = k=Y vy, 130°~170°C) AEFOZE ERERIEDT
ERZS %Uﬁé@ﬁk?%&énfw%

AEBERI

() TREekELFLY, HEEKBEENS R WSP K— F i3, Fig. 16 tRT LT,
RSB LU v 7 REREBSKROBMTHKRT 20, RBEKRBHBHERTISECZLS
LHLHIREBAT B, ChRBSHKDIOEETHEARNOEENBIUREORENET L
EiLEBEEZLONS,

(2 SP-2 £—rFigonT, Fig. 17 icRT &5, AHEEOHKTHT BIBXUY V7
FEOSEAL, MPRSE—EHCEEYT 2, TR B—EEERTOR, BIRS & T
Mo bEERERESEDONECEITLBEEDNS,

36 s—F 7=z FOERI
DEOHRZBELTCRAEDOI VD —F 4 7 v =y MBI BBRILICODVTERT 5,



501

Bending strength (kg /cm?)
Q
(o]
e s

Young’s modulus (xI0* kg/cm?)

N
o

n
(o)

.......

Surface m.c. (%)
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Résumé

This work was undertaken to clarify the mechanism of stratification of particle mats
during hot-pressing. Particle mats of simple moisture content (SP mat) as well as
three-layered mats with moist surface layers (WSP mat) were formed and pressed at
various closing speeds. Measurements carried out were: i) changes in the internal
stress developed (actual pressure) and the temperature distribution within the mat
during hot-pressing, ii) the amount of spring-back at and after opening of the press,
and iii) the density distribution, the bending strength and Young’s modulus of the par-
ticleboard prepared.

The results obtained are summarized as follows:

1) The maximum pressure and the relaxation rate of the stress developed in the
mat increased as the closing speed increased. High surface moisture content resulted
in rapid stress relaxation followed by slow relaxation.

2) The surface temperature of the mat rapidly reached the platen temperature.
Temperature in the center of the mat rose gradually to a constant temperature of about
100°C. The time required for the center temperature to reach about 100°C shortened
with increasing the closing speed and the surface moisture content. When the closing
speed was high, however, the mat center still remained at the initial temperature at
the time when the maximum pressure was attained.

3) The spring-back of the board increased as the final pressure increased.

4) Stratification was recognized on the particleboard prepared in this experiment.
The maximum density appeared in an intermediate layer. The position where the
maximum density appeared, shifted towards the surface as the closing speed and the
surface moisture content increased.

5) High bending strength and Young’s modulus of the particleboard were associated
with high face densities, i.e. the stratification, caused by the increase in the closing speed.
The bending strength and the Young’s modulus increased also with the surface moisture
content below the fiber saturation point.

The relationships between phenomena observed during hot-pressing, that is the de-.
velopment and relaxation of the internal stress, moisture movement through the mat
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estimated from the temperature distribution, and possible plasticization of particles,
are discussed and it is concluded that the stratification of the mat is due to the significant
densification of the surface layers, compared with the mat center, by thermal- and hygro-
plasticization of particles which is brought about by changing moisture content under
high pressure during the initial stage of the hot-pressing.



