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I. DEHYDRATION AND DEHYDROXYLATION KINETICS

UKD 549.623:552.52 | smektyt: 541.124.7: [ 542.936+dehydratacja

A bstract Thermal analysis was employed to investigate the dehydration and dehydroxylation Ki-
netics of smectites. It has been found that these reactions are determined by the kind of interlayer cations.
the amount and type of isomorphic substitution in the layers, and the resulting charge. The electric field
generated by the charges of the tetrahedral sheet slackens the reaction between interlayer cations and
water molecules, thus affecting the process of dehydration of smectites.

INTRODUCTION

Dehydration and dehydroxylation are the reactions of thermal dissociation, in-
volving the removal of water combined in the structure of minerals and inorganic
compounds in the form of H,O molecules and OH groups.

Smectites display an endothermic dehydration peak between 40 and 300°C on
DTA and DTG curves. Its temperature, size and shape, as well as the amount of
water released in this process, depend on the exchangeable cation occupying the in-
terlayer spaces in smectites (Hendricks 1940; Caillere, Henin 1944 ; Barshad 1948;
1950; Arens 195 1). Mackenzie (1959) found a correlation between the temperature
of the endothermic peak corresponding to the removal of interlayer water and the
hydration energy of interlayer cations.

The endothermic effect of dehydroxylation of smectites begins above 500°C and
its maximum temperature varies over a wide range. Page (1943) and Kelley (1943)
noticed that when Al is the principal cation of the 2: 1 octahedral sheet, hydroxyla-
tion water is removed at a lower temperature than in the case when Mgis the main ca-
tion. These authors were of the opinion that the introduction of Fe substituting for Al
or Mginto the structure of a clay mineral lowers the temperature of endothermic de-
hydroxylation reaction and changes its magnitude (Kelley, Page 1943; Caillere,
Henin 1947, 1948 a,b, 1949; Kulp 1951). Earley, Osthaus and Milne (1953) found
a correlation between the dehydroxylation peak temperature and the amount of sub-
stitution of Al for Si in the tetrahedral sheet of a series of montmorillonites, in the
range of 0.1-0.69 Al. According to Barshad (1950), Kerns and Mankin ( 1968), the
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exchangeable cation does not affect the dchydroxyla}ion peak temperature of smec-
tites, yet it influences to some extent the shape of DTA pcuk at 7()()—]()()()°C.. Mac-
kenzie and Bishui (1958) studied the Wyoming montmorillonites saturated with dif-
ferent cations and found that their dehydroxylation temperature 1s a parabolic func-
tion of the radius and ionic potential of the cations used. The studies of Horvath
(1978) showed that the exchangeable cations of ionic radii comparable with that of
Al accelerate dehydroxylation, occupying the vacant octahedral sites of a mineral
during the process of dehydration. Jacobs and Defre ( 1961) studied the dehydroxy-
lation kinetics of smectites saturated with different exchangeable cations and found
that it is a first-order reaction of an activation energy of 226.9, 210.6 and 170.4
kJ/mol for Na*, Ca?* and H* smectites, respectively. The deh ydroxylation rate va-
ries depending on the kind of exchangeable cation in the following sequence:
Li-K-Na-Mg-Ba—Ca-Sr. i

According to Bradley and Grim (1951), the remowal of OH groups from mont-
morillonite at 500—700°C leads to the formation of montmorillonite anhydrite in
which the Si—O sheets are similar to those in montmorillonite but the octahedral
sheet is subject to re-arrangement. The octahedral coordination of aluminium is re-
tained owing to the fact that oxygens left after dehydroxylation of the octahedral
sheet shift from their original positions perpendicularly to the sheet plane (expansion
of the unit cell along the ¢ axis from 0.1 to 0.3 A). Achar et al. (1966) observed
that the dehydroxylation kinetics of smectites follows the mechanism of controlled
diffusion of water. Pampuch and Wal (1971) distinguish two stages of dehydroxyla-
tion of montmorillonite: dehydroxylation proper and evaporation of the water for-
med. These stages are distinct under the conditions of dynamic heating during ther-
mal analysis. Dehydroxylation proper occurs at lower temperatures, close to the de-
hydroxylation temperature of kaolinite. Water evaporation takes place at much hig-
her temperatures, close to 700°C, as it is delayed by the diffusion length. At about
800°C. another endothermic peak appears, caused by the loss of residual OH groups
and the structural break down of the anhydrous phase (Earley 1953; Bradley, Grim,
Connell 1950). The studies of Barshad (1950) indicate that the high-temperature
endothermic peak is affected by the kind of exchangeable cation.

MATERIALS

Investigations were carried out on bentonites from Chmielnik,, Milowice and Fin-
tice (Czechoslovakia), a Russian bentonite of obscure origin, a montmorillonite from
the Rudno melaphyres, the Kamienskoje beidellite (USSR) and a trans-Carpathian
nontronite (USSR). The samples to be investigated were the < 2um fraction of these
minerals, separated by sedimentation. X-ray and thermal analyses have shown that
the Chmielnik, Fintice and Russian montmorillonites are typical dioctahedral
Ca-montmorillonites, while the Milowice bentonite is a mixed-layer illite/montmo-
rillonite with a very low proportion of illite layers. Montmorillonite from Rudno ap-
peared to hc'u n'lixlurc of two minerals: montmorillonite (64 mol %) and saponite
(36 mol ). This is indicated by the double (060) reflection on its X-ray diffraction
lpzf'llcrn., with the line doso = 1.52 A corresponding to saponite and the 1.49 A line
:l;l(;wlghzl::;;::fz‘r:lsrtlt“;]):'dloclahcdru! m‘on(lmo‘riII‘(?n.itc..'l‘hg Kamignskojc beidellite
e pathran nontronite display reflections typical of dioctahedral smec-

