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Potentiometric titration behaviour of a Tunisian glauconite complex natural clay mineral was
investigated and interpreted according to surface complexation theory. Gran plots were used to
determine the equivalence points of potentiometric titrations in solution and also the necessary
parameters for the analysis of titration data. Proton surface charge can be calculated by subtracting
supernatant titration curves from those of glauconite suspension. The surface complexation model
(SCM) that fits satisfactorily our experimental data, is the double layer model (DLM) which was
successfully capable to simulate the experimentally observed acid-base titration properties of
glauconite suspension. The optimisation procedure, using FITEQL program, was performed in two
steps: first, the Fe and Si speciation was optimised with alkalimetric titration of supernatant solution,
then; the optimised parameters were used in the alkalimetric titration of the glauconite suspension.
Surface ionisation constants were then determined by FITEQL, the pKas values found are (pKa; =3.41,
pKa, =4.34).

Keywords: Glauconite, Surface complexation model (SCM), potentiometric titration, surface
ionisation constants, FITEQL program.

1. INTRODUCTION

Over the past several decades, significant advances have been achieved in the understanding of
the chemistry of mineral surfaces and the mineral -water - interface. One of the major developments is
the successful application of surface complexation models (SCMs) to enhance our understanding of
surface interactions involving simple minerals as well as synthesized single metal oxide and hydroxide
minerals [1-5]. Among SCMs commonly used in the literature, the double layer model (DLM),
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constant capacitance model (CCM) and the triple layer model (TLM) were applied to model the
experimental results of oxide surfaces. These three models are similar in their descriptions of surface
reactions, each treating the surface as if it were composed of amphoteric hydroxide functional groups
which are capable of reacting with sorbing cationic or anionic species to form surface complexes. The
models differ in complexity and descriptions of the electrical diffuse layer and the manners in which
changes in the background electrolyte concentration are incorporated in model computations. Some
authors have given a schematic representation of the electrical properties of the interfacial region [1]
where the three SCMs in terms of adjustable parameters, including surface chemical reactions and the
charge—potential relationships, are well established.

In the other side, because of their complex chemical composition, application of SCMs to
complex natural clay minerals as well to purified phyllosilicate clay minerals is less common. We can
cite some studies on kaolinite [6,7], on montmorillonite [8,9], on bentonites [10], on natural illite and
glauconite [11-14]. In addition, the surface acid-base chemistry of illite was investigated at different
zero point of titration (ZPT) values [11, 12, 15]. When the ZPT was situated at a weak alkaline pH,
two equilibrium constants were obtained by employing the CCM, which included both protonation and
deprotonation steps, i.e., pKa;=7.5 and pK,= 11.7, respectively. Du et al, 1997 [11] demonstrated the
surface acid-base reactions of one aqueous illite using the CCM with only a deprotonation step, the
proposed reaction constant of pKa = 4.23 being achieved at acidic ZPT. Liu et al, 1999 [13], argued
that during prolonged acid-base potentiometric titrations in acidic medium, a significant amount of Al
is released into solution. Many studies, reported by these authors indicated that the presence of silicic
acid can strongly influence the distribution of aluminium species in acidic environments, ranging from
low-order soluble Al-species, i.e., monomeric forms, to polymeric hydroxyl-aluminosilicates (HAS)
and colloidal precipitates. In addition, soluble Al-Si species are intermediates in the weathering
reactions of primary and secondary aluminosilicates in soils, geological formations and surface waters,
and they may affect the dissolution of solid aluminium silicates and serve as templates, or structural
subunits, for secondary clay minerals.

The major purposes of the study are (i) to develop the understanding of the surface acid-base of
Tunisian glauconite by comparison of the behaviour of different materials during potentiometric
titration, (ii) to use FITEQL program for testing the applicability of some SCM models for the
characterization of the reaction mechanisms, while taking into account possible interactions between
iron species and silicic acid. These aspects have not been widely studied in the literature and to our
knowledge there are few studies concerning glauconite clay minerals.

