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Characteristics of Spreading of Polymer Solution and Morphology of
Ultrathin Membrane Prepared by Water-Casting Method
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Abstract

The ultrathin membranes of cellulose acetate and polyvinyl chloride were prepared by the method of water-
casting. The spreading ability of polymer solutions on water decreased with increasing the surface tention and
the viscosity of polymer solutions, and the temperature of water surface, respectively. The aggregation states
of water-casting membranes were dense and dense with increasing the concentration of polymer solutions and
the temperature of water surface. The surface structure of the air sides showed more dense than that of the
water sides. In the case of the 3 wt% cellulose acetate/acetone system, the thickness of the membrane was
about 0.1 pm.
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Fig. 1 Spreading model of polymer solution on wa-
ter.
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Fig. 3 Surface tension of polymer solution with cha-
nging the polymer concentration.
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Fig. 5 Viscosity of polymer solution with changing
the polymer concentration.
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Table. 1 Physical Properties of polymers.

Properties CA PVC

Density 1.34 1.41

Tm 240 197

nd 1.475 1. 406

MW 30000 60000

Table 2 Physical Properties of Solvents,

solvent y(dyne/cn) | d(g/cf) [bp(K) | nlcp)
dioxane 369 103 3741 | 120
THF 264 0.89 3390 [ 036
acetone 237 079 3295 | 032
MEK 43 081 3526 | 042
MIBK 236 0.80 3900 | 054
cyclohexanone U5 095 4286 | 180
methylenechloride 281 133 3127 | 042
benzene 286 0.88 3531 | 060
toluene 25 087 3836 | 055
xylene 29 086 4100 | 058
DMF 368 094 4260 | 080
pyridine 380 098 380 | 088
water 728 100 3730 | 089
hexane 1843 0.66 3420 | 029
cyclohexane 2114 0.70 3990 | 090
EthOH 2.75 0789 | 3380 | 108
MeOH 2261 0792 | 3380 | 055
formamide 5821 113 4840 | 330
chloroform 2714 150 3310 | 0
carbontetrachloride | 2695 160 3500 | 088
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Table. 3 Solubility and Spreading of polymers with variable

solvents.
condition Solubility Spreading
polymer | -1 pyc CA PVC
solvent
1 THF 0O O 0O O
2 Dioxane o X 0 X
3 Acetone 0o X 0 X
4 MC X X X X
5 Benzene A X X X
6 Toluene A X X X
7 Xylene A X X X
8 MEK 0 X 0o X
9 MIBK X X X X
10 Cyclohexanone 0 O 0o 0
11 DMF 0 O L L
12 Pyridine 0 O L L
Key O soluble O spreading
A swelling X unspreading
X unsoluble L lens
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Fig. 7 Transmission electron micrographs of PVC
membrane.
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Fig. 8 Concentrations of solvents in water with the
variation of standing time.
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Fig. 9 Effect of standing time on membrane struc-
ture of 3 wt% PVC.
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Fig. 10 Effect of temperature on membrane struc-
ture of 5 wt% PVC.
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Fig. 11 Scanning electron micrographs of 3 wt%
CA/acetone membrane.
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Fig. 12 Scanning electron micrograph of 3 wt%
CA/acetone membrane laminated 10 times.
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NOMENCLATURE

S spread coefficient (dyne/cm)
W, . adhesive work (erg/ca)
W, : cohessive work (erg/ci)

Greek Letters

¥ ! surface tension (dyne/cm)
0 : degree of contact angle (°)
n : viscosity (g/cmsec)

Subscripts

P ! surface of polymer solution
w : surface of water
wp . interface between polymer solution and water
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