I'he crystallochemical formulae given below show the kind and extent of isomor-

phic }uhgtitl{ti()x] in the structure of the montmorillonites studied.
Chmielnik (Kulesza-Wiewi6ra 1976):

09

Cao,21(K, Na)o, o1(Aly, 47Fep, 0sMgo, s0) [ SisO10] (OH),- 1.16 H,O
Milowice (Kulesza-Wiewiora 1976):

Cao.'osNao,uKo. 14(A11.47F33T20M80.35F3<2).+01) [Si3‘91Alo.o9010] (OH),-H,0
Fintice (Gregor, Cicel 1969):

Cay, 15 Ko, 07 Nag, o6 (Aly, 7, Mgy 25) [Si3.83A10.17010] (OH),
Russian (Wactawska 1978):

Cay,24Nag, 95 Ko, 01 (Al 40 Mgo. 30 Feo, 2sMng_g02) [Si3.87 Al 13 010] (OH),

Rudno (Wactawska 1978; Stoch, Zabinski 1977):
36 mol %

Cayg, 017 Ko. 02 Nao.os(Mgz.%Feo.M) [Si3452A10.47010] (OH)1.95
64 mol %

Cay, 23 Ko.015Nag, 005 (Aly.53Mgo. 42Feg o5) [ Siz 76 Alp.24 Olo] (OH),
Nontronite (Wactawska 1978):

Cay_97Nay, 15 Ko, 04 (Aly, 17Fe.75Mgo. 12 Tig.01) [Si3.57 Alo.43010] (OH),.

The smectites were converted into monoionic forms by saturating them with Na*,
K*, Ca®* or Mg?* cations, using the method developed by Jackson (1958). The cho-
ice of these cations was influenced by the frequency of occurrence of specific sorption
complexes in clay minerals. The bulk of clays occurring in Poland are in the Ca-form,
with Mg?*, K* and Na* appearing as exchangeable cations (Grabowska-Olszewska
1968).

The cation exchange was controlled by measuring the basal interplanar spacing
d ooy of montmorillonites on X-ray diffraction patterns. The resulting doo; values, de-
pendent on the interlayer cation, are listed in Table 1. As appears from the table,
air-dry smectites saturated with calcium or magnesium have the interlayer spacing
door ~ 15 A, corresponding to two monomolecular water layers. Smectites Saturated
with sodium or potassium show lower dgo; values, corresponding to one monomole-
cular water layer. The intensity of basal reflections also depends on the kind of ex-
changeable cations and, according to Barshad’s data (1949), is the highest for sam-
ples saturated with bivalent cations and decreases for smectites with Na* or K* ca-
tions occupying the exchange positions.

Table 1
Basal interplanar spacings doo1 (A) of smectites saturated with different exchangeable cations
Interlayer cations
Sample

K Na Ca Mg
Rudno 12.6 12.9 1iS¢3 15:2
Chmielnik 12.4 12.6 15:5 15.2
Milowice Jas1 122 15.6 144
Russian 12.4 12.6 15.5 14.9
Fintice 12.6 12.8 | 5365 14.9
Beidellite 10.4 10.4 187, 16.0
Nontronite 13.8 13.6 15.5 13.3
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METHODS

Thermal analysis was made with a Mettler TA-2 thermoanalyser, taking 100 mg of
cach sample for investigation. The samples were placed in platinum crucibles 5 mm
in diameter. and sintered a-Al,Os; was used as standard. Heating rate was
10°C/min., air flow 4 I/hr. :

The thermal dissociation of asolid is a process involving several stages. Hence the
activation energy determined experimentally depends on the activation energy of
partial pmcess&ﬁnd is referred to as apparent activation energy. Activation energy
is also affected by the conditions of dissociation. and specifically by the pressure of
gaseous pmducts'. which is expressed. for example, by the rule of Zawadzki-Bretsz-
najder. The activation energy of thermal dissociation (E) is frequently much greater
than the heat of this reaction (Q) (Prodan, Pawluczenko. Prodan 1976):

(E;xA+mO) < E<

where E, — activation energy of the opposite reaction,

J. — adsorption heat of a gaseous dissociation product,

m — constant.
The results obtained for smectites are in good agreement with this relationship. For
the same reasons, the ,,n"" parameter in Arrhenius equation is not areaction order in
the sense assumed in the kinetics of homogeneous reactions.

The dedydration and dehydroxylation kinetics of the samples studied was deter-
mined from TG and DTG curves. Assuming that it can be described by Arrhenius
equation referring to the reaction kinetics in homogeneous systems, the coefficient £
of this equation (apparent activation energy) was determined with the method of
Freeman-Carroll (1958). The relevance of this method in the determination of kine-
tic parameters of thermal dissociation had been confirmed by several authors (Mi-
chelson 1970; Chen 1974, 1975).

The method of Pitojan-Nowikowa (1967) was also used in the present study. The
measurements of reaction kinetics with the methods of thermal analysis are subject
to errors because of the non-isothermal conditions of measurements. If, however,
they are carried out under standardized conditions, they may be useful in compara-
tive studies, for example. for the determination of the effect of different factors on
the process of thermal dissociation.

