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Abstract

Two non-invasive techniques were demonstrated to detect silica fouling in reverse osmosis. The first technique,
the sodium chloride tracer test, enabled the estimation of concentration polarisation (CP) level during the fouling
process, where the polarisation was greatly enhanced by the formation of an unstirred layer. Using colloidal silica
at a concentration of 200 ppm as model foulant and 2000 ppm NaCl as background ionic solution, and operation at
a constant flux of 30 L/m2h, it was found that the CP level increased by 75% whereas only 22% increase in the
fouling resistance (Rf) was observed. The second method, ultrasonic time domain reflectometry, was used to monitor
the growth of the fouling layer. The change in amplitude of the reflected signal was correlated to the amount of
silica deposited on the membrane layer. Both techniques are valuable in the study of fouling or can be applied as
early warning systems to provide critical information such as the level of concentration polarisation and the extent
of the fouling layer.
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1. Introduction

Reverse osmosis (RO) is widely used in desali-
nation and water reclamation to convert seawater

or wastewater to potable quality water. However
membrane fouling is still a bottleneck in RO tech-
nology, which greatly reduces the filtration flux
in constant pressure filtration or increases the
trans-membrane pressure (TMP) in constant flux
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filtration. Many precautionary and preventative
steps have been developed to combat fouling,
however their success depends on how much we
know about the fouling process. Current methods
to monitor the fouling process are via flux decline
or pressure rise data; while membrane autopsy is
performed on a fouled membrane to gain details
of the deposits present on the membrane. These
methods have limitations as the measurement of
TMP or flux is an average reading that reflects
the overall changes in the membrane system; it
does not recognise the actual location of the foul-
ing deposits. Moreover, membrane autopsy is an
undesirable method if the membrane has to be
sacrificed. So, it is important to develop non-in-
vasive, in-situ and real time tools to monitor foul-
ing to enable an accurate determination of the foul-
ing process. In this study, we show how two non-
invasive techniques, namely the step tracer res-
ponse test and the ultrasonic time domain reflecto-
metry (UTDR), can be applied simultaneously to
monitor the progress of fouling at constant flux
operation. Colloidal silica was used as a model
fouling species in the RO study.

2. Theory

Inevitably, fouling in RO is linked to concen-
tration polarization (CP), a phenomena that arises
when the rejected solutes accumulate at the surface
of the membrane. Various attempts have been
made to develop mathematical models for predict-
ing the CP level in a clean membrane system.
However, in the event of formation of a fouling
layer, which can be considered as an unstirred
layer, the back diffusion of salt ions from the mem-
brane surface to the bulk solution is hindered. As
a consequence, the concentration at the membrane
surface is significantly increased and so is the
osmotic pressure. The increase in osmotic pressure
means a decrease in the effective trans-membrane
pressure. This ‘cake enhanced osmotic pressure’
effect, defined by Hoek et al. [1] was often neg-
lected, but instead the drop in performance was

attributed solely to the build up of a high resistance
fouling layer of particles. This assumption leads
to an over estimation of the actual amount of
fouling layer. Conversely, it means that a relatively
low load of particles on the membrane can produce
a greater impact on performance than anticipated
from “cake resistance” considerations alone. In
this study, a simple NaCl tracer response technique
was used to study the ‘cake enhanced osmotic
effect’ in an RO system under constant flux opera-
tion. This technique makes use of the unique pro-
perty of an RO membrane to reject NaCl salts.
Before the NaCl spike, flux can be expressed as
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where CP is the concentration polarization modu-
lus (Cw – Cp)/(Cb – Cp). When a spike of NaCl is
injected into the system, this causes an increase
in the osmotic pressure. In order to maintain con-
stant flux operation, the TMP of the system has to
be raised. Therefore,
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where ∆Πbs is the osmotic pressure and TMPs is
the trans-membrane pressure of the system during
the spike. Combining the above two equations,
yields
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Therefore, by knowing the trans-membrane
pressure of the system as well as the conductivity
of feed and permeate (conductivity can be easily
converted to osmotic pressure) before and during
the NaCl spike, CP can be determined.

Another approach that can be applied to moni-
tor the formation of a colloidal silica layer is the
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