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SMECTITE TO ILLITE CONVERSION RATES:
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Abstract—Mixed-layer illite/smectite (I/S) was formed by reacting the Chambers or Polkville montmoril-
lonite hydrothermally at 270° and 350°C from several hours to more than 15 weeks. Reactions were con-
ducted in closed vessels containing K or mixed K-Na, K-Ca, or K-Mg solutions of varying concentrations.
The reaction rate and the rate of ordering of I/S for the reaction smectite + K+ — mixed-layer I'S + SiO,
was inhibited by the addition of Na*, Ca?*, and Mg?*; the inhibitory strength of Na*, Ca?*, and Mg?*, on
an equivalent basis, increased approximately in the ratio 1:10:30. The first order reaction-rate constants
for the reactions at 270° and 350°C indicate an activation energy of about 30 kcal/mole.

In the experimental system studied, the reaction smectite — mixed-layer I/S appeared to proceed by
solid state transformation, as suggested by: (1) rapid dissolution of large amounts of silica, probably creating
an Al-enriched residue; (2) similarity of particle size and morphology of the mixed-layer products to those
of the original montmorillonite, implying no extensive dissolution of Al**; and (3) relatively high activation
energy compared to published values for silicate dissolution.
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INTRODUCTION

The conversion of smectite to mixed-layer illite/
smectite (I/S) commonly occurs as a response to the
burial of clayey sediments. If mixed-layer I/S in a deep-
ly buried shale is at equilibrium at a given temperature,
pressure, and pore solution, a sensitive measure of dia-
genesis or metamorphism exists. If it is not at equilib-
rium, but, instead, is a product of reaction kinetics, the
factors affecting the reaction kinetics need to be iden-
tified and quantified. Eberl and Hower (1976) deter-
mined the rate of illite formation from smectite at ele-
vated temperatures. Their rate constants indicated that
the conversion of smectite to illite was sufficiently rapid
to be compatible with either an equilibrium or a kinetic
interpretation for the range of mixed layering found in
Gulf Coast shales of Tertiary age. These authors rec-
ognized that their reaction rates were probably greater
than conversion rates in a natural setting because most
of their hydrothermal runs were conducted in the ab-
sence of excess Na*, and all were conducted in the ab-
sence of Ca’* and Mg?*, ions which could be expected
to impede significantly the conversion (Blatter, 1975).

The primary purpose of the present experiments was
to determine the effect of the presence of Na*, Ca2*,
and Mg?* on the rate of the reaction smectite + K+ —
illite/smectite + SiO, and to gain insight into the re-
action mechanism.

' Present address: Exploration Research Division, Conoco
Corporation, Ponca City, Oklahoma 74601.
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PROCEDURE

The <0.5-um fractions of montmorillonites from
Polkville, Mississippi (A.P.I. No. 21), and Chambers,
Arizona (A.P.I. No. 23), obtained from Ward’s Natural
Science Establishment, Rochester, New York, were
concentrated by centrifiguation after the clay was sat-
urated with either Na+ or Ca®*, Saturation was effected
by repeatedly washing the bulk clay with 1 N CaCl, or
NaCl. The clays were then washed with distilled water
until free of Cl- (AgNO, test).

Ten milligrams of the 0.5-um clays was heated with
1 ml of solution in a sealed gold capsule within a closed
hydrothermal vessel. Internal pressure was the vapor
pressure of H,O at the temperature of the experiment.
All solutions contained 280 ppm HCO,", either as the
Na* or K salt. Additional Na+, K*, Ca?*, or Mg** was
added as the chloride salt. Following heating at 270° or
350°C for the desired length of time, the samples were
quenched, and solid products were separated by cen-
trifugation, washed free of chloride, suspended in
water, and allowed to settle on a glass slide. The phases
in the solid products were identified with a Philips X-ray
diffractometer using Ni-filtered CuK« radiation. The
oriented clay minerals on the glass slides were X-rayed
in the air-dried state and after solvation with ethylene
glycol. Initial scans were at 2°2¢/min. Spacings of the
(001),,/(002),,* and the (002),,/(003),, reflections of the

mixed-layer phases were determined at scan speeds of

2 (001),, = a 001 reflection occurring at ~10 A, and so forth.


