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I nteraction of metallic cations between the interface of
SiOyg/solution.
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Abstract

The transport and fate of metallic
cations are issues of concern with regard to
the natural environment, such asrivers, lakes,
groundwater, and soil in waste disposa sites.
When cations exist in an oxide suspension
system, it has been proposed that a transition
takes place from mononuclear adsorption to
hydrolysis to multinuclear adsorption and,
finally, to precipitation on the oxide surface
or in bulk solution with increasing system pH
or cation concentration. SO, is the most
abundant oxide in the earth crust and can
significantly influence a variety of nutrients
and pollutants in aquatic and soil
environments. Moreover, SIO, is widely
applied to many industrial processes
including use as filtration medium in water
treatment plants and base substrate in
catalysts. Thus, the objectives of this study
are to explore the interaction of various
metallic cations (Al(111) and Fe(ll1)) between
the interface of SiO, and aqueous solution.

The TEM images show that pure silica
particles are aggregate and that the diameter
of aprimary particle is around 15-25 nm. It
is obviously shown from the results that
discrete Fe(OH); precipitate forms both at
low pH (2.40) and at high pH (7.00) around
the unchanged size of base SIO, particle.
However, no discrete Al(OH); phase is
evident in the Al(lI)/SIO, systems. The
invisibility of discrete Al(OH); precipitate
suggests a strong association between Al-
(hyro)oxide and the SIO, surface. With an
increasing system pH, the AI(OH);
precipitate gradually forms on the surface of



the base SIO, particle and the particle size
becomes larger.

The charge reversals (CR) observed in the
Al(IN/SIO, system represent, in order of
increasing
pH, the point-of-zero charge (PZC) on the
SO, substrate (CR1), the pH of surface
nucleation of Al(OH)3; (CR2), and, at high pH,
the PZC of the Al(OH); coating (CR3). The
observed  electrophoresis  mobility  of
Fe(l11)/SIO; is the overall result contributed
by negatively charged SiO, and positively
charged Fe(OH)s.

Keywords: SiO2, Al(l11), Fe(lll), Surface
reactions, TEM, Electrophoresis

Z ~ Motivation and Objectives

When cations exist in an oxide suspension
system, it has been proposed that a transition
takes place from mononuclear adsorption to
hydrolysis to multinuclear adsorption, and
finally, to precipitation on the oxide surface
or in bulk solution with increasing system pH
(Chisholm-Brause et al., 1990; Katz and
Hayes, 1995a; 1995b). The bulk and
surface characteristics of these mixed oxides
are fundamental parameters in determining
the distribution of a variety of nutrients and
pollutants in the environment (Anderson and
Benjamin, 1990a). An understanding of
when and how such a transition forms is
important in a number of areas that are of
scientific and technological importance
(Towle et al., 1997). For instance, an
understanding of the process is required for
accurate quantitative modeling of metal ion
uptake (Sposito, 1984; Stumm and Wieland,
1990). The morphology and distribution of
the fina precipitates are critica factors in
certain technological applications, such asthe
preparation of heterogeneous catalysts and
the formation of coatings.

A substantial amount of research has
demonstrated that minerals, such as the
oxides of Al, Fe and Si, can significantly
influence the distribution, mobility, and
bioavailability of trace elements in aguatic
environments (Reid and McDuffie, 1981,
Millward and Moore, 1982; Anderson and

Benjamin, 1990a). Most of this research,
however, focused on relatively well-defined
solids. In natural aguatic environments,
reactions such as colloidal adhesion,
dissolution, adsorption and precipitation in
bulk solution or on oxide surface can create
multicomponent solids with bulk and surface
properties different from the base pure solids.
Although there have been severa studies of
adsorption onto multicomponent solids
(Anderson and Benjamin, 1990b; Crawford et
al., 1993; Meng and Letterman, 1993;
Karthikeyan et al., 1997), most of these
studies briefly describe the bulk and surface
properties of the solid phase instead of
exploring differences of the solid phase
prepared at various pH. The purpose of this
study was to determine bulk and surface
properties of Al(Il)/SIO, and Fe(lI)/SIO;
suspensions with increasing pH.

