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Abstract—The hydrolysis and decomposition of M-hectorite (M being Na, Li, Mg, or Ca) in dilute solutions
of M-chlorides were studied by recording the changes in electrical conductivity (EC) of the clay suspensions
with time, and by chemical analyses of the interclay solutions and resulting solid phases. The rate of hy-
drolysis of the hectorites in suspension, as evaluated by the change of EC with time, was found to decrease
with increase in salt concentration (to zero for Na-hectorite in NaCl concentration of 47 meq/liter), and to
decrease with increase in the valency of the adsorbed cation (the rate of hydrolysis of Ca-hectorite was
one sixth of that of Na-hectorite). The rate of Na-hectorite hydrolysis was determined by the concentration
of protons at the clay surface as calculated from the diffuse double layer theory.

Conversely, in suspensions of Al-hectorite saturated with Na, the hydrolysis rates were not dependent
on the electrolyte concentrations. This result can be explained by assuming that the hydroxy-Al polymers
at the clay surface determine the proton concentration at the clay surface. Hectorites saturated with struc-
tural cations (such as Mg and Li) are chemically more stable than those saturated with Na and Ca. The
presence of Li and Mg at the clay surface slowed down the diffusion release of these octahedral ions to the

clay surface, compared with Na and Ca hectorite, respectively.
Key Words—Electrical conductivity, Hectorite, Hydrolysis, Hydroxy-Al polymers, Salt solution.

INTRODUCTION

The instability of Na-saturated montmorillonite and
its transformation into Al- or Mg-saturated products
upon leaching with distilled water has been described
by Kelley (1951), Barshad (1960), and Bar-On and
Shainberg (1970). Recently, Brown and Miller (1971),
Shainberg (1973), Frenkel and Suarez (1977), and Llor-
ca and Cruz-Romero (1977) reported that Na-smectites
are not stable in dilute salt solutions even when the hy-
drolysis products are not removed. Shainberg (1973)
found that the specific conductance, K, of Na-mont-
morillonite from Wyoming in suspension increased lin-
early with the square root of time, namely:

K - K, = SV1, 50

where K, is the initial specific conductivity, t is the
time, and S is an empirical constant which determines
the slope of the line. The value of S increased with in-
creasing clay concentration, amount of substitution in
the octahedral layer, and temperature. Shainberg et al.
(1974) showed that the change in specific conductance
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of the suspensions was a criterion of the degree of ad-
vancement of the decomposition of the clay and was
related to the amount of Na released to the interclay
solution.

To explain this empirical rate law, Shainberg (1973)
proposed a mechanism consisting of two consecutive
independent reactions, namely, the exchange between
adsorbed Na* and H* from the solution (Donnan hy-
drolysis) and the penetration of adsorbed protons into
the structure to displace octahedral Mg?+ and AB*. The
first reaction was assumed to occur rapidly, whereas
the second was assumed to occur slowly and to be the
rate-determining one.

The latter reaction was found to be first order with
respect to the H* concentration at the clay surface
(Barshad and Foscolos, 1970; Shainberg, 1973) or in the
equilibrium solution (Osthaus, 1956) and to involve an
interdiffusion of H* with octahedral cations (Eeckman
and Laudelout, 1961). Kamil and Shainberg (1968)
showed that in a montmorillonite suspension of low
electrolyte concentration, Donnan exchange equations
were determined by the concentration of H' at the clay
surface. The concentration of H* at the clay surface
(H,) explains the instability of M*-saturated clay in di-
lute salt solution, and accounts for the driving force for
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the M*-clay decomposition (Shainberg, 1973). The con-
centration of H* at the clay surface was calculated us-
ing Gouy-Chapman theory (Kamil and Shainberg, 1968)
which can be modified to include the selectivity coef-
ficient of the H*—-M*-exchange reaction.

This mechanism was applied successfully to explain
the hydrolysis and dissolution of Na-montmorillonite
(Shainberg, 1973; Shainberg ez al., 1974) and Na-illite
(Feigenbaum and Shainberg, 1975). However, some
deviations from the mechanism were reported for di-
octahedral smectites: Shainberg et al. (1974) observed
that the rate of hydrolysis was independent of the initial
salt concentration between 0.1 and 6.0 meq/liter, and
consequently of the H*, concentration predicted by
Donnan exchange. Frenkel and Suarez (1977) observed
a similar hydrolysis rate for Na- and Ca-montmorillon-
ites. They suggested, following Kamil and Shainberg
(1968), that the H*; concentration of dioctahedral
smectites was buffered by the presence of hydroxy-Al-
polymers according to the following reaction:

[AI(H,0);OHP* + H;O' = [AIH,0)P* + H,O (2)

The pK of the reverse of this reaction in solution, which
is the pK of hydrolysis of [AI(H,O)s]**, is 5 (Jackson,
1963). This dehydroxylation results in buffering the Hy
concentration between 10-5 and 10~% mole/liter, de-
pending upon the actual pK of the dehydroxylation re-
action. It was postulated that the rate of clay decom-
position was proportional to the proton concentration
at the clay surface. Thus, the presence of hydroxy-Al
polymers, which prevent high concentration of H*, at
the surface, control the decomposition process at a uni-
form rate.

