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ABSTRACT

Geosynthetic clay liners (GCLSs) are used in lahdfier applications and there is a need for a
better control of the features of the bentonit¢hien GCL received on site, particularly in the
European context where a wide variety of bentorgsgsbe encountered. This paper presents
the results of a project aiming at a rapid idecdifion of the nature of the bentonite in a given
GCL. The interaction between the bentonite and fln&l is increased by producing
dispersions then testing its structuration in e a few hours with filter press tests and
flow curves. The results of those tests are inttesk with swell index tests, electrical

conductivity values and oedopermeametric tests.
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Eight GCLs containing contrasted bentonite areistudThe two GCLs including
natural calcium bentonite present poor swellingpprtes and high permittivities. The
dispersions have low viscosity and their filtrationder pressure leads to large amounts of
filtrate. The two natural sodium bentonites and fimgr activated calcium bentonites have
close permittivities, swell indices and filtrate $sas. However, their rheological behaviours
are different due to a difference in the valueslettrical conductivity. Thus it seems that
electrical conductivity measurements and rheoldgists will provide a good and fast way
of identifying the nature of the bentonite contaime GCLs.

Keywords: bentonite, cation exchange, dispersienntivity, viscosity, yield stress

1 INTRODUCTION

Geosynthetic clay liners (GCLs) typically associatbed of granular or powdered bentonite
between two layers of geotextile. For landfill loott liner applications in France, sodium
bentonite is primarily used in GCLs, meaning thaisipredominantly sodium ions which
constitute the exchangeable cations of the bemtofMEEDDAT, 2008). Sodium as the
exchangeable cation may be the result of naturalogecal processes, as for Wyoming
Sodium bentonite, or else the result of an actiwapirocess whereby calcium bentonite is
mixed with e.g. volcanic soda ash, to force theNaaexchange. These materials are named
sodium-activated calcium bentonites. Because ttm tbentonite” is an industrial and not a
mineralogical term, the quality of bentonites uge®CLs for landfill applications may vary
to a large extent. Bentonite is a mixture of a etgriof minerals, the predominant mineral
being smectite clay (Patterson and Murray 1983).

The smectite confers to the bentonite its swellpmgperties and its low hydraulic
conductivity. Because smectite has a stronger tbeymamic affinity for divalent cations

(primarily calcium and magnesium) than for soditdin@ bentonite of GCLs may exchange its
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sodium for other cations if they are present in fin@s with which the GCLs come into
contact (Egloffstein 2001).

Guyonnet et al. (2009) show how making the diffeeelvetween a natural sodium
bentonite and a sodium-activated calcium bentomtey be difficult, even for the GCL
supplier. It is thus necessary to define a methaigloto identify each bentonite type. The use
of GCLs for landfill applications requires that $lee materials exhibit a low hydraulic
conductivity. The oedopermeameter tests (AFNOR,82(dllow a quantification of the
hydraulic conductivity of GCLs. Such tests somesns@ow large differences in hydraulic
conductivity between sodium bentonites and calcioemtonites (Guyonnet et al. 2009).
However these tests are very time consuming. this the scope of this paper to discuss
faster tests that could allow an easy distinctietwieen the various types of bentonites.

The hydraulic conductivity of a GCL is related teetstructuration capacity of the
smectite. The smectite layers organise themsetvestiiree dimensional network that can be
observed by transmission electronic microscopy feeexample Guyonnet et al. 2005). Such
a structure induces specific properties that castbdied with various methods. The first of
these methods is the free swell test that refléwslayers’ capacity to organize themselves
into a network. Many authors have tried to coreeldte swell index of a bentonite with its
hydraulic conductivity (Kolstad et al. 2004; TouZekz et al. 2008). The results are
promising and tend to show that a GCL with a highlelling bentonite generally exhibits a
low hydraulic conductivity.

To elaborate on this assumption, other tests sgchheometrical tests are sensitive
enough to quantify small variations in the micrnssture (Pignon eal. 1996; Uhlherr et al.
2005; Coussot 1997). Many authors use flow testsbserve the impact of chemicals on the
structuration of the bentonite dispersions (Lagatg Ziesmer 2003; Lagaly 2006). Results

reveal contrasted behaviour of bentonite dispessamtording to the exchangeable complex
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of the smectite (Keren 1988; Paumier et al. 208@fording to Abend and Lagaly (2000),
the electrical conductivity of the dispersion hamaor impact on the rheological parameters.
The electrical conductivity was also measured ontdygte dispersions to develop on this

issue.

