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ABSTRACT

A primer on the three categories of membranes
(microporous, ultrafilter, and reverse osmosis) used for
filtration and separation applications are briefly compared
and contrasted. The microporous membranes used for
submicronic filtration are given greater emphasis. The
important filtration parameters of retention, permeability and
throughput are used to explain the advantages of a graded
pore or asymmetric structure compared to conventional
isometric microporous membranes.

Membrane Categories

In the realm of liquid filtration and separation
technology devices, microporous membranes represent the
high end or high performance segment. Historically,
microporous membranes are used to remove suspended
particles from fluid streams that are in the size range
between 0.1 µm and 10 µm, and most preferably between
0.2 µm and 1.0 µm in size. Recent advances have extended
the practical use of microporous membranes to sub 0.1 µm
filtration levels(‘). Just below this pore size, ultrafiltration
membranes become the device of choice. The tightest
membranes are the reverse osmosis type where the
separation of ionic compounds such as removing salt
dissolved in water takes place.

Of the three types of membranes, microporous,
ultrafilter (UP), and reverse osmosis (RO), the microporous
are unique in that they rely primarily on the mechanical
restraint of particles by discrete pores of selected size.
Simply stated, they contain very small holes that are
essentially at or smaller than the size of the desired particle
size to be removed. The desired size pores or “holes” are
“formed” in the membrane when it is made. The UP and RO
membranes are made without “discrete” pores and are
known as non-porous, dense or homogeneous films. They
rely on the interstitial void spaces between the closely
packed chains of polymer molecules of the semi-permeable
membrane to separate dissolved species from the liquid
phase.

Microporous Membranes are therefore primarily
used to “filter” out solid particles that are suspended in a
fluid stream; UF and RO membranes typically “separate” a
dissolved species from a fluid. The objective of a UF
separation may be to cull out a large protein of say 100,000
molecular weight, from another protein that has a molecular
weight of say 75,000. RO separations are on the ionic scale
involving aqueous salts, metal ions and some sugars, all of
which are typically below 20 Angstrom units in size.

One can imagine that the “tightness” of the
membranes increases as you move from Microporous to UF
to RO. It is therefore much more difficult to “push” a liquid,
say water, across a UP or RO membrane than a Microporous
membrane. Microporous membranes typically operate under
“transmembrane” pressures of less than 344.7 kPa (50
pounds par square inch, gauge, psig), while UF’s may
require up to 690 kPa, (100 psig) and RO’s up to several
thousand kPa. Partly because of the higher pressures
required to operate UF and RO membranes, they are usually
designed in devices that are flat and highly reinforced with
supporting fabrics on either side of the membrane. These
fabrics are important for enhancing flow distribution as well
as for support and drainage.

The most common device for flat sheet UF’s and
RO’s is a “jelly roll” spiral around a perforated center
support tube. The other common device is a module that
contains hundreds of tiny straw shaped “hollow fiber” UF or
RO membranes (Microporous membranes can also be made
into hollow fibers, but they will not be considered here).
Because they can operate at much lower pressures,
microporous membranes can be made in many more
different shaped devices and configurations. One of the most
common is the pleated cartridge configuration.

Likewise the UP and RO membranes will plug with
contaminant very quickly if they are run in a “dead end”
mode of flow. This means passing “all” of the fluid directly
through the membrane from one side to the other. This is
the normal mode of operation for the much more permeable
microporous membranes. To extend the life of the UP and
RO membranes they are run in a “crossflow” mode of
operation. This means that the “dirty” fluid moves across the
surface of the membrane, parallel to it. The driving force
pressure on the fluid pushes some of it through the
membrane (this is called the permeate), but much of the fluid
continues its path across the top of the surface and
eventually becomes a concentrated “reject” stream that flows
out of the device. It may go to the drain or be recirculated
back to the feedline, or both. The crossflow action serves to
keep the upstream surface clean and prevent premature build
up of blinding contaminants.
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