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Studies on the drying of plywood (The relationship between

the spreading of adhesive and the drying velo_city)

MR 571, [ BaRomMER s
DECIRERE (SLIRGE & SRR RO TR, SRR
B _EREGE, KD OLERBEE) wownwToER
RERTR, EHEFETROSBHE, KIERC ks
BEYPLICT S LR ot F & TH X
#l, BHE, MEEHESEELT, 2~30ER%T-
Tohico KHIZ, FNEOERMEED 1T 5,

WAERE, TEHAERAZRZOMIENC L » TF -
bDTH B LML, e THICERETsHES
ETBRBTHED 1, '

I SRV ERUERAE

(A) ERFE; ZIIREE [ -5) (Betula maximo-

wicziana REGEL) ¢ rotary veneer (J5X0.84mm)
TRV, TREHTIPIYEZXEREZBIEL X,
@) # & #H

1) urea-formaldehyde resin ([T U-resin & BEF5
T5) ; BILFIE LT, #EE10% ONHLCl 1097
e _

2) wurea-formaldehyde resin with extender (T
Uw-resin & BE Fr 3 5%); BEX
(extender) & LT HBELHEL
FEEAV, ROEFEIGIC Lz 100}

urea-formaldehyde resin---100
N OE B 35
K 35
B oMk A e (1) & [ERE
(b) EEHOBTE; 15, 20, 30, 35,
40, 50, 40g/ft2 7 44k
(¢} HEAHFIREE; 100°C

Moisture Content u (%)

(e) FMEA#F3RI; 10min 2o

(f) assembly time; 30min

(B) FEBrJ7E 5 R & AR BER HT— 1 SRS
% —E R (R4 (D 60+0.5°C,19+2.0%,

"(ID 40+0.5°C, 33£2.0%) CREHF L k#, 270

spring balance ({£f¥; spring 1 =5, 4mg, spring2 =
6.4mg) 1T, FAKEWR (HAKE ; 90~103%, #HFOKX
W2 ; 5X5cm?, @lEKE, 3~4ERERMBELE
1) ZAKFCHOTY, FHREE ($BEH1):2.9%,
(ID5 5.6% )T HiEeDERBRDZ B % cathetometer
(KB 5 1/20mm) TEIRI Lico

HET O&KER, EBETH, 100~103°C 1< 3 &
L7 thermostat Py CIEBICET 51288 L, wHER
BEEL UTEHB L,

I ERERBRUTER
EEFBEICENCEER L 1R O SBEE (EAR
(u) : B242H50 (2)) @ 1 flkFig. 1, k@M olog,
u : zOBARIEFig. 2 o< T, HiR O H AL e FkE
IC, SKESNEIRTIICE W TESCET 3 % HRH
(=R LIBEEcET 3 28 GRRMHED oF
ET AL, ¥Fig 25 blog. uiEHENCET T 54

Fig. 1) Drying process [moisture content (u) : Drying

time (z)) of prywood

Drying condition. Adhesive, (Spreading)

(8 GDOESL; 0.908~0.236cm L
(h) EHWOANE; 25X 25cms

> 40°C, 339, U-resin (35g/ft2)
e é0°C, 19%, U-resin (30g/£t2)
o0~ 60°C, 19%, Uw-resin  (50g/ft*)

L 1 1 1 _. N N

Ky £ 120 160 200 240 280 320

Drying time z (min)
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Fig. 2) Relationship between log, u and z

Dryingcondition. Adhesive, (Spreading)
U-resin
U-resin
Uw-resin

>

=
=
o

40°C, 3%,
é0°C, 19%.,
é0°C, 19%,

B

=0

=)

g 8

=N 8
T v

Moisture content u (%)

N DO O
T

L L 1 L ] 1

RO EER Y o TREIBEME T,
Fig.2 ®logu : z, X Fig.3 pdu/dz:
(ueq) (AL, ueq="F#&7KE) DK
BB HBS N, T OHIRERE
(du/dz) 1%, BiERE 4 < BEffIcXET
RTTERHES,
du/dz=—K (u-ueq)

HL, u=H2ksc B T5E&

7KE,

PeoTEeuX, EXNOBEIEC,
z=0Tu=ua ({HL, va=fR L& K
) OFHEANDZ LICED

u:ueq+(ua-ueq’)-e'k'z

TH 23 03tk %,

(35g/it2)
(30g/ft)
(50g/1t2)

I} 1 i)

0 20 40

Drying time z (min)

FAGRERE 1 B L HRBECET 58 GREFE 2B
DOFET S ERHELMLCRDBND, RFEKER,
RTR OB & ERRICELIREH 60°C, 19% OHBEWIL 55
~63%, BG4t 40°C, 33% DFBAIIE 45~55%, %
oI 1 B O, BRAEKELLEKEHT7 ~12
BORWEICES T LHBEDBND. Taw, ThF 3 HARH
DEKFR, BBEHSERARECEINAE W ES

