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Molecular Diffusion of Water in Paper (IV)

- Mathematical model and fiber-phase moisture diffusivities for unsteady-state
moisture diffusion through paper substrates -
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(Received on May 4, 2002; Accepted on August 5, 2002)

ABSTRACT

Abstract: An unsteady-state moisture diffusion through cellulosic fibers in paper was characterized
from the moisture sorption experiment and the mathematical modeling. The sorption experiment was
conducted by exposing thin dry paper specimens to a constant temperature-humidity environment.
Oven dried blotting papers and filter papers were used as test samples and the gains of their weights
were constantly monitored and recorded as a function of sorption time. For a mathematical approach,
the moisture transport was assumed to be an one-dimensional diffusion in thickness direction through
the geometrically symmetric structure of paper. The model was asymptotically simplified with a
short-term approximation. It gave us a new insight into the moisture uptake phenomena as a function
of square root of sorption time. The fiber-phase moisture diffusivities(FPMD) of paper samples were
then determined by correlating the experimental data with the unsteady-state diffusion model obtained.
Their values were found to be on the order of magnitude of 10-107 cm”min., which were equivalent
to the hypothetical effective diffusion coefficients at the limit of zero porosity. The moisture sorption
curve predicted from the model fairly agreed with that obtained from the experiment at some limited
initial stages of the moisture uptake process. The FPMD value of paper significantly varied depending
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upon the current moisture content of paper. The mean FPMD was about 0.7-0.8 times as large as the

short-term approximated FPMD.
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Fig. 1. A schematic representation of one-dimen-
sional moisture diffusion in paper speci-

men with both sides exposed to moist
atmosphere.
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Fig. 2. Simulation of equation (10) to show mois-
ture concentration-distance curves at var-
ious values of Dt/¢ * for a sheet of paper
of thickness 2¢ with a uniform surface
concentration C...



Fol 22t (Al 4 B)- Fol 9 v|A4

o SEEEA A7 vt ASA 02 Hate 4
A Y 2e BYFEEEo] EdEh 57 AFL ol
F3 9le}, o TN Fol el FAgE AXE
349 AR Ql /2 eyt

sho 4] ERE RE Al s B o
A7k 1914 ol ] th5 o] 3 ol EAISHE 422
R4 52el CF tehd Zolth, ojn] g et
ol nlgAAEelA o] C 91XI9t Azbel T 14
How WEshe glol7l Wie] AZe] Brkssict
webA Aol 7Hsd WeR e Last glon
o5 98] glole] A1zt oA Folo] o) F&

R0 A BHa(E dv F8)2 gHel T
(lumped parameter)"ﬂ sk Aog AFA= &

Yol a7t F5 27]) A9 Aol A7t o
AN EEFEHS /‘]th 0]l A] 1= 7HA] Fol9] FH &
Hl x= 1% x= oA x= 0714 &5 F29 FF
MC)E oujgitt, o|9f 22 TARKEE MCS} 7]
AdlGzol g 23 SG%(equilibrium moisture

uptake, MC,)9] Bl &S o231} Zo] Ao} & 4= 9lA

g &,
MC [ ACwax
MC. — (EMC)Al (11)
71914 4% o] FAITHE Fole) AR
el EMCE &9 Foig 93 82 ou|ditt of

oA A (10)2 4 (D) st ok "47:"/40] o

2},
MCq
MCOO

4D3ﬁt 1?

lZ

1
T2+2

(=1)" ierfe (

3IMs

(12)
1

nl
VDejft

o7|of A jerfe(x)e Thadt Zo| FojL= E47Y
ofjel~g-olct.”

ferfe(x) = [ erfe(§) d =—— &

7in €

—x - erfe(x) (13)

B4 derfe(x)= x2) hol 0 o A 2H0.5642)&
ZHA ST xFko] 1 Baztx] ZASHA derfe(x) 3
23] Zolw 17} 1.5 0|F ierfe(y)= 0] T2t

oA H= EAS eth Foll 89 4l
B0l 27190 9 4 (19)°] AT T2 fere(o)

SR BT U SR AS - 21

g YehiA o E=gE A4 po] AZeE upAld
Fe 00 B sk Ak wed, F-sake
27127 BRAOIAE 4 (199 28 ohak g
BAE 4 ok AT 4 AT 0l 2AZ S8 F
ST 2ES T e 24 HYE Besh Y
4 ol ek
1
MC: =9 Dzjft)Z (14)
MCes Pr

4 (14)°14 ¢ 'H‘E FREEAASD,)E FolY A
§ BEx} 33 RRIMe SRHASHo| P2l
FHH gholn o] AR FEANAY FREEAA SR
(D)E vhro} Jet7] e o3t 2ol dedgt
9] = ARALAZ FALSE L*E =Yt

L*=2l(1-¢) (15)

4] (158 4 (4)ol st FejstH ohak 22
Qo] B4 27127 24} BUS DL 5 Aok,
MC:i  _ [ 16(1—¢ )Drt | %

MCe L*2

o] oA FHM MCe F5 Aol &3}
Halst7| wiEo] Aol 7hedt W] sigdtt, uf
gA FE MOYMO) . AE & EF ARE 1)
thsto] EAIRS o d= 5 e A
Bl Folo] A sl DE 2 4 UA

1§ o228 £ ¢ Sl= Q/LUJHT, D= 3=
a Zo] F& ol A9 f~EoHAL
-TLQ} 3t Yoon 59
el A-FAARD, )=
4 dAtollA= olE AR - 1E
AbA| 4 (fiber— phase moisture diffusivity, FPMD)
21 Fosigion ol FAMF 1A FHelAg
S8 B4 EAS U FEe S aigsi,
Fig. 32 4 (16)& A-83ke] E=7|9f ofxjo st
MCY/MC,, A8 & o) gigte] =g 1 o),
o) Ve uhel o] F4ex] Bl oikA] A7 B
F A4 #AE BoF ]O‘:q Z17}e) 7)1 &7 25
B 24" Fol9 474 FESASDO)E E5A
9] 49E 1x10%ecmY/mingon ojxjo AL 5

ad
Ny
St
o
EFE

S
r%g
ol g
rSL'r}LE
#Orﬁo

J



22 QAT

030 -~ - Bl -
" Blotting paper

025° . Filter paper

5 020 y=0.1452x - 0.0218

5} .

s R?=0.9939

= 015"

o

= |
0.10 i
0.05 y= 0.(2)821x -0.0147

R®=0.9903
0.007— <" D e o e
0.0 0.5 1.0 15 20

12
t
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tion and diffusion in the blotting paper
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