= ~ Results and DIscussions

TEM images

Fig. 1 shows TEM image of pure silica
particle aggregates. The diameter of the
primary SiO, particle is 15-25 nm. Figs. 2a
and 2b are the morphologies of SIO, with 1
mM of Fe(lll) a pH 240 and pH 7.00,
respectively. It is obviously shown that
discrete Fe(OH); precipitate formed both at
low pH (2.40) and at high pH (7.00) around
the unchanged size of base SIO, particle, and
the precipitate formed at low pH was further
away from the base SO, particle than that
prepared at high pH. Figs. 3aand 3b display
the micrographs of SIO, with 1 mM of Al(lI1)
a pH 3.00 and pH 5.00, respectively. No
discrete Al(OH); phase was evident in the
Al(I1)/SIO, system. Fig. 3a shows that the
size of particles prepared a pH 3.00 in
Al(11)/SIO; system is close to that of the base
particle. Although the size of the particle
prepared at pH 5.00 seemed to be dightly
larger than that of the base particle, there was
no discrete Al(OH); phase observed. The
invisibility of discrete AI(OH)3; precipitate in
the AI/SIO, system suspensions suggests a
strong association between Al-oxide and the
SiO, surface.  With an increasing system pH,
the AI(OH); precipitate gradually forms on



the surface of the base SIO, particle and the
particle size becomes larger. On the other
hand, since the hydrolysis of Fe(lll) occurs at
low pH (~2) (Bases and Mesmer, 1976),
Fe(OH)3 could form in the bulk solution
without other solid surfaces to reduce the
potential energy of oxide formation (James
and Healy, 1972; Bleam and Mcbride, 1985).

XRD and specific surface area

X-ray diffractograms of particles prepared at
various pH and cations always showed X-ray
non-crystalline materials (diffraction pattern
not shown). These results indicate that
there is no evident effect of system pH on the
mineral patterns both for Al- and Fe-oxide
system. The specific surface areas of the
particles are listed in Table 1. The
measured surface area of the SiO, isin good
agreement with that reported by the
manufacturer (200t 25 m?%g). When 1 mM
Fe(l1l) was added to 1 g of SiO,, no obvious
change in the surface area was observed both
a low (2.40) system pH and high (7.00)
system pH. In 1 mM AI(I1)/SIO, system,
the specific surface area of particles prepared
at low (3.00) pH is very similar to that of the
base SIO, particle but that of particles
prepared at high (5.00) pH is dlightly lower
than the primary particle’s.

Electrophoretic mobility

The electrophoretic mobility (EM) of pure
SiO, suspensions over a range of pH and in
three different salt solutions is shown in Fig.
4. The pH of zero particle mobility, which
is referred to as the isodlectric point (IEP), is
2.00 for a SIO, particle.  In al experiments,
0.1 N KNO3; was used as the background
electrolyte. Fig. 5 shows EM data of SIO;
suspension with various AIl(1I)
concentrations as a function of pH. The
electrophoretic behavior of SiO, with 1x10°
M and 1x10“ M of Al(lII) is similar to that
of pure SIO, suspension. While there are
three charge reversal (CR) points (i.e., strictly,
the pH of reversa of the electrokinetic
potential) listed as CR1 (+ — —), CR2 (—
— +4) and CR3 (+ — —) in order of
increasing pH for the curves of SIO, with
1x10° M, 5x10° M and 1x10° M of Al(lI1).
The general features of these electrokinetic
curves showing charge reversal are depicted

schematically in Fig. 6.

