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Abstract — Ion separation characteristics of a nanofiltration membrane, NTR-729 were cxperimentally investigated. A
method for determining mermbrane surface charge was pioposed on the basis of the rejection data for Na(’l, Na,80O,, MgCl,
and Mg8Q, solutions. It was found that the NTR-729 membrane was negatively charged. Thus, the rejections of anions by this
membrang were higher than those of cations, and the rejections of divalent anions were higher than those of monovalent
anions. It was found that the change in solution flux with concentration was governed by the osmotic pressure difference under
a constant pressure. It was also found that the major factor for the rejection change with concentration was not the shielding
effect exerted by coexisting cations but an increase in solute permeability. It was postulated that in mixed-salt solutions, the
rejection of each ion was govemned by divalent anions and the permeation of monovalent aions was also affected by that of cat-
ions, and that the permeation characteristics of an ion in a mixed-salt solution could be quite different from those in a single-
salt solution.
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Fig. 1. Schematic diagram of nanofiltration equipment.

1. Feed tank 5. Vaive

2. Feed pump 5. Flow meter

3. Pressure gauge 7. Bypass valve

4. Membrane stack 8. Cooling water bath
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Fig. 2. Effects of pressure on rejection and flux of 0.2% NaCl solution.
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Fig. 3. Effects of pressure on rejection and flux of 0.2% MgSO, - TH,0O
solution.
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Fig. 4. Flux and rejection for various salt solutions at 0,06 M.
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Fig. 5. Effects of NaCl concentration on rejéction and flux,
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Table 1. A, B values for NaCl solutions at varying concentrations

NaCl concentration[M] A B
0.002 .396 11.75
0.02 (1392 17.38
0.04 0.390 19
0.00 0.376 22.10 .
Mean" 0.388 _ 17.56

“used for the estimation in Fig. 8.
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Fig. 6. Effects of MgSO, concentration on rejection and flux.
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Fig. 7. Effects of Na,SO, concentration on rejection and flux.
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Fig. 8. Correlation of NaCl rejection vs. feed concentration of NaCl
solution.

Table 2. Osmotic pressure difference for feed solutions at varying con-

centrations
. Osmotic pressure difference[psi]
Feed concentration[M]
NaCl MgSO, Na,S0,

0.2 1.2 1.5 23
0.02 10.3 14.2 20.7-
0.04 199 28.2 412
0.06 26.9 42.0 61.1

Table 3. Osmotic pressure difference for various salts(0.06 M)

Difference of osmeotic pressure[psi]

NaCl 26.9
MgS0, 420
Mg, 433
Na,S0, 611
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Fig. 9. Rejection of ions in mixed solutions of NaCl and MgSO,.
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A :solvent permeability constant [mol/m’h-psi]
B salt permeability constant [mv/h]
Cf : feed concentration in bulk [mol/L}
C,, :salt concentration on the membrane [mol/L]
€, :permeate concentration [mol/L]
I, tsalt flux [mol/m?h]
Joy :solution flux [mol/m*h]
I, :solvent flux [mol/m?*h)
P :pressure [psi]
R :ideal gas constant [L-psi/mol'K]
R,, :instrinsic rejection [%]
R, :observed rejection [%]
T : temperature [K]

Jz2[0]lx 24}
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: osmotic pressure [psi]
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