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Identification of constituents and mechanisms related
to physically irreversible fouling in microfiltration
and ultrafiltration membranes
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Application of low pressure driven membranes (i.e., MF/UF) to drinking water treatment has been re-
ceiving a lot of attention and already been in practice all over the world. Although use of membranes
in drinking water treatment has various advantages, a major drawback associated with this technology
is membrane fouling. Membrane fouling can be divided into two types: physically reversible foﬁling
and physically irreversible fouling. The former can be defined as the fouling that can be cancelled by
physical membrane cleaning, whereas the latter needs chemical membrane cleaning to be canceled. To
control physically reversible fouling, various ways of physical membrane cleaning (e.g., backwashing)
has been developed and are routinely practiced in existing membrane units. Even when such physical
cleaning is routinely carried out, physically irreversible membrane fouling will occur. The physically
irreversible fouling is canceled by chemical cleaning. However, the chemical cleaning of membrane
should be limited to a minimum frequency because repeated chemical cleaning may shorten the mem-
brane lifetime and disposal of spent chemical reagents poses another problem. Therefore, the control
of physically irreversible fouling is important for more efficient use of membrane. To control and
prevent the physically irreversible fouling, knowledge about constituents and mechanisms related to
the physically irreversible fouling would be indispensable. In this study, the characteristics of the con-
stituents causing physically irreversible fouling and the mechanism involved in evolution of physically

irreversible fouling were investigated based on bench-scale and pilot-scale filtration experiments.

Based on the Characterization of the foﬁlant obtained from the fouled membranes used in the pilot-

scale and the bench-scale experiments, it was revealed that relatively hydrophilic fraction of NOM

was responsible for the evolution of physically irreversible fouling, in any tested combination of mem-

branes and feed waters. In the pilot-scale ﬁltrafion experiment, the CPMAS 13CNMR and FTIR

spectra were measured for organic matters desorbed from the fouled membranes. Significant peaks

of carbohydrate-like substances were found for all of the extracts, which indicated that the relatively
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hydrophilic substances were major organic components of the foulants.

Not only organic components but also inorganic components may play an important role in the evolu-
tion of physically irreversible membrane fouling. In the pilot-scale filtration experiment using surface
water (Chitose river water), compared with the organic matter, similar amount of iron was desorbed
from the fouled membrane by acid and chelate solutions, which indicates that iron was also the major

components causing physically irreversible fouling.

Then, transition in foulant characteristics were investigated using the fouled membranes obtained
from a pilot-scale filtration experiment and the mechanism involved in the evolution of physically
irreversible fouling was proposed on the bases of the result of changes in foulant characteristics and
membrane morphologies. Time-series characterization of membrane foulants and AFM image anal-
ysis of the membranes proposed mechanism as follows: large particles (i.e., iron, carbohydrate or
protein) first block inner side of the micro-pores of the membrane, which results in the reduction of
the size of membrane pores; subsequently, small particles (i.e., manganese or humic acid) block or
further narrowed the pores; and finally, cake layer that cannot be removed by physical cleariing started

to accumulate on the surface of the membrane with small particles.

With respect to carbohydrate-like substances, it was found that accumulation on/in membranes con-
tinuously occurred regardless of stage of fouling. The AFM force measurement between membrane
surface and hydroxyl groups of carbohydrate-like substances showed that the affinity of hydroxyl group
for the tested membranes was very strong. It was also shown that the adhesion force of hydroxyl group

was much stronger for the PVDF membrane than for the PE membrane.

Finally, the effect of pre-coagulation was discussed in terms of the prevention of physically irreversible
fouling. The pilot-scale filtration experiment with and without pre-coagulation demonstrated that the
pre-coagulation (PACL: 5.0 mg-Al/L, pH 7.0) mitigated the development of physically irreversible foul-
ing. Chemical analysis of the foulant showed that the fouling caused by iron was prevented as a result
of pre-coagulation, while the fouling caused by carbohydrate-like substances could not be controiled.
This result may indicate that the pre-coagulation made iron particles (initially similar size to mem-
brane pores) larger and that the shift of particle size distribution of iron resulted in effective prevention
of pore blocking. Based on the results obtained in this study, an efficient way to control physically
irreversible fouling wbuld be reduction of the particles with the sizes around membrane pores. Condi-
tions of pre-coagulation for membrane processes should be determined considering this aspect. With
respect to carbohydrate-like substances, it seems difficult to control by pre-coagulation. Based on the
result obtained in AFM force measurement, the accumulation of carbohydrate-like substances would
be mitigated by appropriate selection of the membrane materials. Selection of membrane materials

with the low adhesion force with hydroxyl groups is of importance.

— 803 —



R EEOER

T & BB OB D E A
B OE KB OB E
BB AHE A M om oA

¥ %L E &
Identification of constituents and mechanisms related

to physically irreversible fouling in microfiltration
and ultrafiltration membranes
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