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ABSTRACT

In order to correlate rheological and filtration parameters of clay-aqueous
suspensions, the effect of acidic pH and ionic strength have been
investigated. Two clays, a bentonite and a palygorskite were used to
emphasize the contribution of the nature of the clay. Rheological results
show that at a given bentonite percentage, when the pH of the suspension
decreases, the yield stress and dynamic viscosity increase and reach a
maximum at weakly acidic media before decreasing again in highly acidic
medium where the structure of the clay is probably attacked. The NaCl
addition to palygorskite suspensions causes an abrupt increase in viscosity
at the critical flocculation concentration (CFC) revealing the beginning of
the flocculation. When the ionic strength increases further, the viscosity
reaches a maximum then decreases when the suspension becomes unstable.
The effect of the pH on thefiltration properties for the bentonite appearsto
be the same as on the rheological properties. When the pH decreases, the
thickness (), the weight (m) and the water retention (WR) of the cake
increase, reach a maximum for weakly acidic pH before decreasing again.
The permeability of the cake increases below the pH corresponding to the
observed maximum for the other filtration parameters. However, the addition
of NaCl and the flocculation phenomenon seem to have no effect on the
filtration properties of the palygorskite. There is no correlation between
rheological and filtration parameters for the non swelling and fibrous clay.
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INTRODUCTION Particularly, theuseof daysindrillingfluidsisbased
on their ability to present specific rheological and

Sol-gel transition and changes in rheological
behaviour of clay-water systems can be observedin
many industrial applicationsaswell asunder natural
conditions. Theses complex phenomena depend on
many factorssuch asthe nature of the clay, thepH and
the sdinity of the suspending water*4,

filtration propertiesunder dynamic and static conditions.
Inthiscontext, the objective of the present study isto
show the existence or not of correlation between
rheological and filtration properties of two clays. a
lamellar and swelling purified bentonite and anon
swellingand fibrouspurified paygorskite.
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Materials

Thebentonite used in this study isfrom western-
south of Tunisiaand precisely from theregion of Berka
near thetown of Gafsa. Thisbentonitewasat firgt purified
by thedassica NaCl exchangd®>*", Thispurified clay
fractionisadioctahedra interstratified smectite-illite
containing 78% of smectite and 20% of illitewitha
amaller amount of freekaolinite (~2%). Itsdioctahedra
smectite fraction hasapronounced montmorillonitic
character. It’s Cation exchange capacity (CEC) is equal
to 101.9 meg/100 g of calcinated clay and its total
specificsurfaceareaisequal to 735,9 n? g. Thislater
propriety isvery important sinceit indicatesthe ability
of theclay toswell. Itsaverage structura formulais:

(Si Al (Al FeO.GlA M go.sesT i 0.033 Mn )VI Ozo (OH )4

)I \
7.653 0.348 2,775

N a0.623 Ca0.017 K 0.259

The purified bentonitewill benoted “BP”.

Thepaygorskitedayisfromeastern-south of Tunisia
and precisdy fromtheregion of Douiret near thetown
of Tataouin. Thispalygorskitewasat first purified as
the bentonite. Thepurified paygorskite containsasmal
amount of kaolinite (~5%). It’s Cation exchange
capacity (CEC) isequa to 43 meg/100g of calcinated
clay anditsaveragestructura formulais:

(S 7,4424A|O,5575) (A|1,9827 FeO,8749 M gO,5262vacl,6161) OZO (OH )2 (OH 2)4
Na0,2237 Ca0,0222 M n0,0003 K 0,6627

Thepurified paygorskitewill be noted “Tap”.

All thesampleswere prepared by using the same
method, to takeaccount of thegreat influenceof particle
grainsizeand of the method of preparation onthefina
state of suspens ons(the degreeof dispersity) and thus,
on therheological and filtration properties. Thedry
purified day powder wasfirst sevedto 80umsize. Care
was particularly taken to prevent an attack of theclay
structure by avoiding direct contact of acidic solutions
with the dry clay powder. The purified clay was
previoudy mixed with distilled water, mechanically
shacked (160rpm) for 5 hours and | eft at rest for 14
hours. Then the acidic (HCI) or electrolyte (NaCl)
solution (50% by weight of thefinal suspension) was
added to the clay aqueous suspension. The mixturewas
findly mechanically shacked (160rpm) for 5 hoursand
left at rest for 24 hoursbefore experiments.