https://doi.org/10.1346/CCMN.1981.0290207

130

35% Exp.
Ordered
170{7?
?
40% Exp.
4 days Ordired
53 92 {Random) ?
54 gl
50% Exp.
1 day ? Random
ito  +
? (Ord)"?
30 25 20 15 10 5 2
Degrees 26 Cu Ka Radiation
Figure 1. X-ray powder diffraction patterns of I/S reaction

products when Na-saturated Chambers montmorillonite was
reacted with 400 ppm K+ starting solution at 270°C. (d-spac-
ings in A shown for critical peaks)

0.4°26/min. The proportion of smectite layers (% ex-
pandability) in the mixed-layer phase was determined
using the Reynolds and Hower (1970) technique. The
expandabilities reported are thought to be accurate to
+5%.

Plots of expandability vs. time are shown in Figures
4_7. Plots of both random and ordered mixed-layer
phases indicate that expandability decreased linearly
with time at a given temperature. First-order kinetics
were, therefore, assumed. The first-order rate constant
k was calculated using the equation

In x = kt

where x = % expandability and t is time in days.
After removal of the clay, the fluids were analyzed
for Na*+, Ca?*, Mg?+, and K* by atomic absorption
spectrophotometry employing a Perkin Elmer 303 in-
strument. Soluble silica was analyzed spectrophoto-
metrically by the molybdenum-blue method, following
depolymerization in NaHCO, solution. Cation-ex-
change capacities were determined by repeated ex-
change with 1 N BaCl, in a buffered, pH 8 solution.
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Figure 2. X-ray powder diffraction patterns of I/S reaction

products when Na-saturated Chambers montmorillonite was
reacted with 400 ppm K* starting solution at 350°C. (d-spac-
ings in A shown for critical peaks)

RESULTS

Figure 1 shows the X-ray powder diffraction pattern
(XRD) tracings of Na-saturated Chambers montmoril-
lonite (Na-Chambers) after reaction with 400 ppm K*
solution for varying lengths of time at 270°C. The Na-
Chambers clay (originally 100% expandable), after hav-
ing reacted for only one day, decreased in expandability
to 50%. It is impossible to determine whether a single,
broad, first order maximum at 15-17 A is present or
whether the peak consists of two unresolved maxima,
one at 17 A and the other at a somewhat lower value
(15-16 A). Higher order reflections are also somewhat
ambiguous in determining whether the mixed layering
is ordered or whether both random and ordered mixed
layering are present. At 350°C (Figure 2), expandability
decreased significantly within hours, as did the degree
of ordering. After 7 days at 350°C, the expandability of
the clay decreased to 25%.

The effect of adding a large amount of Na* to the re-
action solution is shown in Figure 3. The Na-Chambers
clay that had been treated with both Na* and K* (9400
ppm Na+*, 400 ppm K*) at 270°C converted to an I/S
with only 65% expandability after 7 days, and to an I/
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Figure 3. X-ray powder diffraction patterns of I/S reaction
products when Na-saturated Chambers montmorillonite was
reacted with 400 ppm K+, 9400 ppm Na~ starting solutions at
270°C. (d-spacings in A shown for critical peaks)

S with 55% expandability after 35 days. All products
showed only random mixed layering. The addition of
Na* obviously slowed the rate of mixed-layer forma-
tion.

Figure 4, a plot of expandability vs. time, illustrates
well how the addition of Na* impedes illite formation
at 270°C. Solid lines have been drawn through expand-
ability values for random mixed layering only so that
a valid comparison can be made. The rate of formation
of ordered mixed layering in 400 ppm K* starting so-
lution is distinctly slower than that of the random
mixed-layer clay. Figure 5 shows how expandability
changes with time at 270° and 350°C when clays are re-
acted in a solution having an initial concentration of 400
ppm K+ and 9400 ppm Na*. When plotted on an Ar-
rhenius plot the rate constants at each of these tem-
peratures {calculated using the slopes of the lines
shown in Figure 5) indicate an activation energy on the
order of 30 kcal/mole. Because activation energies
based on two temperatures are of questionable validity,
a short error analysis was performed. Five percent
error in determination of expandability of the reaction
products could lead to calculated activation energies
ranging from 25-35 kcal/mole. The activation energy
for this experimental system is therefore 30 + 5 kcal/
mole.

