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V L A D I M Í R S T E F A N F A J N O R , J O Z E F M A S Á R * 

HIGH-TEMPERATURE CLASSIFICATION OF MONTMORILLONITE 
FROM THREE SLOVAK LOCALITIES 

(Fig. 1-3, Tab. 2) 

A b s t r a c t : In the ar t ic le t h e results of h i g h - t e m p e r a t u r e in­
vest igat ion of m o n t m o r i l l o n i t e from t h r e e localities of i n d u s t r i a l 
i m p o r t a n c e a r e m e n t i o n e d : Lastovce, K u z m i c e and Jelšový Potok. 
T h e objective of t h e w o r k w a s to r a n g e t w o Eas t S lovakian and 
one Middle S lovakian localit ies t o t h e h i g h - t e m p e r a t u r e classifica­
tion of m o n m o r i l l o n i t e according t o R. E. G r i m a n h G. Kulb ick i . 
T h e e x p e r i m e n t a l resul ts lead to t h e conclusion t h a t m o n t m o r i l l o ­
nite of Cheto type is found at n e i t h e r locality a n d all t h r e e localit ies 
m a y b e ranged to t h e type Wyoming wi th some reservat ions. 

P e 3 K) M e: B CTaTbe npHBOAHTca pe3yjibTaTH BbicoKoreMnepaTypHoro 
HCCJleÄOBaHHH MOHTMOpH.IJlOHHTa H3 TpeX npOMMIII/ieHHO BajKHblX JIO-
KajIHT (MeCTOHaxO>K,HeHHÍÍ) /TaCTOBIie, Ky3MHUe H EjIbllIOBblň ľlOTOK. 
UeJibio paóoTbi ôbi.'io onpeAeJíHTb nojio»eHHe AByx BOCTOiHooioBauKHX 
H OÄHoro cpeAHecjioBauKoro MecTOHaxo>KÄeHHn B BbicoKOTeMnepaTypnoň 
K^accHtpHKauHH MOHTMopHJiJioiíHTa corjiacHO P. E. r p H M a H ľ. K y Ji­
ll H u K o r o. SKcnepiiMeHTa.nbHbie pe3yjibTaTH BeAyT K 3aKjioqeHHK), I T O 
MOHTMOpHJIAOHHT Tlina 4eT0 HC HSXOÄHTCH HH B OAHOM H3 9THX TpeX 
MCCTOHaXO>K/teHnfl II BCe TpH MeCTOHaXOřK/teHHÍI MO>KHO BRJIKMHTb 
v onpeÄe.'ieHHbiMii VCJIOBHSIMH n Tím BaiioMimr. 

1. Introduction 

The first more detailed report about the influence of high^temperature on the 
clay mineral montmori l lonite was published by R. E. G r i m and W. F. B r a d-
l e y (1940). They have found out that destruction of montmori l lonite t h r e e -
layers terminates at the tempera ture interval 800 to 850 °C and a t t e m p e r a t u r e 
850 °C as a new phase spinel appears, which melts at the t e m p e r a t u r e around 
1300 °C. The further phase mull i te appears at t h e t e m p e r a t u r e above 1050 °C 
and remains up to the highest t empera ture employed (1400 °C). At temperature 
950 °C quartz appears, which recrystallizes to cristobalite after rising tempe­
rature. 

At the beginning of the following decade W. F. B r a d l e y and R. E. G r i m 
(1951) published a more extensive work about t h e influence of high-temperatu­
re on clay minerals, in which they mentioned DTA curves of eight various 
samples of montmori l lonite and identified their h igh- tempera ture phases by 
X-ray diffraction analysis. They came to t h e significant conclusion t h a t from 
the viewpoint of h igh-temperature par t of DTA curves the latter may be di­
vided into two groups. In the first group the exothermic peak follows immedia­
tely after the endothermic one. in the second group it is distinctly separated. 
This difference was also confirmed by the fact that after destruction of mont­
morillonite s t ructure in the first group of samples spinel forms whereas quartz 
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farms in t h e second group. The results of J. W. E a r 1 e y. I. H. M i l n e and 
M c V e a g h (1953) were in agreement wi th this fact. 

R. E. G r i m and G. K u l b i c k i (1957) proved a strong influence of inter-
changiable cations on development of h igh-temperature phase of montmori l lo-
nite. 