The objectives of the present work were to study (1)
the chemical stability of a nearly Al-free smectite, hec-
torite, in dilute salt solutions, (2) the effect of the ex-
changeable cation on the chemical stability of the clay,
and (3) the effect of artificially introduced Al on these
reactions. The information obtained will enable the
proposed mechanism to be tested and its validity to be
extended over a wide range of experimental conditions,
as well as the effect of hydroxy-Al on the dissolution
rate of clays, to be determined.

MATERIALS AND METHODS

Hectorite from Hector, California (A.P.I. No. 34a)
was used in this study. The structural formula of this
clay is (Mg; 4,Li.65,Alg.016)"'(Sis)'V Ono(F,OH),Nay 46
(American Petroleum Institute, 1951). The clay was
hand-ground and then stirred continuously in a 1.0 N
NacCl solution. To remove carbonate impurities, 0.1 N
HCI solution was added slowly to the suspension,
which was maintained at pH = 5. Carbonate was as-
sumed to be absent when the pH stabilized at pH 5 for
a two-hour period.

The hectorite was subsequently Na-saturated by
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three washings with 1.0 N NaCl (clay/solution ratio of
1/15), excess salt was removed by washing twice with
distilled water, and the clay was then resuspended for
size fractionation in distilled water (2%). The <2-um
fraction was siphoned out of the suspension and con-
centrated in 1.0 N NaCl. The cation-exchange capacity
(CEC) of the clay fraction, as measured by the am-
monium acetate method (Black, 1965), was 80 meq/100
g. The clay was then saturated with Na, Ca, Mg, and
Li cations by four successive washings with 1.0 N chlo-
ride solutions of the respective cations (clay/solution
ratio of 1/15). Part of the hectorite clay was also Al-sat-
urated by five washings with a 1.0 N AICI; solution.
Following the procedure of Frink and Peech (1963), the
excess salt was removed and the Al-hectorite was
equilibrated for one week in a 0.1 N NaCl solution con-
taining Mg(HCO;), (62 meq/100 g of clay). This hecto-
rite fraction was subsequently Na-, Ca-, Mg-, and Li-
saturated as described above. The M-hectorite clays
(M = Li, Na, Ca, Mg) in 1.0 N chloride solutions were
washed once or twice with 10~ M chloride solution.
For the lower initial salt concentration an additional
washing with 104 M chloride solution was carried out.
The range of initial salt concentrations investigated was
from 10~* N to 0.06 N. The clay concentration in the
suspension was 2 or 1.2% (w/v).

Plastic vials containing the suspensions were sealed
hermetically and shaken continuously in a water bath
at 30°C for two weeks. Specific conductance and pH
were measured periodically. For some of the Na-clay
suspensions, changes in the chemical composition of
the interclay solution were also followed. At the end of
the experiments, the clays and the interclay solutions
were separated by centrifugation, and each phase was
analyzed for its chemical composition. The exchange-
able cations and CEC were analyzed by the ammonium
acetate method. Li and Na concentrations were mea-
sured by flame photometry, Ca, Mg, and Al by atomic
absorption spectroscopy, Cl by titration with AgNO,
using a chloridometer, and Si by the ammonium mo-
lybdate colorimetric method (Black, 1965). Following
the two weeks of shaking, centrifugation, and removal
of the supernatant solution, some of the hectorite sus-
pensions were resuspended in fresh solutions of the
same initial salt concentration. The clay suspensions
were shaken and their pH and EC recorded. As many
as four shaking cycles were performed with some of the
samples.

RESULTS AND DISCUSSION

The specific conductance, K, of Na-hectorite sus-
pensions (Figure 1) and the corresponding ionic con-
centrations of the interclay solution (Figure 2) both in-
creased linearly with the square root of time. The slope
of the EC line, S, depended on the initial salt concen-
tration, and dissolution of structural cations followed
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Figure 1. Electrical conductivity of 1.2% (w/v) Na-hectorite

suspensions (in 0.1 and 2.2 meg/liter NaCl solutions) as a func-
tion of the square root of time. The symbols O and @ denote
0.1 and 2.2 meg/liter NaCl, respectively.

a rate law similar to that which described the release of
the exchangeable cations. The slope of the K lines for
hectorite suspensions with various initial salt concen-
trations and various exchangeable cations, and during
the successive shaking cycles, are presented in Table
1. The slope values of the Ca-, Mg-, and Li-hectorite
suspensions were adjusted with respect to the EC of the
Na-hectorite system by considering the equivalent con-
ductance of the various cations in dilute solutions.
These adjusted slope values are also presented in Table
1 as is the chemical composition of the supernatant so-
lutions extracted at the end of the shaking treatments.
By comparing the EC of the suspensions with the chem-
ical data of the supernatant, it is evident that the in-
crease of the M* and M2* concentration in the interclay
solution was the main cationic contribution to the EC
changes.