RIgBT X, wEkBElneTATH %,

1) (EREEIBEE (du/dz); Fig. 1 O U:Z@#f O ERE
& (BRI OMAED B KD B IR R 2 HEH,
BHE, HREHFCOWTRTE, Table 1 04 T,
FEEAEFRIZEROERMIBHMIC 3 v T, &K
R, EINEFLWARR TR, —EBREET T, #
ERIOEE, BRI 1 EDER 3 T L3 EE
Ths,

Table. 1) The drying Velocity (du/dz)
of plywood in constant rate of drying"

. du/dz (% /min)
Spread
40°C 19% 40°C 33%
(g/ft2)
U-resin Uw-resin U-resin
15 1.08 1.05 0.45
20 1.15 1.06 0.48
30 1.04 1.03 0.49
25 0.99 1.16 0.50
40 1.02 0.97 0.47
50 0.96 1.02 0.46
40 . 0.98 1.09 0.47
T B 1.03 1.05 0.48

20 EEEREE (du/dz) 5 EKS OB BN R

1
280 300 320 340

] L L 2 A
4 €0 100 120 140 160 180 200 220 240 260

ERXORMEKR, FREERE - TK
DUBOHES Y, FleI /KX, ToBENERT 12
DRELELDTENHERDOT, HHOLM ERE
LEEOEY, REBEE, BEER, BRECOWTK
Wiz, Table 21X, TORERERLESDTH 2,
Fig. 3) Relationship between du/dz
and (u-ueq)
Dryingcondition, Adhesive, (Spreading)
-o—o- 40°C, 339, U-resin (35g/ft*)
60°C, 19%, U-resin (30g/ft2)
“O—0- 40°C, 19%, Uw-resin (50g,ft2)

15k

du/dz (9 /min)

U-leq (%)

Ehb LB RML, RS, BERl, BHEN
FA—7BE&TH, KR 1/KOBRETOMDIE DA
Rob, FHE»SEBICLOERMEHEET S LT
B S B4, 60°C, 19% owriggt <k, U-resin
Uw-resin O & d BHMEOBEIMCHE - T 1/KEIHK
DRI BETOENT 5 2 235D bR DA, 40
°C, 33% DEBELEHTIX, BarOEmE AHE AITH
Bo MULED, fCLTd, FEIREH, BHEERIL
HBRFEOHIMCAE » TKITHE), KRBT 5K
FORINT 5 L B2 TEX 2 A VEICEbI S,

i Uw-resin O34, SEHERIC BT 3 1/KofED
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— 156 — ERERARENERE HF65 A (1958
Table 2) K and {1/K-Value of plywood in falling rate of drying.
drying condition 40°C. 19% drying condition 40°C. 5595
spread : -
U-resin | Uw-resin U-resin
8/t e K average|thick- K | average| thick- 1 K average
nesslocial VE [T RET el o 1K [HRE] Paess lxcios| VK IR
mm | ! | ‘
5 2.1 270 .04 gl 208 277 37.04 41_15! 222 0.871 114.85 41 45
218 214 4673 211 219 45.2¢ 212 0.914 109.44
213 2.39 41.84 | 214 238 42.02 243 111 90.91
20 2.04 171 5830 OV 214 272 3674 3B 209 1.04| 95.94 9384
2.19 1.80 55.52 217 2.72 36.74 2.24 1.01] 98.9
30 224 1.8 4.8 551 243 229 4362 408 200 105 9433 9666
214 1.4 ¢9.40 2.23 2.44 40.99 213 0.927] 107.82
% 218 1.53 ¢5.48 M 218 2.0 45.44 B2 249 0.957 105.09 10646
2.400 1.3 72.43 2.2 2.14 46.73 | 2.2 o0.830 120.48
W | 230 1.28 7813 5B 223 247 4044 B 23| 0924 108.01] 11425
2.31 1.33 75.34 224 2.7 42.49 2.200 0.750 133.33
50 238 1.60 6250 892 214 2.2¢ 4428 B3 243 0977 102.3:| 11782
2.2 1.30 769 220 2.07 48.24 2.3 0.817] 122.40] 122.40
60 235 1.3¢ 73520 75%8 2020 192 s2.08 5917
EENR, F—ggtoU-resin O FRICEE L THW 3) WEADOEE, BE); Figdoqn, log.Vav/Vo

