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Investigation on the mechanism of heat transfer
in hot—-pressing process of fiberboard manufacturing
for laminate flooring'

. . 9
Sumin Kim

ABSTRACT

The objective of this work was to investigate the mechanism of heat transfer in
hot-pressing process for MDF manufacturing by reference study. Firstly, general heat
transfer theory was studied. The numerical analysis of heat transfer in hot-pressing process
was studied on temperature profile, moisture profile, physical properties between moisture and
board. The mechanism of heat and moisture transfer inside of board was analyzed by
conduction, convection, radiation and diffusion of bound water in wood cell walls. Especially,
the change of core temperature as hot press time was important factor to setup hot-pressing
schedule in MDF manufacturing.

Keywords : Heat transfer, Hot-pressing process, MDF, moisture.
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c(kJ/kgC)
0.46
0.9
2.8
2.7
2.1
4.2

p(kg/m?*)
7670
2707
640
420
0.59
1000
1.3
240

E(W/m<T)
16.3
202
0.15
0.11

0.025

0.056

0.025
05
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Table 1. Heat Transfer of Materials
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A7|A, U=T-T°lgt stal wEggae] st 27|03 AAZALE t=0 ¢ ®, T'=17T,
r=00°]2 t>04 W U=0, z=>bol2L t>0¥ u] U=0°]t}.

MacLean(1942)0] &&) Alot=d ¢ w2 w2l o] = thew 7t}

4 & 1 . 2n—-1)mx 2n— 1) 7Z’Dl‘
=T +(T,-T)—
1+ (T, 1)”(;2 s b exp(— b2 )) -

A7, b=REFHA(cm), T,=MEZX7|LE, T\=¢A4L%

BeyRe] dddy @ #2184 (Simulation) WHOoRE FIHAEH, e 84AW, FIA
Aol gl F2 faapwel o8 HAHw Ak ddTe] AvELYS FAJELHOR ¥
At et 2ok

I T(i)-T(@) T T@i+1)=2T@0)+T(i—1)

d B At ’ @Cz - sz Eq. 6

AN At=XZ7rFE(sec), Ar=82FA(m), T=AANLE, T=AtF &5 =842 TEA}
Lewis(1967)2 PB9 dAdx==el Ux &x7ko] AAE olgiel o] st

K=0.018152+0.0001484.D+0.0001441 ( T— 297)
A71M, K= A L% (w/(m X Kelvin)), T=%(kelvin), D="-2%(kg/m®)

3 McMillin(1969)°] 2 &3k loblolly pineol| ™3F v P} 2% 9o A A= oot 2o}

C'=0.0115321+0.0009497 T
o] 71X, C= vl LD (cal/ (g X Kelvin))

3-2 Moisture profile

Z7) 2 o}7ﬂ ExHo] Qe WEY RS 9o do] FFEE u vlE YEE olFEa
B =EA TR HE o] ve wEY FFoR 3l &% profiledt wIIIAR
& profile® %‘?J%Xé% Bt 23l d 5 Qluh(Siau 1984)
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o] 714, D, =789 AT (em?/s), M=FF8(%), t=FF A 7H(sec), r=REFHOZRE 7
(em)
A D, e 2 TAoE Ao

0.07 exp(— 9200 — 70M)
" A—a)(1- a) RT Eq. 8.
A7|A, R=LW 7}t A2A(1.987cal/mol K), T=ANLE(K), o’ = V=EA9 T
=1—G(0.667+0.01M1)

S

4 & 1 2n—1)7mx (2n— 1) 7rDt
M=M, 6 — sin
(Z 1 2n—1 b . b? ) Eq. 10.
3-3 #E-HE(RE)Ze] 22X 43
Z ]

9] HE(Viscosity)© F44E oA #Ho| mgHoln A=
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12x107° x (T +27315)"

7= (T +3211.0) Eq. 12.
Fo71e AR A e feiMs S719 WE TFelof g
Keenan and Keyest= Z3}+3719t - Aok - vl2star] 2=gte] & AA53

D = Py x 6.0x10° x RH Eq. 13.

714, RE=30)% %, D="E83579) 9%, P, =E3557 % N/m?)
a8, P, & 2R Fegew d9d & v

| E o] Soption EA4lo]l@ Al Fiberd FHolA DAslE $£357](Vapor)9t % (Water)
7re] AHEolo A WA= &2 (Adsortion)d E-F(Desorption) d4-S Wkt vjEQ o I

g o, AU AE 2E9 FFEe] £& F5 EE aF9 FF / @FdyAt dEeE
oA il Az o w FEe] olFo] sl Xt (Fig 2) WMES] & 4 AFEsty olst
ol Fite] FTWA FA(H)H BHAREIIF(H,)S Za® gt Flowers?t Mendoza(1970)

H, =2.511x10°—(2.48 X 10* X T) Eq. 14

Bramhall(1979)¢] spruce &0l 3] 625CAA FA 3 S2AEdHF2,
Hy = 1.176 x 10° x exp(-0.15M) Eq. 15.

