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Molecular Diffusion of Water in Paper(1)

-Steady-State Diffusion Experiment for the Evaluation of
Water Vapor-proof Properties of Paper-

Sung-Hoon Yoon®, Yang Jeon”, Say-Kyoun Ow”, and Yung-Bum Seo™

ABSTRACT

A steady-state molecular diffusion experiment was conducted to evaluate the water-
vapor proof properties of paper. Handsheets prepared from unbleached kraft pulps(UKP)
and old newspapers(ONP) and four different types of polymer-laminated white duplex
board were tested under appropriate standard conditions. The diffusivity was determined
on the basis of the Fickean first law. Results obtained from this study can be
summarized as follows: 1. The diffusivity data for handsheets showed about. 10°° cm?/min,
whereas polymer-laminated paperboards had remarkably improved water-vapor
resistance with about 10° to 10* times lower diffusivity: 2. Sheet basis weight, wet-
swelling and sizing degree had little influence on the diffusivity of paper: 3. Linear
relationship existed between sheet density and diffusivity: and, 4. Highly significant
linear relationship could be observed between diffusivity and Darcy s gas permeability.
Results indicate that diffusivity, an intrinsic property of paper, can provide a valuable
information for precise evaluation and improved quality control of water-vapor proof

properties of paper.
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Fig. 1. Mass transfer by steady-state diffusion. The
mass flux, J . , is the molecular flow rate of
speciesA per unit area normal to the .-
directional flow. C. is the mass concentration
of A and D.s is the diffusion coefficient,
where the subscripts A andB indicate
molecules in motion and stationary porous
matrix, respectively.
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Fig. 2. Hypothetical moisture content profile in the
direction of paper thickness under a condition
of steady-state molecular diffusion. RH. and
RHi are the relative humidity(RH.>RH) of air
at the outside and inside of the container: the
subscripts indicates the paper surface. EMC.
and EMC. are equilibrium moisture contents at
each surface of paper wall.

Journal of Korea Tappi Vol. 30, No.1, 1998

71 9% ZAR 22 (boundary conditions) . 841
o @41 & AHE 5 T

&g U719 A& Y Fo] AN A
AX =3:

z=0¥ " (EMC)= (EMC ), 8

Az 2719 AFdn Qe Folo HIYZE ®
Hollx o] AAR =A:

z=Ld W (EMC) = (EMC).  (9)

2 (9)el X9} L Folo] FA)q) AFP}. (N
W42} (separation. of variables)sta o) 3
AAEE AT 7 AAR 249 460 4(9)F
g8t oS 22 A484 & (analytical

" solution)7F QARAA Ee}

dM ., _ D oy 0. (EMC - EMC')

1 o
o 7 (10)
raoy
a. L
De “& ramo.-Emcon Y

Folui E¥AY] FEFIASE cm¥/min BHE
Zta glom A(11)eA ¢ 4 A& utg 2o &
EJATE Fo] TR BYF5E I}
Fole] 2R7] Ao whujsie] & Exjolx
&xo o|5A (A HlEEe oz Fo
AA7F 2 Qe #2710 Ay 289 golg
g 4 ok wEA, FFY BRI o] 84
e A(11)& AHE-8tE Folo] FV\o) Uik F 5
A7 APHe 2 339 & QA dd. a3
u, 71Ae gAEAe 94 843 A
(thermal activation process)o]22 thgi} Z+
o] &=¥3lel i3] Arrhenius$sd Wg 4
Efl7] W89, A 2L REAY
o F2YgE 2UAA FYshe Re) vy @
Rolt}.

(63)



Fol 58

D =Dexp(-E.,RT) (12)

4(12)MD , & E . & g0 A€ 7)A]
g ZANE(F)A A HAFHF
(preexponential constant) @ 4 31&4to) 147
T 72 eItk PR 1A dSols, T 4
fezelr}.

HH(A1R)

3.2 30l SEXQ Hat Ze{Aol i
H=

nEHEIe ARTAE YRE S A 4
EAE AR doldl £37] B4 49 AFE
Table 19, ¥dnEA-aju|dloled Wwx|e] 4
371 &3 4% Z7= Table 29 42 e

Table 1. Results obtained from the water-vapor diffusion experiment on handsheets prepared with unbleached

kraft pulps(UKP) and old news paper(ONP)

Sample Basis weight ~ Apparent density Mass flux(X10°%) Diffusivity(X 10°)

(g/m? (g/cm?) (g/cm? min) (cm?/min)
203.78 0.46 6.26 6.10
210.00 0.50 5.90 5.01
205.31 0.49 5.51 4.717
208.80 0.48 5.81 5.33
206.50 0.50 5.96 498
162.50 0.65 5.07 1.97
UKP 170.50 0.62 5.42 243
178.20 0.66 4.80 1.99
209.30 0.70 4.80 2.07
199.51 0.71 4.68 1.87
213.84 0.88 4.89 1.36
212.28 0.87 4.20 1.19
221.61 0.89 4.17 ' 1.18
108.12 0.53 11.30 3.89
100.65 0.61 10.70 2.59
99.96 0.68 9.83 1.90
103.66 0.73 9.24 1.61
107.64 0.78 8.05 1.27
224.64 0.96 5.36 1.17
221.72 0.92 5.36 1.26
QNP 22041 0.93 5.07 1.15
159.34 0.62 924 - 342
141.52 0.61 9.83 3.34
149.60 0.68 9.24 2.67
148.85 0.65 9.54 3.00
170.28 0.66 8.94 : 3.12
163.84 0.64 8.94 3.19
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Table 2. Results obtained from the water-vapor diffusion experiment on polymer-laminated white duplex board

Sample B.W A(f;fi‘;‘t Permeability| Cobb size | Flux(x 10| Diffusivity(x 10°
(g/m?) (g/em) (g/cm?) (g/60sec) | (g/cm? min) (cm?/min)
pg | Top | 4787 0.861 1.02 11.2 5.298 8.14
Back 0.81 848 3.226 4.49
Top | 490.3 0.732 0.41 12.8 2.033 3.05
PVDF ok 0.36 % 8.881 15.63
Top | 4846 0.748 0.36 2.3 2.485 3.74
OFF Ik 0.30 557.0 6.248 10.01
Top | 429.2 0.735 0.30 52 | 21.313 30.07
Ayl ok 0.25 322 | 33.555 53.01
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Fig. 5. Plots for mass flux of water vapor in paper as
a function of sheet density.
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Fig. 8. Plots for diffusion versus Cobb sise of
polymer-taminated paperboard.
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Pressure flow

Fig. 9. A hypotheticalmodel for z-directional pressure
flow through a cylindrical capillary. R indicates
effective effective pore radius paper.
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Fig. 10. Plots for gas permeability as function of
diffusivity of polymer-laminated paperboard.
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Fig. 11. Plots for effective diffusivity as function of

pressure drop in gas permeation test of
polymer-laminated paperboard.
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