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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

61276



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
s0 a book on the subject itself is timely. v

The aim of these volumes is not to cover all phases of ion-exchange theory, which
may be fgund 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 mos\\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 polymerlc 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 toagulants, dewater-
ing agents, and dispersants.

New Developments — Ten chapters dealing with novel éxchangers 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 control.
Credit must be given to bath 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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Organic Applications

Chapter 1
SORPTION OF ORGANIC SUBSTANCES

F. X. Pollio
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I. INTRODUCTION

The use of ion-exchange resins is certainly not limited to conventional water soften-
ing and demineralization applications with which most of us are well familiar. fon-
exchange resins are also most useful for reversibly exchanging or sorbing organic mat-
ter from liquids. This chapter, accordingly, is devoted to the uptake of organic sub-
stances from water and nonaqueous solutions. The removal of inorganic solutes from
such organic-bearing systems as glycerine, gelatin, sugar, and similar types of solutions
will not be discussed. .

Through the use of ion-exchange resins, a liquid may be purified from an organic
impurity, and the organic substance may be concentrated so that it can be recovered
for a useful purpose or discarded, if need be, into the environment. Ion-exchange
resins can also be employed for separating and isolating organic substances whose
- recovery otherwise, using conventional techniques, might represent a problem. The use -
of ion-exchange resins for these applications has not been limited to aqueous systems

particularly since the introduction of macroporous type ion-exchange resins toward
the end of the 1950s,
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Prior to the availability of the macroporous ion-exchange resins, which exhibit def-
inite porous properties in media other than water, the utility of gel or conventional
type exchangers was usually limited to aqueous or polar liquid systems because the gel
or conventional type resins exhibited unfavorable kinetics of sorption for organic spe-
cies from liquids nonpolar in character. In addition, the resins were found to suffer
from physical instability with prolonged cyclic use, particularly where the ion-exchange
resins were regenerated with an aqueous or polar regenerant solution.

I1. SORPTION FROM AQUEOUS MEDIA

A. Organics in Water Supplies

Most water supplies have at least some amount of organic matter present. The quan-
tity may vary from a few to several hundred parts per million, depending on the geo-
graphic location and the type of water source. While well waters may have only trace
amounts of organic matter, surface waters may contain up to several hundred parts
per million. The nature of the organic matter may be quite varied, dependmg on
whether the organics are natural or synthetic in origin. Natural organics arise from
the decay of vegetation from soil contacted by the water source. The products from
the decaying process are rather complex but are usually acidic in charagter and poly-
meric in nature. Classification of the polymeric organic structures has been made in
generic terms due to the complexity of the structures. The organic substances originat-
ing from decaying vegetational sources have been generically termed as humic and
fulvic acids, based primarily on solubility considerations. Tannins, tannic acids, pro-
teins, fatty acids, and polyols are among some of the less complex structures which
have been specifically identified.

Synthetic organics may originate from a variety of sources, such as from the waste
effluents of industrial operations and/or the discharge of domestic sewage. Many of
the organic materials impart color to the waters and are eliminated only with great
difficulty using conventional techniques.

Organic matter found in water supplies is usuaily ac1d1c in nature and accordingly
can be adsorbed by anion exchange resins. For most surface type waters, where organic
matter is usually found, pretreatment of the waters can significantly reduce the organic
content. Through the use of coagulation and clarification, organics present as turbidity
(colloids) can be readily eliminated. Some of the soluble organics may also be reduced
when organic polyelectrolytes (flocculants) are used in conjunction with an inorganic
type coagulant. Chlorination of the waters does bring about some destruction of or-
ganics, but the prime purpose of chlorination is to render the biologically active organ-
ics innocuous.

Organic scavenger resins, such as Ionac® A-642, have, for example, been found
useful for eliminating organic substances from a water supply prior to conventional
demineralization. Organic scavenger resins commonly employed for this purpose are
strong anion macroporous resins especially designed for this type of operation. Scav-
enger resins characteristically possess a highly porous structure and are capable of
reversibly sorbing the organic species. That is to say, the organic matter, once adsorbed
by the resin, can be quantitatively eluted from the resin under proper regeneration
conditions. ‘

It is customary to operate scavenger resins in the salt (chloride) cycle and to regen-
erate the resins with a warm brine solution. In many cases, for both economical and
ecological reasons, the waste regenerants from the resin demineralization system can
be effectively used to regenerate the scavenger resins, with or without a final short
regeneration with fresh brine solutions.



TABLE |

Organic Capacity — lonac® A-642 Scavenger Resin

Capacity
Service flowrate (pounds of
Organic Content  (bed volumes per Organics,
(ppm as KMnQ.,) hour) KMnO./ft?)
1—10 16—20 0.6—0.8
10—25 16—20 0.8—1.0
2550 12—16 1.0—1.2
50100 6—10 1.2—1.5

Where a new demineralization system is being considered, a suitable macroporous
anion resin can be employed instead of a conventional gel-type gnion resin, eliminating
altogether the need to use a scavenger unit prior to the demineralization train. This
practice is recommended only in cases where the organic content of the clarified water
supply to be treated is relatively low in soluble organics. Foregoing the use of a scav-
enger resin in favor of a macroporous strong base resin in the demineralization train
should generally be considered only when the organic matter in the water supply is less
than 30 ppm as KMnO, (i.e., this i§ the permanganate necessary to oxidize organic
matter). '

It is difficult to predict what crganic loading capacities can be achieved using a
scavenger resin because of the undefined nature of the organics present in the water
supply. Nevertheless, approximate loadings that may be expected as a function of the
organic content of the water supply are given in Table 1.

