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Abstract : A model was developed to express the diffusion coefficient of solutes through
water swollen and semicrystalline polymeric networks. This model is based on extension
of Peppas-Reinhart’s model with the crystallites described as impermeable diffusion barriers
forming the “walls” of hypothetical amorphous pores, The generalized diffusion model for

the semicrystalline water swollen PVA membranes is proposed as the following equation:
Dc =[ lf'Uc]f [E@c_‘mc* J ex [7”1‘5215,”3]
D.,. T My—MF ) P LTV,

It has been shown that the normalized diffusion coefficients decrease linearly as the equilibrium

volume fractions of crystaliine membranes increase, This model was applied to the permeation
experiments of theophylline and vitamin B;, through semicrystalline PVA membranes, These
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membranes were prepared by heat treatment (annealing) of amorphous PVA membranes,
The degree of crystallinity varies between 21.1% and 40.5% on a dry basis, The size of
the crystallltes was 48.3A and the interplanar spacing of (101) crystallographic plane was

4.56A.
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Fig. 2. Schematic diagram of experimental apparatus,
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Table 1. The Thickness of Membranes

Membrane Membrane
Identification Thickness
Code Number X1 {cm)

Al 3.6610.11
A2 4.15+0.11
A3 3.90+0.10
B.1 5.284+0.20
B.2 3.5340.07
B.3 4.2740.23
B4 4.7510.16
B5 3.75+0.15
Cl1 5.4410.15
C.2 3.9340.22
C3 4.89+40.12
C4 29740.12
C5 3.3940.09
D.1 3.6940.13
D2 4.4610.09
D3 5.12+£0.10
D4 4.3940.21

A3l 1S HF3IS Table 19 JERhATH &4k
o] 4A% 2 F9e HAY L siok 7141 E
& 134rpm o2 %ﬂ oMl vXIo}i’iE} 7vg

B

O

®.gkt}. theophyllineo] o
batchE # 5 At} vitamin
g wel A
Y 0.1g/1 %o vitamin By, &
o] 361 nmoll A B4 3 41& L3tk vitamin
& batch@ 48A17to] A QH U
Ast7) st FALH
3Rl FEs ¥

ol
ol
2
rir
—
32
>
-
=
e
2
o

A E

ATE ?"?5}93\ ‘3]'.

583"



SRR

s ' Fei o] A )
e W F715099 n- heptane Zol A o] A
& A FFsch A9 Rujrge 47y
w8 FHst dYAon 1%L Perkin-Elmer
Model DSC-IBe] ©]a}c}.
X-M 3 HME

Azg wolla A gel Hejo} ¥ e 1)9
sted FZHX-d HHAP S slgen AFug A
29} crystallite?] A7) £ ek - 7)=
Z+& 38Hel Siemans Power DiffractometerS A}£-
3tRom Cu tube] H1 1Y 40kV 9} HAF 20mA
2 ues Y gdos g,

H g %
PVAD}O| 2A]

jgou]._’] u]r‘g}_ 1 ngof%Eﬂoﬂkl ato ‘—gﬁg

Table 2. Swelling Characteristics of PVA Membranes

e
FAEEH HAELEE S Table 20 YehAUL
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Membrane

Density of

Membrane Swollen Polymer Polymer Swollen
Identification Volume Weight Volume Membrane
Code Number (cm?) Fraction Fraction (g/cm®)

Al 1.566 0.3764 0.4135 1.099

A2 1.766 0.3550 0.3893 1.091

A3 1.772 0.3141 0.3490 1.080

B.1 2217 0.2304 0.2855 1.063

B.2 1.549 0.2435 0.2848 1.062

B.3 1.801 0.2313 0.2582 1.056

B4 2071 0.2415 0.2792 1.062

BS5 1.598 0.2542 0.3037 1.068

C.l 2.328 0.2342 0.2686 1.059

C.2 1.740 0.2284 0.2853 1.065

C3 2.157 0.2377 0.2770 1.061

C4 1.481 0.2081 0.2519 1.054

C5 1.363 0.2749 0.3250 1.074

D1 1.966 0.2735 0.3167 1.071

D2 2.037 0.2396 0.3037 1.067

D.3 3.695 0.2110 0.2420 1.053

D4 1.943 0.2121 0.2396 1.051
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Table 3. Crystallinity and Crystalline Volume Frac-
tion of PVA Membranes

Average
Membrane Annealing Degree of Crystalline
Identification Temperature Crystallinity Volume
Code Number (T )** (from DSC Fraction

Measurements) (ve)
Al 120 0.339 0.134
A2 120 0.248 0.111
A3 120 0.405 0.092
B.1 105 0.317 0.067
B.2 105 0.211 0.066
B.3 105 0.342 0.072
B.4 105 0.252 0.083
B5 105 0.311 0.093
C.l1 90 0.366 0.098
C2 90 0.405 0.117
C3 90 0.244 0.072
C4 90 0.352 0.105
Cs5 90 0.347 0.082
D.1 * 0.216 0.072
D2 * 0.313 0.072
D3 * 0.296 0.069
D4 * 0.286 0.068

* Samples that were not annealed.

** Annealing times were fixed for 15 minutes,
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#2747 Poly(vinyl alcohol) & HlFAure] &A% G
Table 4. Diffusion of Theophylline through PVA Semicrystalline Membranes
Solute Solute
Membrane Permeability Solute Diffusion Normalized
Identification Coefficient Partition Coefficient Diffusion
Code Pim X 10° Coefficient De x 10° Coefficient
Number (cm / sec) S (cm®/ sec) D¢/ Dy,
Al 421 1.20 1.29 0.148
A3 5.70 1.11 2.06 0.235
B.1 6.43 1.20 2.72 0.311
B2 10.2 1.35 2.67 0.306
B4 6.66 1.36 2.35 0.268
C.l1 5.61 1.63 1.85 0.212
C.2 5.81 1.37 1.67 0.191
D2 7.03 1.33 2.36 0.269
D4 7.91 1.16 3.02 0.328
Table 5. Diffusion of Vitamin B, through PVA Semicrystalline Membranes
Solute Solute
Membrane Permeability Solute Diffusion Normalized
Identification Coefficient Partition Coefficient Diffusion
Code Pim X 10° Coefficient Dc x 107 Coefficient
Number (cm / sec) S {cm’/ sec) D¢/ Dy,
A2 3.73 0.489 3.17 0.0836
B3 6.89 0.571 5.17 0.136
BS5 5.66 0.512 4.14 0.109
Cl 4.69 0.601 4.31 0.114
D.3 7.45 0.818 4.66 0.123
& W &v)(swelling ratio)zt 2 7baetg B9 8248 AF 9 normaldte] W
ool AAQGele Aolg gejel WAwTEEo]  wuigel slEdhe waoln PwEAdd
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