June 2010

Trade Science Ine.

ISSN : 0974 - 7486 Volume 6 | ssue 2

A Tndéian Yournal

— Pyl Paper

M SAIJ, 6(2), 2010 [112-119]

Physicochemical characterization and rheological study of
Tunisian palygor skite

Mouna Touati*, Memia Benna-Zayani, Hammadi Nciri, Malika Trabelsi Ayadi, Najia Kbir Ariguib

L aboratoired’Applications de la Chimie aux Substances et Ressources Naturelles et a ’Environnement, Faculte des

SciencesdeBizerte, 7021-Zar zouna, Bizerte, (TUNISIA)

E-mail : toumouna@yahoo.fr

Received: 13" February, 2010 ; Accepted: 239 February, 2010

ABSTRACT

The studied clay is collected from the Tataouine Douiret areaof the Tunisian
south. Thelayer contains 50% of clay fraction and 50% of impuritiesformed
essentially from calcite and quartz. The cation exchange capacity (CEC) of
purified clay is 43 megq/100g of burnt clay. The physico-chemical
characterizations of the clay have shownthat it isfibrousclay and particularly
it is a palygorskite. The thermal analysis of rough and purified clay has
demonstrated that the departure of zeolitic water iscarried out at 118°C. The
deshydroxylation is occurred at 501°C for the rough palygorskite and at
484°C for the purified palygorskite. The study of the effect of the mass
percentage of clay on the rheological properties has shown that the flow
curves have Newtonian behaviour for clay fractions lower than 14% (w/w).
The effect of NaCl on therheol ogical behaviour was studied for clay fractions
1.5, 3.25 and 14% (w/w). Concerning thefirst two clay fractions, the critical
flocculation concentration (Ck) is noted at 0.05% of NaCl. For gel (clay
14%), ajump of viscosity is observed from 0.07% of NaCl. From 0.2% of
NaCl avery rigid gel is obtained which persists even for high electrolyte
percentages. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Contrary tocommon clay minerds, such assmectite,
kaolinite, illite, very widespread in Tunisia, fibrousclays
and particularly palygorskitefew aretheinformation
provided onitsnature.

The palygorskite is known as “special clay”
characterized by fibrousmicro morphology andrelatively
low surface charge!™. They are silicates aluminous-
magnesian inwhich auminium and magnesumarein
equal proportionswithlittle meadows.

Thebasic structure of such aclay can be described

asbeing composed of ribbonsof phyllosilicate2:1which
arehad even made up of doubleandtriplesilicatechains.
Infact theribbons are bound by theinversion of the
tetrahedrons SiO, through the bands Si-O-Sif2.
Palygorskite characterization wascarried out by various
studies®®. Thefibrousstructure of such clay generated
alarge specific surface, consequently such aclay caused
considerable attention in several applications:
Adsorption of organic materia's, support for catalyses?,
molecul ar sievel® and as an inorganic membranefor
ultrafiltration™. Moreover becauseof itsspecid sorption
duetoitsfibrous, colloidal and rheological structure,
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Figure 1: X-ray diffraction patterns of palygorskite raw
powder clay

the palygorskite has possibleindustrial and pharma-
ceutical gpplications.

Thestudy of therheological propertiesof suchclay
alowsoptimizing the propertiesof theclay suspensions
to direct them towards other applications. Indeed the
rheological properties of the clay suspension can be
influenced by someparametersaspH, ionicforce, clay
fraction11012,

Thevariation of clay percentage ontherheol ogical
properties leads to locate the sol gel transition. The
€l ectrolyte addition on clay suspenson affectstheionic
forceand consequently involves modificationin clay
suspension behaviour. The palygorskite suspensions
behaviour can be explained in achangein particles
interactions for various associations (Edge to Face,
Faceto Face and Edgeto Edge). Thesethreemodels
of association are useful to understand the stability and
therheologicd behaviour of the system clay-water'>12,

Someauthors havestudied theeffect of dectrolyte
on plastic viscosity and Bingham yield of Na-
pa ygorskite suspensions at several pH. It wasnoted
that these parametersaredightly affected by dectrolyte
addition at pH<7 and significantly influenced by
electrolyteaddition at pH .9.