On t h e basis of detailed investigation of 38 various montmori l lonite samples 
from localities at five continents R. E. G r i m and G. K u l b i c k i (1961) pub­
lished a h igh- tempera ture classification of montmori l lonite, included in all more 
voluminous monographs from t h e field of t h e r m a l analysis in the following 
years — e. g. D. S c h u 11 z e (1969), R. C. M a c k e n z i e (1970) and mineralogy 
of clays - e. g. R. E. G r i m (1968), M. G r e g o r and B. C í č e l (1969). 

According to this classification montmori l lonite may be divided into two 
types or m i x t u r e of these types : 

In the first type t h e crystalline s t ructure preserved u p to the t e m p e r a t u r e 
of 850 to 900 °C, then it crystallizes as t h e first h igh-temperature phase ^-quartz, 
which recrystallizes to cristobalite. The third h igh-temperature phase cordierite 
forms at t e m p e r a t u r e w h e n t h e s t ructure of cristobalite already disappears 
(1200 to 1300 °C). The samples are melt ing at t e m p e r a t u r e interval 1400-1500 °C 
w h e r e all X-ray diffraction lines disappear. DTA curve of this montmori l lonite 
type, designated as Cheto type by the authors, is characterized by separation 
of t h e exothermic peak from t h e preceding endothermic peak by t e m p e r a t u r e 
interval 50 to 150 °C. The second exothermic peak appears at t empera ture 
1100 °C and t h e th i rd at t e m p e r a t u r e interval 1200 to 1300 °C. 

In the second type t h e crystalline s t ructure preserves up to t h e t e m p e r a t u r e 
900 to 950 °C, then cristobalite and mull i te crystallize. X-ray diffraction lines 
of mull i te remain preserved to melting of samples a t t e m p e r a t u r e 1400 to 
1500 °C. At DTA curves of this montmori l lonite type, designated as Wyoming 
type by the authors, t h e endothermic peak (at t e m p e r a t u r e about 900 °C) is 
immediately followed by the exothermic peak. The second exothermic peak 
is at t e m p e r a t u r e 1100 to 1200 °C. The course of DTA curves above this tempe­
r a t u r e is largely variable. 

Remarkable is t h e observation of t h e authors that t h e capacity of cation ex­
change of all Cheto type samples is h igher t h a n of Wyoming type samples. 

The results of the works by J. L u c a s and N. T r a u t h (1965) have fully 
confirmed this h igh-temperature classification. 

A strong influence of interohangiable cations on t h e origin and development 
of h igh-temperature phases of montmori l lonite was sherified by M. V. E j e r i s h, 
A. A. D v o r e t c h e n s k a y a , N. F. P s h e n i t c h n a j a (1970), V . S . K o m á ­
r o v , A. T. R o z i n , N. A. A k u l i č (1972), M. H l o ž e k (1973) and V. S. 
F a j n o r, J. M a s á r (1976). F r o m quanti tat ive measurements for Li—, Na—, 
K - , Cs—, Ca— and Ba-montmoril lonite, published by R. G a u g l i t z and H. E. 
S c h w i e t e (1961), it has unambiguously been evident that the greatest chan­
ge of enthalpy of the first exothermic reaction is in the case of Mg-montmoril lo-
nite. The results of W i e g m a n n, C H . H o r t e and G. K r a n z (1974) also 
have led to the conclusion that the most intense formation of high-tempera­
ture montmori l lonite phases is in the case of occupation of exchange positions 
by magnesium cations. 

In the work we therefore were focused on investigation of Mg-montmoril lo-
nite, which was isolated from bentonite of three localities of industrial impor­
tance in Slovakia: 
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a) East Slovakian locali'ty neaa.' Lastx>vce is suitable especially for explication 
of foundary bentonite, M. G r e g o r and B. C í č e l (1969); 

b) bentonite from t h e locality Kuzmice (northwest from Lastovce) is mainly 
suitable for purpose white potshred ceramics and galenic pharmacy, 
M. G r e g o r and B. C í č e l (1969); 

c) bentonite from the Middle Slovakian locality Jelšový Potok in t h e Žiarska 
kotlina basin is a raw material of high quality for foundry and for pro­
duction of whitening ear th. D. O č e n á š, J. Z u b e r e c (1972) and I. 
K r a u s , J. Z u b e r e c (1976). 