Regeneration of the scavenger resin is best achieved using a 10% NacCl solution at a
15 1b/ft® NaCl regeneration level applied at a two bed volume per hour flowrate. It is
recommended that the salt regenerant be used at 120°F, particularly if the organic
content exceeds 50 ppm as KMnQ,. For more aggressive waters and where inorganic
colloidal compounds may also have been removed by the scavenger resin along with
the organic matter, it is recommended that up to 2 Ib NaOH per cubic foot of resin
be incorporated into the salt regenerant solution. ' . .

The removal of organic tannins from residential water supplies cannot be accom-
plished by standard water filters and water softeners which employ a strong cation-
exchange resin. When tannins are present in the water supply, they impart to the water
a yellow or brownish tinge. A strong macroporous anion resin, such as Ionac.A-642,
can be added to the water softener unit to remove the tannins while the water is being
softened. The same brine solution used to regenerate the softener resin will simulta-

neously regenerate the Ionac A-642 scavenger resin.

B. Phenol Removal
Wastewaters containing phenols present a serious disposal problem from an ecolog-

ical standpoint. Though quaternary ammonium type anion-exchange resins have a
good capacity for phenols, weak base anion-exchange resins of the polyamine or ter-
tiary amine type are preferred since they can be regenerated with either dilute alkah
or solvents such as low boiling alcohols.*

The sorption of phenol by wgak base anion resins, based upon a styrene-divinylben-
zene matrix, appears to proceéd through two distinct mechanisms, depending upon
the type and the ionic form of the ion exchange resin involved. For quaternary am-
monium exchange resins in the salt form, the mechanism clearly does not involve ion*
exchange, since no anions are displaced from the resin during the adsorption of phenol.
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TABLE 2

Phenol Capacity — Ionac® AFP-329

Influent phenol Capacity (Ib/ft?, phenol)
100 ppm ' 0.22
500 ppm 0.62
1000 ppm 1.28
4000 ppm 3.60

This is supported by the fact that phenol may be eluted from the anion-exchange resin
readily with an alcohol. This conclusion was also proposed by Anderson and Hansen?

' who, after determining the sorption isotherm for phenol on Dowex® 1-Cl, found the
phenol isotherm curve to have the usual characteristics associated with sorption ob-
served on common porous sorbents. Phenol sorption increased rapidly at low concen-
trations and approgched a limiting value as the concentration of solute approached
the water miscibility limit.

In the case of strong base anion-exchange resins in the hydroxide form, the phenols
are removed primarily by an exchange for hydroxide ions. Under normal circumstan-
ces, regeneration of a quaternary amine exchanger to the hydroxide form is such that
the resin functional sites will exist partially in the hydroxide form and partially in the
salt form. The relative ratio of the two existing forms after regeneration depends, of
course, on the caustic regeneration level. Under such conditions, two concurrently dif-
ferent sorption processes will be occurring, one involving adsorption of phenol at the
salt functional sites, the other an interaction at the functional sites involving phenol
and the hydroxide ion to form the phenolate ion.

Sorption of phenoi on the weak, free base form polyamine anion-exchange resins
appears to proceed mainly through an adsorption process, at least in the case of po-
lyamine anion-exchange resins which do not contain quaternary ammonium functional
groups. Waste aqueous streams and process streams containing phenol levels between
100 and 4000 ppm phenol can readily be processed yielding treated solutions containing
less than | ppm phenol. ,

The working capacity of the resin for phenol is greatly dependent upon the initial
concentration of phenol in the influent to be treated. In general, the capacity increases
rapidly with an increase in the phenol content of the water to be treated. Typical ca-
pacities that can be realized using, for example, the weak base anion-exchange resin
Ionac AFP-329 are listed in Table 2. ' '

It should be noted that the phenol cdpacity of the lonac AFP-329 resin is not ad-
versely affected if the wastewater contains a neutral salt background, since weak base
resins will not split salts to any appreciable extent. On the other hand, the presence of
free mineral acidity in the influent may result in a reduced phenol loading. Likewise,
the presence of alkali in the wastewater will also have the effect of reducing the phenol
capacity. ,

The phenol sorption operation is carried out at flow rates between two to eight bed
volumes per hour. A lower flow rate is beneficial for treating phenolic influents con-
taining higher levels of phenol. In the case of a phenol influent containing 4000 ppm
phenol (pH = 4.0), a flow rate of two to four bed volumes per hour results in a
capacity of 3.6 pounds of phenol per cubic feet of resin to a 1% breakthrough while
giving an average leakage of less than 1 ppm phenol.

Regeneration of the weak base ion-exchange resin is achieved using either a solvent
such as methanol or isopropanol or a dilute NaOH solution. The use of alcoholic
solvents allows for the recovery of phenol (as phenol) since the alcohol can be stripped
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