They explained that for pH<7 the fibres of
palygorskiteform microagreggates and the addition of
electrolytes increases the dynamic viscosity and
Binghamyiddvaueby compressngthedectrica double
layers. At pH>9, the addition of electrolyte to
pal ygorskite suspensions significantly increasesthe
dynamic viscosity and Bingham yield value due to
flocculation of the system(*1314,
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Figure2: Diffractogram of the TDp clay oriented on glass
dide. (a) air dried oriented dide, (b) heated dide (550°C), (c)
ethyleneglycol treated dide

The paygorskite used in our study was coll ected
from the Tataouine Douiret region of the Tunisian south.
Thisstudy containstwo parts; thefirst onedealswith
the paygorskite physico-chemica characterization and
the second one includes the investigation on the
rheological propertiesof thisclay asafunction of its
percentage and the el ectrolyte (NaCl) additionin clay

suspensions.
EXPERIMENTAL

The characterization was carried out on the raw
palygorskite ground and sieved at 100um and on the
purified sodium exchanged clay sieved at 80um. The
raw clay will be noted TDb and TDp for the purified
pattern.

The physico-chemicd characterization of theclay
was carried out by X-ray diffraction (DRX), infra-red
spectroscopy, therma anaysis(DTAand TGA), and
measurement of cation exchange capacity (CEC) and
tota pecific surfacearea. Chemica anaysesof cacined
samplesrealized at 1000°C was madein the order to
evauateSi,Al, Fe, Mg, Ca,Na, Mn, Ti, Pand K oxides
content. An atomic absorption spectrophotometer
Perkin-Elmer 560 was used for measurements. The X -
ray diffraction patternswere obtained using aPhilips
PW 1710with o Cu-K radiation. The X-ray diffraction
was carried out on powder and oriented samples
prepared by depositing aclay suspension onto aglass
dide. Theoriented sampleswereair-dried, glycolated
and heated at 550°C.

Theinfra-red spectrawere obtained by a spectro-
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Figure3(a) : Infrared spectraof theTDb clay

photometer FTIR Perkin-Elmer 1000 intherange4000-
350cmt. The DTA-TGA wererunin aSETARAM
TG/DTA 92 apparatus using asampleweight of about
15mg, the heating rate of 10°C/minin Argon, with
auminaasreference.

The cation exchange capacities (CEC) were
determined by amethod which consistsin saturating
clay with cupric en®, Thetotal specific surfacearea
was measured by methyleneblueisotherm.

Theéeffect of clay fraction onrheologica properties
was studied on suspensi ons prepared by mixing clay
powder, at defined quantity, with distilled water. The
mixture has been shaken during 24 h then |l ft for three
days.

To study the effect of NaCl addition on rheological
properties, the suspensions have been prepared by
mixing aclay suspension with NaCl agueous solution
during 5 hours then the mixture was | eft for 3 days.
Threeclay fractionswereused for thisam (1.5, 3.25%
and 14% wi/w).

The dynamic viscosity and the shear stresswere
measured on a standard rheometer (Tech Stress
Rheometer). The geometry used iscoaxia cylinders.

RESULTSAND DISCUSSION

Physico-Chemical characterization
Chemical analysis

Chemicd analysiscarried out in our |aboratory by
the reported method*® and in the present work, the
averagestructurd formulaof the Na-exchanged purified
sampleTDpisas:

Transm ission

2400 1350 300

wave mmber (cm™)

Figure3(b) : Infrared spectraof theTDp clay
(Si7.44A|0.56) (A|1.98 Fe ) Ozo (OH)z

0.87

(OH2)4 Na0.22 Ca0.022 M n0.0003 KO.GG
Thisresultiscomparablewith that found by™.

We notethat the clay structureismuch related to
the nature of the deposit wereit was collected.

X-ray diffraction

The X-ray diffraction patternsof TDb (Figure 1)
contain:

Anintense peak at 10.41A corresponding to the
110 reflexion of fibrous clay and particularly of
palygorskite. Indeed, fibrous nature prevents the
orientation according to 001 reflexion.

Twointensepeaksat 4.47A and 4.26A attributed
respectively to 040 and 121 reflexions of a palygo-
rekite,

The intense peak at 2.57A indicates the 161
reflexion of apaygorskite?.

Two low intense peaks at 7.3A and 3.5 related
respectively to 001 and 002 reflexionsof akaolinite.