RISSIYIINS

D ehtyidifaitifoindiditn'e tiicsHoiftisim eicitittie’s

The dehydration of smectites produces an endothermic peak between 40 and
300°C on DTA and DTG curves. When smectites contain bivalent cations at the
exchange positions, a double or, in the case of Mg-montmorillonites, a triple
endothermic peak appears on DTA and DTG curves. This indicates that the remo-
val of interlayer water is a process involving several stages. Montmorllonites satu-
rated with monovalent cations display a single dehydration peak, which testifies
to the one-stage mechanism of this reaction (Figs. 1-3).

TG analysis has revealed that the amount of interlayer water and the dehydration
temperature of smectites are determined by the kind of interlayer cation (Table 2). It
has been found that the Ca- and Mg-forms contain the greatest and similar amounts
of water. Thermal analysis of smectites with monovalent cations at the exchange po-
sitions has shown that the amount of hydration water is less for the K-form than for
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Fig. 3. DTA, DTG and TG curves for the Mg-form
of montmorillonite from Milowice

the Na-form of the same smectite. The amount of interlayer water and dehydration
temperature also depend on the extent of isomorphic substitution of Al for Si. Exten-
sive substitution in the tetrahedral sheet is paralleled by the increase in density of the
negative electric charge of the layer surface. This results in the increased energy of
electrostatic bonds between the exchangeable cations and the layer, thereby decrea-
sing the amount of water in the interlayer spaces (Fig. 4). Anincrease in the charge of
the tetrahedral sheet from 0 to 0.5 reduces by half the amount of interlayer water
when the strongly hydrated Ca®* or Mg** cation occupies the exchange positions. If,
however, the weakly hydrated Na' is the exchangeable cation, the above increase in
charge reduces down to 30% the amount of water that can be accomodated by
a montmorillonite showing practically no substitution in the tetrahedral sheet.
Furthermore, it has been noticed that the separation of peaks corresponding to
the dehydration of montmorillonites with bivalent cations at the exchange sites is the
more poronounced on DTA and DTG curves, the less isomorphic substitution of Al
for Si takes place in the tetrahedral sheet. This behaviour accords well with the ob-

servations of Wiegman (1966).

95



. Table 2 E i 8F
Weight loss for monoionic smectites at characteristic temperatures g f E § §
< &t (o=
: Dehydration Dehydroxylation g gﬁ g é‘%
nter- QO =) & o
Smectite layer Weight o Weight g o SE
3 cation Tm (OC) loss (g:/:)) Tm (C) loss (“u) B Q &) I = E
05 £ 3 % 88
= o
Ca | 135,200 21.40 ggg %3(5) g’ $%% gE
105,155,240/  21.70 § g b-Sie L g
o N 140 15.00 670 3.00 e & of
K 120 11.60 650 2.70 % 0 3o S22
g SR S5 s
= =
Ca 130,180 16.60 705 4.00 ) 3 $4G & ary
Milowice Mg | 105,150,220 16.50 700 4.00 g g S - ,25 o
Na 120 9.00 690 4.10 g-a 8 ;%8 5 §55 2
K 105 5.40 680 4.00 RS S £2 8
IS S e s BEED
=R = <
Ca | 130,180 17.20 665 4.10 = b SE 253
Chmielnik Mg | 105,155,220  18.00 665 3.90 < S < 238~
Na 139 15.50 680 3.70 ) EEE g
K 110 9.10 650 4.50 NO®ow NO i@ 2ch
= I T o~
ST &
Ca 140,190 15.40 648 %4318 S g 2 zl
Russian M 110,150,200 16.50 65 o e
A Nf 125 12.00 650 3.00 n.. )
K 100 7.30 630 3.70 u;
2
Ca 120,180 15.00 660 350
Fintice Mg | 105,125,200 14.20 650 3.50
Na 120 12.10 650 4.00 =
K 100 7.30 630 3.70 'S
~
Ca 100 8.40 520 6.20 =
Nontronite Mg 100 9.20 520 5.90
Na 100 5.80 510 6.20
K 90 7.50 510 6.70 N
~
Ca 110,170 12.40 505 5.90
Beidellite Mg 115 12.40 505 6.00 )
Na 110 8.30 500 5.90 ($2)
L K 105 7.80 505 SE0,
O
~N
The effect of exchangeable cations on the dehydration kinetics of smectites is ref-
lected by the different inclination of straight lines on Freeman-Carroll plots. These 2
plots, however, do not show the several stages of removal of interlayer water as DTA
and DTG curves do. In this case, the method of Pitojan-Nowikowa appears to be
more useful. On the Ina —2 In T against 1/T plots, there are straight line regions cor- N
responding to the several stages of dehydration (Fig. 5), and the apparent activation
energy of each stage can be determined on their basis. By multiplying the partial acti- o
vation energies of dehydration, determined with the method of Pitojan-Nowikowa, N E
by the amount of water removed in each stage, expressed as the degree of decompo- N
sition a, and by summing the obtained values, the averaged values of activation S ’i
energy were obtained, which are generally close to the values calculated by the met- by 5
hod oétl:reeman-fCarr(l)!Sl (lTab2123). The apparent activation energy of dehydration of
smecutes varies from 15.1 t0 26.4 kJ/mol and does not seemingly depend on the kind N © O ~aANMmMNnL o N D
of exchangeable cations. CAlAESh AR R Ry NI e O 8
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Mable 3
ergy of dehydration and dehydroxylation for smectites

