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Study on Press-drying of Italian Poplar Board and its Effect on
Improvement of Wood Property*!

Hee Suk Jung*?

Press drying was used on italian poplar (Populus euamericana) to find the profitable means of
drying. This study was designed to investigate the process of platen drying considering core tem-
perature, drying time, current moisture content, drying rate, shrinkage and recovery, and green
volume specific gravity, equilibrium moisture content and dimensional stability of press dried
material and air dried material, The drying tests were conducted using 1.5 centimeter thick
material at platen temperature of 175°C. The results were summarized as follows.

1. Core temperature was divided into three stages of drying characterized by period initial
heating, plateau temperature and rising core temperature. Plateau temperature was 114 to
119°C.

2. The following predicting equations of drying time(y) in different core temperatures were

developed for initial thickness{x,), initial moisture content () and final moisture content(z3)

Core temp. Regression equation
140°C y=7.010+4. 3492, 0. 3945+ 0. 03325 h
150°C y=—31.672+5.596x1—0. 0184x2+1. 244z,
160°C y=—21.995+45.437x1—0.074z,—1. 177x3

3. The predicting equaltion of current moisture content(uz) was log u=4.658—0.060¢ as funtion
of drying time(z) and that of drying rate(r) was log r=—2.797—0.0492. Current moisture
content and drying rate of air drying were shown in figure 2.

4, The predicting equation of shrinkage in thickness direction(y) was log y=1.933+0.038¢ as
function of drying time(t), and that of expansion in width direction was y=—0.692-+0. 043¢
—0. 001

5. Thickness shrinkage was increased more than proportional at to pressure increase. Width
shrinkage and thickness recovery was greatest at 35psi.

6. Green volume specific gravity of press dried material was 252 greater than that of air dried
material. But equilibrium moisture content of press dried material was less 24% than that of
air dried material.

Antishrinkage efficiency of press dried material were obtained 27.7%.
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Table 1. Green moisture content(4 a)

W nntltx pe

Sapwood %] 98 159-241 23.15 0.12
Heartwood > 83 =11 . 15
Mixed hrtwd
& sapwood

Mean Rangc S.D. C.V.

112 89-135 15.15 0.14
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Table 2. Dr)mg time and final moisture content
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Fig. 1. Temperature behavior at core of board for
thickness of Iralian poplar.
ture was 175°C
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Hkbel FIEEREESE 140°C, 150°C, 160°CH ™ & &K
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B F, WHSAKE, &KEd BT gk

MAGRE #EMOHE BRE E 3 Zrh

Platen tempera-

11
#He A

Core temp. ' ) bample . Final moisture Drying time
9] No Thickness(mm) Initial moisgure content (%) (min. )
) o o content (%)
140 1—1 8.7 84.8 9.7 12.0
1—2 8.3 86.8 9.8 11.0
1—3 8.2 87.5 4.3 12.0
1—4 6.9 95.1 42.4 3.0
1-—5 6.4 90.4 16.2 6.0
Mean 16.48 8.8
S.D. 15. 09 4.09
C.V. 0.92 0.46
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2~—1 15.8 85.9 14.5 27.0
22 15.5 98.8 4.3 33.0
2—3 15.1 99.7 5.3 29.0
2—4 15.1 97.0 4.9 30.0
2—5 15.7 94,8 2.3 35.0
Mean 6.3 30.8
S.D. 4.75 3.19
C.V. 0.76 0.10
3—1 23.2 88.8 2.4 83.0
3—2 23.2 89.1 3.4 75.0
3—3 24.0 79.4 5.0 73.0
3—4 25.3 86.7 2.4 84.0
3—5 26.1 108.1 2.2 85.0
Mean 3.1 80.0
S.D. 1.17 5.57
C.V. 0.38 0.07