Figure 6 shows the reaction products when the Na-
Polkville and Ca-Polkville clays were reacted in 400
ppm K+ solution at 270°C. Ordered mixed-layer clays
developed within 14 days in the Na-Polkville sample;
however, even after 60 days, no ordering was observed
in the Ca-Polkville material. It is also apparent from
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Figure 4. Expandability of reaction products as a function
of time when Na-saturated Chambers montmorillonite reacted
at 270°C with {A) 400 ppm K+/9400 ppm Na* and (B) 400 ppm
K* starting solutions.

Figure 6 that Ca** more effectively impeded illite for-
mation than did Na*. When additional Ca* was added
to the solution, loss of expandability took place at even
slower rates, as expected. When 800 ppm K+ solution
was added to Ca-Polkville sample, expandability was
lost rapidly, as is shown in Figure 7. However, when
only 100 ppm Mg** was added to the 800 ppm K* so-
lution, expandability of the initial Ca-Polkville clay was
still 90% after 35 days, demonstrating how effectively
Mg** impedes the rate of illite formation.

Reaction rate constants are plotted in Figure 8 as a
function of system chemistry, specifically, the ratio of
K" to all other alkali-alkaline earth cations. Reaction
rate constants were plotted on a logarithmic scale to
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Figure 5. Expandability of reaction products as a function

of time when Na-saturated Chambers montmorilionite reacted
with 400 ppm K*, 9400 ppm Na* starting solution at (A) 270°C
and (B) 350°C.
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Figure 6. Expandability of reaction products as a function
of time comparing effect of starting with (A) Na-saturated
Polkville montmorillonite vs. starting with (B) Ca-saturated
Polkville montmorillonite in 400 ppm K+ starting solution at
270°C.

incorporate all data on a single illustration. In calculat-
ing the K/(Na* + Ca** + Mg?*) ratio, octahedral Mg?*
was ignored. Thus, the Na*, Ca?*, and Mg?* in the
system is the sum of the ions initially in solution and
the initial exchange population of the clay. For exam-
ple, at the solid:solution ratio employed in this study,
a 400 ppm K* solution has sufficient K* to exchange
85% of the initial exchange population of the clay.
Thus, the Na-Chambers, the Na-Polkville, and the Ca-
Polkville samples have a K/(Na* + Ca?* + Mg?*)ratio
at 0.85/1.0 = 0.85 when the starting solution has a con-
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Figure 7. Expandability of reaction products when Ca-sat-

urated Polkville montmorillonite reacted at 270°C in two dif-
ferent starting solutions (A) 800 ppm K* and (B) 800 ppm
K+ + 100 ppm Mg?*.
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Figure 8. Reaction rate constants for 270°C run as a function

of system chemistry, expressed as a ratio of K to all other al-
kali-alkaline earth cations.

centration of 400 ppm. In all cases (see Figure 8), in-
creasing the inhibitor ion concentration (Na*t +
Ca?* + Mg?*) reduced the value of the rate constant,
and increasing the K concentration increased the value
of the rate constant. This illustration (note log scale)
demonstrates the dependence of reaction rate on the
presence and nature of inhibitor ions.

DISCUSSION

Examination of Figures 4 and 6 indicates that the ap-
parent initial expandability (by extrapolating to time
zero) of the Na-Polkville and Na-Chambers samples in
contact with a solution having an initial concentration
of 400 ppm K+, was approximately 70-75%, not 100%,
as was found for the same clays when saturated with
Ca?* or when placed in contact with a solution having
an initial concentration of 400 ppm K* and 9400 ppm
Nat. This observation raises two questions: (1) should
the expandability data be treated as a first order reac-
tion, and (2) what is the mineralogical meaning of the
low ““initial’’ expandability values?