The linear change in EC of the hectorite suspensions
is expressed by Eq. (1) and is similar to that obtained
by Shainberg et al. (1974) for various dioctahedral
montmorillonites. One would therefore expect, a
priori, that hectorite follows the same reaction mech-
anism as that proposed for dioctahedral smectites
(Shainberg, 1973; Shainberg et al., 1974). From the
data in Table 1, the following effects are apparent:

Effect of salt concentration

That the rate of hydrolysis decreased with the in-
crease in initial salt concentration is clearly illustrated
by the results obtained with 1.2% Na-hectorite suspen-
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Figure 2. Changes in the chemical composition of the inter-
clay solutions with the square root of time (I = Na; O =
Mg x 10; @ = SiO,; B = pH).

sions. Here a gradual decrease in the hydrolysis rate,
down to zero, was obtained for NaCl concentrations
increasing from 0.1 to 47 meq/liter. Kamil and Shain-
berg (1968) postulated that the driving force of the hy-
drolysis reaction is the H* concentration at the clay
surface, H*,. This concentration may be estimated, for
various Cl~ concentrations, using the Boltzmann equa-
tion:

s = H' exp(eys/kT) 3

where H*, is the H* concentration in the interclay so-
lution, e is the electronic charge, i, represents the elec-
trical potential at the clay surface in e.s.u. units, K is
the Boltzmann constant, and T is the absolute temper-
ature. The term s, can be calculated from diffuse double
layer theory (Van Olphen, 1963). The H*, value com-
puted in this way for the various Na-clay suspensions
are also presented in Table 1. These data show that in-
creasing the salt concentration in the suspension re-
sulted in a decrease in the proton concentration at the
clay surface, and consequently in a decrease in the dis-
solution rate of Na-hectorite. As postulated by Shain-
berg (1973), the rate-limiting step of the reaction was
the penetration of adsorbed H* into the lattice with the
release of octahedral cations, which depended linearly
on the H* concentration.

Effect of the exchangeable cation

Ca-hectorite. The rate of hydrolysis of Ca-hectorite
was about one-sixth of that measured for Na-hectorite
when the other parameters (clay and salt concentration)
were held constant. According to the diffuse double
layer theory, the value of H*; in Eq. (3) for a clay sat-
urated with divalent cation is half that for one saturated
with a monovalent cation when the electrolyte concen-
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Table 1. Rates of dissolution of Na-, Ca-, Mg-, and Li-hectorite suspensions, chemical composition of supernatant solutions,

and computed H*; values.

Slope

Slope adjusted HY, M Sio, Mg
Exchange  Clay conc. CI- conc. (umho/ (umho/cm/ [(eq/liter) (meq/ (mmole/ (meq/
cation (%) (wiv) (meq/liter) cm/hr/? r'/2) x 108 liter) liter) liter) pH
First shaking cycle

Na 1.2 47.4 0.0 — 2.012 47.4 0.13 0.007 8.1
1.2 7.9 4.8 — 9.44 10.1 0.31 0.04 8.1
1.2 2.2 8.4 — 19.47 4.9 0.30 0.037 8.1
1.2 1.6 10.4 — 63.9 2.98 0.77 0.165 7.8
1.2 1.2 12.6 — 87.3 2.18 0.12 0.117 7.8
1.2 0.1 15.1 — 87.3 2.18 0.71 0.535 7.8
2.0 4.6 5.9 —_ 495 6.1 0.1 0.116 8.6
2.0 3.5 6.7 — 6.56 4.6 0.1 — 8.6

Mg 2.0 2.34 0.67 0.65 2.21 2.46 0.026 2.46 7.5
2.0 1.85 1.8 1.75 1.85 2.21 0.031 2.21 7.0

Ca 2.0 2.88 1.1 1.0 0.17 3.02 0.024 0.29 8.55
2.0 1.34 3.1 2.82 0.08 1.69 0.014 0.17 9.8

Li 2.0 6.25 3.9 4.44 24.5 6.92 0.100 — 7.85
2.0 4.4 3.0 3.42 24.66 4.87 0.105 —_ 8.0
2.0 1.5 32 3.65 41.27 2.06 0.100 — 8.15