2. EXPERIMENTAL PART

The solid sample was collected in Gafsa, situated in southern Tunisia, (dark green in colour).
The clay fraction (particle size < 2 micrometers) was purified by classical methods [16], transformed
into the sodium form with 1M NaCl solution. After washing, sedimentation and dialysis, the fine clean
sediment was freeze dried.
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2.1. X-ray diffraction (XRD)

X-ray diffractograms were recorded using a “PANalytical X’Pert High Score plus”
diffractometer in the 20 range of 3 to 40° at a scanning rate of 2°/min and employing Cu-Ka filtered
radiation. The diffractograms of oriented plate are obtained by sedimentation on slides. This permits to
follow the periodicity of the stratification of the layers, with the reflection (dgg;) for which the
identification is based.

2.2. Cation exchange capacities (CEC) and specific surface areas (SSA)

CEC was determined by the method of copper ethylenediamine (EDA),CuCl, complex [17]
and specific surface area was determined by nitrogen gas adsorption at 77K after outgassing at 120°C
under helium gas, using a “Quantachrome-Autosorb 17 sorptiometer. The cationic exchange capacities
(CEC) and the specific surface areas (SSA) for the purified sample are 28 meq/100g and 60 m?/g,
respectivel

2.3. Chemical analysis

The glauconite sample was attacked by a mixture of three acids (HCI, H,SO4, HNO; and HF).
The elements, such as Si, Al, Fe, Mg, Ca, Na and K are assayed by Atomic Absorption
Spectrophotometer (AAS).

2.4. Sample characterisation

The X-Ray powder pattern of the sample is shown in the figure 1. Based on J.C.P.D.S.
(International Center for Diffraction Data, PDF reference 02-0049) using X’Pert HighScore Plus
software, we can conclude that our sample is a pure glauconite clay mineral.

The specimens after different treatments were studied by using X-ray diffraction technique. In
these methods, oriented specimen is prepared on glass microscope slides. The samples were
successively subjected to different treatments not only to characterize the clay specimens but to
identify the presence of eventually interstratified or mixed other clay minerals:

1) Normal at ambient temperature (N)
ii) Saturated with ethylene glycol (EG-treatment) (G)
iii) Heating at 550°C (H)

The diffractograms of the sample are shown in the figure 2.

In the patterns of the air- dried oriented mount of pure glauconite (N), the basal reflections of
glauconite appear along with an irrational series of reflections: d (o)) reflection at 10.10 A, doo2) at
5.00 A and d(oo3y at 3.32 A. The XRD patterns of the EG-treated and heated specimens (H) at 550°C
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were included in the figure 2 in order to detect minimal changes. After EG-treatment (G) the
glauconite basal reflections do not show significant changes.

The chemical analysis of the purified sample is summarized in table 1. It follows from this
analysis that the sample contains a higher content of Fe,O; and a low ratio of Al,Os. This result is in
agreement with X-Ray diffraction analyses which prove that our sample is a glauconitic clay mineral.
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Figure 1. X-Ray powder patterns of sample.

- 10104
. N ] 1314
™ .
- =004 B
o A
..... L
e i i L M

, G { i

T T e B T T TR A S, —T
10 20

Posation [*2Theta)

Figure 2. XRD patterns of oriented purified glauconite. N: Normal, G: saturated by ethylene glycol,
H: Heated at 550°C.
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Table 1. Average chemical composition of the sample
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Figure 3. Gran plot of glauconite suspension in 0.1M NaCl solutions; a: blank system, b: aqueous
suspension.

2.5. Potentiometric titration curves using Gran plot method

The experimental method used is related to the one by Du et al, 1997a [11], in illite suspensions
from the Hebei Province China. For the acid-base continuous titrations, glauconite suspensions were
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firstly acidified with HC1 0.01 M to pH approximately 2 and then back- titrated immediately with
hydroxide solution (0.05M) to an alkaline pH range. For each titration, 0.1 g of glauconite stock
suspension was added to 15 ml of water in a flask and stirred for 24 hours in order to approach
equilibrium. NaCl solution was used to stabilize the system at a given ionic strength.

