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Abstract — The experimental determination of the concentration polarization layer during salt
solutions reverse osmosis. It was defined that assumption about linear dependence of concentration
polarization layer resistance from applied pressure is reasonable not only for ultrafiltration but also for
reverse 0Smosis.
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Introduction

The concentration polarization phenomenon is one of the most significant problems in
applications of pressure-driven membrane processes, which often lead to bigger problems such
as fouling formation and irreversible drop of membrane units productivity. Taking into account
these phenomena, according to [1] the transmembrane flux could be described by that equation:

Ap —Am (1)
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The methods for determination of membrane resistance (Rm) and fouling resistance (Rf)
are described in works [1] and [2] but reliable dependencies for determination of concentration
polarization layer (Rcp) was not found in the literature.

The most comprehensive research about the concentration polarization layer resistance was
done in work [3]. In that work, the assumption about linear dependence between concentration
polarization and applied pressure has been done. The proportional coefficient was determinated
from experimental data approximation using the dependence obtained from transformation of

Eq. (1):
1 1
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However, the physical sense of proportional coefficient and extends of usability of that
technique have been not described in work [3]. In our recent work [4] the attempt of
determination of concentration polarization layer resistance and validate of the possibility of
using such technique for reverse osmosis have been done, but the obtained results were not
allowed to confirm mentioned assumption. However, the feasible reason for this problem was a
big step of applied pressure variation. The purpose of present work is the evaluation of the
concentration polarization layer and examination the assumption about linear dependence
between the concentration polarization layer and applied pressure.

Materials and methods

The research was carried out on the experimental set-up of crossflow reverse osmosis with
new (without fouling) membrane modules TFC-75. The NaCl solutions and deionized water
were used as test solutions. The step of applied pressure variation was 0.02 MPa whereas in
previous work it was 0.1 MPa [4]. The range of applied pressure variations was 0.2-0.6 MPa.
The experiments were carried out under the temperature of the environment.
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Results and dicussions
The results of experimental research are shown on Fig. 1.
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Fig. 1. The results of experiments: a) dependence of total resistance to mass transfer
thorough the membrane from applied pressure b) dependence 1/J = f(1/Ap)

From the dependence of total resistance from applied pressure (Fig. 1a) it could be seen
that when deionized water is used as test solution the total resistance did not change with applied
pressure with confirms the conclusions about absence change in membrane productivity due to
compression obtained in previous work [4]. When the salt solutions were separated by reverse
osmosis, the increasing of total resistance with applied pressure was observed which are close to
linear. In considered conditions, the total resistance was the sum of membrane resistance and
concentration polarization layer resistance, therefore, concentration polarization layer resistance
also increases linearly. The reason of scattering of points is the deviation from isothermal
condition during experiments. However, even in such conditions, the dependence of resistance
from applied pressure could be approximated by a linear equation with the correlation coefficient
of 0.85, which gives evidence that mentioned assumption is reasonable. Moreover, from Fig 1b,
it could be seen that dependence 1/J=f(1/Ap) can be approximated by linear equation (correlation
coefficient is 0.95) which confirmed that technique proposed in [3] is also suitable for reverse
0SMmoSis.

Conclusion

The assumption about linear dependence between concentration polarization layer
resistance and the applied pressure is reasonable. The technique for data analysis of membrane
productivity proposed in work [3] for ultrafiltration also can be used for reverse osmosis."
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