2. Preparation of samples and applied methods of investigation 

From bentonite of the localities Lastovce, Kuzmice and Jelšový Potok Na-
montmoril lonite was isolated by t h e method described by J. M a s á r and 
S. H o l l ý (1968). From this monoionic Mg-montmoril lonite was obtained by 
fivefold saturat ion with one-molar solution of magnes ium acetate (pH adjusted 
to the value 5,5). The prepared samples of Mg-montmoril lonite isolated from 
bentonite from the locality Lastovce (further Mg—LAS only), of Mg-montmoril­
lonite isolated from bentonite of the locality Kuzmice (further Mg—KUZ only) 
and Mg-montmoril lonite isolated from bentonite of the locality Jelšový Potok 
(further Mg/JEL only) were studied by vertical X-ray goniometer of t h e firm 
Philips and by high-temperature version of thermoanalyser Derivatograph of 
the firm MOM Budapest, under t h e following conditions: 
material-reference a—A120 ;1 

thermocouples-original Pt/Pt—Rh(10 %) 
range of temperature — 20 to 1500 °C 
crucibles-ceramic 
atmosphere-statical, air 
weight of sample-1000 mg 
heating rate — 7.5 to 8,5 °C min. 

The capacity of cation exchange was established by fivefold pressing out of 
magnesium ions by tenth-molar solution of aniline chloride (250 ml/l g of 
sample). The amount of pressed out magnesium was found out by complexo-
metric t itration. 

3. Experimental results and discussion 

According to X-ray diffraction records the sample Mg—LAS contained an 
insignificant admixture of a quartz (below 2 %) and the sample Mg—KUZ a small 
admixture of a cristobalite (3-5 " (>) The sample M g - J E L did not contain any 
crystalline substances besides montmoril lonite. 

The average values of cation exchange capacity of the studied samples (with 
s tandard deviation from the average and values given by M. G r e g o r and 
B. C í č e l - (1969)* and U. O č e n á š and J. Z u b e r e c (1972)"* for corres­
ponding bentonite are in Table 1. 

Cation exchange capacity of montmoril lonite 
and bentonite From three localities of Slovakia. 
Regarding to the fact that capacity values of cation exchange of montmoril lo­

nite of Wyoming type varied within the interval 0.8!) to 1.09 mol'kg and in the 
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interval 1,14 to 1,33 mol/kg in the Cheto type in the work by R. E. G r i m and 
G. K u l b i c k i (1961), the mentioned results indicate affinity of all three 
investigated samples wi th montmoril lonite of Wyoming type. 

Derivative thermogravimetr ic , differential thermoanalytical , thermogravi-
metr ic and t empera tu re curves of the investigated samples are given in Figs. 
1, 2 and 3. Calibration of the appara tus is described by Š. H o l l y and V. Š. 
F a j n o r (1976). 

In the products of thermoanalyt ical measurements only mullite, in sample 
Mg—KUZ also a cristobalite, present as original admix ture in the sample, were 
found by X-ray phase analysis. Thus it has tu rned out tha t cristobalite origina­
ted by the rmal disintegration of montmoril lonite, disappears with annealing 
up to t empera tu re 1500 °C, when, however, it is found as admixture in mont -
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Fig. 1. DTG, DTA, TG and T curves of Mg-Montmorillonite, isolated from bentonite 
of the locality Lastovce. 
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morillonite, its crystalline s t ructure remains preserved u p to this temperature . 
(Of course, with given rate of heating — thus around 8 °C . min -1 .) 

Interpretation of TG and DTG curves 

The water from the three investigated montmoril lonite samples escapes in 
two main stages. In the girst — tempera ture interval nearly 50 to 350 °C — surfa­
ce-bound water, water from interlayer spaces and water from hydrat ion covers 
of interchangeable cations escape. Water in form of H 2 0 molecules releases in 
three distinct steps (see DTG curves). The m a x i m u m ra te of wa te r escape from 
the coordination sphere of magnesium ions is at t empera ture (180 + 5) °C. Its 
value does not exceed 6 mg/min. Total decrease to tempera ture 300 °C, con­
ventionally considered as the amount of sorbed water , is shown in in the Fi­
gures. These values confirm a high sorption capacity and pur i ty of sample Mg 
- J E L . 