Thusthe X-ray patternindicatesthe presence of a
pal ygorskite containing kaolinite. Theimpuritiesare
mainly composed of quartz and cacite.

Onthe TDp air dried oriented slide, heated and
treated with ethyleneglycol diffractograms(Figure2) it
aopears.

An intense peak at 10.51A on the air dried
oriented slide diffractogram (Figure 2(a)); this peak
persistseven onthetwo other diffractograms (Figure
3(b) and Figure 3(c)) corresponding to 110 reflexion
of palygorskite®1718,

A low intensepeak at 3.3A on the air dried oriented
didediffractogram which pers stsafter heating (Figure
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Figure4(a) : DTA/TG curvesof the TDb clay
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Figure5: Effect of TDp clay fraction: Viscosity function of
theshear rate
2(b)). This peak corresponds to 240 reflexion of
paygorskite?.

Two peaks at 7.31A and 3.6A which can be
attributed to kaolinite, these two peaks di sappear after
heating which confirm the presence of kaolinite.

With the ethyleneglycol treatment (Figure 3(c)),
the paygorskitecollgpseandlogt, practicaly, itsfibrous
structure, therefored| peaksappearswithlow intengity.

TheX-ray diffraction resultspermit to concludethat
the TD clay isapaygorskitewith presence of kaolinite.
Few studies have shown that minera structure of
palygorskite changewith theAlL O, content', and thus
with thedeposit whereit was collected.

Cation exchange capacity and specific surface

Oneamong thefibrousclay propertiesisthelow
vaue of their CEC™.

Thedetermination of the palygorskite CEC leads
to:

TheTDb CEC isabout 26 meq/100g of calcined
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Figure4(b) : DTA/TG curvesof theTDp clay
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Figure 6 : Effect of NaCl on clay suspension (TDp 1.5%),
viscosity function of the shear rate
clay. After purification this value increases to
approximately 43 meq/100g of calcined clay. Indeed,
thepresence of impuritieslowersthe CEC vaueof raw
pattern.

TheTDpexternd surfaceisestimated at 159.6 n?/g.

I nfrared spectroscopy

ThelR spectrum of the crude sample (Figure 3(a))
confirms certain results of the X-ray diffraction and
brings back other information on the structure of this
clay.

Indeed the dioctahedric character of thisclay is
reved ed by Al-Al-OH stretching and bending bandsat
3620cm and 912cm (201521,

The presence of quartzisvisualized by the peak to
796cm't; thispeak disappearsin the spectrum of the
purified sample (Figure 3(b)). A very dlight peak at
1458cm? isreating to the presence of carbonates, this
peak practicaly disappearsin the spectrum of TDp clay.

Thebands at 3696cm (Al-O-H), 1008cm* (Si-
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Figure7: Effect of NaCl on clay suspension (TDp 3.25%),
viscosity function of theshear rate
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Figure9: TDp 3.25%: Sressfunction of % NaCl: Effect of
theshear rate

O-Al) and 694cm(Si-O-Al) signify the presence of
kaolinite.

The bands at 3430cm™ and 1636cm™ are
characterigtic of thevibration of OH water hydrationin
theclay.

A very weak peak at 3566 cn? relates to the
vaencevibration of OH structure.

The bands at 1026cm™ and 434cm relate,
respectively, to the Si-O-Si valence and deformation
vibrations. The Si-O-Al deformation vibration is
alotted at 518cm*. The deformation vibration of Si-
O-Mgislocated at 466cm™. Thelast resultsattest the
existence of octahedra substitution of Al by Mg. This
isomorphic subgtitutionis till proven by the presence
of ashoulder at 834cm* relating to the Al-Mg-OH
vibration(*#,

Thermogravimetricanalysis

TheDTA and TGA thermogramsof the paygorskite
clay (Figure4(a), 4(b)) contain:

% (w/w) NaCl

Figure8: TDp 1.5%: Sressfunction of % NaCl: Effect of
theshear rate
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Figure 10 : Effect of NaCl on clay suspension (TDp 7.5%),
Viscosity function of the shear rate

A dlight shoulder at 118°C may possibly be
attenuated by the presence of kaolinite. Thisshoulder
corresponds to the loss of zeolitic water trapped
between theribbonsof the clay structure.