For a reaction to be first order, it must satisfy the
differential equation

dX/dt = K, X (1

where X is the percent expandable/100, t is time, and
K, is a constant. For those samples with “‘initial’’ ex-
pandabilities of 100%, the equation of the line fitting the
data would be of the form

In X = Kt )

where X is the percent expandability/100, and K, the
slope of the line. Differentiation of Eq. (2) with respect
to X yields
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d In X/dt = d(K,t)/dx 3)
from which it follows that
dX/dt = K, X.

For those samples for which *‘initial’’ expandability is
not 100%, the form of the line fitting the data is

InX=Kt+K, @)

where K, is a constant equal to the natural logarithm
of the *‘initial”” expandability (in percent)/100. Differ-
entiation of Eq. (4) with respect to X yields

dK.,
dX

din X _ dkt

ax dx (3)

from which it follows that
dX/dt = K;X.

Thus, the rate constants derived for all systems may be
compared directly, and the lines fitting the expandabil-
ity data need not pass through 100% expandable at time
zero in order for the reaction to be first order.

The first reaction to occur after immersion of a clay
sample in the ionic fluids employed in the present ex-
periments appears to be the establishment of cation-
exchange equilibrium between interlayer-exchange
sites and solution. It is significant that the only clay-
solution systems to display the low ‘‘initial’’ expand-
ability phenomenon were those with the greatest K*/
Na* ratio (i.e., Na-saturated clay, 400 ppm K solution).
Lahann and Roberson (1980) indicated that under these
solution conditions after 24 hr at 270°C, K* occupies
about 80-85% of the exchange sites on the clay. The
sample is effectively K-saturated, and any clay layers
with sufficient charge to dehydrate K will appear as
nonexpandable layers. It is therefore proposed that the
low *“‘initial’’ expandability of the clay formed by plac-
ing the Na-saturated clay in 400 ppm K* solution re-
sulted from the fixation of K by high-charged layers
present in the natural unheated clay.

To test the above hypothesis, samples of both Na-
saturated clays were suspended in 400 ppm K* solution
at the solid/solution ratio employed in the hydrothermal
experiments, and allowed to equilibrate at room tem-
perature for 3 hr. XRD of these clays showed that ex-
pandabilities of about 70% were obtained. These data
suggest that the natural, untreated clay samples possess
layers with sufficient charge to fix K* from solution
without heating.

The results reported herein demonstrate that the ad-
dition of either Na*, Ca** or Mg** to a solution with an
initial K* concentration of 400 ppm will retard the rate
of illite formation at 270° and 350°C. However, the
question arises of whether these data are helpful in de-
termining the origin of mixed-layer I/S in moderately
to deeply buried sediments. An apparent weakness of
the experimental design which might limit the appli-
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cability of the results to natural systems, is the initial
high K* concentration employed, usually 400 ppm. A
value of 400 ppm K* represents a compromise among
the need to have a sufficiently high K* concentration
so that significant illite will form before the fluid be-
comes depleted in K, the need to employ a sufficiently
large clay sample so that analyses of products are re-
liable, and the desire to keep the total sample volume
within reasonable limits for gold tubes in hydrothermatl
vessels. A 10-mg clay sample at 10 mg/ml requires a
minimum of 400 ppm K* if available K* is to approxi-
mate the exchange capacity of the clay. A lower solid/
liquid ratio would allow a lower K+ concentration to be
employed, but it would create a problem of expense
because larger capsules would be required, and would
resemble the solid/liquid ratio of pore systems even less
than the current ratio. In any case, the problem of high
initial K+ concentration is more apparent than real. The
final concentration of K in the fluid phase was always
less than the initial value, indicating that either ex-
change or fixation of K+ had occurred.