Finally, the filter press test consists in filtrat dispersions under pressure. The mass
of filtrate and the physical properties of the ramrey cake allow the determination of the
permittivity of the dispersion in a few hours. Thisult is related to the swelling and the
structuration of the bentonite. An attempt will imade in the following to compare results

obtained in oedopermeameter and filter press tests.

In the next section, the various hydraulic and maeecal tests previously mentioned
will be described. Then Section 3 will present tbsults obtained for 8 different bentonites,
representative of materials used on the EuropearkemaResults obtained will be

subsequently discussed in Section 4 of this paper.

2 MATERIALSAND METHODS

2.1  Theraw bentonites

Eight GCLs were provided by three of the four m&Q&L suppliers operating on the
European market. The products were selected subh las representative of GCLs used in
bottom liner applications, but some products weoeemrepresentative of landfill cover liners
(Guyonnet et al. 2009). Two GCLs contain naturdtioen bentonite, two GCLs contain
natural sodium bentonite and four GCLs contain wodactivated calcium bentonite. The
classical mineralogical characteristics of the beité inside the GCL were performed by
Guyonnet et al. (2008). The clay phase proportemesin the range 68.8% to 76.8% except
for LX6 (29.6%). The CEC values are in the range2iieq.(100g} to 88.0meq.(100¢)for

all bentonites, except for LX6 (38.1meq.(108g)The amount of removable sodium differs

according to the bentonite type: 66% on averageh®matural sodium bentonites, 84.3% on
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average for the sodium-activated calcium bentordgied 8.9% on average for the natural
calcium bentonites. The amount of removable sodgsutypically overestimated in the case of
sodium-activated calcium bentonites, due to artefaelated to the dissolution of NaHgO
added during the activation process.

The hydraulic conductivitieds,, of the raw GCLs were determined at 100kPa with an
oedopermeameter for each GCL according to NF POBAGKFNOR 2008) by Guyonnet et al.
(2009). Results obtained are presented in TablEhg.results are in the range 1.1%1@o
3.5x10Mm.s, except for the natural calcium bentonites. Feséhones, the material provides
a higherK, of 4.5x10° for LX6 and 4.7x13°m.s" for LX8.

2.2  Bentonite sample preparation for rheometrical and filter presstests

The bentonites were carefully extracted from theL&@nd dispersed in 100ml of a NaCl
1mM solution at 10% massic concentration. The caitjpm and ionic strength of this
solution is similar to that of rainwater and wadested so as to avoid being chemically
aggressive with respect to the bentonites. Theedisgns are hydrated for 24h including an
initial mix of 3 minutes at 16,000rpm with a homaogeer (IKA Ultra-Turrax T25) then 10
mixing hours at 50rpm with a rotating shaker (Pvola finally 14h at rest. This preparation
process was defined by Paumier (2007); it allowgp@d homogenisation of the dispersions.
The electrical conductivities of the dispersiongevemeasured prior to performing the filter
press and the rheometrical tests. For the purpbsinplicity, dispersion is defined here as a
two-phase system with interactive (attractive) @dkhl solid units in a low molecular liquid
system as illustrated by Coussot (1997). Accortingawlick (2003) and Peysson (2004), the
dispersion is stable if the mean unit size distrdyuis stationary in time and space over a rest

period longer than the testing period.
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2.3  Swadll index tests

Swell index tests were performed following XP PB8 (AFNOR, 2002) which is equivalent
to ASTM D 5890 whereby two grams of dried and gabisentonite are dropped into 100m|
of NaCl 1mM solution and the volume occupied byllkeeatonite is measured after 24 hours.
24  Rheometrical tests

The rheological measurements are performed wittemi@ HR controlled-stress rheometer
(Malvern Instrument). The rheometer shears the edsspn in order to determine its
mechanical properties. Experimental flow curves abgained with 20mm rough coaxial
cylinders geometry. The outer cylinder, filled widfspersion, is fixed whereas the inner one
is shearing the fluid (Figure 1 a). Torque appledthe inner-cylinder and its rotating speed

is related to the specific rheological propertiésthe material. Analysis software allows a

control of torque and measurement rotating spelkédaiSstressz, and shear ratej4, are then

calculated. The ratiar/ y defines the apparent viscosipof the dispersion.