A Shoulder at 308°C for the TDp clay corres-
ponding to thelossof crystallinewater; according to
Callére and Henin!??, Palygorskites show an
endothermic pick at 310°C.

Peaks at 501°C and 484°C for TDb and TDp
respectively correspond to the clay dehydroxylation.

Two dlight endothermic peaks at 887 and 937°C
for TDb (Figure4(a)) which shift to 803°C and 871°C
for TDp (Figure4(b)) thisreductionin thetemperature
can beexplaned by theimpuritiesdeparturewhich tend
toraisethetransformation temperature.

An exothermic peak isobserved at 988°C (Figure
4(a)) that its localization was mentioned in certain
studies® between 860 and 1045°C. This peak isin
linear relationwith theAl, O, contents.
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Figurel1l: TDp 7.5%: Sressfunction of % NaCl: Effect of
theshear rate
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Rheological properties

The rheological properties were carried out on
purified clay TDp. Theeffect of theclay fraction and
the NaCl addition on the rheol ogical propertieswas
Studied.

Effect of clay fraction

Figure5 containsthe variation of the viscosity of
TDp suspensionasafunction of the shear rate.

These curvesshow that dil uted suspensionsexhibit
aNewtonian behaviour. Thisisreved ed by aconstant
viscosity valuewhen the shear rate varies. However,
for the high diluted suspensions, aslight increasein
viscosity isnoted for high shear rates. When the clay
percentageincreasestherheol ogica behaviour changes
and becomes rheofluidifiant. Indeed, the viscosity
decreases asthe shear rateincreasesfor thelow shear
ratevalue. Theviscosity becomes congtant for thehigh
shear rate. Thetransition between the two behaviours
occursat 14% (w/w) for the TDp.

Inthe caseof fibrousclay, particlesarean assembly
of fiber and thentherheol ogica behavioursareexplaned
accordingtothefiber arrangement and thelength/ width
ratiol¥. In our study only the arrangement of fibersin
thesuspensioniscited.

In diluted suspensions, the fibres are largely
separated and asthe percentage of clay increasesthe
individual fibres of palygorskite are associated into
microaggregatest. The microaggregates are more
voluminousastheclay percentageishigher.

To explaintherheological behaviour of claysthe
particletermwasused by practicaly al authors. When
the suspensions are diluted the particles are largely

= Fyl] Peper

separated and theinterparticular interactionsarevery
low, thisexplainsthe Newtonian behaviour observed.
Astheclay fractionincreases, the suspensionsbecome
denser and the particles start to betouched leading to
anincreaseintheintendty of interparticular interactions
which explainthetransition of therheologica behaviour
from Newtonianto rheofluidifiant.

For higher clay percentage, suspens onsbecome
concentrated; particlesaremorevoluminousand dense,
and asshowninfigure5, viscosity valuesarere atively
highfor low shear ratevalue. These observationsare
duetotheincreaseof theparticle’s Brownian movement
caused by theincreasein interparticular interactions.
For high shear rateva uesthe suspenson viscosity tends
towards constant values and thisis explained by the
orientation of fibresinaflow direction.

Effect of NaCl concentration on sol suspension

TheNaCl effect on therheol ogica propertieshas
been studied onthe TDp clay at 1.5% and 3.25% (w/
w) (Figure 6 and 7). The curves show a Newtonian
behaviour at low NaCl concentration (< 0.05%,
9.0mmol L1). For thetwo clay percentagesthe same
behaviour isnoted at low shear stress. However, for
1.5% of TDp, more the shear rate increases more
viscodity increaseswhileit remainsconstant for 3.25%
of TDp.

It isremarkableto notethat we arein the case of
s0l suspensionsthat exhibit aNewtonian behaviour and
addition of NaCl at low concentration don’t affect their
rheological behaviour. From 0.05% of NaCl the
rheol ogical behaviour becomesrheofluidifiant. To better
understand the el ectrolyte effect, the evolution of the
shear stress as afunction of NaCl % (w/w) has been
plotted (Figure8and 9). Thesecurvesshow aminimum
at 0.01% (w/w) corresponding to 0.002 mol.L* of
NaCl. At 0.05% (0.009 mol.L) ajump of rheological
parametersisobserved. Maximums of shear ratesare
shown from 0.1t0 0.4 % of NaCl at 0.6% and 0.8%,
for suspensions at 1.5% TDp. For TDp 3.25%,
maximums are shown between 0.4 to 0.6 % and at
0.8% of NaCl.