Apparent activation en i t
il with different interlayer cations

—————
ivati /mol
Kind ofireaction Activation energy (kJ/mol)
Exchan- ; )
Smectite geable Dehydration Dehydroxylation
cation
: Average
F-C P-N E value F-C P-N
method method from P-N| method method
method
@ 15.07 | 27.63;5.02 15.91 69.50 156.17;76.5
Mag 16.75 | 32.24;6.70 15.91 90.86 152.83; 98.20
Rudn 4.19
e Na 1725 9N M8 74681754 16.33 128.96 90.86
K 25.54 25512 - 82.90 90.44
Ca 17178 S 081516128 20.09 82.22 88.35
Mg 15.07 | 32.66; 10.89 19.29 78.30 107.18
Milowice 2493
Na 2502 #826:38 - 129.80 113.47
K 23.44 | 29.31 = 161.20 132.05
Ca 21T7RIEE8 0198 :43'35 16.75 69.09 45.64
Mg 15.07 | 32.66; 10.88 1591 66.15 47.31
Chmielnik 335
Na 23.87 | 24.28 - 119.33 142.78
K 2428 | 24.70 - 82.48 -
@a 20.52 | 36.00; 10.47 21=8'S 83.32 -
Russian Mg 19.68 | 33.00; 9.63 16.75 87.93 91.28
Na 23.87 23.03 - 74.53 =
K 2261 24.70 - 82.48 =
Ca 9.63 50.66
Fintice Mg 20.10 39.36 36.00
Na 17.59 2
K 22.19 54.01
Ca 18.00 | 28.05;3.77 16.33 61.97
Nontronite Mg 1591 25.96; 5.86 15.91 78.72 67.41
Na 17.59 | 26.80 60.30
K 1986823103 81.23
; Ca 26.38 65.32
Beidellite Mg 24 .66 56.94 51.08
Na 21735 69.08
K 19.26 59.04

Basing on the present state of knowledge about the structure of smectites, and
specifically on the views on the mode of filling of theirinterlayer spaces by water, the
successive stages of dehydration can be accounted for in the following way: first
water that forms hydration layers and is loosely bound in the structure of montmoril-
lonite is removed, whereupon water forming the hydration sheaths of cations is rele-
ased. In the case of cations showing a strong electric field, such as Ca or Mg, dehydra-
ton temperature for water coordinating these cations is higher than that for loosely
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bound water, and gives a separate peak on the DTA curve. If Mg is present, whose
action on water dipoles is particularly strong because of the smaller ionic radius than
that of Ca, the third stage of dehydration takes place. Itis feasible that water forming
the first coordination sphere, most strongly bound to the cation, is removed at this
stage. The sodium cation is hydrated in an insignificant degree, while the potassium
cation is assumed to be practically free of the hydration sheath because of the very
small force of electric field. Consequently, only a single peak on thermal curves cor-
responds to their dehydration.

The process of dehydration of montmorillonites is well illustrated by the dehy-
dration rate vs. dehydration degree curves (Fig. 6). As appears from the curves for
the Chmielnik montmorillonite, the dehydration of its Na-form is a one-stage pro-
cess. The curve for Na-montmorillonite shows aninflexion at the dehydration degree
a = 0.5, which may testify to the presence of two kinds of water, slightly differing in
the kinetics of dehydration.

ot

Fig. 6. Dehydration rate versus dehydration degree
for the Chmielnik montmorillonite contai-
ning different exchangeable cations
| — Na,2 — Ca,3 — Mg, 4 - K

010203040506070809 10 <

The dehydration rate vs. dehydration degree curves for different montmorilloni-
tes converted into the Ca-form (Fig. 7) show that the second stage of dehydration be-
gins when the dehydration degree a = 0.81is attain'ed., and therefore comprises ab&gt
20% of interlayer water. It can be observed as a distinctly separate stage for the Mi-
lowice and Chmielnik montmorillonites, i.€. the ones characterized by ‘the §mallest
electric charge of the tetrahedral sheet. Itis less pror_:ounced for motmorillonites tha(;
have a somewhat greater charge (Fintice and Russian), whereas for nontronite an
beidellite, which show a great charge in the tetrahedral sheet, the inflexion corre-
sponding to this dehydration stage is very slight. This means that although thcteh ooll(x‘rs(ei
of dehydration of smectites depends in the first place, as1s generally hel(_i, on > © - 1trl11
of interlayer cation, the effect of these cations is modified by the electric field of the
tetrahedral sheet of a layer.
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Fig. 7. Dehydration rate versus dehydration degree
for different montmorillonites converted
into Ca-form
| —Chmielnik, 2 — Milowice, 3 — Russian, 4 —Fintice, 5 — be-

010203040506070809 10 < idellite, 6 — nontronite

This statement is substantiated by the dehydration rate vs. decomposition degree
curves obtained for Mg-montmorillonites (Fig. 8), as the pronounced third dehydra-
tion stage can only be seen on the curves for montmorillonites with the charge of the
tetrahedral sheet close to zero (Chmielnik, Milowice). As the charge of the tetrahe-
dral sheet increases, the dehydration rate maximum of the second stage shifts to-
wards lower a values. Beidellite and nontronite show one-stage dehydration only.

