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The stability, i.e., dispersion and coagulation of Fe (I ) hydroxide hydrosol is related to
many industrial processes. Usually, mine water contains a large amount of ferrous ions. Usually
mine water is treated by a neutralization method after ferrous ions have been oxidized to yield
ferric ions. In this process Fe (Il) hydroxide is precipitated. It is quite often experienced that
heavy metallic ions, such as Cu?*, Cd**, Hg** and hazardous ions are coprecipitated with the
hydroxide precipitates. Therefore, the coaqulation of Fe (1) hydroxide plays an important role
in mine water treatment in view of not only removal of Fe ions but also removal of other
hazardous ions included in the mine water. There have been many investigations regarding the
stability of oxide hydrosols. However, very few.experimental studies have been conducted on
the colioid chemical or surface chemical properties of hydroxides.

The purpose of the present study was to investigate the stability, i.e., dispersion and coagula-
tion, of Fe (1) hydroxide hydrosols. The experiment involved the determination ofthe critical
coagulation concentration (C.C.) of inorganic cations and anions (one of the most important

parameters in discussing the stability of hydrosols), zeta potential measurements and potentio-

— 321 —



metric titration of Fe (W) hydroxides in order to establish the relationship between surface
charges of Fe (1) hydroxides and pH of the solutions. The experiment also involved adsorption
measurements of Cu®* ions on Fe (1) hydroxide surfaces in relation to the coprecipitation.

Experimental results of the stability have been analyzed in terms of the DLVO theory which
considers the potential energy of interaction due to overlapping of electrical double layers and
van der Waals interaction between particles.

The thesis consists of six chapters.
Chapter | is an introduction to the thesis.

In chapter Il the coagulation studies which were conducted using well-defined monodispersed
spherical hematite particles are discussed.Spherical hematite particles (diameter 0.13 ¢ m)
were obtained by hydrolysis of a FeCls aqueous solutidn at 100°C. Experiments involved the
determination of the C.C.of K*,Ba®*, and La®* in alkaline solutions (pH 1.03) where ferric
oxides are negatively charged and in acidic solutions (pH 3.3) containing NO3 and SO«*~ where
ferric oxides are positively charged. Coagulation was assessed by measuring the size distribution
of hematite particles as a function of the electrolyte concentration. The C.C. values increased
with the increase in the valence of cations and anions in alkaline and acidic solutions in accor-
dance with the Schulze-Hardy rule. The zeta potential mesurements were also carried out under
condition identical to those of the coagulation experiments. The potential energy of interaction
was calculated as a function of separation distance using the DLVO theory and the Hamaker
constant of hematite in an aqueous medium was evaluated. The Hamaker constant did not show
a constant value but depended on the valence of ionms, i.e., the Hamaker constant tended to
increase with an increase of the valence of counterions, suggesting that some other attractive
forces other than the van der Waals force contributed to the coagulation of hematite particles
in the case of polyvalent ions. The hematite system served as a reference to the coagulation

study of Fe (T) hydroxide hydrosols.

Chater Il describes the coagulation of Fe (1) hydroxide hydrosols obtained by neutralizing
Fe (NO1)s aqueous solutions at room temperature. The coaqulation study was conducted in a
similar manner to that of hematite hydrosols except that the coagulation behavior was assessed
by measuring the absorbance of the sol as a function of electrolyte concentration. This system
was also found to obey the Schulze-Hardy rule, i.e, the higher the valence of counterions the
lower the C.C. for both cations and anions. However, it was found that the ratio of the C.C.
showed some deviation from the inverse 6th power law with respect to the valence of the coun-
terious in contrast to the prediction of the DLVO theory. Zeta potentials of Fe (I ) hydroxide
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particles were measured as a function of the electrolyte concentration. From the zeta potential
data combined with C.C.’s the double-layer interaction energy (V&) between particles was cal-
culated as a function of particle separation. The van der waals energy (Va) between particles
was calculated for various values of the Hamaker constant (A). The total energy of interaction
Vz (=V= + Va) was calculated. The best value of the Hamaker constant was selected in such
a way that the potential energy barrier becomes zero. The analysis in terms of the DLVO theory
showed that the Hamaker constants tended to increase with the increase in the valence of coun-
terions as in the case of spherical hematite sols. The most reliable value of the Hamaker cons-
tant of Fe (1) hydroxide particles in water was assessed to be 5X 107'*—7x10"'*® erg, which
was obtained for monovalent ions and is fairly close to the value, 4X107'? erg, for hematite

obtained by coagulation experiments with NOs ™ ions.

chapter IV describes the surface charge of Fe (1) hydroxides in contact with aqueous solu-
tions, which governs the double—layer interaction between colloid particles and adsorption of
ions from solutions. Surface charges were measured by potentiometric acid-base titration at
various concentrations of KNOs as a supporting electrolyte. As a result, the point of zero
charge (p.z.c.),i,e., the pH at which the net surface charge on Fe (I ) hydroxide surfaces becomes
zero, was determined to be 7.2. This value was close to the isoelectric point (i.e.p), pH 7.3, deter-
mined by electrophoretic mobility measurements.
The surface charge, @o, as a function of pH was analyzed on the basis of the surface site dis-
sociation reaction,i.e.,
SOH.* = SOH + Hs* f4.1]
SOH = SO~ + Hs* [4.2]
where, SOH:*, SOH, and SO~ represent positive, neutral, and negative surface sites, respectively,
and Hs* refers to the surface concentration of H*. By analyzing &0 vs. pH curves ApK(=pK-—
pK+, K+ and K- are equilibrium constants for Eqs. [4.1] and [4.2], respectively), an important
parameter in determining ¢o, was assessed. It was found that ApK depended on the KNOs
concentration (C);1.e., ApK=1 for C=1x10"*M and C=1X10"* M and ApK=3 for C=1X
10 M and C=1X10"? M. It was also shown that the surface potential of Fe (M) hydroxides
obeyed the Nernst equation only for low electrolyte concentrations where ApK is small in

magnitude.

In chapter V the adsorption of Cu®* ions at the Fe (M) hydroxide-solution interface is descri-
bed for studies conducted in acidic media (pH 4 to 7) by varying the concentration of KNOs as’
a supporting electrolyte, at Cu (NOs): initial concentrations of 1X10%and 1X107° M. It was

found that Cu®* ions were adsorbed on Fe (I ) hydroxide surfaces even in acidic media where
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the net surface charge of Fe (1) hydroxide surface is positive. The adsorption amount of
Cu’®* ions increased with increasing KNOs concentration and pH. The distribution of positive,
neutral, and negative sites was calculated using ApK obtained in chapter IV. It was found that
negative surface sites exist even in acidic media though their fraction is relatively small as
compared to the neutral sites. The ratio of the amount of Cu®* adsorbed to that of negative
surface sites was found to be, at most, 0.6. Thus, it was concluded that the negative surface

sites existing on Fe (II) hydroxide surfaces were responsible for the adsorption of Cu®*.

Chapter VI presents the study conclusions.
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