150 1—-1 .6 88.5 .4 11.0
1—2 %3 103.7 8.2 13.0
1—3 6.6 110.8 14.1 8.0
1—4 6.5 105.5 20.0 6.0
1-5 8.0 102.4 11.4 14.0
Mean 12.4 10.4
S.D. 4.88 3.36
C.V. 0.39 0.32
2—1 13.7 103.5 3.4 30.0
22 15.7 64.5 3.8 37.0
2—3 15.1 103. 4 4.8 38.0
2—4 15.5 90.0 3.4 36.0
2—5 15.0 9.5 7.8 32.0
Mean 4.6 3.6
S.D. 1.86 3.44
C.V. 0.40 0.10
3—1 24.7 75.8 2.2 96.0
3—2 24.8 113.7 3.5 81.0
3—3 24.1 111.9 4.3 96.0
3—4 24.6 92.5 2.7 96.0
3—5 23.1 87.6 2.2 95.0
Mean 3.0 92.8
S.D. 0.91 6.78
C.V. 0.31 0.07
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160 1—1 7.4 90.8 4.0 10.0
1—2 7.0 113.7 6.4 13.0
1—3 7.6 103.0 5.9 12.0
1—4 6.8 86.5 3.6 9.0
1—5 7.7 98.2 10.1 9.0
Mean 6.0 10.6
S.D. 2. 59 1.82
C.V. 0.43 0.17
2—1 15.4 105.0 5.3 39.0
2—2 15.6 85.1 2.3 35.0
2—3 15.0 104.1 4.8 31.0
2—4 15. 103.0 3.9 34.0
2—5 15. 118.9 1.1 47.0
Mean 3.5 37.2
S.D. 1.75 6.18
C.V. 0.50 0.17
3—1 23.4 87.4 3.2 96.0
3—2 23.7 93.9 3.7 77.0
3—3 25.3 117.2 1.0 137.0
3—4 24.1 72.2 2.7 130.0
3—5 24.2 93.7 3.7 84.0
Mean 2.9 104.8
S.D. 1.25 27.18
C.V. 0.44 0.26
Table 3. Summary table of multiple linear regression
Core temp. Regression equation F R
140°C y=T7.010-+4. 34921--0. 3942,+0. 033xz 105. 14** 0. 983%*
150°C y=—231.672+5.596x1—0. 0184z211. 244 x5 98. 00** 0. 982*¥
160°C y=—21.995-+5.437x21,—0.074x,— 1. 17713 23. 05%* 0.929**
y ¢ Drying time(min.) xzy ¢ Board thickness(mm)
s ¢ Initial moisture content(%) z3 * Final moisture content(%)
e PERREEST 140°C]l A $ FAJE dotxd 3 gk
A4 7.7mm B BN 8.84¢ KHIEKE W e AEEES 150°Cd 4% A4 W] FB

16.6%0°) =, § 15 4mmigks WEHEER  30. 840
FKIPEKE 6.3%19 o, F4 24.5mm B & EE
BR 804rel KEGAE 3.1%c1d=. WHFA (z0,
Wi ERE (r), FHSKE(xol B wReEH ()
9 FBEFAL y=7.010+4. 34921 0. 3942, +0. 03323
olo], EHBEEET R=0.9832.2 HEe FEHS &
o] F kel A RFFEE BEY FEES 24 F

BRI 45,940 MBS =, RHIEKEL 6.7%°]
Ak & FAME dotrd FA 7.6mm RKifE E
BERD 10, 4000 KA ARE 12.4%¢1 32, F4 15.0mm
Bt REARRSRH 3465 <] REIEKRE 4.6%1%a1,
T 24.3mm WHE FRRH 02.8%4 XEMEAE
3.0%°1 k. B FA (2D, WHEKE(x), KEE
R (ze) ol B ZREH(N Y BEEXE y=-3L
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672+5. 596x1— 0. 01842, + 1.244 230 o}, EHBERET R
=0.982% HES HEML 2T WEAA EHEH
B BES HEMS 2453 9