Theindicaedresultsarenearly smilar tothosefound
inthecase of Na-montmorillonite suspensonsand this
may bedueto the presenceof kaolinite.

The effect of the addition of asmall quantity of
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eectrolytecausessmall compression of thedoublelayer.
Asresult, asmall decreasein the studied rheological
parametersisobserved which explain theminimum at
0.002mol.L* of NaCl. Thisresult was mentionedin
somestudies?®1, it hasbeen noted that therheol ogical
parameters of Namontmorillonite decrease with the
addition of weak amountsof NaCl. Theminimumin
that case was observed at 0.005mol.L* of NaCl.

For higher NaCl concentrationsajump of viscosity
isobserved (Figure6 and 7), theconcentration at which
this jump begins is known as critical flocculation
concentration (Ck). Someauthorshavel ocated the Ck
of 0.025% of Na-montmorillonite suspensioninthe
interva 5-10mmol.L 1223, According to our study this
critical flocculation concentration is located at
9.0mmol.L . Theincrease of viscosity at the Ck value
isattributed to an increase of van der Waal sattractive
forces. AstheNaCl concentration increasesviscosity
ismaxima dueto thecompression of thedoublelayers.
By compressing theedectrical doublelayers, eectrolyte
additions will reduce the absolute value of
electrophoretic mohility andfinally themicroaggregetes
fall down causing sedimentation of the suspension.

Effect of NaCl concentration on gel suspension

Figure 10 showsthe effect of electrolyte addition
on theviscosity of suspensi on corresponding to 14%
of clay. In this case the Na-palygorskite exhibits
rheofluidifiant behaviour.

Asshown, the curves show the samevariation for
all electrolytevalues, the viscosity decreases sharply
for low shear ratesvaluesthen dightly for higher shear
rates values. The evolution of the shear stressas a
function of NaCl % (w/w) hasbeen, dso, plotted (Figs.
11), thefigure showsashoulder at 0.01% of NaCl and
aminimum localised at 0.07% of NaCl followed by an
abrupt increase of therheologica parameters. Maxima
arelocdised towards (0.2% NaCl, 0.035mol.L*) and
0.4% of NaCl. For higher e ectrol yte concentration the
rheologica parametersarepractically constant.

We notethat the suspension chosen contains 14%
of clay, soweareinthecaseof concentrated suspension
with palygorskite microaggregates. Theincreasein
rheologica parametersisdueto anincreaseof atractive
van der Waalsforces. Asthee ectrol yte concentration
increases these parameters rise and finally remain

Woateriolsy Science  mmm——

constant for higher electrolyte concentration. Visual
observation has shown that from 0.2% of NaCl arigid
gel isobtained which provethat the aggregates stay
linked even at high e ectrolyte concentration. Thislast
result ispromising because such clay could beusedin
drillingmud?s.

CONCLUSION

The physico-chemica characterization of Na-
palygorskite has been studied and the rheol ogical
behaviour of thesuspension hasbeen investigated.

Theresultsshow that the Tataouin Douiret clayisa
palygorskitewith presence of kaolinite.

The cation exchange capacity of purified Tunisian
paygorskiteis43 meg/100g and theexterna specific
area is 159.6m?/g, these two properties are in
accordancewith those of fibrousclay and especialy a
paygorskite.

Concerning therheologica study, for the effect of
the clay percentage on therheol ogical properties, the
purified clay suspensionschangetheir behaviour from
Newtonianto rheofluidifiant at 14% (w/w).

Theeffect of e ectrolyte onrheologica properties
of Na-paygorskite suspensions are close to those of
swdling claysespecidly for diluted suspensions. Indeed
aminimum of viscosity isdetected at 0.01% of NaCl.
Thecriticd flocculation concentration Ck, corresponding
toasuddenincrease of viscosity isdetected at 0.05%
of NaCl, It corresponded to an increase of the van der
Waal s attraction forces.

Concerning the gel, the rheological parameters
increase asthe el ectrol yte concentration increases. For
higher el ectrolyte concentration thereispractically no
influence on the rheological parameters. Visual
observations have shown that for higher electrolyte
concentration agel isobtained.
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