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ABSTRACT KEYWORDS
The conductivity of polarisation was measured at equilibrium with a water Bentonite;
vapour pressureranging from 1kHz to 1IMHz; thetemperature was maintained Hydratation;
constant at 298°K all along this study. The measurements were then Adsorption;
monitored by the rel ative water vapour pressure (P/Po). We noticethat water Conductivity;

adsorption creates in the sample a significant increase in dipole humber.

Protonic conductivity.

This study allows showing transport proprieties in these disorder solids.
During bentonite hydratation and under the influence of compensator cations
(Nat+ and Cat+), the swelling phenomenon affects considerably the

conductivity.

INTRODUCTION

Thebentonitesarewd | known materidssincevery
long times, the basic structureistridimensionna made
of superpositioned layers. Theunit cell ismonoclinic
with two patternswhose crystalline parametersareas
thefallowing:

a=52\A ; 8,8 A<B<9,2 A ; 95°C<B< 100°C

Theparameter (C) isnot constant and depends of
thenatureof compensator cation and the quantity of
water adsorbed, the distance between the sheets is
hencevariableinthedirection[001], at dry statefor the
bentonites, itisintherange 9,4 et 10? . Each crystal
consistsof tensof sheetsthat determinethe adsorption
properties, whichare often smilar tothose of colloids.
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Thebentonitesareswelling clays characterised by
one sheet that cons stsof an octaedriclayer incorporated
between two tetraedriclayers (figure 1a) and anumber
of water layers. We have carried out in thiswork a
comparative study by the conductivity measurements

SNSRI
T T T N
Heo  HyO Hab
SN NSNS
T T N O T

substitution de Al
far Mg etFe

Hooo H.© cafMa | aa
IV AVAVAVAVAVAY, d'_f:_:l';"j 1‘f‘£‘
A AWAVLY g =E

Ho D Calka  HyO

Figurela: Show theoctaedricand tetraedric sequences
in abentonite
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The adsorption kinetic can last 15heures.
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Figure1b: Theconductivity measurement set up asafunction of thewater vapour pressure

TABLE 1: Chemical composition (w %) of theoriginal clay

S0, Al,O; FeOs MgO TiO, NaO K,0 CaO i"loél
2VY3

6536 13 229 211 0,19 155 155 448 5,02
TABLE 2: Chemical composition (%) after exchange

Elements Si Al Na Ti Ca Fe Mg K
Bentonite- Na 21,30 9,50 1,65 0,08 0,70 2,35 1,30 0,40
Bentonite- Ca 20,35 8,50 0,10 0,05 3,05 240 160 1,35

of abentonite polarisation exchanged in sodium then
cddum.

Wehoped to extend thisstudy to seethefundamenta
mechanismswhich areinvol ved during water vapour
adsorption. To thisend, modelsof interpretativetype
wereimplemented to takeinto account these phenomena

EXPERIMENTAL

The material used is abentonite of the Algerian
North West, thechemica analysesisgivenin TABLE
1. Thematerial undergoesanumber of treatmentsin
order todiminateimpurities; the product obtained that
istheclay fraction of sizelessthan 2um is saturated by
asolution 1M of NaCl (test AgNO3), one part of the
prepared clay istransformed into cal careousclay inthe
same way. The results are shown in TABLE 2. The
samplesareintheform of thin films(thickness of the
order of 0,3mm) dried then placed between two copper
electrodesinsidethemeasurement cell.

Thesetissimilartoan RC circuitin parallel. An
alternating signal of agiven frequency isappliedis
followed by a response supplied by an impedance
analyser that alows to monitor the values of the
conductance and the capacitance. Theexperimenta set

upisillugtratedinfigure 1b.

