
Clays and Clay Minerals, Vol. 26, No. 5, pp. 341-344, 1978. 

DISSOLUTION OF SMECTITES IN HYDROCHLORIC ACID: 
H. DISSOLUTION RATE AS A FUNCTION OF 

CRYSTALLOCHEMICAL COMPOSITION 

I. NOVAK AND B, ÖCEL 
Institute of Inorganie Chemistry, Siovak Aead. Sei. 

809 34 Bratislava, Czeehoslovakia 

(Received 13 August 1977) 

Abstract-A eorrelation was made of erystalloehemieal data from 15 smeetites with the half time of dissolution (t.,) in 6 
N hydrochloric acid at 96°C. From this the relation 

In t.5 = 3.95 - 1.96 FeV! - 2.30 MgV! 

was developed. It shows a remarkable dependence ofthe apparent dissolution rate ofthe octahedrallayer ofthe smectites 
on the substitution of Fe3+ and Mg2+ for AI+3 in the oetahedral position. 
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INTRODUCTION 

The kinetics and mechanism of dissolution of smec­
tites in HCI have been described by various authors 
such as Brindley and Youell (1951), Karsulin and Stu­
bican (1954), Osthaus (1954, 1956), Packter (1955), 
Granquist and pardner-Sumner (1959), Fahn (1963), 
Turner (1964), Cicel et al. (1965), and many others, 

Although there is sufficient data on the dissolution of 
smectites in HCI, no attempts have been made to find 
the relation between the crystallochemical character­
istics ofthese minerals and the reaction rate ofthis pro­
cess. Attention, therefore, is drawn to the role of sub­
stitutions in the structure of smectites as a possible 
reason for changes of the apparent dissolution rate, 
measured under constant temperature and concentra­
tion of the acid. 

MATERIALS AND METHODS 

Characteristics oi the samples 

Mineralogical and chemical analyses of purified and 
Ca-saturated sampIes are given in Table 1. 

Acid dissolution 

A 500-mg sampIe was extracted in 100 ml of6 N HCI 
at 96°C for different time intervals. After leaching in 
HCI the sampIes were filtered and washed with distilled 
water. Leaching in HCI was performed for \4, lh, ~, 
1, Ilh, 2, 3, 5, 8, 12,24,48, and 72 hr. In each filtrate 
the conte nt of A120 3, Fe203, MgO, and CaO was de­
termined. The leaching of octahedral ions was checked 
by IR spectrometry using the gradual disappearance of 
the absorption band at 490 cm-t characteristic for 
Aloct-O bond. 

Expression oi dissolution rate 

To avoid the difficulties in expression of the true 
mechanism and kinetics and, finally, to compare the 
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apparent dissolution rates of smectites, a new measure, 
the halftime of dissolution (t05), has been introduced 
(CtceI and Novak, 1976). It is the time in whichjust 50% 
ofthe central atoms from the octahedra are leached out. 
Its value can be determined graphically from the plot 
of a or (1 - a) against time, where a is a portion of 
material reacted. 

To find the halftime of dissolution for nontronites at 
96°C it was necessary to adopt an indirect way because 
of the extremeIy high dissolution rate. We determined 
the t05 values at 35, 40, 50, and 70°C and extrapolated 
these values for 96°C. 

Starting with the Arrhenius equation in the form 

(1) 

where k is the specific rate constant [hr-t], A is a con­
stant, E is the activation energy in [cal mole-t], R is the 
gas constant [cal deg- t mole-t], T is the absolute tem­
perature, and when we take the analytical form of the 
function 

t 05 = f (k) (2) 

then we may express the Arrhenius equation in a form, 
which would express the relation between the activa­
tion energy of the reaction and the halftime of disso­
lution of the sampIe as folIows: 

(3) 

where A' is a constant different from that in Equation 
1. This is a linear dependence until E remains constant 
and thus the value t05 may be read for the temperature 
of96°C, as it is shown in Figure 1 for the sampIe Nova 
Ves. 

For the sampIes Otay, Belle Fourche, Polkville, Gar­
fieId, and Clay Spur we have calculated the t 05 values 
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Fig. I. Values of the natural logarithm of the 10, plotted against the 
1fT values. 

using the analytical data of Osthaus (1954, 1956) and 
Turner (1964). 

RESULTS 

For the correlation of crystallochemical character­
istics of smectites with the apparent dissolution rate of 
the octahedrallayer in Hel we have used the data from 
15 sampies of montmorillonites and nontronites. This 
is given in Table 2. The t05 values are for the leaching 
of octahedral aluminum in montmorillonites and octa­
hedral iron in nontronites. 

The measured values of t05 have been used for cal­
culating coefficients for the relation 

Table 2. Crystallochemical formulae of smectites and half-time of 
dissolution of the octahedral layer. 

