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FOREWORD

These volumes in the Uniscience series on Water Pollution Control Technology are
a comprehensive report on applications of ion exchange to treatment of wastewater.
They cover existing applications, and by extension of fundamental principles, they
show the basis ‘for innovative technology. The authors have been principals in the
development of ion-exchange materials and process technology.

Our objective in these volumes and in subsequent volumes of the series is to provide
a reference manual for design engineers, planners, and managers in industry and gov-
ernment. This is particularly important in the present critical period for implementa-
tion of water pollution control. ‘

Richard Prober
Cleveland, Ohio
July 21, 1978



PREFACE

There are many books on ion exchange dealing with general subject matter and
special topics such as the role of ion exchange in analytical, organic, and biochemical
applications. While some aspects of ion exchange in pollution control were discussed
in these texts, especially with reference to the removal of toxic heavy metals; the puri-
fication of metal plating baths, and the recovery of metal ions from metal plating rinse
waters, the.subject as'a whole was never covered. In view of the emphasis in recent
years on pollution control, the application of ion exchange in this endeavor has grown
50 a book on the subject itself is timely.

The aim of these volumes is not to cover all phases of ion-exchange theory, which
may be found in in general texts, nor to cover every application in the literature, or to
show an engineer ways on how to become an expert in the field so he could *“do it all

by himself*’. The main purpose of these books is to show the practical engineer what"

has been done in various types of applications of ion-exchange processes in pollution
control, how to set up laboratory tests, the problems that may be encountered, to
identify the individuals and organizations who are experts in the various phases of ion
exchange, and most importantly, to emphasize the new developments in polymers with
active sites that offer new approaches to wastewater treatment methods.

These books contain over forty chapters written by researchers and engineers from
the industrial, academic, and research communities in the United States, United King-
dom, Australia, Canada, and Poland. The books are divided into six major sections:

General Aspects — Twelve chapters dealing with the ion-exchange process, ion ex-
changers, equipment, systems, and economic factors.

Inorganic Applications — Seven chapters dealing with the removal of heavy metals
and ammonia and nitrate recovery from a variety of wastewaters.

Organic Applications — Contains four chapters on base recovery from spent sulfite
liquors, decolorizing wood pulp bleaching effluents, and the use of polymeric adsor-
bents.

Other Applications — Seven chapters involving the treatment of effluents from nu- -

clear and municipal treatment plants, agricultural wastewaters and the use of ion ex-
change for laboratory and analytical evaluations.

Uses of Polymers with Active Sites — Three chapters covering coagulants, dewater-

ing agents, and dispersants.

New Developments — Ten chapters dealing with novel exchangers and processes’

developed in the last decade.

In addition, the volumes contain a bibliography of ion-exchange text books, a listing
of ion exchanger and equipment manufacturers, and special tables of data. We have
broadened the aspect of the subject to include polymeric polyelectrolytes as we feel it
is an extension of ion exchange, and future developements in this field for wastewater
treatment will increase with time.

The authors chosen to write the chapters in these volumes are well known for their
contributions in the application of polymers with active sites to pollution centrol.
Credit must be given to both the authors and the organizations they represent. The
authors, in many instances, wrote their chapters on their own time.

We hope that these volumes will make a contribution to improving the quality of
our environment and to saving our resources which grow scarcer every day.

Calvin Calmon

Harris Gold

Cambridge, Massachusetts
July, 1978
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[. INTRODUCTION

lon exchange is a unit process usually involving the exchange of ions in solution
with the counterions of insoluble polymers containing fixed anionic or cationic groups.
If the exchange involves cations, the exchanger is a cation exchanger and the iogenic
group which is fixed on the polymer is anionic, e.g., —=SO;"M*, —=CO,"M*, —PO;"H.".
The polymeric matrix of the exchanger can be a copolymer of styrene and divinylben-
zene (DVB), phenol and formaldehyde, or natural polymers such as coal.

In the anion exchangers which undergo anion exchange, the fixed polar groups are
usually amines, e.g., =NH,, —RNH, —R,N, R;N*X". The counterions which undergo
exchange can be C1°, SO,°, NO,", or organic anions such as CH,CO,".

The process, originally involving cations, was discovered in 1850 by Spence, Thomp-
son,' and Way.? It was not applied until 1905 when Gans® showed that the process
could be used for water softening and to remove iron and manganese from water. The
success of the process was due to two factors: (1) Gans applied it to a system of low
ionic concentration involving ions which are readily exchanged for innocuous ones and
which are easily displaced from the exhausted resin by regeneration with ordinary salt
and (2) the process was needed in the emerging electric power generation industry
which required nonscaling waters for steam boilers. Similarly, the railroad and textile
industries were expanding into many areas with poor water quality causing economic
losses. As an example, the textile industry required waters free of hardness, iron, and
manganese, as these were wasting soap and causing staining.

Although water softening is not often thought of as a pollution-control process, (1)
it does make possible the use of a resource which otherwise could not be utilized,
namely, waters of poor quality, (2) it replaces costly processes requiring a great deal
of cnergy (e.g., evaporation), and (3) it helps in reducing waste, as in the case of
textiles, the loss of soap, and in the case of boilers, required chemicals for removing
scale. However, the subject of water treatment is detailed in many texts. In this book,
the treatment of waste discharges are emphasized. In these cases, ion exchangers are
used to concentrate trace ionic constituents which can be reused instead of being dis-
carded or to prevent resources from becoming pollutants if discharged into streams or
injected into the ground. lon exchange also makes pogsible the control of discharges
by reducing the waste volume so it can be discarded in controlled areas.

There are two problems associated with the treatment of waste discharges for dis-
posal: (1) a concentrated solution may become diluted so the volume becomes too large
for evaporation, or the ion concentration is so dilute that recovery or transporting of
the solution to controlled areas becomes too costly and (2) concentrated solutions may
become contaminated with trace pollutants resulting either in the discarding of these
solutions or the application of costly treatment processes to purify the solutions by