[t appears, therefore, that the electric field generated by the charges of the tetra-
hedral sheet slackens the reaction between the interlayer cations and water molecu-
les, thus affecting the process of their dehydration. This thesisis further supported by
the tendency of dehydration temperature (DTA peak temperature) to decrease with
the increasing unsaturated charge of the tetrahedral sheet (Table 4).
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Fig. 8. Dehydration rate versus dehydration degree (3

_for different montmorillonites converted
into Mg-form 02

I ~ Chmielnik, 2 ~ Russian, 3 — Fintice, 4 — beidellite, 5 — 145

o . a - Y
o e e 0102 0304 0506070809 10 °C
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; : Table 4
Dehydration temperature for smectites with different interlayer cations

Charge of tetrahedral
Smectite Exchangeable Dehydration sheet per unit
cation temperature chemical formula or
half unit cell
A Ca 130,180
Chmielnik Mg 105,155,220 0.00
Na 135
K 110
3 Ca 130,180
Milowice Mg 105,150,220 -0.09
Na 120
K 105
Ca 140,190
Russian Mg 105,150,200 -=0.13
Na 125
K 105
Ca 120,180
Fintice Mg 105,125,200 -0.17
Na 120
K 100
Ca 110,170
Beidellite Mg 115 not determined
Na 110
K 105
Ca 100,160
Nontronite Mg 100 -0.43
Na 100
K 90

Dehydroxylation kinetics of smectites :

The dehydroxylation of smectites is reflected by a.smgle endothermic peak at
about 700°C on DTA and DTG curves. It has been noticed that the maximum tem-
perature of dehydroxylation reaction has the lowest values for smectites containing
the potassiumion ininterlayer spaces. On the other hand, thereisno distinct cor.rela‘-
tion between dehydroxylation temperature and the kind 'ofother.mterlayer cations.

The TG analysis of different ionic forms of the smectites studied has shown that
for the same smectite, the kind of exchangeable cation has no e?ffect on the amount Qf
hydroxyls removed on heating. The content of water combined as OH groups in
smectites is lower than theoretical and averages 3.5 wt. %, depending on 1somorph1c
substitution in the structure. The main determinant of the actual content of this water
seems to be the extent of isomorphic substitution in the octahedral and tetrahc?drhal
sheets and the resulting charge of the layer. The increasing charge decrease’s} e
amount of water removed during the second endothermic reaction, also decreasing
the dehydration temperature (Fig. 9).

The removal of OH groups from smectites is a one-stage process, irrespective og
the kind of exchangeable cation. For the Rudno smectite alone, which is a mixture 0
two minerals, two intersecting curves were obtained for the Mg- and Ca-forms, poin-
ting to two stages of dehydroxylation. This is because saponite decomposes at a so-
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Fig. 9. Hydroxyl water content versus

0 layer charge in smectites

01 02 03 04 05 06 07 charge of layer

mewhat higher temperature than montmorillonite, and the DTA peaks of the two
minerals overlap only partially. It also seems that the kind of exchangeable cation has
no marked effect on the apparent activation energy of dehydroxylation (Table 3). Ir-
respective of the kind of exchangeable cation, the apparent activation energy of de-
hydroxylation is lower for smectites than for minerals of the kaolinite series.

The relationship between the dehydroxylation rate and the degree of decomposi-
tion of smectites is presented in figures 10 and 11. It will be seen from the plots that
the interlayer cation does have some effect on dehydroxylation. For example, the
curve for the Chmielnik montmorillonite shows that when Mg, Ca or Na is the inter-
layer cation, the maximum dehydroxylation rate is attained at o ~ 0.75; however,
when the interlayer cation is K, this maximum shifts to 0.65. This means that dehy-
droxylation rate begins to decrease already at a lower degree of decomposition of
montmorillonite.

The dehydroxylation rate vs. a curves for different montmorillonites saturated
with potassium cations show that there is a relationship between the shift of the de-
hydroxylation rate maximum and the charge of the tetrahedral sheet. This shiftis in-

v |29 of water
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02
Fig. 10. Dehydroxylation rate versus decomposi
E Si-
tion degree for the Chmielnik monlmp:ﬁl- oy
lonite containing different exchangeable
cations

/' =Na,2 -K,3 - Ca, 4 - Mg

01 0203 040506070809 10 <
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Fig. 11. Dehydroxylation rate versus decomposi-
tion degree for montmorillonites converted
into K-form
| — nontronite, 2 — Milowice, 3 — Chmielnik,

4 — beidellite, 5 — Fintice, 6 — Russian

01020304 0506070809 10 X<

significant for montmorillonites characterized by a small charge (Chmielnik, Milowi-
ce) and very pronounced (to a ~ 0.5) for beidellite and nontronite, which have the
greatest charge.

The slower rate of dehydroxylation of montmorillonites under the influence of
potassium can be accounted for by potassium closing the interlayer spaces and ma-
king the structure of montmorillonite similar to that of mica, thereby hindering the
removal of water being formed in this process.