Temperature is constantly maintained at 20°C wmicheffects of thermal expansion.
The test parameters were defined by Paumier g2@08) to compare a large variety of
dispersions. Before each test, a preshear at*1®@8s imposed for 60s followed by a rest
period of 180s. The controlled shear rate protecooisisted in applying successive shear rate
levels from 10s™ to 5008 by increasing then decreasing values. The shéarstaps are
spread according to a logarithmic distribution. lEatress level last 20s divided in 15s of

stand by the equilibration then the final pointadculated over the following 5s.

A short process was used for natural calcium beétgmnbecause their stabilities were
limited. The previous test was run for 44 minutdslethe short test was run for 12 minutes.

The short duration avoided the risk of sedimentatid the low-concentration dispersions.
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The rest period following the preshear was reduce8ls. The short protocol consisted in
applying 30 successive shears rate levels from*ad $008" by increasing then decreasing
values. The shear rate steps are spread at ragtdarals. For our dispersions, vortex due to
the low viscosity appeared at shear rates higteer #503. Also, once the beginnings of the
curves were represented in this article.

Three laws are used to characterize the obsergkdviburs: Newton's law given by

Equation 1, Bingham's law given by Equation 2 anersdhel Bulkley's law given by

Equation 3:

r=ny (1)
T=1,+0s Y 2
T=r1, +Ky” (3)

Where: 7 is the shear stress}{ is the shear ratey is the Newtonian viscosityyg is the
Bingham viscosity 7, is the yield stressx is the consistency; amtdis a phenomenological

coefficient.

Many complex phenomena occurred during the ascgndinve, such as solid-liquid
transition (Paumier et al. 2009) and the homogénisa@f the dispersion inside the rheometer
(Coussot 2005); therefore the model is applied tmithe descending part of the curves. The
yield stress is the minimum shear to apply to geahsion to produce a flow. The physical
meaning of this parameter is largely subject tocubsion (Schurz 1990; Barnes 1999;
Coussot 2005). To allow a comparison of the difietgentonites, an approximate value was
obtained from modelling the experimental curveshwitie model that provided the best fit
(Besq et al. 2003).

25  Electrical conductivity measurement
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The electrical conductivities of the dispersionsravaneasured with a Consort k810
conductimeter standardized with a buffer solutiorl413pS.cril. The conductimeter was
equipped with a probe well suited for measuring e@lextrical conductivity within pastes or
concentrated dispersions.

2.6  Filter presstests

The filter press test consists in filtrating disgiens under pressure, to acquire a filtration
curve, and then determining the permeability of tb&®dual cake. The American Petroleum
Institute filtration cell is manufactured by Baroit measures 90mm in diameter and 90mm
in height. At the base of the cell, a Whatman filgaper with retention of 5-2if is
supported below by a wire mesh. The filtration celhtaining 300ml of bentonite dispersion
at 10% is submitted to a constant pressure of 780k direct application of pressurised air.
The pressure forces the filtrate through the fitteper, leaving a cake of clay particles that are
too large to go through the filter paper (Figurb)1The filtrate emerging from the apparatus
is weighed using a balance (Sartorius £ 0.1g) coiegeto a computer, to establish the filtrate
mass vs. time relationship. The filtrate mass rsvedted into a filtrate volumey, assuming a
liquid density, o, equal to 1000kg.i (Tarleton 1998). Upon filtration, the water corttefi

the cake and the concentration of the supernatgpéision above the cake are determined by
drying the samples at 105°C for 24h.

The cake intrinsic permeability, is determined using Darcy’s law. The method
established by many authors assumes that the peitityeand the specific volume are
constant throughout the filtration (Sherwood 198i7et al. 1997; Pantet and Monnet 2007).
Assuming that the viscosity of the filtrate was &lqio the viscosity of the water, the filtrate

volume vs. time square root relationship is lineashown in Equation 4:

2 05
w{ZAPA K} 105 — 4105 @)

L
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In Equation 4, the specific volunieis defined by equation 5 and the intrinsic perniggl<
is laid to the hydraulic conductivity(m.s") according to the Equation 6.

@,

_ku
Jos

(6)

Theb andK parameters were inserted in Equation 4, so thatxpeession of the permittivity

Y rp given by Equation 7 appeared. The permittivity walsuated thanks to Equation 8:

olx

Yo = )

a’pg

Ve = npaa

(8)

Where:q is the total filtrate volumeAP is the pressure gradier;is the cross section area;

is the filtered liquid viscosityt is time;c is the thickness of the cake; agpt the acceleration
due to gravity.