Second shaking cycle

Na 1.2 5.6 2.8 — 8.6 6.99 0.145 0.286 8.3
1.2 1.2 5.1 — 38.85 1.95 0.23 0.444 8.2
1.2 0.35 9.3 — 100.1 1.51 0.218 0.260 7.9

Third shaking cycle

Na 1.2 1.2 4.2 — 24.46 2.46 0.422 0.275 8.3

1.2 0.48 6.1 — 165.2 1.45 0.567 0.259 7.7

tration in the suspension is kept equal. Accordingly, a
lower surface concentration of H* is expected for a clay
saturated with divalent cation than for one saturated
with monovalent cation. It is evident from Table 1 that
the H*; concentrations for Ca-hectorite suspensions
are about two orders of magnitude lower than those for
Na-clay suspensions. The low H" concentration at the
surface of Ca-hectorite clay explains the low hydrolysis
rate of this clay. However, the real concentrations of
adsorbed H* in Ca-hectorite were probably higher than
those presented in Table 1. In the Gouy calculation it
was usually assumed that the platelets are far apart.
However, in Ca-montmorillonite, tactoids or quasi-
crystals are formed with extensive overlapping of the
diffuse double layers (the d(001) spacing between the
platelets in a Ca-tactoid is 18.9 A). As a result of the
overlapping, the electrical potential at the clay surface
increases (Van Olphen, 1963), and the concentration of
adsorbed H™* increases.

The suspension pHs recorded for Ca-hectorite were
higher than those observed for the other M-hectorite
suspensions (Table 1). Moreover, the pH values, at the
end of the shaking (when the system tends to equilibrate
with atmospheric CO,), were close to the computed
values for a system where the pH is controlled by a cal-
cite phase:

pH + 1.2 log(Ca®") = 4.92 — 15pCO, @
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It is postulated that a Ca-hectorite suspension was
transformed spontaneously into a hectorite-calcite-so-
lution system and that the presence of calcite accounted
for the higher suspension pH and lower H*, concentra-
tion and, hence, for the higher stability of the Ca-sat-
urated clay.

Mg-hectorite. The rate of hydrolysis of the Mg-satu-
rated clay (Table 1) was lower than that found for Ca-
hectorite. The difference between Ca- and Mg-hec-
torite becomes more significant if the difference in the
pH of the suspension (7.5 and 8.5-9.0 for Mg- and Ca-
suspensions, respectively) is considered. The lower pH
of Mg-clay suspensions renders the computed H*, con-
centrations much higher for the Mg-clay than for the
Ca-hectorite. Thus, exchangeable Mg must exert a spe-
cific rate-reducing effect on the hectorite-hydrolysis. It
is possible that Mg, also an octahedral cation in the hec-
torite structure, stabilized the clay by slowing down the
diffusion of structural Mg towards the clay surface. The
presence of a high concentration of Mg at the clay sur-
face would slow down the release and diffusion of the
octahedral Mg out of the framework and hence reduce
the overall reaction rate.

Li-hectorite. The hydrolysis rates of the Li-hectorite
suspensions were lower than those found for the Na-
clay suspensions at the same concentrations of clay and


https://doi.org/10.1346/CCMN.1982.0300309

Vol. 30, No. 3, 1982

salt in the suspensions (Table 1). The H*; concentra-
tions, estimated for both Li- and Na-clays, however,
were of the same magnitude. It thus appears that ex-
changeable Li also exerts a specific effect on the rate
of hydrolysis, and that this effect is superimposed on
the relationship between the H*, concentration and the
reaction rate. A similar effect was obtained for Mg-hec-
torite. It should be remembered that both cations are
about the same size (0.65 and 0.60 A for Mg?* and Li*,
respectively) and that both fit into the octahedral sheet.
Moreover, both constitute part of the hectorite struc-
ture. Thus, the specific effect of Li may be explained
by a mechanism similar to that of Mg, namely, slowing
down of the interdiffusion of the octahedral cation into
the exchange phase by reducing the driving force for
the diffusion. It is also possible that the specific effect
exerted by Li and Mg is of a more general nature, name-
ly, that the presence of a cation which may occupy the
octahedral sites reduces the rate of clay decomposition.

Effect of clay concentration

From the results obtained in this study it is not pos-
sible to determine the influence of clay concentration
on the hydrolysis rate, due to the simultaneous varia-
tion of other parameters (pH and salt concentration).
Nevertheless, the data on dioctahedral montmorillonite
obtained by Shainberg (1973) and by Shainberg et al.
(1974) suggest that the rate of EC increase, S, is linearly
related to the square root of the clay concentration in
the suspension. This relationship was also predicted by
the reaction model proposed by Shainberg (1973). A
similar trend was observed in this study with hectorite
clay suspensions.