Distilled water was added to bring the total initial volume of the suspension to 50 ml and the
temperature was held constant at 25+ 0.5°C.The suspension was then titrated with 0.05M NaOH with
0.2 mL increments until a pH of approximately 11 is reached. The equilibrium criterion for each
addition of the titrant was the stability of pH value measured to within 0.01pH units/min.

Concerning the blank system of the sample, we have used the supernatant of the corresponding
sample system as the titration blank.

The blank solution was obtained from the supernatant of the equivalent glauconite suspension
after being titrated to the acid pH range. Therefore, the suspension is centrifuged at 6000 rpm during
30 min to allow for a correct separation of colloidal particles. The supernatant thus obtained was
titrated to the same procedure described above. The controlling conditions during the titration were
also the same as that for the glauconite suspension titration.

The NaCl electrolyte concentration was adjusted to a 0.1, 0.01 and 0.001 mol/l. Before each
alkaline back- titration, the aqueous suspensions and the corresponding blank solutions were
equilibrated for about 10 min in order to reach an equilibrium pH value.

2.6. Data treatment

For the titration of solid/water systems and their corresponding supernatant, we have chosen
the Gran titration method, as used by some researchers [11, 18, 19, 20], to determine accurately the
equivalence points of potentiometric titrations in aqueous solutions (Ve;, Ve,) and the net number of
protons reacted per surface site (Znet). From experimental data, Gran plot was applied for the
hydroxide titration. The Ve and Ve, values determined by linear regression in the corresponding Gran
plot are shown in the figure 3.

2.7. Parameters of Gran method

For each titration point, the concentration of the total protons added to the system was
calculated by:

TOTH=-(Vy-Ve).Co/(Vo+ V) , mol/L (1)

where:
Vy is the volume of NaOH added in the hydroxide titration
Vo is the initial volume of the suspension and Cy, is the concentration of NaOH.
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The determination of the total surface site concentration (Hs) was calculated from the two
equivalence points in the Gran plot of the hydroxide titration (see figure 1, Ve, and Ve,) after
subtracting the hydroxide consumed by the blank solution, as shown in the equation below:

Hs = [(Ve; - Vey). Cb]sample - [(Vez-Ver) . Cblylank / Vo, mol/l ()

The calculation of average number of protons reacted per surface site (Z) was determined at
each titration point by:

Z=[TOTH- 10" + 10°"¥PD) vy +Vy) / (Hs. Vo) (3)

TOT H and Hs were calculated by equations (1) and (2) respectively. For each glauconite system, the
net number of surface reacted protons per surface site, Z,.: (pH,I) was obtained from the difference
between the Z values of the sample titration and the corresponding blank titration at the same pH:

Znet (PH, I) = Zsample (4)

3. RESULTS AND DISCUSSION

3.1. Surface characterization

It is well known that the surface of a solid immersed in an aqueous solution develops an
electrical charge, depending on the pH of the suspension. The origin of this charge can be attributed to
the amphoteric dissociation of SOH surface groups created by hydration of the solid surface after
immersion. The pH dependence of the surface charge can be modeled by the constants K™ and K
referring, respectively, to the protonation and deprotonation equilibria:

=SOH," <=> =SOH+H" (a)

which has an apparent equilibrium constant, given by

Ka,“” = (=SOH) [H'] / [=SOH,"]

and also
=SOH <=> =SO +H' (b)

with the corresponding apparent equilibrium constant

Ka;’ = (=SO) [H'] /(= SOH)
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In the previous equations, =SX represents a reactive surface site, (X) denotes the concentration
of a given species (mol/L), and [H'] is the activity of the hydrogen ion in solution. Given that the
activity of ions is different near the surface and in the bulk solution, a Coulombic term must be taken
into account, and the intrinsic equilibrium constants for the previous reactions are calculated from the
average surface potential o applicable to the reactive groups, thus

Kannr — Kanapp e—Ft//O /RT , for Il:1,2

The term e V0 /RT

is the Boltzman factor, where R is the perfect gas constant, 7" is the
temperature, and F is the Faraday constant. The Coulombic potential is pH dependent and must be
calculated explicitly in each equilibrium calculation on the basis of the double layer theory or its
extension [21]. At the pH of the point of zero charge, pHpz, the net surface potential and net surface
charge are both zero (yo = 0, and 6y = 0), and then (=SO7) = (=SOH,").