Substitution 
Tetrehedral Octahedral tO•5 

No. Sampie Si AI Fe AI Fe Mg hours 

I Garfield' 7.05 0.18 0.77 0.97 2.98 0.05 0.158 
2 Polkville' 8.00 0.00 0.00 2.93 0.12 0.98 3.65 
3 Belle F ourche ' 7.61 0.39 0.00 3.10 0.43 0.46 15.1 

4 Clay Spur' 7.73 0.23 0.04 3.17 0.36 0.51 12.6 

50ttay' 8.00 0.00 0.00 2.56 0. 12 1.41 6.25 

6 Kuzmice 7.86 0.14 0.00 3. 11 0.23 0.62 3.24 

7 Fintice 7.79 0.17 0.04 2.74 0.33 0.93 2. 12 

8 Askangel 7.92 0.08 0.00 2.78 0.36 0.80 1.87 
9 Kriva Palanka 7.74 0.26 0.00 2.96 0.27 0.75 1.52 

10 Badin 7.20 0.65 0.15 1.82 2.02 0. 14 0.276 
11 Sampor 7.30 0.57 0.13 0.00 3.84 0.02 0.029 

12 Novä Ves 7.26 0.27 0.47 0.00 3.91 0.00 0.029 

13 SkI. T eplice 7.43 0.57 0.00 2.21 1.30 0.43 5.03 
14 SI. Kremnicke 7.27 0.60 0.13 2.40 1.36 0.25 2.88 

15 Branany 7.10 0.90 0.00 2.50 1.25 0.32 2.15 

, B. B. Osthaus (1956) 
, R. Turner (1964) 

(4) 

where t05 is the halftime of dissolution [hr]; MelV is the 
sum of Al and Fe atoms present in tetrahedra; Fev1 is 
the amount of Fe atoms present in octahedra; MgVI is 
the amount of Mg atoms present in octahedra. 

The amount of Me1V, FevI, and MgVl is expressed in 
the form of coefficients from the crystallochemical for­
mulae calculated per unit cello 

The general equation for the regression analysis is 

Table I. Mineralogical and chemical analyses of the sampies. 

KRIVA NovA SKLENE STARA 
Chem. anal. KUZMICE FINTICE ASKANGEL PALANKA BAD1N SAMPOR VES TEPLICE KREM- BRANANY 

NICKA 

SiO, 55.02 60.75 51.66 51.73 46.32 45.40 46.09 53.71 54.65 44.22 
AI,03 \8.80 \2 . \9 \5 .60 \7.71 13.48 2.99 1.30 11.70 \5 .65 \7.95 
Fe.O, 2.46 2.93 3. \0 2.81 \8 .56 32.85 33 .56 12.90 10.64 10.32 
TiO, 0.88 0.24 nd. nd . nd . 4. 10 
MgO 2.8\ 2.80 3.43 2.80 0.60 0. \0 2.42 0 .88 1.34 
CaO 2.84 2.48 3.\4 2.7\ 2.94 3.36 2.73 1.18 0.93 2.83 
Total H,O 17.88 \6.65 2\.54 21.78 18.09 \5 . 17 \5.94 16.10 15 .31 19.05 

Total: 99.81 98.68 98.71 99.54 99.99 99.87 99.62 99.29* 99.47** 99.81 

Free SiO, 9.0· 25.6· 20.49" 34.08· 
Free AI,03 2.60 1.8 2.30 3.66 
Free Fe,03 0.66 0.7 0.81 5.50 2.14 
Kaolinite <5% 
IIIite < 5% 10% 15% 
Anatase 4% 

* K,O = 1.20%, Na.O = 0.08% 
o calculated from formula denved by the method of B. B. Osthaus (1954) 

** K,O ; 1.28%. Na,O ; 0.13% 
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The following regression relations were evaluated: 

A. In t 05 = f (MeI\] 

B. In t 05 = f (Fe VI) 
C. In t05 = f (MgVI) 
D. In t05 = f (MeiV, Fevl) 
E. In t05 = f (MeiV, MgVI) 
F. In t05 = f (Fe VI, MgVI) 
G. In t05 = f (MeiV, FevI, Mgvl). 

The best correlation was found between the decom­
position rate expressed as the halftime of dissolution 
and the octahedral substitution in smectites. The de­
composition rate of smectites in 6 N HCI increases with 
increasing substitution of iron and magnesium in oc­
tahedra. 

The numerical values of Equation 5 were calculated 
by the method described by Ezekiel and Fox (1959) 
from the data given in Table 2. The best fitting even­
tuality (F) has the following form: 

In t05 = 3.95 - 1.96Fev1 - 2.30MgVI ± 0.52 (6) 

The correlation coefficient, r, is equal to -0.97 for this 
given empirical relation. 