0.001

TABLE 1: Thetested percentages of clays
%BP 1 3 4 5 6 7 85 95 11 12
%Tep 1 3 5 7 9 10 11 12 13 14
%Tap 15 16 17
TABLE 2: Thetested per centagesof NaCl and concentrations
of HCI

Cuci(mol L™H% NaCl (w/w)% NaCl (w/w)% NaCl (w/w)
0 0

0.05 0.6
10° 0.005 0.06 0.7
10* 0.01 0.07 0.8
103 0.015 0.08 0.9
10 0.02 0.09 1
102 0.025 0.1
10* 0.03 0.2
- 0.035 0.3
0.04 0.4
0.045 0.5

Thesodium chlorideNaCl (99.8%) and chlorhydric
acid (HCI) wereprovided by Prolabo.

Thetested percentages of claysaresummarizedin
TABLE 1 and the percentages of NaCl and concen
trationsof HCl used aregrouped in TABLE 2.

The conversion of percentages (w/w) of NaCl to
molar concentrationsand thentoionic strengthisgiven
by thefollowingformula

1000y )
(58.5(1000-x-y)
where << x >> is the percentage (w/w) of clay and <<y >>is
that of NaCl in the suspension.

| =Cpaci(mmol.L™h) =

Rheological measurements

Therheologicd messurementswereperformedusing
a Tech Stress Rheometer which operatesin arate-
controlled mode. The rheometer is connected to a
computer which records the data. A Software Tech
Stresswas used.

For steedy state measurements, aCouette geometry
was used for liquid suspensionswith agap of 2 mm
(theinterna radiusis25 mm and theexterna oneis27
mm). Thevolumeof the suspensiontotestisequal to
16 mL. For the gel state suspensions, a cone plate
geometry (C40 4) was used with aradius of 20 mm
and anangleof 4°.

During therheometrical measurements, viscosity
and shear stresswere read in the range of shear rate
[0.1, 300 s1].

For yield stressmeasurements, the vane method
was used (H=19 mmand D = 10 mm).
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Saticfiltration

The suspensionswerefiltered in astainless steel
Milliporefiltration cell and the constant pressurewas
obtained with compressed air. Thefiltratevolumewas
followed asafunction of time. Thefind filtrate’s volume
isthennotes(V,).

Thewater retentionisdefined as:

fo
WR =100 (1—m @
where*“V, ” is the volume of water in the initial clay suspension.

Staticfiltration experimentswere carried out on 20
mL of clay suspension under 1.5 bar (1.5 10° Pa) and
5.7 bar (5.7 10° Pa). At theend of filtration, the cake
wasremoved from thefiltration cell andimmediately
wel ghted and itsthicknesswasmeasured usngacdliper.

The coefficient of permeability (k) isexpressedin
square metersand represents a cross-section of flow.
“k 7, was cal cul ated assuming that the microstructure
of the cakeishomogeneous®® % whichmeansthatkis
constant and derived from the Darcy law:

ue
where “V_” is the filtrate volume (m°) at time t, “S” is the
filtration surface (m?), here S=13.2 10*m?, “P ” isthe applied
pressure(Pa), “n” thefiltrate viscosity (Pas), in our experiments
pr=1mPas=viscosity of water, and “e ”” isthe thickness of the

cake(m).
All cdculaionsweremadein previousworkg62-2,
Thefind formof theDarcy law can bewritten asfollows:

4
Thus, the permeability, k, can be determined
experimentally fromV 2 =1(t) plots, wherethelinear

_ 2k SP Vg
dopeisequal toT

RESULTSAND DISCUSSION

Effect of pH on rheological and filtration properties

The effect of pH on rheological and filtration
propertieshasbeen studied only onthe“BP” bentonite
The variation of the yield stress and the dynamic
viscosity asafunction of pH at afixed percentage of
clay (8.5% BP) isshowninfigure 1. Starting fromthe
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Figure 1. Variation of the yield stress and dynamic
viscosity asafunction of thepH 8.5% BP

natural pH value (pH = 7.65), theyield stressand the
dynamicviscosity increaseasthe pH decreases, reeches
amaximum, and after thisthey decreasesat highacidic
medium.

Thesamevariationisobservedfor thefilter macro-
scopic parameters, according to the pH of the initia clay
suspension. In deed, as shown in figure 2, the thickness,
the weight and the water retention of the filter cake pass
through a maximum in moderate acidic pH. The perme-
ability in turn, its magnitude remains fairly constant and
increasing significantly from the pH at which the rheol ogi-
cal parameters decrease.

