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ABSTRACT

In order to improve our ability to predict sorption reactions,

the rates of copper sorption on kaolinite were measured to deter~ine the

nu~ber and type of ~echanis~s'responsible for trace metal sorptio~ on

clay minerals. From a theoretical consideration of Cu+2 chemistry a~d

kaolinite surfac,\properCies, it is probable that copper sorption is

controlled by several ~echanis~s, with different sorptio~ rates. These

mechanisms i~clude nonsp~cific coulo~bic attraction, coordination to one

or t.o surface sites, induced surface precipitation, structural

penetration, and sorption induced by kaolinite agglomeration.
+?

Cu -

sorption on kaolinite, in a 0.05 M K~O~ medium at pH 6.2, was followed
o

~ith a specific ion electrode for up to 2.5 ~eeks. The kine~ic data

revealed an instantaneous sorption~ occurring within the first 1 to 5

secones, followed by four concurrent first-order reactions~ The mean

rate constants of the first-order reactions are 0.7 ± 0.7, (8 ± 4) *
-3 -4 . -5 -1

10 ,(14 =6) * 10 ,and (9 =6) * 10 (min. ).

In order .to characterize and identify the apparent mechanisms

resolved by kinetics, experiments were designed to test the properties

of Cu sorbed on kaolinite. These tests included (l)v~'ing the salt

+ +?
concentration (2)changing the pH, (3)measuring the H ICu - exchange

( )
+2 +2 64

C
+2

ratio, and 4 desorbing eu with water, Sr, u, nitric

acid and cyanide. The results of these tests indicate that the

i~stantaneous sorption is caused by complexation to surface Sites, with

a small amount of nonspecific sorption. The first-order reactions are

iii
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attributed to surface induced precipitation, coordination to. two surface

sites, ana Cu fixation in the kaolinite structure. Copper sorption
)

induced by 'centrifuging suggests that when clays are agglomerated, as in

a clay floc, metal. sorption may be enhanced. So~tion mechanisms

observed on .kaolinite may ?e applied to other clays, if differences in

surface properties are taken into consideration.
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CHAPTER I

INTRODUCTION

GENERAL BACKGROUND

The subject of this thesis'considers ~~e transfer of metal ions

from an aqueous phase to a solid. Several terms have been coined to

describe this phenomenon. Adsorption is defined to be the attachment of

a dissolved species to the surface of a solid. If the dissolved

component enters the interior of the solid through a defect or a network

of capillaries then absorp~ion takes place. In many cases both

adso~ption and absorption occur simultaneously, or it is not clear

whether the dissolved species stays' on the surface or enters the solid.

The term sorption is very useful in this situation because it does not

specify the location of the sorbed species.

The maxi~um concentratio~s of dissolved ions in natural waters

are determined either by dissolution/precipitation equilibria or by

sorption reactions. Sorption and precipitation are often difficult to

distinguish because operationally they give similar results,

particularly if the precipitating phase is not readily visible. The

concentrations of many ions are in equilibrium with identified cinerals.

However, concentrations of some ions, such as the hea\] metals, are

appa=ently unders~turated in sea ~ater with respect to natural minerals

which contain them. This undersaturation can be explai~ed by sorptio~

reac~ions in sedi~ents and in the water column (Parks, 1975). Even when
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precipitation is the domin~ant~m surface reactions may affect

this process by'adsorbing other ions which enhance or inhibit the

formation of new mineral at the solid surface. Sorption reactions may

p~omote precipitation of some metals from waters which are

undersaturated in these metals. For example, consider the migration of

dissolved gold complexes through a hydrothermal vein. If these. gold

complexes are locally concentrated by adsorption onto a positively

charged surface of a chlorite they ~ight become supersaturated with

respect to native gold. When the gold is observed in the resulting

quartz vein there is no clue to a sorption reaction.

Sorption reactions have a profound influence on the chemistrr of

natural ~aters because they are one of the principal mechanisms of

controlling ion concentrations. In many cases they may also influence

another principle mechanism, na~ely precipitation. Therefore, when we

study the natural environment we should not forget the possible effects

of sorption reactions. The level of toxic metals and organic compounds

~hich are available to 'plants and animals is reduced by sorption

processes. The disposal of radionuclides requires a repository ~hich is

surrounded by a buffer material ~ith a high sorption capacity for

escaping radionuclides (Dayal et. al., 1979; Wilson, 1980; Bird, 1979).

The purification of our water supplies depends upon absorption in beds

of activated carbon. The understanding of,~orption mechanisms is

important to agriculture because sorption reactions can determine

~hether the amounts of nutrients and metals available ~o crops are at a

level ~hich is either deficient, just right, or high e~ough to be toxic.

The availability of metals a~d nutrients to crops ~ill eventually have
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an effect on the health of the animals or humans which consume these

crops (Jackson and Lim, 1982). Other fields of study which are affected

by surface reactions include geochemical prospecting, ore deposition,

weathering and diagenetic reactions. Even in ·the laboratory one must be

careful of adsorption onto container walls, especially when working at

trace concentrations.

Since so many fields of study are affected by sorption directly

or indirectly it is important to understand and qU3ntify as many of the

common adsorption reactions as possible. Ideally researchers who must

cope with sorptio? should have access to a data bank of distribution

coefficients which can be applied to a wide range of conditions with

confidence. Unfortunately with our present kno~ledge it is not possible

to compile from the literature a reliable b3nk of distribution

coefficients which can be applied to general cases because we si~ply do

not understand enough about adsorption mechanisms. Usually sorption

isother~s measured under one set of concentrations and solution

conditions do not work for a different set of conditions. Mathematical

~odels have been con~tructed to describe adsorption as a function of

concent:-ation and .pH, but they are usually not successful for a

un~versal set of conditions. The only way to successfully predict

sorption for a new set of conditions is to have a thorough understanding

of the mechanisms involved. The ability to predict sorption behavior is

particularly important if we are dealing with a d)~arnic environment,

such as an estuary, in ..~hich \o'e must mode"! adsorption as a func"tion of

changing conditions.








































































































































































































































































































































































































































































































































































































