Lahann and Roberson (manuscript in preparation)
calculated that in a solution with a 9400 ppm Na*, 400
ppm initial concentration, smectite will convert to
mixed-layer illite/smectite between 20° and 120°C at a
rate that is within an order of magnitude of that ob-
served in buried Gulf Coast shales, although the pre-
dicted conversion is always more rapid than observed.
Rates of illite formation should be significantly lower
when Ca?* and/or Mg?* co-exist in the reacting solu-
tion, as has been shown above. It is well established
that pore solutions in buried shales of the Gulf Coast
(Schmidt, 1973) contain appreciable amounts of one or
both of these ions. The presence of these ions is prob-
ably the main cause of the slower kinetics in the natural
system. Figure 8 may be used in a semiquantitative
manner to estimate the relative inhibitory strength of
Na*, Ca?*, and Mg?* ions. For example, at K*/(Na* +
Ca** + Mg?*) ratio of 0.85, the rate constant for illiti-
zation of the Ca-Polkville sample is roughly an order of
magnitude lower than that of the Na-Polkville sample.
Similarly, the data for Ca-Polkville may be used to com-
pare the inhibitory strength of Ca?* and Mg?*. It is as-
sumed that a system with a K+/Ca?* ratio between 0.85
(400 ppm K+ and Ca-saturated clay) and 1.7 (800 ppm
K and Ca-saturated clay) would have a rate constant
intermediate to those determined for systems where
solutions had initial concentrations of 400 ppm K* or
800 ppm K*. The shape of the curve connecting the 400
ppm K* and 800 ppm K* data points is not known; a
linear relationship is the simplest assumption. The 800
ppm K*-100 ppm Mg?+-Ca-Polkville system has a re-
action rate constant lower than that of the 400 ppm K*
system, despite a higher K+*/inhibitor ion ratio. This re-
lationship suggests greater inhibitor strength for Mg+
relative to Ca**. If a linear relation between log K and
the K*/inhibitor ratio is assumed for the Ca?*-K+* sys-
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tem, the 800 ppm K*-100 ppm Mg2* system has a rate
constant about Y5 that predicted for a Ca?*-K+ system
at the same K+*/inhibitor ion ratio. For experimental
systems described herein, the inhibitory strength of
Na*, Ca?*, and Mg**, on an equivalent basis, appears
to increase approximately in the ratio 1:10:30.

A second question relating to the smectite/illite con-
version is the mechanism by which smectite converts
to illite. To convert a smectite to illite, it is necessary
to increase the layer charge on the smectite. The rela-
tionship between K* fixation and increased layer
charge is uncertain. As the negative charge on the sil-
icate layer builds up, so does the selectivity of the clay
for K+ (Sawhney, 1970). Lahann and Roberson (1980)
showed that increasing the proportion of K+ exchange
ions on a montmorillonite increases the rate of Si re-
moval. It is possible that K* uptake precedes and ac-
celerates layer charge development. In any case, a crit-
ical charge is developed in the presence of K+ exchange
ions, the clay becomes dewatered, and illite is formed.

It should be noted that increased tetrahedral Al does
not require an external source (from K-feldspar or
mica) of Al. In the present experiments and in those of
Eberl and Hower (1976), there was no external source
of Al. Al which became incorporated in tetrahedral lay-
ers in the I/S structures was derived from the break-
down of other smectite layers. Eberl and Hower (1976)
produced both kaolinite and illite at the expense of
smectite. This reaction must be reconciled with the ob-
servation by Hower e al. (1976) that kaolinite does not
increase with depth as does illite in Gulf Coast shales.
A possible explanation for the kaolinite not forming
diagenetically in natural systems was offered by Boles
and Franks (1979) who suggested that illite formation
proceeds in a ‘‘constant Al system and that excess
octahedral ions and silica are released to solution and
ultimately precipitate as authigenic cements. Presum-
ably, the mechanism for mobilization of the Al in these
systems is via dissolution and reprecipitation. Such a
reaction pathway is consistent with the activation en-
ergy of 19.4 Kcal/mole for illite formation observed by
Eberl and Hower (1976). This activation energy also
compares favorably with the activation energy values
of 18.4 Kcal/mole and 19 Kcal/mole for dissolution of
layer silicates reported respectively by Abdul-Latif and
Weaver (1969) and Thompson and Hower (1973). A
dissolution-reprecipitation process is also consistent
with the solution conditions in the experiments of Eberl
and Hower (1976) in which the pH after quenching was
in the range 4-5. Significantly, kaolinite was found as
a reaction product, most likely in response to the low
pH. Whether such a mechanism could function at the
pH and temperature of clay diagenesis in natural sys-
tems is not known.

