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Preface

This remarkable manual contains necessary and useful information and data in a easily
accessible format relating to the use of membranes. It is a vital contribution to modern
industry and is indispensable for engineers, designers, managers, sales and marketing
professionals and indeed anyone using membranes in the course of their work.

Membranes are among the most important engineering components in use today, and
each year more and more effective uses for membrane technologies are found — for
example: water purification, industrial effluent treatment, solvent dehydration by per-
vaporation, recovery of volatile organic compounds, proteinrecovery, bioseparations and
many others.

The pace of change in the membrane industry has been accelerating rapidly in recent
years, occasioned in part by the demand of end-users, but also as a result of the investment
in R & D by manufacturers.

To reflect these changes the author, Keith Scott, has obtained the latest information
from some the leading suppliers in the business, and both he and the Publishers are very
grateful for their assistance.

In one complete volume this unique handbook gives practical guidance to using
selected membrane processes in individual industries while also providing a useful guide
to equipment selection and usage.

The Handbook of Industrial Membranes is a welcome addition to the Elsevier Science
industrial engineering handbook programme and will prove as valuable as established
titles such as the Filters and Filtration Handbook (3rd Edition), the Pumping Manual (9th
Edition) and the Seals and Sealing Technology Handbook (4th Edition).

The Publishers
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INTRODUCTION TO MEMBRANE
SEPARATIONS

SECTION1.1 - INTRODUCTION

Membranes can be used to satisfy many of the separation requirements in the process
industries. These separations can be putinto two general areas; where materials are present
as a number of phases and those where species are dissolved in a single phase.
A membrane is a permeable or semi-permeable phase, polymer, inorganic or metal,
which restricts the motion of certain species.. This membrane, or barrier, controls the
relative rates of transport of various species through itself and thus, as with all separations,
gives one product depleted in certain components and a second product concentrated in
these components. The performance of a membrane is defined in terms of two simple
factors, flux and retention or selectivity. Flux or permeation rate is the volumetric
(mass ormolar) flowrate of fluid passing through the membrane per unit area of membrane
per unit time. Selectivity is a measure of the relative permeation rates of different
components through the membrane. Retention is the fraction of solute in the feed retained
by the membrane. Ideally a membrane with a high selectivity or retention and with a high
flux or permeability is required, although typically attempts to maximise one factor are
compromised by a reduction in the other.
Membranes are used for various separations; the separation of mixtures of gases and
vapours, miscible liquids (organic mixtures and aqueous/organic mixtures) and solid/
liquid and liquid/liquid dispersions and dissolved solids and solutes from liquids.. The
main uses of membrane separations in industry are in the:
i The filtration of micron and submicron size particulates from liquid and gases
(MF).

ii  Theremoval of macromolecules and colloids from liquids containing ionic species
(UF).

iii The separation of mixtures of miscible liquids (PV).

iv  The selective separation of mixtures of gases and vapour and gas mixtures (GP and
VP).

v The selective transport of only ionic species (ED).
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The virtual complete removal of all material, suspended and dissolved, from water
or other solvents (RO).

vi

The main feature which distinguishes membrane separations form other separation
techniques is the use of another phase, the membrane. This phase, either solid, liquid or
gaseous, introduces an interface(s) between the two bulk phases involved in the separation
and can give advantages of efficiency and selectivity. The membrane can be neutral or
charged and porous or non-porous and acts as a permselective barrier.

Transport of selected species through the membrane is achieved by applying a driving
force across the membrane. This gives a broad classification of membrane separations in
the way, or mechanism, material is transported across a membrane. The flow of material
across amembrane is kinetically driven, by the application of either mechanical, chemical,
electrical or thermal work. The important membrane processes, together with the general

classification of membranes used are listed in Table 1.

TABLE 1 — Membrane separations and materials.