3 RESULTS

3.1  Swdll index tests

The swell index test results reveal differencesvben the various bentonites as shown in
Table 2. The natural calcium bentonites swell indiare lower than 10¢r2g)* whereas
swell indexes for the sodium-activated calcium bgités and the natural sodium bentonites
are higher than 29chf2g)*. This result is consistent with previous work aacum and
sodium bentonites (Egloffstein 2001). However, gwell index test does not allow a
distinction between sodium-activated calcium beiésnand natural sodium bentonites.

3.2 Rheometric testsresults

Rheograms obtained on natural calcium bentonitgedssons are typical of a simple viscous
fluid: the viscosity is constant whatever the shrade, as shown in Figure 2. The rheograms

can be modelled using Newton's law given by Equafio The dispersions viscosities are
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closed to each other: they reached 4.79mPa.s &&inRa.s for LX6 dispersion and LX8
dispersion respectively.

The mechanical behaviour of sodium-activated caldnentonites dispersions is more
complex as shown in Figure 3. At the beginninghaf theogram, the shear stresses increase
over the lowest shear rate values (Paumier eD8BR Over this stage, the dispersion is in the
solid state; it is deformed without failure or floWwhe yield stress is the minimum shear stress
that allows the flow; in this study it is determihby fitting the flow curve. The LX1, LX4
and LX7 rheograms are accurately modelled with Bamg's law given by Equation 2. The
modelled results are presented in Figure 3 (a).dTHe yield stressfp and the Bingham
viscosity, 77s were determined and are reported in Table 3. Thkum-activated calcium
bentonite dispersions have high yield stress agkd Bingham viscosity. However LX5 has a
peculiar form which probably comes from a peculineralogical content or a specific
activation method. LX5 rheogram was better modeMNétl the Herschel Bulkley's law.

The sodium-activated calcium bentonites dispersiares shear thinning; i.e. the
apparent viscosity of the dispersions is a deangasunction of the shear stress. This
hysteresis, which appears between the flow curveireed with the increasing and
decreasing modes, reveals the fluid’s pronouncexbottiopic properties (Mewis 1979;
Mujumbar 2001). Thixotropic properties imply tha) (he apparent viscosity is a diminishing
function of the time of flow and (2) the body reeow its initial state after a sufficient period
following the end of flow.

The viscosity of the natural sodium bentonites elisppns is a diminishing function of
the shear rate, the fluid is shear thinning. TheeefBingham's law is not suitable for
modelling the curves and Herschel Bulkley's lawu#&opn 3) is preferred (Besq et al. 2003).

The yield stresses and the thixotropy are low talenate (Table 3). The natural sodium
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bentonites dispersions are shear thinning but tqgdarent viscosities are lower than for the
sodium-activated calcium bentonites dispersions.

These results suggest that rheological tests deet@lgistinguish between the various
types of bentonites. The calcium bentonite dispessiare simple fluids well described by the
Newton's law. The sodium-activated calcium benemdispersions are shear thinning, highly
thixotropic and present a high yield stress. Thaunah sodium bentonites dispersions are
shear thinning with a low to moderate thixotropy areld stress.

3.3  Electrical conductivity of dispersions

A shown in Table 2, electrical conductivities maasuin the dispersions, prepared for filter
press tests and rheometrical tests, varied oveida vange. Furthermore, this measurement
allows a differentiation between the various typ#sbentonite since (1) the electrical
conductivities of natural calcium bentonites dispans are lower than 0.5mS; (2) the
electrical conductivities of natural sodium bentesidispersions are about 1.5mS; and (3) the
electrical conductivities of the sodium-activatedccum bentonites dispersions are larger than
2.3mS. The higher electrical conductivities of thedium-activated calcium bentonites
probably arise from the addition of salts to thatbaite during the activation process.

34  Filter presstestsresults

During the filter press test, the filtrate voluma, is recorded over time. The filtrate curves
obtained are presented in Figure 4. The naturalsothentonites and the calcium activated
bentonites curves are similar: the mass of filtriaeds toward 159 of filtrate after 1h of
filtration. This test thus does not allow a distion between sodium-activated calcium
bentonites and natural sodium bentonites. Neversised clear distinction between natural
calcium bentonites and the others bentonites caobbened. Indeed, the mass of filtrate for
natural calcium bentonites is significantly largard reaches on average 40g after 1h of

filtration.
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The permittivities of the GCLs in the oedopermeangt were calculated thanks to
Equation 7. The permittivities of the bentonitespgirsions in the filter press are determined
using the filtration curves given in Figure 4 actog to Equation 8. Results are reported in
Table 1. Whatever the test, the permittivitiesha hatural calcium bentonites are higher than
the permittivities of the other materials as sugggg$y the filtration curves. The permittivity
of the natural sodium bentonites dispersions aadstddium activated calcium bentonites are
represented in Figure 5. The permittivities aréhimrange 1x35xI%* to 3.61x10s™ for the
oedopermeameter test and in the range 6.4%1® 7.44x10s™ for the filter press tests.