Effect of shaking cycle

Table 1 shows that when clay and salt concentrations
were held constant the rate of Na-hectorite hydrolysis
decreased gradually from one shaking cycle to the next.
For example, in suspensions with 1.2 meq/liter of NaCl
the S values were 10.4, 5.1, and 4 mho/cm/hr¥? for three
successive shaking cycles. One explanation of this phe-
nomenon is that as the hydrolysis proceeded, the con-
centration of negative sites saturated with Na and avail-
able for further hydrolysis decreased from one batch to
the next. Since the rate of EC increase is linearly related
to the square root of the clay (or exchange sites) con-
centration in the suspension, it is expected that a de-
crease in adsorbed Na will be accompanied by a de-
crease in the decomposition rate. However, in
suspensions with 1.2 meg/liter NaCl, only 20% and 8%
of the exchangeable Na were released during the first
and second cycles, respectively. It is thus obvious that
the decrease in concentration of Na-saturated sites
alone cannot account for the considerable changes in
the reaction rates observed, and that an additional ex-
planation is needed.
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Considering the reaction mechanism of Shainberg
(1973), it is expected that during decomposition, ex-
changeable Na will be replaced by octahedral Mg and
that the proportion of exchange sites saturated with Mg
cations will therefore increase in successive shaking
cycles. Since exchangeable Mg slows down the hy-
drolysis rate and increases the chemical stability of the
clay, it is likely that the progressive decrease in hy-
drolysis rate obtained when subjecting the clay to suc-
cessive shaking cycles was due mainly to the increase
in Mg concentration at the clay surface. Our data in-
dicate that when 20% and 28% of the exchange sites are
Mg-saturated the reaction rate is reduced, respectively,
to 50% and 40% of the rate of decomposition of ho-
moionic Na-clay suspensions. Complete Mg-saturation
of the exchange sites (Table 1) reduced the hydrolysis
rate to about 10% of that of the Na-clay suspension.

Effect of Al presence on the clay

Increasing the salt concentration (from 0.1 to 6 meq/
liter) in a Na-saturated dioctahedral smectite suspen-
sion had no influence on the rate of the dissolution re-
action (Shainberg et al., 1974). Similarly, Frenkel and
Suarez (1977) observed a similar hydrolysis rate for
both Ca- and Na-saturated montmorillonite suspen-
sions. Conversely, with hectorite, a clay mineral with
very little structural Al, the hydrolysis rate was found
to depend on both the salt concentration and the ex-
changeable cation, and this dependence could be pre-
dicted on the basis of the concentration of H* at the
clay surface. The difference between hectorite and the
other smectites may be explained by the presence of Al
and hydroxy-Al polymers in the dioctahedral smectite
suspensions. This hypothesis was tested in the follow-
ing way: Hectorite clay was artificially saturated with
hydroxy-Al polymers using the procedure described by
Frink and Peech (1963). The Al-hectorite was subse-
quently saturated with Na, Ca, Mg, and Li, and its
chemical stability in low salt solution was studied. As
a result of the treatment, the CEC of the clay dropped
from 80 to 52.6 meq/100 g. According to Frink and
Peech (1963), clay dissolution occurring during the Al-
saturation process accounted for a CEC reduction of
10 meq/100 g. The remaining 17.4 meq/100 g drop was
caused by the fixation of Al polymers and by charge
blocking. When Al-hectorite was submitted to NaNO,
treatment for 6 hr (Frink, 1965), 21.7 moles of nonex-
changeable Al was extracted per 100 grams of clay.
Frink and Peech (1963) concluded that the Al-coating
treatment resulted in the deposit of hydroxy-Al poly-
mers with an OH/Al molar ratio of about 2.20. This val-
ue is in agreement with those usually reported for such
polymers (Barnishel, 1977).

The EC of the various M*- and M?*-Al-hectorite sus-
pensions also increased linearly with the square root of
time. The slopes and the adjusted slopes (accounting
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Table 2. Rate of dissolution of Al-coated, Na-, Ca-, Mg-, and Li-hectorite suspensions and chemical composition of the

supernatant solutions.