WS RIMBEZL 160°Cel A ¢ AA #Hre] Fiy
HARRERE 50.94r0] FTEIE T, RMIESAKE 4.1% 3
o B FANE dotrd Fa 7.3mm KM E ¥
HREFRY 10.6570) KA AER 6.0%01 2, T 15.4mm
Bt = %ma&m 37. 25}011 FIEAKE 3.5% e,
ol 24 2mm PR BTEEEREERD 104, 8500 K
KE 2 9"/%14 T (x0), PWEKRE (D, X
5K () ol W BEEK S y=—21.955+5. 4372,
—0.074x3—1. 17730 v, EHBMEF R=0.929% 5
Ee HEHES 2453 REAAN BHERE HEY
HEES 2dF32 9o

WA e AFEEY 2855 MEREREL A
W ERELE Hod e At =8 FH—3 AigEE
A s BHY FA FALEFE ARNEAEY #R
Mol w2 FrEEEHY] 2R AV, KEGKkE
o ERE 938 A E AL Vel z 9ok

Turkia(1968)%*" 7/t &S NMBE S iR B
iz Tl 3/40 A M E BBUREE 340°F (el A,
PIERIERE 290°Fo] Fis v iR MBRTEY

I EF AN Rtk R thEeEd WY B B

S 595y, MEIEurel A 554, M AES 40
mesh®] wire clothe & 4% 6650 &.& FrEs

g, AT Ao Bhel ek iRo] MR}
A olt REWES RERRY ®E ced %
e Aoz @Esde. & WRe fEESE BHT
A, BB, NEBEE ol S EReEe 35
@ fgre ol 4o

4. ERP BKEL LREE

) B iRzl 2 il akEs)
HEEEE % 49 2o EIEREERE o WY iR
BHE uw, e n GIREE ro BAGRE HEIHS A
R % 59 Rol, & wEERE doid & Sk
ol 3 TR log v=4.658—0.060¢c] =, HHFHFH
7F R=—0.990% BWEY HEMLS 2dFE K
MEERE T BEY AEEE 2dFz gd ze=x
HREEA | @R log r=—2.797—0. 049¢0] o,
HBIRECT R=—0.992% FES] HEWHS 2d5:
Kol A EFRET EEY HEES 2453 gl

AR A ek SKEB S WY A el uw
o5 WA, =3 Ry 2ot BR e
BREES a3 axd Zadtes H#RE ¢ F 9+

Table 4. Current moisture content( ) and dr}mg rate(10‘4 H,0(g)/min. Wbo(g) durmg prcss drymg

Original rég:;ilre Current moisture content and drying rate
No thickness
(mm) c%ré/;e)nt 5min,  10min. 15min. 20min. 25min. 30min. 35min. 40min. 45min.
1 17.0 103.1 80.4 64.3 51.7 40.9 31.8 23.9 16.7 10.3 6.1
(54) (322 (253) (216) (182) (160) (144) azn (85)
2 15.4 98.1 70.2 46.4 31.5 20.5 12.2 6.4 3.4 1.9 1.2
(559) (476) (299 (219) (168) (116) (61) (30) (14>
3 15.9 112.4 91.7 71.2 55.4 42.6 32.6 24.6 17.6 12.3 8.4
(414) (393) (316) (256) (200) (160) (139) (107) (79)
4 16.6 104.4 85.0 60.4 50. 3 39.0 29.9 21.5 15.1 10.4 6.9
(390) (491) (203) (226) (181) (170) (127) (96) (70)
5 17.2 102.7 84.8 62.3 47.7 36.9 28.2 20.3 14.4 9.8 6.9
(358) {(450) (292) (218) 74 (158) (118) (92) (59)
Mean 16.4 104.1 82.4 60.9 38.7 36.0 26.9 19.3 13.4 8.9 5.9
(435) (426) (273) (227) (181) (153) (118) 9w (61)
Note : ( ) drying rate
Table 5. Summary table of regression relation between current moisture content(u) and dryirg
txme(t) drymg rate(r) and dr)mg time
Kind Regressnon equation F R
Current moisture con tent(u) log u==4, 6568—0. 060t 430. SG** —0, 990**
Drying rate 457. 26%*