In the second stage — tempera ture interval nearly 350 to 1000 °C — so called 
hydroxy! water , bound in the mineral s tructure, escapes. Water in form of 

Fig. 2. DTG, DTA, TG and T curves of Mg-montmorillonite, isolated from bentonite 
of the locality Kuzmice. 
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OH-groups releases in two distinguishable steps (see DTG curves). In the first 
s tep only a small portion of water escapes, with maximum rate at t empera ture 
570 °C. The main part of dehydroxylat ion process is around temperature 700 °C. 
Maximum rate of specific gravity change is at temperature 700 ° in sample 
Mg— LAS, at 730 °C in sample M g - J E L and at 750 °C in sample M g - K U Z . 
exchangiable cations have known influence on dehydroxylation process. I. H o r-
v á t h and B. N i k l o v á (1973). In case of equal exchangeable cation 
the mentioned differences may be explained by various degrees of iso-
morphous replacements and various degree of crystal order of the studied 
montmoril lonite samples. The loss of water in the second stage represents 4 - 5 % 
from weighed part ions of samples, being in very good accordance with the 
generally accepted model of montmoril lonite structure. 

Fig. :<. DTG, DTA, TG and T curves of Mg-montmorillonite, isolated from bentonite 
from the locality Jelšový Potok. 
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Interpretation of DTA curves 

The first three-stages endothermie peak on DTA curves corresponds to de­
hydration of montmorillonite. The difference of t empera ture between sample 
Mg—JEL and reference material reaches up to 15 °C. In sample Mg—KUZ 
the endothermie peak is lowest. 

Another endothermie peak in tempera ture interval 550—600 °C is very little 
distinct and corresponds to endothermie reaction of the first stage of montmo­
rillonite dehydroxylation. The following distinct endothermie peak corresponds 
to the intensive second stage. 

The endothermie peak in tempera ture interval 800 to 1000 °C is often called 
as thi rd in l i terature. It is conditioned by disappearance of the crystalline s t ruc­
ture of montmorillonite and its max imum is in sample Mg—LAS at tempera­
ture 880 °C, in sample M g - J E L at t empera ture 950 °C and in sample M g - K U Z 
at 975 °C. Thermic stability of montmoril lonite from various localities is dis­
tinctly different. It is suitable to mention that a lower thermal stability (sample 
Mg—LAS) is characteristic of Cheto type montmoril lonite. 

From the standpoint of h igh- tempera ture classification, however, the position 
of the first exothermic peak is decisive. The difference of t empera ture between 
the temperatures of maxima of the third endothermie peak and the first 
exothermic peak is 55 °C in sample Mg—LAS, 35 °C in sample Mg—KUZ 
and 70 °C in sample Mg—JEL. According to this criterion sample Mg—KUZ 
can be most convincingly ranged to the Wyoming type. 

The second endothermie peak with max imum at t empera ture 1200 °C is 
ascribed to crystallization of cristobalite or mullite. Fu r the r exothermic peaks 
do not appear any more, with the exception of sample Mg—LAS. The endo­
thermie peaks correspond to gradual disappearance of crystalline high-tempe­
ra ture phases and melting of samples. 

For clearing up the essence of exothermic peak with max imum at t empera tu ­
re 1290 °C in sample M g - L A S we gradually added 5,10 to 1 5 % MgO to thLs 
sample before thermoanalyt ical measurement . It has been shown that the 
tempera ture of peak max imum does not change but proportionally to the 
amount of MgO also height and area of the peak increase. We have confirmed 
by X-ray diffraction analysis that the third exothermic peak is connected with 
crystallization of cordierite. 

Thermoanalytical curves of the studied samples unambiguosly prove tha t 
no sample belongs to montmoril lonite of Cheto type, being also in good accor­
dance with their values of cation exchange capacity (see Table 1). 

Investigation of high — temperature phases 

The studied samples were heated at tempera tures 800. 1000 and 1200 °C for 
two hours. The time of annealing two hours was established as sufficient in 
the work by R. E. G r i m and W. F. B r a d l e y (1940); in the work by 
J. L u c a s and N. T r a u t h (1965) even the time of annealing of one hour 
was used. The results of X-rays diffraction analysis of annealing products are 
summarized in Table 2. 

