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Abstract: The state of water in various modified cellulose membranes, such as [ carboxymethyl cellulose( CMC)-gela-
tin] polyelectrolyte complex, methylcellulose( MC) grafted with acrylic acid( AA), [( MC—g-AA )—gelatin] polyelectrolyte
complex, were determined by differential scanning calorimetric technique. The amounts of freezing(free) and
nonfreezing( bound) water were estimated to determine the permeability coefficient of solutes through membranes. The
states of water in membranes were influenced by the states of the composition, morphology, and their water content. The
difference in diffusive permeability through the water-swollen membranes can be explained by the difference in the free
and bound water content.
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Fig. 1. DSC melting endotherms of free water in

CGC membranes and pure water;(a) pure

water, (b) CGCA27, (c¢) CGC-124, (d)

CGC21.
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Fig. 2. DSC melting endotherms of free water in
MAC membranes and of pure water; (a)
pure water, (b) MAC—CT, (c) MAC-A, (d)
MAC-B, (e) MAC-C, (f) MAC-D, (g)
MAC-E.
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Fig. 3. DSC melting endotherms of free water in
MAG membranes and of pure water; (a)
pure water, ( b) MAG1, (c) MAG-31.
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Fig. 4. Effect of water content on the heat of melt-
ing and the endothermic peak temperatures
of free water for various membranes; (O )
CGC, (A ) MAC, (o) MAG.
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Table 1. Permeability Coefficient of Various Mem-
branes

Water Permeahility Coefficient( cm® + cmm/ci? + sec)
Membrane Content

i U S Vitamin B, PEG 3400

Boldolm 2 2~14T AET ALIe T o)ER (%) gy o Viemnl PEG 3
Fig 1-844 3 sl CGCA21 690 121 008 028 015

} ulx]E o] E A= ZF o - : : : : :
e ]f"J T’J‘f ﬂ'TEOTableM" A el CGCA24 647 103 007 023 012
A8 2559} Ajtr el ek Table 2¢] Yeluigl CGC127 518 0.87 0.05 0.21 011
t}. Table 1914 7} 9 2o A$(CGA121-CGC MAC-A 385 040 013 032 010
127), ZEA} Ak&e] gt 0|5 57} ula)s uA w MACB 463 068 022 051 0.23
o2 ERr AL} gasts AL & 4 9. A% MACC 526 076 026 062 028
P BNE WATIGR AR5 yaol gz WO KL 0602 06T 032
Adtstsict. Table 2¢] Cuprophanest 42 ¢z MACCT 213 012 004 007 003
We 29 A& N Nishida®[12]¢) «72zs MAG-31 520 073 047 075 021
Bz22 At 73 otk 2 B BE gag o) MAG-41 431 054 028 067 017
F7tel mel zf5e] ko] ZrlslnE F44d)
Table 2. Water Contents and Distribution of Free and Bound Waters in Various Membranes

Total Free Bound Total Free Bound Fraction Fraction
Membrane water water water water water water of free of bound
(%) (%)* (%)* (%)** (%)** (%)** water # water #

0GC-21 69.0 455 235 2.23 147 0.76 0.66 0.34
CGC-124 64.7 386 26.1 1.83 1.09 0.74 0.60 0.40
0GC-127 518 320 19.8 1.07 0.66 041 0.62 0.38
MAC-A 385 176 209 0.63 0.29 0.34 0.46 0.54
MAC-B 4623 241 22.2 0.86 0.45 0.41 052 0.48
MAC-C 526 305 22.1 111 0.64 0.47 0.58 0.42
MAC-D 54.1 315 22,6 118 0.69 0.49 058 0.42
MAC-E 58.4 339 245 1.40 0.82 0.59 0.59 041
MAC-CT 21.3 0.3 21.0 0.27 0.004 0.27 0.01 0.99
MAG-31 52.0 308 21.2 1.08 0.64 0.44 059 0.41
MAGH1 431 188 24.3 0.76 0.33 0.43 0.43 0.57
Cuprophane 50.0 255 245 1.00 0.51 0.49 0.51 0.64
Cellulose 412 147 26.5 0.70 0.25 0.45 0.36 0.64

* Content in wet membrane, % Weight per 1g dry membrane, # From total water.
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Fig. 5. Effect of amount of crosslinking agent on free
water and bound water contents for CGC mem-
branes; ( ® ) free water, ( © ) bound water.
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Fig. 6. Scanning electron micrographs of MAC
membranes; (a) MAC-A (b) MAC-C, (c¢)
MAC-E.
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Fig. 7. Effect of composition of the solvent used in
MAC membranes on the content of free and
bound water; (®) free water, (0 ) bound
water.
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