This comparison shows that the permittivities @ thaterials are close to each other
wether they are determined with the oedopermeanoettdre filter press. These tests do not
allow differentiating the bentonite saturation. Ha&r, according to the oedopermeametric
tests, GCLs LX2 and LX3 have the lowest permitiggf then LX7, LX5 and LX1 have
intermediate permittivities, finally the permittiyiof LX4 is slightly higher. It was interesting
to observe that the same order of magnitude isrebdefor the filter press results. In
conclusion, the filter press results are less estéd than the oedopermeameter resyis.
are twice to five times larger thag, but the same differences between materials arerodxs
(Table 1). This factoip / o may come from the differences between the two atthn
terms of confinement and duration time.

4 DISCUSSION

4.1  Distinguishing between the various bentonites

All tests performed in this study clearly allowedstohguishing between natural calcium
bentonites and sodium bentonites. The peculiafith® natural calcium bentonites originates
from the aggregation of the smectite layers indidst of low volume occupancy. This
assumption is consistent with the rheological b&havof a calcium-saturated smectite in

dispersion at a low mass concentration, as obsdoyeBaumier et al. (2008). This layer
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aggregation was also observed by Guyonnet et @09)2 using transmission electron
microscopy. These observations explain the low Iswdices. Furthermore the particles flow
easily and the viscosity of the dispersion is |Bue to their high mass, the tactoids collapse
inside the dispersion which generates low disparsiability as observed during the filter
press tests. The mass of filtrate is important,cwhis consistent with the high hydraulic
conductivity measured in oedopermeameters.

The permittivity measurement did not allow a distion between natural sodium
bentonite and sodium-activated calcium bentonitbatever the method used. The swell
indices are not able to differentiate them neither.

Regarding rheometrical tests, the sodium-activatddium bentonites and the natural
sodium bentonites in dispersions (Figure 3) deviatgely from the simple mechanical
behaviour of the natural calcium bentonites dispass(Figure 2). The dispersions are highly
viscous, shear-thinning with thixotropic propertiaad present yield stresses of various
intensities. Two rheological parameters enablegbndjuish between the different bentonites:
the yield stress and the apparent viscosity atvangshear rate. Sodium-activated calcium
bentonites have higher yield stresses and higrsmosities than natural sodium bentonites
(Figure 6). The model best suited to the observedhanical behaviour of the sodium-
activated calcium bentonite dispersions is Bingkalaw, whereas the one best suited to
natural sodium bentonite dispersions is HerschékiByis law. The breakdown of the
structure inside the dispersion is probably différ@ccording to the bentonite type. The links
between layers may be broken abruptedly in the ohsedium-activated calcium bentonite
dispersions or progressively in case of naturallsndentonites dispersions.

4.2  Correlation between electrical conductivity and rheological testsresults.
The electrical conductivity value and the rheonteparameters seem to be linked to each

other as shown in Figure 6 where electrical condigtis plotted as a function of two
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rheological parameters: (1) the apparent viscaity00s"; and (2) the yield stress used in
Equations 2 and 3. There is a trend towards araser in those parameters with an increase
in the electrical conductivity. However, a largemmber of points would be required in order
to obtain a reliable fit.

According to Abend and Lagaly (2000), the differation of the form of the
rheogram comes from the salt content which prodiiféerent structures. Our results confirm
this hypothesis. The electrical conductivity of tspersion comes from the natural salt
content of the bentonite and possibly from the addted to the bentonite during the activation
process. As a result sodium-activated calcium bet@® have higher electrical conductivities
than the natural sodium bentonites, due to salitiaddand the form of the rheograms are
different.