DISCUSSION 

Starting from a model of acid attack similar to that 
given by Granquist and Gardner-Sumner (1959), the 
system is expected to have the following properties: 1) 
it consists of disk-shaped partides; 2) the rate of pro­
gress of the interfacial boundary between the solid par­
tide and surrounding liquid is constant in the course of 
the whole process of dissolution; 3) the dissolution be­
gins only on edges and proceeds toward the center of 
the partide. 

As potential reasons for the experimentally found 
phenomena we consider the size of the partides, the 
defect sites in the structure and the leaching rate of the 
octahedral layer. If the partide size is actually the de­
cisive factor we have to suppose that the dissolution 
rate is approximately equal for all smectites. In such a 
case the mean partide size of montmorillonite is ex­
pected to be approximately 1000 times greater than that 
of nontronite. Comparing the real dimensions of par­
tides of both minerals we can see that they are ap­
proximately of the same size. Thus, we can suppose 
that differences in partide size are contributing to the 
scattering of the measured data but are not of primary 
importance. 

Different kinds of defects, such as deavage, irregu­
larities in distribution of central atoms in the structure 
and vacancies usually are present in smectites. In these 
spots the process of leaching of the octahedral layer 
could be identical with that taking place on the grain 
boundaries. Then the decomposition rate would de­
pend on the quantity of such defects. Their number 
should increase with an increasing number of central 

atoms of Mg and Fe in the structure of the mineral. 
Since there is no possibility of determining the number 
of defects in individual crystals, it is rather difficult to 
say whether the number of imperfections increases 
with an increasing rate of dissolution. 

The assumption that the number of imperfections in­
creases in some proportion to the number of the sub­
stituted central atoms in octahedra in montmorillonite 
is acceptable until approximately one half of the Al at­
oms are replaced by Fe. Beyond this limit a new stable 
structure is formed. It is nontronite and the increasing 
number of Fe atoms leads to a more stable and perfect 
structure while the number of defects is decreasing. If 
this is true, then the structural defects cannot be re­
sponsible for the acceleration of the decomposition of 
smectites, which increased by as much as three orders 
of magnitude, when comparing nontronites with mont­
morillonites. 

The change in the dissolution rate of smectites could 
be explained by a lowering of the stability of the octa­
hedral layer as a consequence of a successive substi­
tution by iron and magnesium for aluminum. With re­
gard to the greater ionic radius of tri valent iron and 
bivalent magnesium, when compared with aluminum, 
the octahedra of the layer are flattened, more distorted 
(Donnay et al., 1964) and the tension in the structure 
is increasing. This can support the more rapid release 
of central atoms from the structure despite the nearly 
constant apparent activation energies for the sampies 
within the whole range of substitutions (Osthaus, 1956; 
Turner, 1964; Gregor et al., 1966). 
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PeSIDMe- BhlnO npOBeAeHO HsyqeHHe KOppenHUHOHHOß SaBHCHMOCTH Me~y KpHCTanno­
XHMHqeCKHMH AaHH~H 1S o6paSUOB CMeKTHTa H nOnOBHHOß BpeMeHH HX paCTBOpeHHH 
(tOS) B 6N COnHHOß KHCnOTe npH 960 C. OTCIDAa 6hlnO nonyqeHO cneAyromee COOTHO-

lIIeHHe: In t oS=3.9S-l.96Fev, -2.30MgY1 
• OHO nOKaShIBaeT npHMeqaTenbHyro sa-

BHCHMOCTb YAenbHoß CKOPOCTH pacTBo~eHHH OKTa3APHqeCKOrO cnOH CMeKTHTOB OT 
SaMemeHHH Al+3 KaTHOHaMH Fe3+ H Mg + B oKTa3APHqeCKoß nosHUHH. 

Kurzreferat- Eine Korrelation kristallchemischer Daten von lS Smektiten 
mit den Halbwertszeiten der Auflösung (tOS) in 6N HCl bei 96°C wurde aufge­
stellt.Daraus wurde die Gleichung: In tos =3,9S-l,96 FeVI - 2,30 MgVI ab­
geleitet. Es zeigte sich eine bemerkenswerte Abhängigkeit der scheinbaren 
Auflösungsrate der oktahedrischen Schicht der Smektiten von der Substitution 
von Fe(III) und Mg(II) für Al(III) in der oktahedrischen Position. 

Resume-Une correlation a ete etablie entre les donnees cristallochimi­
ques de quinze smectites ayant un demi-temps de dissolution(tQS) dans 
l'acide hydrochlorique 6N a 96°f.La relation suivante a ete developpee: 
In tos = 3.9S-1.96 FeVI-2.30 Mg I 
Elle montre une dependance remarquable de la vitesse apparente de d~sso­
lutio~ du feuillet octaedral des smectites de la substitution de Fe + 
et Mg +a Al+ 3 dans la position octaedrale. 
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