Thewater cylinder isisolated fromthecd | by means
of ametallicvaveuntil full degassingisachieved. The
cylinder is placed in liquid nitrogen. The hole
system(cylinder and cell) isdegassed and pumped until
a vacuum better than 10-3 torr is obtained(valve
opened). Whenthispressureisreached thecell isagain
isolated from the cylinder and will be placed in a
cryostatic bath which maintains the temperature
between(-25 and +16°C+5°C), hencethetemperature
determines the water vapour pressure to which the
sampleswill be submitted. When the cylinder and the
cell aremadein contact we can then have accessto the
electric property asafunction of P/Poratio.

P: saturation vapour pressureat thesample temperature; Po
> water vapour pressureat equilibriumwith thesample

EXPERIMENTAL RESULTS

Thefigure2 and 3illustrate the variations of the
conductivity as a function of relative water vapour
pressure (P /P0) at 298°K between 1KHz et IMHz
for sodic and ca careous bentonites; the measurements
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Figure?2: Variation delaconductivitede polarisation en
fonctiondela pression relative de la vapeur d’eau a
differentesfrequencespour unebentonitesodium
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Figure3: Variation delaconductivitede polarisation en
fonction dela Pression relative de la vapeur d’eau a

show that aconductivity of polarisation’(w) appears
when the samplesare submitted to an dternating dectric
fidd.

Itismoreoftenlinked to thefield impul seimposed
by therdation:

o’(0) =A(T)o®

Theconductivity increaseslinearly inalogarithmic
scale, where Sisthegradient. Theconductivity isdue
to atransport of chargesby hopping between localised
siteg?3, Referenced*® suggest that current transport in
claysisattributed to protons movements between the
defects, we madethe s mplified assumption of protons
movement at the clay surface asadiffus on movement
[6-8]

We can estimate the pol arisation conductivity due
to adsorbed water(®13,

e[ € 1 o Padr
¢'(0)= 811:N2—[—][—] [0} _[

3 SWM To 10 0)12
N: number of sites; WM: activation energy ; (o) : angular
frequency; t: relaxationtime; 1o : theinverse of proton vibration
frequency trapped in the site; € : dielectric constant; f = 2kt/

WM

DISCUSSION

For sodicbentonite(figure 2), inthefrequency range
studied, we notice that for relative water vapour
pressures (P/Po<0,1) the conductivity variesinalinear
manner with the P/Poratio. Inthiscase, the sheetsare
still not opened.

Thewater isfound localised betweeninterreticular
spaces, we seeadsorption of particleson the boundary
and lateral surfaces. Thisstateiscaled “macro swell-
ing”.

When (0,1<P/P0<0,3) a step-like behaviour ap-
pears, whichindicatesthe opening of sheets, thewater
isfound trapped between inter-foil and doesnot con-

tribute to the conducti on phenomenon, thefilling con-
tinuesuntil afirst water layer isobtained. Thisstateis
caled “micro swelling”.

Inthe case of calcareous bentonite (figure 3), the
sheetsopening occursintherange (P/Po< 0,1) where
water isfound |ocali sed between the sheets and does
not participateto the conduction phenomenathat |eads
to existence of astep. When (0,1<P/Po<0,3), the con-
ductivity increaseswith P/Poratiointhesamefrequency
range. Inthiscasewater doesnot affect inter-foil paces
andislocalised on theboundary and lateral sheet sur-
faces.

CONCLUSION

During exchanges by monovalent cations (Nat),
hydratationwater isfixed on oxygen atomsforming the
boundary layersof sheetsin acontinuous manner. We
notice often, in the case of sodic bentonite a shift of
sheetsof theorder of 12,5A

Corresponding to water layer. Themonoval ent cat-
ionsarenot incorporated in hydratation layersbut re-
mainfixedin hexagona cavitiesof the sheets.

The calcareous bentonitegivesdirectly two water
layers, hydratation continues until the spacing of the
sheetsreaches 15,4A. Corresponding to two water lay-
ers, inthiscase, hydratation water isfixed around the
cation, inter-foil water isarranged in molecular plane
layerswith a succession of hydrates at one, two and
threesuccessveequidistant molecular layerg(12,5 15,5
18,5A) with spacing equals to 3A, which is equivalent
to awater layer thickness.
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