log r==—2.297—0. 949t

—0.992*%*
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Fig. 2. Current moisture content and drying rate
during air drying
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Table 6. Dimensional change and current moisture content in different drqu times
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x4
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12.2%7h) RS oleh. WA 128 DS
é: Bt BARIBEE S Bibel wheb ARH 4 ’“7.K¥
B El)iC% RS il Sk kel 49
ol Wl d A¥eoz vehvtm Uk HREEE T
B dlel A# BliKsd gE = Sdd e A w
ot RCEREAISl WAE RS Rl E ol $ 452
o Aot g REE R = BEREHT A
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TR By giel RRERE Jiistel =
E&HAA = SRR 4 °12«°— g
slek. ey, KRICHRS % A
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Thxckness shrmkage

Width shrmlmge

Current moisture content

B R=0.927T2 AEHS 2455 WREN A EHE
FHs fEMNES ddFa

ek

No.
10min.20min.30min.40min.50min. 10min. 20min. 30min. 40min. 50min.I.M.C.10min.20min.30min.40min.50min.
1 4.1 14.1 19.1 25.6 29.4 —0.23 —0.23 —0.23 —0.3¢4 —0.70 143.6 74.3 44.7 26.4 13.0 5.5
2 8.7 18.0 31.1 37.5 40.2 —0.22 --0.45 0.11 0.22 0.00 132.5 59.6 31.1 11.8 4.0 0.6
3 8.3 17.8 28.0 34.3 39.0 —0.11 0.45 0.57 0.00 —0.34 128.4 64.4 33.0 15.2 55 2.1
4 7.4 16.6 30.2 38.5 41.1 —0.23 --0.58 0.00 —1.4 —1.90 129.1 73.1 42.0 23.7 11.5 3.4
5 9.4 24.1 31.1 34.3 37.1 —1.03 --0.57 —1.61 ~1.83 —2.30 141.1 73.1 41.4 21.2 9.4 4.8
’\/Iean 7.6 18.1 27.9 34.0 37.4 —0.4 -0.3 —0.2 -0.7 ~1.1 134.9 689 384 19.7 87 3.3
Negative value mean expansion - I
Table 7. Summary table of regression between shrinkage and drying time (t)
Regression equation F R
Thickness shrinkage log y=1.933+0.038t 18. 35% 0.927%*
Width shrinkage ==—(. 692-+0. 043t —0. 001¢2 40.73%* 0. 984%*
CEA WeRE L RAREER 1053l 7.6%, 205} 18.1 WHE-S SRR 1051 0.425, 205°] 0.3%, 3
%, 3043oll 27.9%, 4043 34.0% =zlx gl 3= il 0.2%, 404rel 0.7%, 504rel 1.1% % ffist =
37.4%% Ttz dslch iR (o] B Fol o=, ﬁ‘dﬁé?ﬂ}tﬁﬂl Ak BARE &rol WHEEERD 304
MeFRE (y) ] ER S log y=1.933-+0. 038z¢] =1, E A = A ks sl o g oA BEE e 9

Dok EEEE A BT FAREG) Y MfE
Eke] fhier ez 1 R

<

el o¢
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Fig. 3. Change in thickness and width of board at
35psi and 175°C

Sl EFEM Rt 2 R We R e

y=-0.692+0.0432z—0. 001=%| ¥ FEEEE} r=0.
984E WES HEHS BT RN, BRERRS
HEY HEES vz g o9 e d4e &
PREDHA HEREAL Tl RS dEel Eelwehot, iRl H
of whet el HaL ol AR MY Li#gde, K
fERol Tl =t KigEe] BREY T Ao
2, AdAd ez WiRdGE 4 A He A
oz ga"Erc},