The inclusion of the surface potential as a Boltzman factor in the adsorption / desorption
equilibria provides the intrinsic (thermodynamic) equilibrium constants. The electrostatic terms
accounts for the rational activity coefficients of the sorbed species (Sposito, 1984)[22]. The EDL
models such as CCM or TLM may provide an atomistic description of the adsorption phenomena, but

result in an increase of the mathematical complexity.

3.2. Surface acidity constants

In order to determine the best-fit equilibrium constants for the H' surface adsorption, the
Tunisian glauconite surface acidity constants were determined by modeling the potentiometric titration
data using the simulation code FITEQLA4.0. This software uses a nonlinear least-squares optimization
technique to fit equilibrium constants to experimental potentiometric titration data [23]. For each
convergent optimization, FITEQL 4.0 provides the quality of fit criterion for a set of surface constants.
This criterion, Vj, which is the weighted sum of squares of residues (SOS) divided by the degrees of
freedom (DF), may be calculated using the equation:

D j18))?

V, = SOS /DF =
NpNc — Nu

where DF (Degree of Freedom) = N (number of data points) — number of adjustable parameters, Yj is
the mass residual balance calculated from the deviation between the calculated and experimental mass
balance for the component j ; Sj is the error calculated for Yj from the experimental error estimates; Np
is the number of data points; Nc is the number of components for which both the total and the free
concentrations are known; and Nu is the number of adjustable parameters. The value of Vy thus
depends on the experimental error estimates, and higher error estimates produce lower values of Vy. In
general, for a given set of error estimates, lower values of Vy indicate better fit between the
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experimental data and the model. In practice a value of 0.1-20 for this parameter, generally indicates a
“satisfactory” fit of the data, when realistic error estimates are used.

Among the surface complexation models generally used to account for the surface acid—base
properties of solids in aqueous suspension, the Stern model, the DLM (diffuse layer model), and the
TLM (triple layer model) are commonly used. The Stern model is commonly used to describe the
charging behavior of weakly acidic surfaces. The DLM is the simplest one and is usually limited to
low ionic strengths conditions (< 0.1 M) while the CCM for example is restricted to high (and
constant) ionic strengths (above 0.1 M). Finally, the TLM may be expected to model titration data
successfully over a wide range of ionic strengths. If we consider the number of adjustable parameters
for a simple oxide, three are needed in the DLM, four in the CCM and seven in the more complete
TLM. In this study, the use of the DLM was suitable since the experiments were carried out at relative
low ionic strength (/=0.1 M). Surface acidity constants refer to protonation and deprotonation of the
=SOH surface groups as written in Egs. (a) and (b).

3.3. Modeling potentiometric titration behaviour of glauconite

To model the glauconite acid-base surface properties, the relevant acid-base reactions in
aqueous solution must be taken into account. As mentioned in the introduction, several studies cited by
Liu et al., 1999 [13], indicate that the presence of silicic acid can strongly influence the distribution of
aluminium species in acidic environments, which would range from low-order soluble Al-Si species
(monomeric forms) to polymeric hydroxy-aluminosilicates (HAS) and colloidal precipitates. These
same authors also state that the polymeric hydroxy-aluminosilicates ions can readily form in
significant amounts at ambient temperature over the pH range of 4 to 7, when a mixture of Al and Si
solutions is titrated with a strong base. On the other hand, Goncalves, 2004 [24] found that these
species (HAS) are negligible in the pH range 3-10. In addition to these surface complexes, we can
assume in a similarly manner, for our glauconite sample, a significant formation of monomeric Fe-Si
species instead of Al-Si species and polymeric hydroxy-ferricosilicates instead of hydroxy-
aluminosilicates ions that can form in significant amounts over the same pH range too. The
equilibrium constants and reactions values for Fe’* and Si(OH), in aqueous solution are derived from
Parkhurst and Appelo, 1999 [25].