Chemical analysis of interclay solution

Adjusted
Exchange- Slope slope? Ht,
able Clay conc. Cl (wmho/ (umho/cm/ (eq/liter Cation Si0, Mg

cation (%) (wiv) (meg/liter) cm/hr'/2) hr/2) X 10%) (meg/liter) (mmole/liter) (meg/liter) pH
Na 2 12.20 4.4 — 1.342 12.64 0.082 0.0181 5.85
2.37 4.0 — 2.172 2.47 0.049 — 6.35
2.00 4.8 — 1.768 2.41 0.039 — 6.45
0.95 3.6 — 2.198 1.54 0.0313 — 6.55

Ca 2 0.36 5.2 4.73 0.003 1.18 0.009 0.029 7.6

0.14 5.0 4.55 0.008 0.46 0.013 0.066 7.3
Mg 2 0.46 0.83 0.81 0.174 0.50 0.013 0.50 5.95
0.26 0.77 0.75 0.155 0.25 0.0186 0.25 6.15

Li 2 2.6 2.0 2.28 2.090 2.88 0.063 —_— 6.3
2 1.8 1.54 1.75 1.972 2.16 0.052 — 6.45

! Accounting for the equivalent conductivities of the various cations (in comparison to Na).

for the equivalent conductivity of the various cations)
of the EC lines and the chemical composition of the in-
terclay solutions extracted at the end of the shaking
experiments are recorded in Table 2. It is evident that
for Al-clay, the rate of hydrolysis was unaffected by the
initial salt concentration. In addition, a similar hydrol-
ysis rate was obtained for both Na- and Ca-hectorite
suspensions. No relationship was found between the
rate of exchangeable-cation release and the computed
H*, concentration (Table 2). For instance, similar re-
action rates were noted for the Na- and Ca-hectorites,
in spite of a three orders of magnitude difference in the
computed H*, concentrations. Thus, the presence of
Al-polymers at the clay surface must control the sur-
face concentration of H*, and subsequently the rate of
hydrolysis and dissolution of the clay is independent of
both the salt concentration in the interclay solution and
the valence of the exchangeable cation. The slopes ob-
tained for Na- and Ca-saturated, Al-coated hectorite
were similar to those obtained for Na-hectorite in about
5 meqg/liter solutions (Table 1). H*, of the Na-hectorite

Table 3.

suspension at this solution concentration was estimated
at 10~® N (Table 1); thus, if the H*; concentration de-
termined the rate of hydrolysis, the concentration of
H*, at the surface of Al-coated clay is also 10~ N, ir-
respective of the salt concentration and the type of ex-
changeable ion. A similar value for H*; was suggested
by Kamil and Shainberg (1968) that is within the second
buffer range observed by Schwertmann and Jackson
(1964) by titrating partially neutralized Al-hydroxy-so-
lutions. It should be emphasized that for Na-hectorite
suspended in dilute NaCl solutions (less than 5 meqg/li-
ter), a deposit of Al-polymers on the clay surface has
the effect of controlling the H*; concentration at levels
lower than those expected from double layer theory.
Thus, in this case, the presence of Al-polymers acts as
a stabilizing factor for the clay. The reverse is true for
Ca-saturated clay, in which Al has the effect of con-
trolling the H* concentration at a level which is higher
than that predicted from double layer theory, and thus
appears to promote instability in the clay.

Mg- and Li-saturated, Al-coated hectorites hydro-

Clay dissolutioin as a result of hydrolysis.

Exchangeable

cations released Mg released Si released CEC reduction
Treatment (meq/100 g clay) (meq/100 g) (mmole/100 g) (meq/100 g)

Na-clay

1 cycle in 102 N solution 5.46 4.44 0.46 2.90

1 cycle in 10~ N solution 7.44 7.57 0.63 4.05

3 cyclesin 1074 N solution 44.0 41.35 9.2 31.9
Ca-clay

1 cycle in 1073 N solution 2.43 7.13 0.08 3.76

1 cycle in 10~* N solution 6.29 10.94 0.13 2.9
Li-clay

1 cycle in 10~¢ N solution 3.36 10.68 0.5 0
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lyze much more slowly than the other M-saturated clay
(Table 2). The specific effect of these structural cations
on the reaction rate is evident in Al-coated clays as
well.

Suspension pH. For both untreated and Al-hectorite,
the pH of the suspension measured at the beginning of
the shaking experiment was higher than that predicted
by assuming equilibrium with atmospheric CO,. This
was also observed for dioctahedral smectites (Llorca
and Cruz-Romero, 1977). At the end of the shaking ex-
periments, however, the pH of the hectorite suspension
coincided with the calculated equilibrium value, where-
as the pH of the Na-saturated, Al-clay suspension was
significantly lower than the equilibrium pH value. This
suspension acidification, reported by Llorca and Cruz-
Romero (1977) for dioctahedral smectites, was also ob-
tained with Al-hectorite, suggesting that the presence
of Al and hydrolysis in the system are responsible for
the phenomenon postulated by these authors.