Solutions in the present experiments were buffered
by carbonate ions which kept the pH at higher values;
pH values measured in solutions quenched to 25°C
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ranged between 6 and 7. No kaolinite was found in the
products. No changes in particle morphology or size of
I/S reaction products were detected by electron mi-
croscopy when compared with the starting material,
not inconsistent with a solid state transition of smectite
to mixed-layer 1/S.

Dissolved silica in reaction solutions frequently
reaches a maximum value within the first 24 hr of the
experiment (Lahann and Roberson, 1980). Either no
further change in dissolved silica was observed or silica
concentration declined and then rose again. The silica
concentration appeared to vary independently of the
formation of non-expandable layers. In addition, the
activation energy for silica dissolution was found to be
on the order of 10 Kcal/mole, whereas illite formation
had an activation energy on the order of 30 Kcal/mole.
It appears that within the first 24 hr of an experiment,
a silica-depleted montmorillonite formed. With time,
octahedral Al migrated to occupy tetrahedral sites, a
process having the activation energy observed in this
study. In the natural system additional chemical
changes may take place within the octahedral layer de-
pending on the chemistry of the starting materials and
the chemistry of the reacting solution. Such changes are
probably not as critical in these experiments as the
compositional change in the tetrahedral layer.

Two factors in the present experimental system ap-
pear to favor solid-state reorganization as opposed to
solution-reprecipitation: (1) The pH-buffered solution
minimized the solubility of Al** and prevented the acid-
dissolution of the clay; and (2) the presence of excess
alkali and alkaline earth cations may have inhibited Al3*
uptake from solution. In short, the lower activation en-
ergy (~20 Kcal/mole) dissolution-reprecipitation path-
way was “‘blocked’’ by the nature of the reaction so-
lution, and a higher activation-energy (~30 Kcal)
pathway resulted.

It is possible that in nature illite might form by either
solid-state reorganization or by dissolution-reprecipi-
tation. It is also possible that Al*>*, as well as K*, could
be supplied by the breakdown of detrital K-feldspar, as
has been suggested by Hower et al. (1976).
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Pestome—CMeIano-CI0HHbIA  MAMHT/CMEKTHT (M/C) ObL1 NoJlyveH UPH THAPOTEPMHYECKON peaKLiu
Yambepckoro minn ITonbKBHNOBOIO MOHTMODH/IOHATA Npn TemnepaTypax 270° u 350°C, B TeueHme
OT HECKOJIbKHX 4acoB g0 Oosee uem 15 Hemenb. Peakuuy npoBORMJIMCH B 3aMKHYTHIX COCYHax,
cofiepxalx pacTaopel K uiu cMemantsie pactBopbl K-Na, K-Ca, nin K-Mg ¢ u3MeHsIOWMMHICS
KoHueHTpauuAMH. CKOpOCTb PeakuMH H CKOpOCTh ynopsiiounenusi W/C Ans peakuuu CMEKTUT +
K — cmemanno-cnofinsrii H/C + SiO, 3aMepnsmce gobasnennem Na*, Ca®*, u Mg?*; 3aMennTeNbHas
cuia Na*t, Ca’*, u Mg?*; Ha SKBHBICHTHOH OCHOBE, IPHOIN3ATEIbHO YBEINYHBANACH KAK COOTHOIIERHE
1:10:30. [MocTosHHbIE CKOPOCTH peaKUMH MEpBOTO NOPSAKA A1 peakuud NpH TemmepaTypax 270° u
350°C yka3bIBAIOT HA TO, YTO HEPrUs aKTHBALMM €CTh NOpAAKa 30 KKai/MOJb,