The Gran plots of the alkalimetric titrations shown in Figure 1 allowed the determination of the
zero point of titration (Vel) [11,12], and both the glauconite suspension and blank (supernatant)
titrations were used to estimate the number of protonated surface sites, Hs, with equation 2, which is 7
x10” mol/g. The total number of added protons determined with equation 3 and the pH readings of the
titrations were used as input for the optimisation procedure with FITEQL 4.0.

The optimisation procedure was performed in two steps: first, the Fe and Si speciation were
optimised with the alkalimetric titration data of the blank solution, then, the optimised parameters were
used in the alkalimetric titration of glauconite suspension. For our glauconite sample, the equilibrium
model used for the blank solution was described in Table 2.
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Table 2. Reaction constants for Fe’* and Si (OH)4 in aqueous solution for 25°C and 0.1M ionic
strength, used in the solution model for FITEQL optimisation [Parkhurst and Appelo, 1999] . Two
reactions for the formation of hydroxy-ferricosilicate complex and surface Fe-Si complex were

considered for the glauconite suspension titration.

Reaction constants as parameters for FITEQL

Fe’™ + H.O <=>FeOH’" + H'

Fe’* + 2H,0 <=> Fe(OH,)™ +2H"

Fe’* + 3H,O <=>Fe(OH); + 3H'

Fe’* + 4H,0 <=> Fe(OH); +4H"

=SOH + Fe’* + H,Si0; <=> =SOFe(0Si(OH);)* + 2H"
Fe* + HuSiO4 + 2H>0 <=> Fe(OH)>(0OSi(OH)3) + 3 H'
Si(OH); <=> SiO(OH); + H*

SiO(OH); <=> SiO(OH);> +H*

logK = -2.19
logK =-5.67

logK =-13.60
logK=-21.60

log K., optimised by FITEQL
log Kun optimised by FITEQL
logK =-9.46
logK=-22.02

Table 3. Parameters optimised by FITEQL to adjust the chemical equilibrium model to the
experimental data of the alkalimetric titration of the blank solution; WSOS/DF corresponds to the

goodness of fit.

Optimised parameters of the blank solution species
logk 0.00 [H]
logK -13.8 [OHT]
logK 0.00 Si (OH)4
logK -9.46 SiO(OH)5”
logK 0.00 Fe’*
logK 2.19 FeOH**
logK -5.67 Fe(OH,)*
logK -13.6 Fe(OH)3
logK -21.6 Fe(OH)4
Total Fe** (M) 9.079%10° M
Total Si (OH), 5.062x10™* M
WSOS/DF =32.3
4 1|:|-3 I I I I

£ 2wl _

[

£ 00 ' ' ' B
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Figure 4. Experimental points (rectangles) of the alcalimetric titration of the blank solution, and the

corresponding adjusted FITEQL model with parameters optimised as given in Table 4.
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Since our experiments were run at 25+2°C, and the equilibrium constants are for 25°C and
0.1M ionic strength, FITEQL was set to optimise these constants for these conditions, provided that
the optimised parameters were not too far off the initial values. Convergence was achieved and the
goodness of fit (as defined in the FITEQL Report), WSOS/DF was 32.3. In general, given that values
below 20 are considered as good fits [23], the fit to the experimental values is acceptable. A synthesis
of the optimisation procedure and of the model parameters obtained is given in Table 3 and figure 4.

The parameters obtained from the optimisation procedure were fed into the glauconite suspension
model.

Table 4. Parameters optimised by FITEQL to adjust the chemical equilibrium model to the
experimental data of the alkalimetric titration of the glauconite suspension, 0.1 M NaCl; WSOS/DF
corresponds to the goodness of fit.