Clay dissolution

The amounts of exchangeable cations, octahedral”
Mg, and tetrahedral Si released by the clay during the
shaking treatments are presented in Table 3. For Na-
hectorite, the amounts of Mg and Si released from the
clay were proportional to the amount of exchangeable
Na that had been removed. For Na-hectorite, at least, .
this relation is stochiometric, and one equivalent of oc-
tahedral Mg (most of which remains on the exchange
sites) is released for each equivalent of exchangeable
Naremoved. The same relationship was not evident for
Ca- and Li-saturated hectorites, where the amount of
Mg released from the framework was greater than the
amount of adsorbed cations released.

The hydrolysis reaction proceeded also with the tet-
rahedral sheet dissolution although more slowly than
that of the octahedral sheet (Table 3). The extent of
hectorite dissolution accompanying exchangeable cat-
ion release is thus highly unexpected. The CEC values
of the clays dropped slightly during the hydrolysis re-
action (Table 3), indicating that the rate of dissolution
of the octahedral sheet, where the charge originated,
was more rapid than that of the tetrahedral sheet. Thus,
as a result of dissolution the weight of the clay dimin-
ished, but more slowly than the charge. The differences
in the rates of octahedral and tetrahedral dissolution
were especially pronounced in Na-hectorite subjected
to three cycles of shaking. In this case, the amount of
Mgreleased was41.35 meq/100 g and that of Si was only
9.2 mmole/100 g, leading to a change in CEC of 31.9
meq/100 g.

CONCLUSIONS

Al-free hectorite appears to be a good model for
studying the mechanism of M*-smectite hydrolysis in
dilute salt solution proposed by Shainberg (1973). Any
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modifications which result according to double layer
theory, in a decrease in the proton concentration at the
clay surface, such as increasing the salt concentration
or saturating the clay with a divalent cation, reduce the
hydrolysis rate. This observation supports the hypoth-
esis that the rate-limiting step of the overall hydrolysis
reaction is the protonic dissolution of the octahedral
sheet and that the reaction rate depends on the proton
concentration at the clay surface.

The rate of hydrolysis of the clay saturated with oc-
tahedral cations (Li or Mg) was lower than that of either
the Na- or Ca-saturated clay. The slow rate of disso-
lution can be explained in terms of the diminished driv-
ing force for the octahedral cation to interdiffuse to-
wards the adsorbed phase. An Al-hectorite behaves
like the dioctahedral smectites investigated previously.
The same deviations from the model occur, i.e., the
reaction rate is independent of the solution concentra-
tion and the valency of exchangeable cation (Na vs.
Ca). Comparison between a pure untreated and an Al-
hectorite shows that the presence of hydroxy-alumi-
num polymers buffers the H* concentration at the clay
surface, and is thus the dominant factor in determining
the rate of the clay dissolution. Al is a constituent of
most of the clay minerals and under natural conditions
is present at the clay surface of these minerals. The
buffer effect of hydroxy-Al polymers is, therefore, a
common phenomenon in nature.
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Pestome—MccrnenoBanuce THAPONN3 M peakuus pasfoxeHHs M-rexroputa {rie M 1o Na, Li, Mg,
ung Ca) B pa3baBlieHHbIX PAacTBOpPax M-XTOPHIOB NyTEM PErUCTpalid M3MEHEHHI IO BpeMeHH SjieK-
Tpryeckod npooAuMocTd (OI1) IMHHOBBIX CYCHEH3HMH M IIYTEM XUMHYECKOIO aHai3a MEKIJIMHOBLIX
PacTBOPOB H NOJYYarOmUXCA TBEPAbIX Tesl. CKOPOCTh THAPOIM3a TEKTOPUTA B CYCHEH3NH, TIOTyvYaeMast
nytem H3MeHeHHi OII mo BpeMeHHM, YMEHBINAJIACH C YBEMYEHHMEM KOHLEHTPALMM COMM (IIOJHOCTHIO
ucuesas s Na-rekroputa npu KoHneHTpanpu NaCl paBHOH 47 M3KB/JMTp), @ TakKe ¢ yBeJHYCHHEM
BAJIEHTHOCTH aJICOPOUPOBAHHOTO KaTHOHA (CKOPOCTh Mupon3a Ca-TeKTOPUTA COCTABJISIA OfHY [IECTYIO
Besmuusbl st Na-rektoputa). CKOpocTs Kuaposinda Na-rexropurta onpelelslach 110 KOHIEHTPALHH
NIPOTOHOB Ha MOBEPXHOCTH IJIMHBI KAK 3TO BHIMHCIIAETCS MO TEOPHH MU( ]y 3UMOHHOrO JBOMHOTO CIOS.

