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Theoretical Investigation on the Separation Characteristics of
Electrolyte Solutions with the Nanofiltration Membranes (1):
Single Electrolyte Solutions
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(Department of Chemical Engineering, Tsinghua University, Beijing 100084)

Abstract The rejections of electrolyte solution in the nanofiltration membranes are very important for the
desdlination of sea water and the removal of heavy metal ions from water. In this work the nanofiltration
membrane pores were modeled as dlit-like pores with fixed pore size and surface electrical potential. The
extended Nernst-Planck equation was used for the calculation of the ion fluxes through the membrane pores,
in which the local concentrations of electrolyte ions on the membrane surfaces were evaluated from the
Donnan equilibrium model and the charge densities on the membrane surfaces were predicted from the
Gouy-Chapman theory. The parameters characterizing the nanofiltration membranes are the pure water per-
meability, pore width and membrane surface electrical potential, which are regressed from the experimental
ion fluxes and rejections of single-electrolyte solutions in the nanofiltration membranes using Leven-
berg-Marquardt non-linear parameter estimation method. The regjections of 1 . 1 (NaCl, KCI, LiCl), 2: 1
(K2SOy) and 2 : 2 (MgSQy) in the two commerical nanofiltration membranes (NF45 and SU200) are calcu-
lated using the developed model and compared with the experimental data. Good agreements between theo-
retical and experimental results are achieved. The calculated results show that diffusion and elec-
tro-migration are the main mechanisms of ion transport. The steric and electrostatic effects are dominant for
the ion rejections in nanofiltraiton (NF) membranes. Comparisons of the calculated ion rejections with the
experimental data indicate that the model gave satisfactory results at low concentration for single-electrolyte
solutions, while deviations are found at high concentration.
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Tablel The hydrodynamic radiusand ion diffusivity at infinite
dilution

lon D, . /(10° m?%s ™) ri/nm
K* 1.957 0.124
Na 1.333 0.183
Lit 1.030 0.238
Mg 0.706 0.345
cl” 2.032 0.120
S0 1.065 0.229
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Table 2 The regressed characteristic parameters of the com-
mercial nanofiltration membranes

Parameter  Lp/(10° mes ekPa %) re/nm plmv
NF45 13.6 0.580 34.1
SU200 175 0.545 28.3
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Figurel Apparatusdiagram for permeation experiment
1: feed tank; 2: pump; 3: by-pass; 4: pressure gauge; 5: test cell; 6: flux meter
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Figure2 Rgection of SU200 and NF45 membranesto KCl asa
function of solution flux (symbols and curves represent the ex-
perimental data?” and theoretical results, respectively)
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Figure 3 Regection of SU200 and NF45 membranes to K,SO,

as a function of solution flux (symbols and curves represent the

experimental datal?® and theoretical results, respectively)
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Figure 4 Reection of SU200 membranes to KCl as a function

of solution concentration (symbols and curves represent the ex-
perimental data and theoretical results, respectively)
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