DISCUSSION

The thermal properties of smectites are determined by the kind of exchangeable
cations in the interlayer spaces, and the type and extent of isomorphic substitution
within the layers. Depending on the kind of interlayer cation (valency), dehydration
is a process involving one or several stages. This can be accounted for by the succes-
sive removal of water forming hydration layers and loosely bound in the structure of
montmorillonite, and subsequently of water forming the hydration sheaths of ca-
tions. There seems to be no correlation between the apparent activation energy of
dehydration and the kind of exchangeable cations. The process of dehydration of
smectites is also determined by the electric field of the tetrahedral sheet, which slac-
kens the reaction between the interlayer cations and water molecules (a decrease in
the temperature of DTA dehydration peak). As the charge of the.tetrahedral sheet
increases, the maximum rate of the second stage of dehydration shifts towards lower
« values. The amount of water released during dehydration depends on the kind of
exchangeable cation and the charge of the tetrahedral sheet. Insmectites with a small
or medium (0 — 0.2) charge of the tetrahedral sheet and containing calcium as 't’tle ex-
changeable cation, the water loss varies Over a narrow range, averaging 16 wt.%. F?r
beidellite and nontronite, which have a charge of 0.43, it is less, being 12 and 19 wt.%
respectively. The increase in charge of the tetrahedral sheet from 0 to 0k red;xfe.s by
half the amount of interlayer water when strongly hydrated Ca™ or rvlg. ions
occupy the exchange positions. In the presence of the weakly hydrated Na* ion, the
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above increase in charge reduces down to 30% the amount of water that can be ag-
comodated in the interlayer spaces of montmorillonite showing no substitution in the
tetrahedral sheet. ; : : :
The dehydroxylation of smectites is a one-stage process, irrespective 'of the km.d
of cxchangcéblc cation. Its maximum temperature is the lowest for smcctltc.s‘ contai-
ning the potassium ion in the interlayer spaces. On the other hand, there is no ob-
vious correlation between dehydroxylation temperature and the kind of other inter-
layer cations. When the exchangeable cation is \, the dehydroxylation rate maxi-
mum shifts towards lower a values. This effect of potassium on the dehydroxylation
rate of smectites can be accounted for by potassium closing the interlayer spaces, the-
reby making the structure of montmorillonite similar to that of mica. The shift of the
dehydroxylation rate maximum towards lower a values depends on the charge of the
tetrahedral sheet. The amount of water removed in the form of OH groups averages
3.5 wt.% and depends on the layer charge. The increasing charge reduces this amo-
unt, also decreasing dehydroxylation temperature. There is no correlation between
the kind of exchangeable cation and the amount of water released during the dehy-
droxylation of smectites. ;

Translated by Hanna Kisielewska
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Irena WACLAWSKA

DEHYDRATACJA 1 DEHYDROKSYLACJA SMEKTYTOW
I. KINETYKA DEHYDRATACJI I DEHYDROKSYLACJI

Streszczenie

Kinetyka procesu dehydratacjii dehydroksylacji smektytow jestuwarunkowana
rodzajem kationow w ich przestrzeniach miqdzypaklctgwych oraziloscia i I’OdZZl]LTm
podstawien izomorficznych w pakietach i wynikajace] stad wlclkosg ich tadunku.

Do badan wybrano smektyty rozniace sig tadunkiem pak:etl‘l.’lit(_)rc p’zzepmwa-
dzono w formy monojonowe, nasycajac je kationami Na ks @as Mg™". Krzywe
TG i DTG wykonane na termoanalizatorze TA-2 firmy Mettler pos uzyly d(} okre-
slenia ilosci wody oddanej w procesie dehydratacjii dehydroksy,lac]l smektytow, jak
rowniez do wyznaczenia parametrow kinetycznych tych procesow metoda Freema-
na-Carrolla oraz Pitojana-Nowikowej. . 5 :

[los¢ wody oddawanej w czasie dehydratacji zalezy od rodzalu kationu wymlcn;
nego oraz fadunku warstwy tetraedrycznej pakietu. Dla smektytow o tadunku 0_0.'._
wobec Ca®t jako kationu wymiennego jej zawart_oﬁé wynosi srednio 0}(0{_(? 16%
wag.. Wzrosttadunku warstwy tetraedrycznej do 0.5 zmniejsza do potowy ilos¢ wody
migdzypakietowej gdy w pozycjach wymiennych znajduja sig silnie zhydratyzowane
kationy Ca*" lub Mg?". W obecnosci jonu Na*, wspomniany wzrost tadunkuzmniej-
sza do 30" ilos¢ wody migdzypakietowej. W zaleznosci od rodzaju kationu w prze-
strzeniach migdzypakietowych proces dehydratacji przebiega jedno- lub kl”\'}!SI(?-
pniowo. Nie stwierdzono wyraznej zaleznosci miqdzy wartoscia pozornej energil fll\‘-
tywacji dehydratacji, a rodzajem kationow wymnennych. Ladgnek warstwy tetg_ui
drycznej pakictu ostabia oddziatywanie kationow migdzypakietowych na d.rt)" |‘ny
wody, co przejawia si¢ obnizeniem tcmperatury'.dehydratac_u oraz pl’ZCsU'I‘Ilg[:L‘I'Lnl
maksimum szybkosci drugiego etapu dehydratacji w strong mniejszych wartosci a.
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llos¢ wody oddawanej w tormie grup OH w smck[ytzlch. wynus? srcdqio 2,99
wag. i ulega zmniejszeniu wraz ze wzrostem tadunku pakictu. Nie stwierdzono
wplywu rodzaju kationu wymiennego nailos¢ wody oddawanej w czasie dch ydm‘ksy—
lacji smektytow. Proces dehydroksylacji smektytow, niezaleznie oc_l rodza_]q katmn.u
wymiennego, przebiega jednostopniowo, a temperatura jego maksimum osiaga naj-
nizsze wartosci jedynie w obecnosci potasu jako kationu mlqdzypuklct()w'cgo.
W obecnosci potasu zaobserwowano rowniez przesunigeie maksimum szybkosci de-
hydroksylacji smektytow do nizszych wartosci a, co mozna ttumaczy¢ tym, ze potas
zmniejszajac szybkos¢ dehydroksylacji zamyka przestrzenie migdzypakietowe
i upodabnia strukture smektytu do struktury miki.