Bepostho, B paccMaTprBacMO#l CHCTEME, PeakuMst CMEKTHT — CMEIAHHO-CIIORHLIH H/C nponcxommt
nyTem rnpeofpa3oBaHus TBepRoro cocrosuus. Ha 3To ykaswmiRaoT: (1) 6LicTpoe pacTBOpEHHE
G0/IbIIOro KOMMYECTBA ABYOKHCH KDEMHMS C BEPOSTHLIM OOPa3oBaHHEM pE3MIyyMa 0GOralleHHOro
aJIOMHUHHEEM, (2) ooGue pa3sMEPOB YacTHlL U MOPONIOrHH CMELLIAHHO-CIORHBIX MIPONYKTOB C HCXONHBIM
MOHTMOPHJUIOHMTOM, yKa3blBalollee Ha He0oJblnoe pacTBopenue AP, u (3) oTHOcHTeNbHO GoNbiuas
9HEPIAs aKTUBALMK NO CPaBHEHMIO C JIMTEPATYPHLIMH JIAHHBbIMM JUIA PacTBOpeHHs cunnkartos. [E.C.]

Resiimee—Eine [1lit/Smektit-Wechsellagerung (I/S) wurde bei der hydrothermalen Reaktion des Chambers-
oder Polkville-Montmorillonites bei 270° und 350°C und Reaktionszeiten von einigen Stunden bis mehr als
15 Wochen gebildet. Die Reaktionen wurden in geschlossenen GefiBen durchgefiihrt, die K- bzw. K-Na-,
K-Ca-, oder K-Mg-Lésungen unterschiedlicher Konzentration enthielten. Die Umwandlungsgeschwindig-
keit und der Ordnungsgrad von I/S der Reaktion Smektit + K* — Wechsellagerung I/S + SiO, wurde
durch die Zugabe von Na*, Ca** und Mg?* verzigert; der Verzogerungseffekt durch Na*, Ca?* und Mg2*
nimmt, bezogen auf die gleiche Menge, im Verhiltnis 1:10:30 zu. Die Reaktionsgeschwindigkeitskonstanten
erster Ordnung fiir die Reaktionen bei 270° und 350°C sprechen fiir eine Aktivierungsenergie von etwa 30
kcal/Mol.

Im untersuchten experimentellen System scheint die Reaktion Smektit — 1/S-Wechsellagerung durch
eine Umwandiungim festen Zustand abzulaufen. Dies geht hervor: (1) aus der raschen Ldsung einer groflen
Si0,-Menge, die wahrscheinlich die Bildung eines Al-reichen Restes verursacht; (2) aus der Ahnlichkeit
der TeilchengroBe und der Form der Wechsellagerung mit der des urspriinglichen Montmoriltonites, was
fiir kein starkes Inlosunggehen des AI*+ spricht; und (3) aus der relativ hohen Aktivierungsenergie im Ver-
gleich zu den publizierten Werten fiir die Silikatauflosung. [U.W.]

Résume—De Pillite/smectite a couches mélangées (I/S) a été formée en faisant réagir de la montmorilionite
Chambers ou Polkville hydrothermalement a 270° et 350°C pour une durée de plusieurs heures a plus de
quinze jours. Les réactions ont été entreprises dans des vaisseaux fermés contenant K ou un mélange K-Na,
K-Ca, ou des solutions K-Mg 4 concentrations variées. L’allure de la réaction et Iallure du rangement d’I/
S pour la réaction smectite + K+ — I/S 4 couches mélangées + SiO, étaient inhibées par I’addition de
Na*, Ca?*, et Mg?"; la force inhibante de Na*, Ca?*, et Mg?*, sur une base équivalente, a augmenté ap-
proximativement dans la proportion 1:10:30. Les constantes d’allure de réaction de premier ordre pour les
réactions a 270° et 350°C indiquent une énergie d’activation d'a peu prés 30 kcal/mole.

Dans le systéme expérimental étudié, la réaction smectite — I/S a couches mélangées semblait avoir
procédeé par transformation & Iétat solide, suggéré par (1) la dissolution rapide de larges quantités de silice,
créant probablement un résidu enrichi d’Al; (2) la similarité de la taille de particule et de la morphotogie
des produits a couches mélangées a celles de la montmorillonite originale, impliquant aucune dissolution
extensive d’AIP*; et (3) une énergie d’activation relativement haute comparée aux valeurs publiées pour
la dissolution silicate. [D.J.]

https://doi.org/10.1346/CCMN.1981.0290207 Published online by Cambridge University Press


https://doi.org/10.1346/CCMN.1981.0290207