Characteristic Parameters of the glauconite suspension (FITEQL optimisation)

Optimised parameters species

logk 0.00 [H]
logK -13.00 [OHT]
logK 0.00 Si (OH)4
logK -9.46 SiO(OH)5’
logK 0.00 Fe’*
logK 2.19 FeOH**
logk -5.67 Fe(OH,)"
logK -13.6 Fe(OH);
logK -21.6 Fe(OH)4

Total Fe** (M) 6 x10° M

Total Si (OH)4 5%x10°M

Total (= SOH) 8.92x107mol/g

WSOS/DF =35

2 103 . . . .
= 1103 | .
“% %&\n pH
) 0.0 1 1 1 1
g 2 4 g 10 12
5 1103 i
[m]
L]
4 -2 10-3 |- = Expenmental ]
B a3k |- FITEQL Model |
24 ll:l'3 1 1 1 1

Figure 5. Experimental points (rectangles) of the alcalimetric titration of the glauconite suspension
and the corresponding adjusted FITEQL model with parameters optimised as given in Table 5.
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The optimisation procedure did not consider the ion-exchange reaction at the permanently
negative surface charged sites mostly because at the relative high ionic strengths used in our
experiments; these sites are almost permanently blocked by the electrolyte ions and thus have no major
role in surface speciation equilibrium. Besides glauconite sample has a low CEC. The electrical double
layer, as described - above, was the model that fits most satisfactorily the experimental data. The
results of the optimisation procedure are presented in Table 4 and figure 5.

It should be pointed out that all surface reactions involving Si and Fe complex species are
considered and therefore the Stern model, the DLM (diffuse layer model), and the TLM (triple layer
model), for which FITEQL 4.0 works currently for adsorption at interface clay minerals, were adopted.
Among these surface complexation models, it reveals that only DLM model fits satisfactorily our
experimental data, and was successfully capable to simulate the experimentally observed acid-base
titration properties of glauconite suspension. On the other hand, the model fits for the 0.01 and 0.001
M ionic strengths cases are not as good as indicated by the higher SOS/DF values (> 300), with the
largest discrepancies between titration data and the model simulation occurring in the vicinity of the
pHpzc. This behaviour should take into account likely the released species from glauconite dissolution,
in agreement with works [14], where a high SOS /DF value (126.1-126.3), at 0.001 ionic strength, was
obtained for modeling titration behaviour of glauconite in aqueous suspension.

As for the optimised equilibrium constants, the values found (pKa; =3.41 and pKa, = 4.34) fall
close to the ones determined by Liu et al. (1999) [13] and Goncalves, 2004 [24] where their estimation
of the surface deprotonation equilibrium constant lies between 3.73 and 4.08 pKa units, but are
different to that listed by Lu and Smith, 1996 [14] (logK3 = (-7.81)-(-8.11) for the NEM and logKs = (-
7.63)-(-7.27) for the CCM). However, the value of the equilibrium constant for the protonation
reaction differs considerably from the one determined by Lackovic et al. (2004) [26] (log Ka= -9.37)
and Lu and Smith [14] (logK, =4.56-4.67 for the NEM and 4.77-5.12 for the CCM). We think that the
major reason for differences in the observed surface ionization constants is mainly due to different
surface complexation models implemented in the literature from experimental data, leading to large
pKa values. On the other hand, in our determination of surface ionization constants by using FITEQL
4.0 program, we have take into account only the influence of Fe and Si complex species present in the
matrix or in the reacting phase which frequently take part in various surface reactions in aqueous
systems. In other terms, the contribution of Al, Mg etc (constituents that may shift the constant
ionization of complex clay minerals to the alkaline pH range) was discarded [27]. We must emphasize
that the interaction of iron species with Si species, leading to monomeric and polymeric complexes,
was also neglected. All these reactions have an indirect effect on the surface constants ionization
values.