B npoTHBONOIOXKHOCTE, B CYCNIEH3UsIX Al-réKTopuTa, HachleHHOro Na, CKOpOCTH THApOJIH3a ObiIH
HE3aBHCHMbI OT KOHUEHTpAHUM 3JEKTPONUTA. DTOT DPEe3yILTAT MOXKHO OODBSICHHUTh NPHHAMAS, 4TO
TMIPOKCH-AJIIOMAHHMCBLIE NOJAMMEPbI HA NOBEPXHOCTH TJIMHBI ONpPEAE/SIOT KOHUSHTPALMIO MPOTOHOB
Ha MOBEPXHOCTH IIMHLI. ['eKTOpUTHI, HACBIIEHHbIE CTPYKTYPHBIMH KaTHOHAMH (TaKMMH Kak Mg u Li),
SIBIISIOTCSl XMMHYECKH Oojiee CTAOMJIbHBIMM, YeM TeKTOPHThI, HachilleHHble Na m Ca. IIpucyTcTeue
Li 1 Mg Ha NOBepXHOCTH IJIMHBI 3aMefnsuio uddy3HOHHOE OCBOGOXIEHHE ITHX OKTa3ApPUYECKHX
HOHOB HA I[TOBEPXHOCTH [JIMHBI IT0 cpaBHeHMIO ¢ Na- u Ca-rektoputamu, cooTBeTcTBeHHO. (E.C.]

Resiimee—Es wurde die Hydrolyse und Zersetzung von M-Hektorit (M = Na, Li, Mg, oder Ca) in ver-
diinnten Losungen von M-Chloriden untersucht. Dazu wurde die Anderung der elektrischen Leitfahigkeit
(EC) der Tonsuspensionen im Laufe der Zeit verfolgt, und die Ldsungen in den Zwischenschichten sowie
die neugebildeten Festphasen chemisch analysiert. Wie aus der Verinderung der EC im Laufe der Zeit
hervorgeht, nimmt die Hydrolysegeschwindigkeit der Hektorite in der Suspension mit zunehmender Salz-
konzentration ab (bis auf 0 fiir Na-Hektorit bei einer NaCl-Konzentration von 47 mAg/Liter), sowie bei
zunehmender Wertigkeit der adsorbierten Kationen (e.g., die Hydrolysegeschwindigkeit von Ca-Hektorit
war nur /s von der des Na-Hektorits). Die Hydrolysegeschwindigkeit von Na-Hektorit wurde mittels der
Protonenkonzentration auf der Tonoberflache bestimmt, die mit der Theorie der diffusen Doppelschicht
berechnet wurde.

Im Gegensatz dazu war die Hydrolysegeschwindigkeit von Al-Hektorit in mit Na gesittigten Suspen-
sionen nicht von den Elektrolytkonzentrationen abhiingig. Dieses Ergebnis kann durch die Annahme erk-
lart werden, dafl die Aluminium-Hydroxy-Polymere an den Tonoberflichen die Protonenkonzentration an
der Tonoberfliche bestimmen. Hektorite, die mit Struktur-Kationen gesittigt sind (wie Mg oder Li) sind
chemisch stabiler als Hektorite, die mit Na oder Ca gesittigt sind. Das Vorhandensein von Li und Mg an
der Tonoberfliche verzdgert die Diffusion der Oktaederkationen an die Tonoberfléche im Vergleich zu Na-
bzw. Ca-Hektorit. [U.W.]
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Résumé—L’hydrolyse et la décomposition d’hectorite-M (M étant Na, Li, Mg, ou Ca) dans des solutions
diluées de chlorides-M ont été étudiées en enregistrant les changements de la conductivité électrique (EC)
des solutions argileuses avec le temps, et par des analyses chimiques des solutions interargile et des phases
solides résultantes. On a trouvé que le taux d’hydrolyse des hectorites en suspension, évalué d’aprés le
changement d’EC avec le temps, décroissait avec une augmentation de la concentration en sel (zéro pour
Ihectorite-Na dans une concentration NaCl de 47 meq/litre), et décroissait avec une augmentation de la
valence du cation adsorbé (le taux d’hydrolyse de I'hectorite-Ca était un sixiéme de celui de I’hectorite-
Na). Le taux d’hydrolyse de I’hectorite-Na a été déterminé par la concentration de protons a la surface de
I’argile, calculé a partir de la théorie de la couche double diffuse.

Réciproquement, dans des suspensions d’hectorite-Al saturées de Na, les taux d’hydrolyse n’étaient pas
dépendants des concentrations sur I’électrolyte. Ce résultat peut étre expliqué en assumant que les poly-
meéres hydroxy aluminium & la surface de I’argile déterminent la concentration de protons a la surface de
I’argile. Les hectorites saturées de cations structuraux (tels que Mg et Li) sont chimiquement plus stables
que celles saturées de Na et Ca. La présence de Li et Mg a la surface de I’argile a ralenti le déchargement
par diffusion de ces ions octa¢draux a la surface de I’argile en comparaison avec les hectorites-Na et -Ca,
respectivement. [D.J.]
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