These experiments do not indicate any
significant shift in CR1 a various
concentrations of Al(Ill). The significance
of CR1 is clear in that H" and OH™ ions are
potential determining for oxides; thus CR1 is
the point-of-zero charge (PZC) of the SIO;
suspension. There is now ample evidence
that, at high pH charge reversal, CR3 reflects
a coating of the metal hydroxide on the
colloid substrate (James and Healy, 1972).
If sufficient metal ion is adsorbed to yield a
complete coating of adsorbed metal
hydroxide, then CR3 is the point-of-zero
charge of the metal hydroxide. Incomplete
coating due to low concentrations of metal or
to high concentrations of colloidal substrate
particles will reflect a dual surface— coated
and uncoated areas. Thus, CR3 will occur
at pH values at or below the pHp, of the
Al(OH)3 depending on the coverage achieved.
According to Fig. 5, CR3 is made to
approach the pHy,c of amorphous Al(OH)3
(~9.0) (Parks, 1965) by increasing the Al(111)
concentration. The CR3 of the colloid in
the 1x102 M of Al(I11)/g of SiO, suspension
is the same as the pHp,c of pure Al(OH)s,
which suggests that AI(OH)3; has completely
covered the SIO, particles. In Fig. 5, CR2
of the curves of SiO, with 1x10° M, 5x10°3
M and 1x102 M of Al(Ill) range from pH 2
to 4 and increase as the concentration of
AIl(Il) decreases. James and Heady (1972)
suggested that CR2 could indicate a surface
precipitation induced at a pH below bulk
precipitation. Since the interface is aregion
where the electric field is large and of the
order of 10° v cm™, or more (Booth, 1951;
Andersen and Bockris, 1964; James and
Healy, 1972), this field will lower the
dielectric constant of the interfacial medium
well below that of the bulk agueous solution.
Then the change in standard free energy (A
G%) for the process of Al(OH); dissolution in
the SIO, surface can be expressed as
—AG’=—-AG—(GA¥+Gon)  [1]
whereA G is the change in free energy for
the dissolution of Al(OH)s in bulk solution,
and GA* and Goy are the excess
contribution (due to the surface-induced



electric field) to the standard free energy of
individual AI** and OH" ion, respectively.
Also, Eq[1] can be represented in the form of
the solubility product of Al(OH)s :

log(Kaionyd K alom)) =(G a* + G on)/2.3RT

[2]
where K aionys and K’ ajonys are the solubility
product of AlI(OH)3 in the bulk solution and
in the interface, respectively. According to
Born charging equation (Andersen and
Bockris, 1964), G and Goy are positive
quantities, that is,

Kai(oH): > K’ al(0H)s [3]

Therefore, the eectric field of the surface-
induced precipitation in the interface will
occur before the formation of bulk
precipitation even though the solution is
unsaturated with respect to this precipitate
solid. CR2 could indicate the pH of surface
precipitation induced a a pH below bulk
precipitation and will shift to a lower pH
with increasing Al(I11) concentration.

In contrast to the Al(lI1)/SIO, system,
the EM measurements for the Fe(ll1)/SiO;
system (Fig. 7) show a negligible increase in
CR3 with increasing Fe(lll) concentration.
CR3 is dways 4.5 which is much lower than
the pHp, of amorphous Fe(OH)s; (~7.0)
(Parks, 1965) even though the Fe(lll)
concentration increases. The TEM results
(Fig. 3) indicate that the Fe(OH); particle
formed in the bulk solution. Therefore, the
observed EM of Fe(lll)/SIO; is the overal
result contributed by negatively charged SO,
and positively charged Fe(OH);.  Also,
there is no the process of CR1 to CR2 in the
EM measurements of the Fe(I11)/SIO, system
probably because of the small vaue of
KreoH)s- It @lso means that the occurrence
of Fe(lll) hydrolysis a alow pH (~2) results
in the overlap of CR2 with CR1.
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Fig. 1 TEM micrograph of base SO,
suspension.

67 nm Fig.
2 TEM micrographs of Fe(lI)/SIO;
suspensions (a) prepared at pH 2.40 and (b)
prepared at pH 7.00.
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Fig. 3 TEM micrographs of Al(I11)/SIO,
suspensions (a) prepared at pH 3.00 and (b)
prepared at pH 5.00.
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Fig. 4 The EM of SO, particles as a
function of pH in three concentrations of
KNOs: 0, 0.1 and 0.5 N.
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Fig. 5 The EM of Al(l11)/SiO, suspensions as
a function of pH in 0.1 N KNOj3 electrolyte
with and without the presence of various
concentrations of Al(NO3)s.
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Fig. 6 Schematic illustration of the genera
EM behavior of colloid systems in the
presence and absence of hydrolyzable metal
ions.
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Fig. 7 The EM of Fe(l11)/SIO, suspensions as a
function of pH in 0.1 N KNOs electrolyte with
and without the presence of various
concentrations of Fe(NOg)s.

Table 1. Specific surface area of base SiO,,
Al(111)/SIO; and Fe(111)/SIO, particles.

Base Fe(ll1)/SIO, Al(I11)/SiO,

SO,

pH 2.40
SSA(m’/g) 204 172

7.00 3.00 5.00
200 197 150







	page1
	page2
	page3
	page4
	page5
	page6
	page7