Reverse Osmosis or

Asymmetric, composite

carrier

Hydrostatic pressure

Membrane Membrane Type Driving Force Applications
Separation
Microfiltration Symmetric and Hydrostatic pressure | Clarification, sterile filtration
Asymmetric microporous
Ultrafiltration Asymmetric microporous | Hydrostatic pressure | Separation of macro-
molecular solutions
Nanofiltration Asymmetric Hydrostatic pressure | Separation of small organic

compounds and selected salts
from solutions

Separation of micro-solutes

Hyperfiltration with homogeneous skin and salts from solutions
Gas permeation Asymmetric or Hydrostatic pressure | Separation of gas mixtures
composite,homogenous | concentration gradient
or porous polymer
Dialysis Symmetric microporous | Concentration gradient | Separation of micro-solutes
and salts from
macromolecular solutions
Pervaporation Asymmetric, composite | Concentration gradient,| Separation of mixtures of
non-porous vapour pressure volatile liquids
Vapour permeation | Composite Concentration gradient | Separation of volatile vapours
non-porous from gases and vapours
Membrane Microporous Temperature Separation of water from non
Distillation volatile solutes
Electrodialysis Ion exchange, Electrical potential Separation of ions from water
homogeneous or and non-ionic solutes
microporous polymer
Electrofiltration Microporous charged Electrical potential De-watering of solutions of
membrane suspended solids
Liquid Membranes | Microporous, liquid Concentration, reaction | Separation of ions and solutes

from aqueous solutions
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The driving force is either pressure, concentration, temperature or electrical potential.
The use of driving force is not a satisfactory means of classification because apparently
different membrane processes can be applied for the same separation, for example
electrodialysis, reverse osmosis and pervaporation in the desalination of water. From the
view of applications, classification in terms of suspended solids, colloids or dissolved
solutes, etc is preferred (see Fig 1). Thus the techniques of microfiltration, ultrafiltration,
employed in the category of suspended solid separation. All these processes use mem-
branes which are microporous in nature. These are the most simplest form of membrane
regarding mode of separation and consist of a solid matrix with defined pores ranging from
100 nm to 50 micron in size.

Microfiltration (MF), in combination with ultrafiltration (UF), can solve almost any
separation problem involving particulate material and macromolecules. Major technical
advantages of these filtrations are that they are well suited to temperature sensitive
materials and are not chemically altered as in competitive procedures such as precipitation
and distillation. Membrane filtrations offer relative simplicity of operation and low costs
in comparison to competition such as centrifugal separation, vacuum filtration and spray
drying. The marketareas for ultrafiltration are in the food and dairy industries, biotechnology,
water purification and effluent treatment. The latter of these is a developing market for
membrane separations as a whole. The largest market share of membrane separations is
held by microfiltration and is used for clarification and sterile filtration in a wide range of
industries including food and biochemical. Typical systems consist of cartridges where
membranes offer absolute filtration capabilities.

A second classification of membranes under a heading homogeneous films encompass
the separations; gas permeation, pervaporation, vapour permeation, reverse osmosis and
nanofiltration. Separation in these cases is related directly to the transport rate of species
in the membrane, determined by their diffusivity and concentration in the membrane
phase. These membranes are often in the form of composites of a homogeneous film on
amicroporous supportas used in hyperfiltration and pervaporation. The last two processes
are used for similar separations, the removal of water and the concentration of solutions
of ionic or organic solutes.

The membrane separations of reverse osmosis (or hyperfiltration) is not restricted to
aqueous based solutions, but can in principle be applied to organic based solutions.
Hyperfiltration is used in the same industries as microfiltration and ultrafiltration although
amajor application is in desalination to product potable water. The operating pressures of
reverse osmosis are an order of magnitude grater than those of ultrafiltration and
microfiltration ie 10 - 100 bar. Competition is with separations such as evaporation and
distillation, where membranes score heavily because they do notinvolve achange in phase
and do not expend energy in the latent heat of evaporation. The operating costs of
membrane separations are therefore often much lower than competitive separations.

Gas permeation uses homogeneous membranes which separate species in terms of
diffusivity and concentration in the membrane. This membrane technology has only
recently been applied commercially to separate individual components from mixtures of
gases. The membranes are non-porous thin layers on porous substrates. The technical
breakthrough, in terms of selectivity and rate of separation, in the membrane separation



