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Abstract—Flat-type Cellulose acetate reverse osmosis membranes were prepared by dry-wet process, changing
composition of polymer solution, solvent evaporation period, and shrinkage temperature on its manufacturing condi-
tions.

The pure water permeability coefficient(L, x 105cm3/Kg; sec) exhibited maximum value of 10.144 with 40 seconds
solvent evaporation period and 75°C shrinkage temperature. Whereas the minimum value was 0.672 with 80 seconds
solvent evaporation period and 90°C shrinkage temperature. Also the separation characteristics of dissolved salt with
the Pusch’s model showed similar results. The structure of the membrane was examined with SEM and it showed a
sponge structure differing from the finger like structure of the SEPA-series membrane (Osmonics Inc., US.A.).

On the separation characteristics of dissolved salt, the 1-tvpe membrane was prepared for 17 wt% Cellulose acetate
in the casting solution and 75°C shrinkage temperature, exhibited 69% salt rejection at 2.7324x10-% cm/sec flux. And
9-type membrane was prepared for 19 wt% Cellulose acetate and 85°C shrinkage temperature, exhibited 98% sait re-
jection at 0.6837 x 10-* cm/sec flux. From the above results, the prepared membranes showed better desalination
performances than commercial CA membranes (SEPA-series).
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Table 2. Composition of casting solution
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Table 4. Performance test condition

. Composition
Solution
B1 B2 B3 B4
Cellulose acetate 17 17 17 19
Acetone 61 63 65 61
Formamide 22 20 18 ‘20

Table 3. Casting condition

Condition B1 B2 B3 B4
Evaporation time (sec) 40 40,60.80 40,80 40
Shrinkage temp. (°C) 75,85,90 85 85,90 85

Atmosphere temp. (°C)  27-29 in all case
Atmosphere humidity (%) 65% in all case
Solution temp. (°C) 27-29 in all case
Gelation temp. (°C) 1-2 in all case
Gelation time (hr) 1 in all case
Gelation medium ice cold water
Shrinkage time (sec) 180 in all case
Membrane thickness (um) 95—-110 in all case

CA-1761-40-85-2

L—— serial number
shrinkage temp.(°C)
evaporation time (sec)

solvent weight percent

polymer weight percent

polymer material

Fig. 1. Indication of membrane numbering.
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Table 5. Comparison of L, for the different mem-

brane
Membrane L,x 105 (cm3/ Kgrsec)
CA1761-40-75-1 10.1441
CA1761-40-85-2 3.1968
CA1761-40-90-3 1.2296
CA1763-40-85-4 3.2794
CA1763-60-85-5 2.875
CA1763-80-85-6 2.136
CA1765-40-85-7 2.717
CA1765-80-90-8 0.672
CA1961-40-85-9 2.539
SEPA 97 3.206
1

o

oo

Rejection coefficient, R

7 T T

4 CA1761-40-85-2
A CA1763-40-85-4
0 CA1765-40-85-7
B CA1961-40-85-9

0o 1 2

T T T T T | L

3 4 5 6 7 8 910

Permeate flux, J, x 104 (cm/sec)
Fig. 2. Relation between R vs. J, with 2, 4,7, 9
type membranes.
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Fig. 7. SEM photomicrograph of cross section of
CA1765-80-90-8 membrane (Upper side).
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Table 6. Comparison of A and B from Pusch’s
linear model

Membrane Conc. A Bx10° Correlation
serial No.  (ppm) (cm/sec) Coeff.
1 10000 0.9141 136.69 0.9797
15000 0.8797 113.49 0.9888
2 10000 0.9949 3.97 0.9965
15000 0.9764 4.659 0.9997
3 10000 1.0136 0.53 0.9901
15000 1.00865 0.5405 0.99319
4 10000 1.0001 4.36 0.9998
15000 1.0091 4.840 0.9818
5 10000 1.0325 1.81 0.9924
15000 1.0069 3.036 0.9605
6 10000 1.0103 1.46 0.9951
15000 1.00524 1.5518 0.9992
7 10000 1.0063 1.64 0.9951
8 10000 1.0057 0.37 0.9666
9 10000 0.9945 1.88 0.9873
15000 0.99172 2.088 0.97396
SEPA 97 10000 1.0304 4.3198 0.9978
15000 1.7017 4.7566 0.9995
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Table 7. Comparison of ¢ and P, from Pusch’s
nonlinear model

Membrane feed Conc. o PP,/ Ax)
serial No. (ppm)
1 10000 0.92880 1.02255x 103
15000 0.82916 7.68449 x10-¢
2 10000 1.0404 4.81319x10-°
15000 1.05679  4.96808 x 10-°
3 10000 0.98869 6.78356x 10-6
15000 0.98424  5.27893x 10-6
4 10000 0.99695 4.19835x 10-5
15000 0.97409 4.41691x 10-5
5 10000 0.96470 2.27436x 10-5
15000 0.97109 2.56368 x 10-5
6 10000 0.99464 1.73008x 10-5
15000 0.99140 1.55832x 105
7 10000 0.98534 1.55987x 105
8 10000 0.99816 4.32679x 1076
9 10000 0.99713  1.56747x10°5
15000 0.99007 1.48736x 10~
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NOMENCLATURE
A : intercept of the line 1/R vs. 1/],
B : slope of the line 1/R vs. 1/J, [cm/sec]
C, : permeate flow concentration of solute [ppm]
C, : solute concentration at membrane wall [ppm]
D, : diffusivity of the solute {em?/sec]
D, : diffusivity of the water [cm®/sec]
J, ¢ solute flux [cm/sec]
J, : total volume flux [cm/sec]
J,  water flux [cm/sec]
K mass transfer coefficient [cm/sec]
K, : partition coefficient [cm/sec)
L, : pure water permeability coefficient [cm®/Kg;

sec]
L, : osmotic permeability coefficient of the mem-
brane [cm®/Kg, sec]
P : pressure [Kg/cm?
AP : pressure difference across the membrane [Kg/
cm?)
. local hydraulic permeability [cm*/Kg; sec]
: local solute permeability [cm3/Kg; sec]
rejection coefficient
rejection coefficient at infinite flux
partial molar volume {cm®/mol]
: membrane thickness [nm]

>

“
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~

:osmotic pressure [Kg/ cm?)

. osmotic pressure across the membrane [Kg/
cm?

: reflection coefficient

. solute permeability coefficient [g/Kg, sec]
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