OBJASNIENIA FIGUR

Fig. 1. Termogram montmorillonitu Milowice, przeprowadzonego w forme¢ wapniowa

Fig. 2. Termogram montmorillonitu Milowice, przeprowadzonego w forme potasowa

Fig. 3. Termogram montmorillonitu Milowice, przeprowadzonego w forme magnezowa

Fig. 4. Zaleznos¢ zawartosci wody migdzypakietowej od tadunku warstwy tetraedrycznej smektytow
/' — Cai Mg-smektyty, 2 — Na-smektyty

Fig. 5. Zaleznos¢ Pitojana-Nowikowejdlawyznaczenia energii aktywacji dehydratacji montmorillonitu

Chmielnik, zawierajacego rozne kationy wymienne
/ — Mg 2 -Ca3 -Ki4 - Na

Fig. 6. Zaleznos¢ szybkosci oddawania wody hydratacyjnej od stopnia odwodnienia montmorillonitu
Chmielnik, zawierajacego rézne kationy wymienne
/ —Na,2 - Ca,3 - Mgi4 - K

Fig. 7. Zaleznosc szybkosci oddawania wody hydratacyjnej od stopnia odwodnienia réznych montmo-
rillonitow, przeprowadzonych w forme wapniowa
/ — Chmielnik, 2 — Milowice, 3 — Rosyjski, 4 — Fintice, 5 — beidellit, 6 — nontronit

Fig. 8. Zaleznosc szybkosci oddawania wody hydratacyjnej od stopnia odwodnienia réznych montmo-
rillonitéw, przeprowadzonych w forme magnezowa
/'~ Chmielnik, 2 — Rosyjski, 3 — Fintice, 4 — beidellit, 5 — nontronit, 6 — Milowice

Fig. 9. Zaleznosc zawartosci wody hydroksylowej od tadunku pakietu smektytu

Fig. 10. Zaleznos¢ szybkosci dehydroksylacji od stopnia rozktadu montmorillonitu Chmielnik. zawiera-
jacego rozne kationy wymienne
; /I — Na,2 K,3 - Ca, 4 - Mg
Fig. 11. Zaleznos¢ szybkosci dehydroksylacjiod stopnia rozktadu montmorillonitow, przeprowadzonych

w formg potasowa
/ nontronit, 2 — Milowice, 3 — Chmielnik, 4 — beidellit. 5 — Fintice, 6 - Rosyjski

Upera BALITABCKA

AETMOPATAUMA U NETMAPOKCUNALUMA CMEKTUTOB
I. KWKHETUKA OETMAOPATALIMU U AETMOPOKCUNALUM -

Pesiome

Kunetuka npouecca aernapataumm Y AerMApOKCUNaLUKN CMEKTUTOB 06y C-
N10BMIEHa BUAOM KaTUOHOB B UX MeXNaKeTHbix NPOCTPaHCTBAX, a TakXe KONN-
HECTBOM W BMAOM M3OMOPMDHbLIX 3aMewweHmnit B nakeTax BO3HUKAIOLWEN B
CNeACTBME 3TOrO BeNUYUHbI 3apaaa. [na uccnenoBaHuii Gunu oToOpaHbl CMEK-
TWTbI, OTNIMYalOWMECA 3apAAOM nakeTa, KOTOpbI€ 6biNU NpuBEAEHbI K MOHO-
MOHOBbLIM (DOPMaM NyTem HachlilEHUA UX KaTMOHaMM INa@RSP CatiV oéis
Kpuebie TG TG, BbINONHEHHble Ha TepmoaHanuaatope TA-2 clbmprlu MetT-
I€p, Aann BOSMOXHOCTL ONPEASNUTL KONUYECTBO BOAbI, OTAAHHON B Npo-
uecce aermapataunv u germapokcunauum CMEKTUTOB, a Tak>e OnpeaennTs
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KMHeTWyeckme napameTpbl 9Tux npoueccos no metroay ®pumara-Kaponna
n MunosHa-HosukosoMn.

KonuyectBo BoAbl, OTAaBaeMoe B npouecce Aernapartauuu, 3aBUCUT OT
BMAa 06MEHHOro kaTuoHa W 3apAaa TETPasapUYeckoro cnosA nakerta. Ana
cMeKkTuTOB ¢ 3apAAom 0-0,2 n o6mMeHHbIM kaTnoHom Ca?* ee coaepaHue coc-
TaBnAeT B cpeAHem okono 16 Bec.%. Y BenuyeHune sapaga TeTpasapuUyeckoro
cnon Ao 0,5 Bbi3biBaeT yMEHbLUIEH e KONUYecTBa MeXNakeTHOW BOAbl Hanoso-
BUHY, KOr4a O6MEHHbIMU KaTUOHAMU ABMAIOTCA MHTEHCUBHO MMAPATU3UPO-
BaHHble kaTnoHbl Ca?" nnu Mg?*. B npucyTtctBun noHa Na* BospacraHue 3a-
pAAa Bbi3bIBAET YMEHbLIEHNE KONUYecTBa MexnakeTHon Boabl Ha 30%. B 3a-
BWCMMOCTU OT BMAA KaTMOHa B MeXMNakeTHOM MpOCTPaHCTBE MPOLECC Aeru-
Apataunun 6biBaeT 0OAHO- UNU HECKOMbKOCTyMeHYaTbii. He o6HapyxeHo yeT-
KON 3aBMCMMOCTU MeX Ay BEMYUHON MHUMOW SHEPTMM aKTUBaLMM Aernapa-
Tauuu 1 BUAOM 0B6MEHHbIX KaTUOHOB. 3apAa TeTPasapUYEecKoro CNoA nakera
ocnabnaet AencTBMe MeXMNaKeTHbIX KATUOHOB Ha MOJIEKY bl BOAbl, 4TO Xapak-
TEPU3yeTCA MOHWKEHWEM TemnepaTypbl Aerwgpartauuv v nepemeuieHnem
MakCUMyMa CKOPOCTU BTOPOTrO 3Tana AervapaTaunmn B CTOPOHY MEHbLINX Be-
NUYUH a.