DR, MEFEIET 5 ACEERTNE S ORE, S
tL, BHEriEne Lo Tb, FhEMKE
ML Wwz ticiERET32b08E 2 bh 5, XEFRE
40g/ft2 P kv, 1/K KRR EmsrEsbh
DO, B < ERECEZEFS/MBCRH LT &iIc

AT LHEHIND, W ORER, RIEAEK
%@ﬁz%c? BEcE W T, BU@mAT T Lt X,
Fig. 4)

t/(a/2) (REORBED ORISR 1 T #
k%ﬁb%é@f,mﬁm%A&ﬂﬁwﬁﬁwmﬁMﬁ

Frt k20 (mL, K —ksmek (1O

(h,—%), N =HLEGRE (m)]’i’ﬁﬂh, HER%E

'ﬁ:s %%ﬁﬂ? ﬁﬁiﬂobxf7kﬁﬁiﬁ$K%ﬁ§Lko

Relationship between Vav/Vo and t/(a/2)2
Drying condition.

HERDBEHOHELARKCROBETRLED N 5 & &
%, BB TRLIRE
THTH B,

10 Adhesive. (Spreading)
o2 +——e 40°C,35%, Uresin (S5g/ft)  HIba ={ROMS (om),
o 60°C,19%, U-resin (30g/t2) wo—#ti&kE (%), ueq
04k o—=0 40°C,19%, Uw-rosin(50g/1t?) _spiskcas), u=ths
T PSR O © & K %
0.2} (%), Um=FH&KE(%)
Vav ¢ L, Vo=uo-ueq, Va=
Vo otk u-ueq, Vav = um-ueq [T
0.0‘8’ BT
0.06f R
0.04fF X=o0 Va=u-uegq=o,
u=ueg
003 X=a Va=u-ueq=o,
u=ueq
o2r t=0 Vo=uo-ueq
() 1 [l )

R - v
t/(a/2)%

[ L 2 ] i ] i [l (] [l i
140 160 180 200 220 240 260 280 300 320 340

52 5&, TOX
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BTRER « R OB O

WT EEROBRTE & 5D — 157 —
o “ns (—F )Rt Table 5B WAL nan<, IRGH, BER, &
Va/Vo=t/z I e 2 B4 AT e T b KR koD HICIZE O
asq @ BORFA—BETdKRFkoDEICIEETOBSIE 0 A
nzz ROBLNDDCEHEIDEBIC L OEREHEET 5 T
Sin {BL n =%k e < 5 ; i
a LRREETH 2%, §IREHE0°C, 199 D U-resinD
FHLEHV S L Aicit, BREOEIMCHE - TEHE Ko kikb3 51
Va/Vo=_4 ¢ —(m/a)2K-t i w2 MCH B, L E—8i8sEd Uw-resin, RSB
T
°C, 33%® U-resi AICIEEA S A =
R A um 2B & gﬁfb“?SEQE::?ggfigégfﬁi<§
Vav/Vo=8/7r2(e‘(-”/a)2K't+1/9e_9<”/a)2K't...] Lo T 3 oy K £N ’

. (1):4)‘63
TRIND

Y€~ fVaV/Vo K. t/(z:/)2> ‘D EhiARD B AKSHEEEK
xR, wﬁ&ﬂﬁW¢E&Vi TEZbRR
Ko=K (a/a0)" 2 (fiLn=1.22 Li)inb, ES2.0
mm@PKoa Kb iz, Table 31k, FOEEEXR LD D

BEBNTE, PR2D OEEEEBL TORRLOK
FOEBHENEROLIRICERHR S © L RUBHE
REWHEIE kR oin < FERIECEE R0 S5 2 3
+5 e, ¥ Uw-resin BT, FTEERO

RHOfc, HMEFIOFEC X - TEZEHFNB SO

AOELT D %, ﬁ*ﬁafDi&‘ﬂﬂ#m?}uﬂ%&%hﬁiﬁm

Th Bo FUDRNC LICEET 5D LB bR,
Table 3) K and Ko of plywood
drying condition 40°C  19% 40°C 33%
spread
U-resin Uw-resin U-resin
g/fts thick- K Ko [average|thick- Ko |average|thick- K Ko |average
ness mm| X103 | X103 | X103 |nessmm| <1023 | X102 | <102 |nessmm| <103 | X103 | X103
2.11] s5.84] 5.60 2.05| 4.93| 4.83 222 229| 2.1
15 218 | 5.49| 513 93| 21| 42| 44| H4| 22| 297| 27| 214
213 ] 457] 4.35 2.16| 5.68| 4.40 213] 247 2.7
20 204 574 5.65| 50| 244 2¢2| 48| 4| 29| 2z2| 224 2%
219 | 4.42] 4.11 217] 4.78] 4.48 oo4| 181] 1.68
30 224| 521| 476 4% 243| a4 49| 3| 222 24| 22| 1.5
216| 4.38] 4.12 2.03| 5.08| 4.66 213 23| 2.21
3% 2418 | 5.25| 490| 45V 25| 49| a2a| 4| 29| 2e0| 242 232
240 4.41| 3.81 2.26| 4.68| 4.24 236 279| 2.44
40 230 53| 48| 4¥2| 223 49| 457 | M| 2z | 2z%| 20| 2.¥
2.31] 3.38| 3.01 2.2 | 5.04| 457 222| 256| 2.3
50 238 | 417| 3.63| 332| 24| a75| am0| 44| 243| 2Es| 221| 2.2
226 | 3.87| 351 2.20| 5.04]| 4.67 235| 219 1.92] 1.9
60 23| 362 38| 33| 222| 58| a71| 4
= # BRI, BEEFIR LT B E ORI & e i3