4.3 Towardsarapid evaluation of the permittivity

In this study two permittivities values were regortfor each material: the first one
determined during oedopermeameter tests performedeoGCLS, the second one determined
by filtration, under pressure, of the bentoniterastied from the GCLs and dispersed. When
NaCl 1mM is the contacting fluid, the results alese as shown in Table 1. It is suggested
here that the filter press test may provide ancetibn of oedopermeameter test results. The
significant advantages of the filter press teseslaw equipment costs and the testing speed
(approximately an hour). However, the filter pressts are performed on bentonite
dispersions and therefore do not take into accthentnass per unit area of the GCL nor the
bounding process of the GCL (woven or needle puckigat may have an impact on the
performance of the GCL on site. Moreover the oedopameter test allows reproducing the
confinement characteristics of the GCLs in use Wwigcnot possible with the filter press tests.
The oedopermeameter test (AFNOR, 2008) and ASTM 8875thus remains the only

laboratory test for investigating the influenceluése parameters.
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5 CONCLUSION

The aim of this paper was to evaluate the abilftyarious tests to identify the nature of the
bentonite contained in GCLs. Results obtained shioat a distinction between natural

calcium bentonites and sodium bentonites can bairedd using swell index tests or

permeability tests that can be either the long-ilumacedopermeameter tests or else filter
press tests. However, those tests do not allowstandiion between natural sodium bentonites
and sodium-activated calcium bentonites. Rheonatriests and electrical conductivity

measurements were found to be the best methodhistimguishing between these two types
of sodium bentonites.

There appears to be a relationship between medigracameters and the electrical
conductivity. However a large number of experimeptants would be necessary in order to
establish a clear correlation.

This study also allowed a comparison between thmiptevities obtained from filter
press tests and oedopermeametric tests. Accorditigese preliminary results, the filter press
tests may provide in a few hours an indication dw tlong-term results of the
oedopermeameter tests.
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NOTATION
Basic Sl units are given in parentheses.

A  area section of the filter press3m
a slope of the filtrate volume vs. time square madationship (ms )
b  specific volume (dimensionless)

CEC cation exchange capacity (meq.(1009)

c thickness of the cake (m)
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AP pressure gradient applied to the filter press (Pa)
g acceleration due to gravity (rff)s

w filtrate volume ()

y  shearrate §
7 newtonian viscosity (Pa.s)
s Bingham viscosity (Pa.s)
K cake intrinsic permeability (m?)
k  hydraulic conductivity of the cake in the filterass (m.3)
ko  hydraulic conductivity of the GCL in the oedopermeter (m.3)
k  consistency (Pd)s
u filtered liquid viscosity (kg.rit.s%)
n phenomenological coefficient (dimensionless)
o liquid density of water (kg.n)
SWP smectite weight percent (%)
t time (s)
r  shear stress (Pa)

yield stress (Pa)

Wkp  permittivity of the cake in the filter pressls

o permittivity of the GCL in the oedopermeametél)(s
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Table 1. The hydraulic conductiviky of each GCL determined by Guyonnet et al. (2009)

and the deduced permittivityo. The permittivity of each bentonite determinedhwhe filter

pressyrp (this study).

Bentonite | ko (M.SY) [ %o (S) | @Wee (S) | WolWee
LX1 2.4x10" | 2.90x10° | 6.95x10° 2.49
LX2 1.2x10™ | 1.35x10° | 6.44x10° 4.78
LX3 1.4x10" | 1.47x10° | 6.64x10° 4.51
LX4 3.5x10" | 3.61x10° | 7.44x10° 2.06
LX5 1.8x10™ | 2.60x10° | 7.31x10° 2.81
LX6 4.5x10° | 6.52x10" | 1.94x10° 0.03
LX7 1.1x10™ | 1.68x10° | 6.92x10° 4.12
LX8 4.7x10"° | 3.97x10° | 4.58x10° 1.15
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Table 2. Swell index obtained for each raw ben(@uyonnet et al. 2008) and the electrical

conductivity of the bentonite dispersions.

Bentonite Swell index Electrical
3 1 conductivity

Name Type [em”.(29)'] (mS/cm)
LX1 sodium-activated calcium bentonites 34 2.9
LX2 natural sodium bentonite 36 1.5
LX3 natural sodium bentonite 31 1.5
LX4 |sodium-activated calcium bentonites 34 2.3
LX5 [sodium-activated calcium bentonitps 29 2.4
LX6 natural calcium bentonites 5 0.5
LX7 |sodium-activated calcium bentonites 31 2.3
LX8 natural calcium bentonites 10 0.3
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Table 3. Parameters resulting from modelling thecdeding portions of the rheograms for

each bentonite dispersion.

Bentonites | Bingham's parameters Herschel Bulkley's parameters|
To Ng To K n

LX1 91 0.97

LX2 9.6 0.74 0.66
LX3 6.3 0.65 0.71
LX4 38 0.05

LX5 31 1.91 0.40
LX7 50 0.10
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