AR EB RS FA BREL # 83 o] BN
20psiel Al 17. 3%, 35psiol A 22.8%, 50psicl 4 52.8%
7 YFESt g, BJie] ARTE WEERL 713
Gk BMETA gEd AHe BhOkEd =& FER
o2 3583 FHEREAA B #T EiEel dd
5 olch EARS BH T BAMREEE 65%. BE 20°C

Table 8. Shrinkage and recovery

shrinkage (%) Recovery (%)

C.v. 0.21

Pressure No. Final moisture
{psi) content (%) Thickness Width Thickness
20 1 2.5 16.1 0.3 12.2
2 2.1 15.7 0.2 16.5
3 1.9 17.7 0.2 10. 8
4 1.4 20.0 0.1 8.0
5 2.5 16.8 0.2 4.1
Mean 2.1 17.3 0.2 10.3
S.D. 0.46 1.71 0.07 4,64
C.V. 0.22 0.10 0.35 0.45
35 1 2.2 23.7 0.3 13.8
2 2.4 24.9 0.1 12.0
3 2.1 22.7 1.1 15.2
4 2.0 18.4 0.3 10.1
5 1.5 24.1 0.5 10.8
Mean 2.0 22.8 0.5 12.4
S.D. 34 2.56 0.37 2.11
C.V. 0.17 0.11 0.7 0.17
50 1 2.6 52.5 —0.2 4.7
2 1.5 55.1 0.4 4.3
3 1.9 49.5 —0.2 11.0
4 2.0 51.7 0.1 4.8
5 2.4 55.0 —0.4 3.1
Mean 2.1 52.8 —0.1 5.6
S.D 0.43 2.36 0.31 3.10
0.04 -3.12 0.55
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FoS s 3 M ERel Ml 2] s Eel kel A
o i g ek, Tarkow et al(1968) 2 red wood2} ut
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o tial Kollmann(1975)1® 2  Perkitny (1937, 1938),
Keylwerth(1962) <] HEHERE 98 #ET ok ¢

o il A wEE BEHE HEe 0704 A
e, WANGENRE S KEHY LEL L4
A Fod e WS @ESG S

BSOS FRERH T RE 20°C, BIGRERE
652 fKfFel 4 KF FEEKFL BN} 8.6%
ol 3, KAEMHE 11.3% 24 T R Aol f

vl aRoh vhobsteh SRR TGRS

TR 5 7\?*5}‘3%‘3: wof 24% bzl W
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S, Wang(1975)* 2 ahvhi-o Mhad& BES), #H] K 7: awel oz sl A #AM: KERLe 20% A5}
BRE, KEKE vt oz R ER o Uk AA gHados WMo Zamdm Hessdco
A K8 FRe biE MENEY fE et AE Koch(1972)10.2 &Kkt ke Afts EEEY K%
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Table 9. Green volume specific gravity, equilibrium moisture content, radial shrinkage from green to

mendry and antishrink efﬁcxency of press dried wood and air dried wood

Green volume sp. gr. E. M C ( Rddldl <hrmkage (%

-
w
]

Sample No.

Press driedg Air dried Press dried  Air dried Press dried  Air drxc(
. wood ~  wood _  wood  wood _ woed wood
1 0.35 0.29 8.8 11.0 2.72 3..21 15.3
2 0.35 0.29 8.6 1.7 4.63 1. 98 7.0
3 0.35 0. 27 8.3 1.2 2.13 3.68 42.1
4 0.35 0.29 8.5 10.8 3491 5.41 a7.7
5 0.34 0.28 8.3 11.0 3.00 5. 36 44.0
6 0.35 0.26 9.3 11.1 2.62 3.76 30.3
Mean 0.35 0.28 8.6 11:3 3.17 4.40 27.9
T value t=12.43%*>3.71=10.01 t=8, 72%* t=4. 04**
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