BIE, BER, LREEEEC L3l [H4) H
RER (B X0,208~0.236cm) OISR 85 1% 0 EEE
BEMBICERT S5 LR0L Th B,

(1) ~N=%H, RREROGROBGE LR, &
K, WMEF1BRIOE2BO 3 &ZRM»sE» bR
(Fig.1, Fig.2),

(2) |EREREEE (du/dz)it, BEEHN, BREcEeT
B—EDfEERY (Table1),

(@) WEHIEEEE (du/d2) 1, > = K (u-ueq) T
xzbh, KGHHOEINO—RETH 5B /K

A{ER%Z7R$ (Table2),
) ARABOKSLBEAHOLE & Flc S =K
0% iz b, AAEEEKE, #BEME0C,

190/03 U-resin (urea-formaldehyde resin) D&

IR B E & DT 3 @R R T8,
BEICIIEA D b T 235

oo
LS B (Table 3 ),

BER U5 A
(1) il BH : KMERFE2% 45 P168~173 1956
(@) &b ARMBE 135 Pp214~203 1954
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Wés A (1958)

(3) ¥MHEHE - &3, HR

(4) WA RMBAFE 65 P5I~70 1951

6) &k: o~ 135 1951

6) JvE MRS 42 (1949) 45 (1950) 51 (1950)
54 (1952)

(7) Kollmann, F : Technologle des Holzes und der
Holzwerkstoffe, p443~455 1951

(8) Keylwerth, R : Holz als Roh-und werkstoff,
10—3 (1952), 11—1 (1953)

Summary

I made the experiment on the relationship bet-
ween the spreading of adhesive and drying Velo-
city of plywood under the constant drying condi-
tion (40°C, 19% and 40°, 33%).
I) Veneer; birch-wood (thickness

Plywoods used
are as follows:
0.84mm). TI) construction; crossbanding plywood
(3ply) 1I) adhesives; a) urea-formaldehyde resin
(U-resin)
extender (Wheat flour) (U-resin).
: 15, 20, 30, 35, 40, 50 and 40 g/ft* V) Pressure:
15kg/cm2 VI) Press temperature; 100°C VI) Press
Vi) assembly time ; 30min VI
Specimen of plywood ; 25X 25(cm?), thickness ; 0.208
~0.236cm

Test pieces of about 5x5(cm2) were coated with

b) urea-formaldehyde resin containing

M) Spreading

Period : 10min

urea-formaldehyde resin to prevent the drying fr-
om four-side faces and then soaked until saturated
(initial moisture content ; 90~103%).
Results obtained are as follows
(I)The dying process (moisture content u:drying
time Z) of plywood are shown in Fig 1 and the
relationship between log u : Z in Fig. 2. From
these facts we can obviously recognize three

periods of drying ; constant, first and second

stage of falling rate of drying.

(II) We could not recognize the relationship bet-
ween the drying velocity (du/dz) in constant
rate of drying and the spreading, the adhesive
of plywood (Table. 1)

(Ir) As the results of Fig 1~3, the drying Velo-
city (du/dz) in falling rate of drying was given
by the followjng formula;

du/dz=-1/k (u—ugq)
Coefficient K and its reciprocal 1/k are given
in Table 2.

corresponding to increasing of spreading of ad-

The value of 1/k was decreasing

hesive in each drying condition.

(M) The relationship between the Vav/Vo (Vav=
um — ueq, Vo =uo—ueq, Um = average moisture
content, ueq =equilibrium moisture content, uo=
initial moisture content) 3nd?a7t§)_2 (t = drying
time, a = thickness of plywood) are shown in
Fig. 4. - The moisture diffusivity K was decre-
asing corresponding to increasing of spreading of
urea-formaldehyde resin under the drying con-
dition 40°C, 19%, but this relation was irregular

under other conditions.
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