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Abstract— Permeation characteristics of NaCl solution were studied using a cellulose acetate reverse osmosis
spiral-wound module. The pure water permeability through the module was 0.272'L/m? h atm which amounted to
13% of the cell test. The lower permeability of the module is attributed to the permeate flow resistance through the support
inserted between the two membrane envelopes. As the pressure was increased, the permeability and salt rejec-
tion increased. The permeability and the flux were dependent on the inlet flow rate to the module and the way of pack-
ing. For a uniform flow distribution in the module, several distributor tips were designed, among which 30° cone-type
distributor was found to be most suitable.
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Fig. 1. Manufactured spiral-wound module confi-
guration.
— : Membrane
— : Supporting material
--: Spacer
------ : Sealing material ok
QO : Collecting tube
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Fig. 2. Manufactured module configuration be-
fore assembly.
1. Module shell
3. Permeate collecting tube
4. Permeate outlet

2. Feed outlet
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2-3. Test Cell
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Fig. 3. Cross-sectional configuration of manufac-
tured spiral-wound module.
1. Module shell 2. Feed outlet
3. Permeate collecting tube
4. Permeate outlet 5. Feed inlet
6. Cone-type tip 7. Permeate inlet hole
1
7 feed in
6
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Fig. 4. Details of test cell.
1. Upper plate

2. Lower plate

3. Groove

4. High pressure O-ring

5. Flange 6. Inlet

7. Cell solution reservoir

8. Outlet 9. Circular recess

10. Porous plate 11. Paper filter

12. Membrane 13. Permeate outlet
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Fig. 5. Schematic diagram of experimental ap-
paratus.
1. Feed tank

3. Prefilter

4. High pressure pump

5. Dampener 6. Nitrogen tank
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2. Low pressure pump

. Heat exchanger
. Pressure-relief valve

9. High pressure gauge
10. Test cell or module
11. Back pressure regulator
12. Flowmeter
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Fig. 6. Effect of applied pressure on NaCl flux
and rejection; (a) cell test (600 ppm of feed
concentration and 0.4 Limin of feed flow
rate) and (b) module test (3,000 ppm of feed
concentration and 0.74 L/min of feed flow

rate).
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Fig. 7. Effect of applied pressure on flux and re-
jection at various feed flow rates; both (a)
and (b) are cell tests with 800 ppm of feed
concentration.
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Fig. 8. Effect of feed flow rate on flux and rejec-
tion; both (a) and (b) are module tests with
3,000 ppm of feed concentration.
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Fig. 9. Effect of cone-type tips on flux and rejec-
tion; both (a) and (b) are 800 ppm of feed
concentration and 0.8 L/min of feed flow
rate.
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