KonnyecTtBo BoAbl, oTaaBaemol B hopme rpynnbl OH B cMekTUTax, cocTa-
BNAeT B cpeaHem 3,5 Bec.% 1 NOANEXUT YMEHbLIEHUIO MO MEPE YBENUY EHUA
3apAfa naketa. BnuAaHnAa Buaa o6MEHHOro KaTMoHa Ha KOMUYECTBO BOAbI,
oTAaBaemMol B rnpouecce AerMapokcunaumm CMekTUTOB, He OB6Hapy>XeHo.
Mpouecc aernapokcunaLm CMeEKTUTOB, He3aBUCUMO OT BUAA OBMEHHOTO Ka-
TWOHA, OAHOCTYNEeHYaTbi, a TeMnepaTypa ero MakCMMyma AOCTUraeT cambix
HU3KUX BEMTMYUH TOMbKO B MPUCYTCTBUWU KanUA Kak MEXNaKeTHOro KaTuoHa.
B npucytctBuM kanua Habnoganocb nepeMelleHne MakCumyma CKOpPOCTU
AernapokcunaumMm CMekTUToB K 6onee HU3KUM BETMYMHAM «, H4TO MOXEeT
0B BACHATLCA TEM, YTO Kanui, yMeHblas CKOPOCTb AErMAPOKCUIaLun, 3ambl-
KaeT MeXnakeTHble MPOCTPaHCTBA U Bbi3biBaeT CXOACTBO CTPYKTYPbl CMEKTU-

TOB CO CTPYKTYPOW CNtOAbI.

OBbACHEHUA K OUTYPAM

®ur. 1. TepmorpaMma MOHTMOpPUNOHUTa U3 Munosnu, NpUBEAEHHOTO B Kanbunesyio hopmy

®ur. 2. Tepmorpamma MOHTMOPUNNOHUTa M3 Munosuu, NpMBEAEHHOTO B Kanuesyto dhopmy

Our. 3. TepmorpaMmma MOHTMOPUNNOHUTA U3 MUNOBUL, NPUBEAEHHOTO B MarHueByo popmy

®ur. 4. 3aBUCMMOCTb COAEP>KaHUA MEeXMakeTHOW BOAbl OT 3apAAa TeTpadApUYEeckoro Cnos
CMEKTUTOB

®ur. 5. 3aBucumocTs MunoaHa-HoBMKOBOW ANA ONpeAeneHna IHeprum akTuBaummn aernapara-

LMK MOHTMOPUANOHUTA U3 XMenNbHUKaA, COAEPXKaLLero pasHble 0OMeHHble KaTUOHbI

7-Mg,2-Ca 3- K 4-Na 2

®ur. 6. 3aBUCMMOCTb CKOPOCTU OTAAYM rMAPaTaLUMOHHOW BOAbI OT CTENEHU 06e3BOXEHNA MOH-
TMOPUNNOHMTA U3 XMenbHWKa, coAepXaluero pasHble 06MeHHbIe KaTUOHbI.
7 —Na,2-Ca, 3-Mg, 4-K 3

®ur. 7. 3aBUCMMOCTb CKOPOCTW OTAAYM FMAPATaUMOHHON BOAbI OT CTENeHN 06e3BOXEHUA pas-
HbIX MOHTMOPUINOHUTOB, NPUBEAEHHbIX B Kanbunesyo Gopmy
7 — XmenbHuK, 2 — Munosuue, 3 — Pycckui, 4 — OQuntiue, 5 — Bgﬂnennm, 6 — HOHTpOHUT

®ur. 8. 3aBUCHMOCTb CKOPOCTU OTAAYM rMApaTauMoHHOW BOAbI OT CTENEeHU 06e3BOXEHUA pas-

; HbIX MOHTMOPUNOHUTOB, MPUBEAEHHbIX B MarHuesyto hopmy

7 — XmenbHuk, 2 — Pycckuit, 3 — Ountuue, 4 - Beﬁnennw:, 5 — HOHTPOHUT, 6 — Munosuue
®ur. 9. 3aBMCUMOCTb COAEPKAHNA TMAPOKCUI0BOW BOADI OT 3apAAA NakeTa CMeKkTUTa
®wr. 10. 3aBUCMMOCTb CKOPOCTU AGrMAPOKCUNALUW OT CTENEHWN Pa3NOXEHWA MOHTMOPUINOHWTA
; 13 XMenbHUKa, COAePKaLero pasHble 06MeHHbIe KaTUOHbI
7 -Na 2-K 3-Cad4-Mg
3aBUCUMOCTb CKOPOCTU AETNAPOKCUIAUNN OT CTENEHU Pa3NOXKEHUA MOHTMOPUNNOHM-

T 10 hopmy
npuBeAeHHbIX B Kanuesy
ToB, Npl A XmenbHuk, 4 — benaennur, 5 — Ountuue, 6 — Pycckui

DQur. 11.

7 — HoHTtpohut, 2 — Munosuue, 3 -

107