As it is to be seen from the table, annealing of two hours at t empera ture 
800 °C result- in disappearance of diffraction lines of montmoril lonite in all 
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T a b l e 1 

Montomorillonite C. E. C. (mol. kg"1) 

Mg-LAS 
Mg-KUZ 
Mg-JEL 

1,05 + 0,05 
1,03 + 0,04 
1,09 + 0,04 

Bentonite 

Lastovce 
Kuzmice 
Jel. Potok 

C. E. C. (mol. kg1) 

0,40 - 0,50* 
0,40-0,85" 
0,63 - 0,73* 

T a b l e 2 

Sample temperature 800 JC temperature 1000 'C terriDerature 1200 aC 

Mg-LAS 
Mg-KUZ 
Mg-JEL 

a-Q, (Sp) 
Cr, (Sp) 
X-ray amorph. 

Cr, a-Q, Sp 
Cr, Sp, Mu 
j3-Q, Sp, (Cr) 

Cr, Mu, Co 
Cr, Co, Mu 
Cr. Mu 

Annealing products of montmorillonite 
Used symbols: Q-quartz, Cr-cristobalite. 
Sp-spinel, Mu-mullite, Co-cordierite; 
parentheses-indications of diffraction only. 

three samples. The admixtures (a-quartz and cristobalite) do not change with 
annealing. At t empera ture 1000 °C spinel and cristobalite crystallized in all 
three samples. In sample Mg—KUZ already also mullite appearred, which is the 
main phase of h igh- tempera ture alteration of Wyoming type montmorillonite. 
Surprising was formation of j3-quartz in sample Mg—JEL since 6-quartz is the 
high- temperature phase of Oheto type montmoril lonite. 

The course of DTA curve in the tempera ture interval 900 to 1100 °C and 
formation of fi-quartz indicate the possibility of share of Cheto type montmo­
rillonite of Wyoming type in sample Mg—JEL. In order to verify this possibility 
(mixture of h igh- tempera ture types), we separated by sedimentation the fine­
grained fraction (with radius of particles less t han 1,25 ^m) from sample Mg— 
JEL. X-rays diffraction measurements of the annealed fraction have shown 
distinctly stressed diffraction lines of spinel, am indication of mulli te crystalli­
zation and a decrease in the intensity of diffraction lines of <3-quartz, in con­
t ras t to the original sample. These results also confirmed the assumption of the 
authors of h igh- tempera ture classification that montmoril lonite of Wyoming 
type is finer-grained than Oheto. type montmoril lonite. 

Annaeling of samples at t empera ture 1200 °C resulted in formation of cristo­
balite and mullite in all samples, in samples Mg—LAS and Mg—KUZ also cor-
dierite formed. At the same t ime diffraction lines of spinel disappeared in all 
samples. As R. E. G r i m and G. K u l b i c k i (1961) investigated H-montmo-
rillonite and not Mg-montmoril lonite in their work, we pressed out magnesium 
cations from interchangiable layers of montmoril lonite by solution of aniline 
chloride. When we annealed such samples at the tempera ture 1200 °C. X-ray 
measurements have shown that the height of diffraction lines of cordierite sank 
nearly to one half on the contrary to original annealed Mg-montmorillonites. 
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3. Conclusion 

The results of h igh-temperature investigation of montmoril lonite, isolated 
from bentonite of the localities Lastovce, Kuzmice and Jelšový Potok and t rans­
formed to monoionic Mg-montnoril lonite show that in the first approach mont­
morillonite of Wyoming type is present in all three cases, confirmed also by 
the course of DTA curves and by the established cation exchange capacity. 
More detailed investigation, mainly investigation of h igh-temperature phases, 
however, leads to the conclusion, that there is not a completely pure Wyoming 
type (from t h e viewpoint of h igh-temperature classification of R. E. G r i m 
and G. K u 1 b i c k i) and that mainly in the case of the locality Jelšový Potok 
also an admixture of Cheto type montmori l lonite shows itself in montmoril lonite 
of Wyoming type. It is obvious t h a t besides two pure types of montmori l lonite 
also various mixtures of these types may be found in nature, as it was finally 
established also by the authors of h igh-temperature classification themselves. 

With regard to t h e fact that this classification is in close connection with 
crystallochemistry of montmoril lonite. distinct differences in suitability of ben­
tonite for concrete technological applications may by expected on the basis of 
it. It seems to be probable t h a t just the admixture of Cheto type montmoril lo­
nite at the locality Jelšový Potok predest inates this locality as source of high 
quality raw mater ia l for production of whitening earth. 
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