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a b s t r a c t

The review article describes research on different methods for manufacturing polymeric NF membranes.
The primary focus is on NF composite membranes formed by interfacial polymerization. Within that
space, topics covered in detail include the composite structure, monomeric and polymeric reactants
employed to endow specific characteristics, and additives used to influence the reaction. Other ap-
proaches covered that have been commercially important are manufacture of NF membranes by phase
inversion and different post-treatments (e.g. coatings, grafting) that may be applied to a more porous
support. Emerging technologies also discussed include layer-by-layer coatings, incorporation of aqua-
porins, and use of glassy polymers with high internal porosity. Common themes include research
directed to improved performance (flux, rejection, selectivity, reduced fouling) and modifications that
allow for success in more challenging feeds (pH extremes, high temperature, chlorine, solvents).
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1. Introduction

Microfiltration (MF), ultrafiltration (UF), nanofiltration (NF), and
reverse osmosis (RO) are all pressure-driven separation processes
that fall along a continuum of performance needs. MF is used for
removing suspended particles greater than about 0.1 mm. UF
commonly excludes dissolved molecules greater than 5000 mo-
lecular weight. RO membranes have high rejection of almost all
salts and neutral species greater than 100 Da MW. And, NF is
somewhere between UF and RO.

The term nanofiltration (NF) was originally coined at Filmtec
Corporation to characterize “loose RO” membranes with pores di-
ameters greater than about 1 nm in size. A more critical definition
of an NF membrane may be formulated based on a number of
approximate characteristics.

� Pore diameters less than 2 nm.
� Passage of an appreciable amount of monovalent ions.
� Substantially higher rejection of divalent ions than
monovalents.

� Molecular weight cutoff (MWCO) for neutral species is in the
150e2000 Da range.

� Rejection of neutrals and positive ions relates principally to their
size and shape.

This description is similar to the list of NF features provided by
Bjarne Nicholaisen, as reiterated in the 2005 book, Nanofiltration:
Principles and Applications [1]. It is somewhat more inclusive, as
that description specified more than 30% passage of monovalents,
virtually total rejection of divalents, and a molecular weight cutoff
range of 150e300 Da. The NF literature is inconsistent on these
points, and acceptance of a common set of defining characteristics
for nanofiltration remains elusive. In any case, it is clear that one
can't define a membrane in terms of its performance without also
establishing the conditions of operation. (For instance, just

decreasing the pressure by a factor of two might commonly double
the passage of divalent ions.) Hence, using some definitions, there
is a reasonable argument that whether a membrane is NF or RO
could depend on the process in which it is being used. Because it is
even more difficult to determine if a membrane is NF by a
description of its fabrication, the authors have been fairly inclusive
in this review. Nonetheless, it important to recognize particular
ways in which NF is perceived as advantaged.

As compared to RO, the success of NF often results from its se-
lective separation of one solute over another. The M�ery-sur-Oise
plant has been producing drinking water from the Oise river since
1999, with objectives to remove atrazine and pass a substantial
fraction of calcium and bicarbonate ions [2]. In the dairy industry,
NF is used to demineralize whey products by passing undesirable
monovalent salts (Na, K, Cl) and simultaneously concentrating
constituents such as lactose, protein, and calcium [3]. The waste
streams from textile dying can comprise both dyes and salt, both of
which would be removed by RO, but NF can be used to keep the
valuable salts while concentrating dyes into a more manageable
volume [4]. NF is also used in separation of different neutral species,
e.g. the simple monosaccharides xylose (150 MW) and glucose
(180 MW) [5].

NF membranes are also frequently advantaged by their ability to
avoid an osmotic pressure limitation. To produce water for down-
hole injection on offshore oil production platforms, NF has been
used to treat seawater and prevent barium sulfate scale. High re-
coveries are possible at reasonable pressures because the mem-
brane passes most of the sodium and chloride ions while retaining
sulfate [6]. NF is also used to remove sulfate in the chloralkali
process, where concentrations of NaCl in the feed may exceed
200 g/L and would correspond to unreasonably high osmotic
pressure for RO [7]. As zero liquid discharge (ZLD) is becoming
more often required, NF will play a larger role in treating already
concentrated RO reject streams, reducing the volume of water
needing more costly final stage operations (e.g. evaporation).
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