H HyS) G9E Jkgolth SAREe] Has BAs dEw das £49 F7 2 YUY
Sea g ue] whebA A

Vaporization Energy

Kcal/M
ole

Activation Energy

0 30
Moisture contents (%)

Fig. 2. Moisture, Vaporization Enegry Activation energy of water.
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A5H- FEuhR g AeR AGTRAA A0S Qo] Y

ES] FHIFFEL FH s Eel o AFE (Fig. 2). BFFFE(EMC) ¥ Zd
FE, 2% Aol #AAE Sorption Isotherm=Z4 AEd 4 9l

OSB, PB, MDF, Hardboard, HPL, &1+ ZtZF t}& Sorption IsothermS 7}z t}

Table 2. Sorption energy of boards

Materials Adsorption Desorption Hystersis

Alcal/g) M%) Alcal/g) M(%) ratio (M)
Aspen OSB 4.45 22.20 4.79 27.49 0.808
PB 518 20.02 511 25.93 0.770
MDF 4.68 19.13 494 24.94 0.767
Hardboard 454 15.95 497 20.73 0.769
HPL 515 10.05 5.19 12.68 0.793
Solid wood 492 24.80 5.11 29.60 0.831

My= B3 HfEaA,

A= F5% 0%l A Sorption® =9 LT Gibbs Afrolld#el A =%

52 BE TR ot dREsde] bdE2r HY3FEe ddsEe uldste] Frhgin
Q= KAP/nLoN A Gas®el A<l ngke mjE g Sorption %‘éoﬂ we} tpeksin F4E R 58
S waElete Az Al §¥o] Ho FZo #Hy e B4R

Al REy 5 AR ae)
Age9d e Kauman(1956)2] dlo &

Table 3. Equilibrium moisture content (EMC)

Temperature (C)
EMC

30 50 70 90 110 130 150 170 190 210
1 3 4 6 8 11 13 14 17 21 25
3 12 15 18 24 29 35 41 53 62 74
5 20 26 30 39 47 56 70 84 93 100
7 31 37 44 53 61 71 84 98 100 100
9 44 48 56 64 74 80 92 100 100 100
11 55 59 66 73 80 87 98 100 100 100
13 65 68 74 80 86 93 100 100 100 100
15 71 74 80 85 90 97 100 100 100 100
17 77 79 85 90 94 100 100 100 100 100
19 82 34 89 94 98 100 100 100 100 100

WEE dAg shso] st wdo]l Hiu U=y FAHET ERE)E HedEHo]Y
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HAYol A A3k Rheological propertyel]l ##3 BHu"E A5 Ao §th
Kavvouras(1977)= vjE<] WP E APS T3 EUF SHllLE 44 Adtd 44 2

g3 o] A FA B
Fig. 3 & B3 44zt
—>2-Q)& YeuE o
T 4k Z7)9 4
Zo] Fojxir},

[e]

=S = =1 o=
o ‘%_E% | &3] A Watoka 8¢ oH(Fig. 3).
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Fig. 3. Interformational density change as hot-press time.

3-4 EE Y& d/=2 MY o7&
3-4-1 Conduction

Bowen(1970)t A7} vwjEAFOO A dojutE AL F WY FE A%, conduction®] 2
3 Y dAEE A9sle 2 29 Fourierd Ao 7|we Eo e d4%& K
o e o Ao oajx Fajrtt

K =——
(ATAt)  Ea. 16.

oA7IA @ =TAANTG HEE dEF , t
2719 ME SHRETE, flake B4, FE)3 AGEF] AR, P&, BLE)| ne
WAt wEwWs 47 GAESS el AR ARAA olel Al oHA A7H
HY(Kiosseff1973, Denisov & Juskov 1974, Kollmann & Malmquist 1956, Kuhlmann 1962, Lewis
1967, Wangaard 1969, Ward & Skaar 1963). Humphrey & Bolton(1989)7} A €3li ¥ B =(PB)
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Thermal conductivity (w/mk)

200

/_

MC (%)

Fig. 4. Moisture contents and thermal conductivity.

g3 dATEHE Fosrh 2L}
Skaar(1963)7} extrude PB

o
(458 eF WPl HEFs Pz AYSHAE ARE weEun JPS LAEEES
F5E 5 Atk 2 49 2AL WEUE 6B0kg/m’, ERFE, NETFTE %A AEFA
= ez =

F ek 1 2
axsA Qv AEAF APEEHS A9 PB T} 50~60% EA e 1eEe K
1

M FaAFW FE £ dvkm A4F & vk

a3y oA T HsleE 3y 540 F71Y
FEdEeE JFS v oju FE o AAE AW FUIE gEHo] ve Fo= o|Fxd
Bolty, 5 FERAE 3 FUolsS g WSS £
Sokunbi(1978) & Nketiah(1982)= PBE &3t 722355 S Darcy’'s Law® AWttt 150 A
A3 F 3% (permeability) = TS} o] Fojxth
- 9rLn
AAP P

o 71A, @Q=%719 Volumetric flow rate, n= viscosity, P= B¢
Nketiah7} ¢ F3 % (R=wWy 2Zek) e} R edxegke] #A= Table 40 Ut

gl 2R

Table 4. Board density and transmittance

Desity (kg/m?*) 425 | 475 | 525 | 575 | 625 | 675 | 725 | 775 | 825 | 875

Mean permeabilty (m?x107%) | 64 | 40 | 24 | 16 | 11 | 7 5 3 2 2
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