For the glauconite suspension model, contrary to the approach of Du et al. (1997a,b), and Liu et
al. (1999) [11,12,13], and in agreement with the work of Goncalves, 2004 [24], both a protonation and
a deprotonation reaction were considered according to equations (a) and (b). This seems a more
realistic mechanism similar to most silicate surfaces and in accordance to the available published
literature concerning clay minerals. According to the computed results, the pHpze, 3.9 found (Fig. 6),
is too low comparatively to the PZCs values of glauconite determined in the literature [14].
Nevertheless, according to these results, the pHpzc = 3.9 is perfectly consistent with the pHpzc of most
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silicates and clay minerals, with special emphasis on kaolinite (one of the most widely studied
materials), as can be seen in [7, 28-31]. Surface speciation of the glauconite sample is shown in Figure
7, according to the chemical equilibrium considered in this study. Up to pH= 4, more than half of the
sites are neutral with only about 40% of the sites in the =SO™ form. The latter increases up to pH=7,

where almost all the surface sites are negatively charged.
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Figure 6. Surface charge (in Coulombs per square metre) of the glauconite sample as a function of pH,
calculated by FITEQL with the diffuse double layer model.
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Figure 7. Surface speciation of the glauconite sample as a function of pH, as calculated with
PHREEQC program (Parkhurst and Appelo, 1999) with the optimised stability constants.

Although our experimental conditions are different to those used by most of published studies
where all titration curves were performed in an inert atmosphere and a long alcalimetric titration, our
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pKas values optimised by FITEQL, using the electrical double layer model (EDL), are very close to
those exposed in the literature concerning glauconite clay mineral. This can be explained by the low
variation of surface charge density (~ 10 mol /m?) vs. pH observed in all clay minerals. Moreover,
The FITEQL program uses as input equilibrium reaction constants of Fe and Si where these species are
independent between them. This seems to be unrealistic in the case of clay minerals where these
elements inter-react together and are differently solvated at the mineral interface aqueous suspension.
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Figure 8. Total concentration of released cations from glauconite during dissolution experiment
process at 25°C.

As expected from dissolution clay mineral phenomenon, released cations can hydrolyse and
complex with a variety of ligands, but only hydrolysis complexes directly affect the proton balance. In
addition, CI" (used as the background anionic electrolyte) is generally considered to be an inert ligand
and that some hydrogenous-carbonate species may exist especially at neutral to alkaline pH range.
Hydrolysis of released cations can have a substantial impact on the titration behaviour through
consumption or release of OH or H" The main reactions and equilibrium constants associated with
cations released by glauconite dissolution are listed in table 3. The released cations species at different
pH values and derived from analysis dissolution experiments during 24h, at constant ionic strength I=
0.1M , are presented in Fig. 8. It indicates that the total concentration of dissolved cations does not
vary appreciably over the pH range of the experiment. We must emphasize that Fe and Si species
concentrations found by dissolution experiments are approximately similar to that found by computed
results. The values are respectively [(1.1- 4.1) x10” M] for Fe species and [(1- 2) x10* M] for Si
species. Consequently, based on these comparable values concentrations, one can deduce that the pka
values determined by model simulation are satisfactory.



Int. J. Electrochem. Sci., Vol. 4, 2009 549

4. CONCLUSIONS

In this study, we investigated the surface acid-base characteristics of Tunisian glauconite by
potentiometric titration. On the basis of experimental data and corresponding analyses, we draw the
following conclusions:

1) Protons reactions in the supernatant of glauconite suspension can be successfully described
by those of Fe’ and Si(OH)4 in aqueous solution. Modelling potentiometric behaviour of Tunisian
glauconite was achieved and convergence was attained with WSOS/DF =35.

2) Within the scope of the electrical double layer model and considering the surface
complexation and precipitation, the model can provide satisfactory descriptions of the experimental
data recorded for the glauconite.

3) Comparatively to others published studies of illite, some resemblances are found in the
surface acid-base properties of glauconite due to similarities between the corresponding the surface
constants ionization: The pkas values found are pKa; =3.41, pKa, = 4.34 and the pHpzc =3.9.
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