
Silikáty 27, s. 19-29 ( 198:1) 

STANDARD GIBES ENERGY CHANGES AND PARTICLE SIZE 

DISTRIBUTION FO R THE Na-Ca EXCHANGE 

EQUILIBRIUM IN THE MONTMORILLONITE -
-WATER SYSTEM 

ZDENĚK BOROVEC 

Department oj Petrology, Charle8 UniverBity, Albertov 6, 128 43 Praha 2 

Received 11. 1. 1982 

The exchange reaction between the Bingle charged Na and the double charged Ca

on the bentonite jrom Braňany ha8 an endothermie character with /10° = -0.398 
kJ /mol eq*. The &electivity coefficients are not constant within ihe entire oe,cupat
ion oj the BUrjace by exchange catione. This property is prevailingly due to the 

jormation oj tactoids. It ha8 been jound on the basis oj the activity coejficient8 
oj the ions bound on the surjace oj montmorillonite that the adsorption energy 
depends on the character oj the surface. The increase of selectivity for Ca2+ oj 
mineral in an area where thi8 cation is widely distributed on the surjace is 
probably caused by lhe presence oj active centres with unequal bond energy. 

INTRODUCTION 

Some phenomena in the suspension of montmorillonite, such as colligative pro
perties, viscosity, swelling etc., are influenced by the si ze of floccules. According to 
the theory of flocculation, the stability of lyophobic colloids mostly depends on the 
values of attraction and repulsion forces acting between the particles of the system. 
These forces are composed of the London-van der Waals attraction force, the 
magnitude of which is rnainly praéticaBy independent of the electrolyte concentra
tion, and of the repulsion force depending on the electrolyte type and concentra
tion. This repulsion force is a direct result of the presence of electrostatic fields 
surrounding the colloid-size clay particles. 

In order to understand the nature of the exchange reaction between the Na+ 

and Caz+ ions on the surface of montmorillonite and the influence of these cations 
on the flocculation of the suspension, standard Gibbs energy changes and the 
part.icle size distribution during an exchange reaction have been determined. 
Although the value of standard Gibbs energy change does not give direct informati
on on the reaction mechanism, it is po13sible to use it to calculate the sarne value for 
a further cation exchange - in so far as a certain model of exchange reactions 
is assumed. The thermodynamics of Na-Ca exchange reactions on montmoril
Ionite, and the influence of these cations on flocculation of the suspension have 
been subject of a number of studies [1--61-It has been found that it is not possible 
to compare the thermodynamic data obtained for diverse minerals, as there exist 
hitherto unknown difforcnces in the manifostations of the changes on the tetrahedra 
and octahedra, and therefore also impcrceptible changes in the &G0 values. 

•) The abbreviatfon "mol eq." (or "mmol eq.") use<l in this article means moles (or milli
moles) of chomical cquivalc-nt,; (Parlier dcsignated as "<"q.'' or "mcq."). 
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EXPERIJ\IENTA L 

Bentonite from Braňany ncar Most in West Bohemia was uscd for tlw study. 
In an aqueous 11,edium, the fraetion of ( I µm was separated. It contained 80 
mass % montmorillonite, 10 mass % kaolinite, 2 mass % quartz, 2 n·ass % calcite, 
3 rnass % anatase and 3 mass % lepidocrocite. The cation exchange capacity of 
Li-montmorillonite was 85 mmol eq. /100 g, and the specific surface determined 
by the ethylene glycol monoethyl ether retention method was 630 m2 . g-1. The 
charge deficiency of thc montmorillonite structure is due to the isomorphous sub
stitution of Fe, Mn and Mg atoms for aluminium in octahedra (-0.473), and of 
aluminium for silicon in tetrahedra (-0.290), so that the following holds: 

(Sh.no Alo,290) (Ali,697 Fe3;s
30 

Fe5:iJ22 Mno.010 Mgo,441) 

(Mgo,m Cao.01s Nao.o46 Ko.o�6) 020 (OH)4, 

An higher Fe3+ content in the structure of montmorillonite has also been con
firmed using the DTA method, according to the shift of the endothermie peak to 
530 °C. The parameters of the montmorillonite structure from the X-ray analysis 
are a0 = 0.5165 mu, b0 = 0.895 nm, V= 443.6 X 10-24 cm3

• The calculated den
síty of the montmorillonite is 2.829 g.cm-3

• The structure parameters from the 
crystallochemical formula are a0 = 0.520 nm, bo = 0.901 nrn, V = 450.0 X 
X 10-24 cm3, the specific snrface being 747 m2.g-1. The ideal parameter for a hexa

gonal network btetr = 0.909 nm, the rotational shift of the tetrahedra by an angle 
cc of 10°08'. The theoretical value of the cation exchange ca paci ty of the pure mont
morillonite is 101 mmol eq. /100 g. 

M e thods 

After the substitution of  the exchange cations by sodium, the bentonite from 
Braňany was peptized, and the ( 1 µm fraction was separated by centrifugation 
and dccantation [7]. The reserve suspension contained 3 mass % of the fine fract
ion of bentonite. The Ca-montmorillonite was prepared from Na-montmorillonite 
in a similar way [7]. The basa! distance (d001) of the rnontmorillonite was detem1i
ned using the X-ray diffraction method frorn the preparates made by sedimenta
tion from 3 mass % suspension, and by subsequent drying at 20 °C and 35 mass % 
relative humidity. 

In order to perceive the course of the exchange reaction, homoionic montmoril
lonite in the Na- or Ca-forrn was weighed into small polyethylene vessels conta
ining 50 ml of a mixed solution NaCl and CaCl2, these components being present 
in various ratios, but always at an equal total concentration (in mol eq. per litre). 
Thc cxchange reaction was oarried out at 2.5 ± 0.2 °C, the total concentration of 
thc solution being 0.01, 0.005 and 0.002 mol eq. per litre, and pH 7 .O. The suspen
sion was agitated with a high-speed electric mixer and then shaken continuously 
for one week. After this time, both phases were separated by centrifugation at 
G = 2400 (1-3 h), the temperature being kcpt constant all the time. In the solu
tion, thc respective contents of both cations werc analyzed; the content of the 
cations bound hy tlw solirl pha"e was determined by a three times rcpeated e:x:trac
tion of 30 ml CH3COONH4 the concentration of which was 1 moI.1-1, and also by 
thcir dctcrmination. 
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