Thiscan beexplained by thefact that at pH vaues
lessthantheisod ectric point, dl theedgesare positively
charged, which makesthe edge-to-face interactions
possible and the mechanism by which the three-
dimensional network isformed inthegel could bethe
connection between edges and faces (card-house
structure)??. Thatiswhy anincrease of theyield stress
and thickness, weight and water retention of thecakeis
observed. At very high acidic medium, theionic strength
isvery highand thedoublelayersarevery compressed;
this reduces the dominance of the edge-to-face
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Figure2: Variation of thethickness, theweight, thewater retention and the per meability of thefilter cakeasafunction

of thepH 8.5% BP
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Figure3: Variation of thedynamic viscosity asafunction

of the per centage of NaCl. 1.5% Tap

attraction and leadsto the breakdown of the card-house
sructure. Moreover, inthisrangeof pH the structure of
the clay is probably attacked by the protons, that is
why theyield stress decreases at strongly acid medium.
This is confirmed by the increase of the cake’s
permegbility.

Inaddition, visual observation hasshownthat gels
obtained at acidic pH (when theyield stressreachesits
maximum) are opaque. This observation may be

connected to an aggregated structure with particlesin
contact, which means the dominance of attractive
interparticular forces. Moreover, wenoticed a very high
acidic medium the existence of athin film of water at
thesurfaceof thesample, whichindicatessedimentation
of aggregatesthat are probably partialy attacked inthe
very highacidic condition.

Effect of ionicstrength on rheological and filtration
properties

Theeffect of theionic strength, by NaCl addition,
onrheologica andfiltration properties hasbeen studied
only onthe“Tap” palygorskite.

Thevariation of thedynamicviscosity asafunction
of NaCl percentagein the clay suspension allowsthe
detection of thecritica flocculation concentration (CFC)
whichisthefirst concentration of NaCl (ionic strength)
at which the phenomenon of floccul ation begins.

Resultsshow, for 1.5% (w/w) of Tgp clay, asudden
riseof dynamicviscosty at apercentageof NaCl equa
t00.05% of NaCl (I = 0.856 mmol L1) corresponding
tothe CFC and amaximum at 0.2% of NaCl (1 =3.42
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mmol L) beyond which the suspension becomes
unstableand sediments(figure 3). Thesameresultsare
also found for 3.25% of Tap clay for which the CFC
happensat 0.05% of NaCl (1 =0.857 mmol. L) and
the maximum isobserved at 0.4% of NaCl (I = 6.86
mmol L?) (figure4).

In absence of NaCl, diluted suspensions have a
Newtonian behaviour, the particles are dispersed and
the forces between their electrical double layersare
repulsive (F-F). The addition of NaCl causes the
compression of thedoublelayers and the decrease of
intengtiesof eectrogtaticrepulsonforces At thisstage,
the attractive Van Der Waals forces between clay
particles (Face-to-Face (F-F), but a so Face-to-Edge

02

o
it
oy

—— 1041
I | .
—a— X171
—— 3001

Dynamic viscosity (F)
8 £

=]
"]

0l I
% NaCl (w/w)
Figure4: Variation of thedynamic viscosity asafunction
of theper centageof NaCl. 3.25% Tap
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(F-E) and Edge-to-Edge (E-E)) begintoincreaseand
thento contributein thetotd interparticular interactions.
Andwhentheseattractiveinteractionsbecomedominant,
the flocculation is generated. This phenomenon of
flocculation isdetected by aconsiderableincreasein
therheologica parameters.

For higher amount of NaCl, doublelayersare so
compressed that the voluminousclay particlesare so
contracted and therefore someof theinterparticular links
arebroken causing sedimentationwhichisvisualy easy
to detect. Indeed, during experiments, sedimentation
began at 0.2% and at 0.4% of NaCl for respectively
1.5% and 3.25% of Tap. Itisimportant to notethat the
layer of water surmounting the sediment increaseswith
NaCl concentration.

Theresultsof static filtrations of the palygorskite
suspensionsunder two different pressures(figures5and
6) do not show any systematic correlation between
rheologica propertiesand filtration properties. Indeed,
a 1.5 % and 3.25 % of Tap, the variation of the
thickness of thefilter cake, itsweight and its water
retention shows no particular point that could detect
theonset of flocculation (CFC) or thebeginning of the
instability of suspensions. However, the variation of
permeability shows, at 1.5% Tap, an arupt increase at
the percentage of NaCl corresponding tothe CFC. At

or lt.:_\_\ f &
) *&_.4 | .
E. j L .-:?E,H_:'?‘ﬂ

d

04 4 —— 5 Thar
0.3 —— 1.5 bar

% NaCl (w/w)

330E17 ¢

d

MO LT ¥ a5 T §

2,508-17 _;1!]]‘

E—=—15bar
200817 § y

150817 £ >
LOOET & _‘..!ﬂ
500518 ~§—5-mﬂﬁ‘|"
000E=00 $mmerthuny iy
0001 001 o0l 1 10
% NaCl (w/w)

Figure5: Variation of thethickness, theweight, thewater retention and the per meability of thefilter cakeasafunction

of theNaCl percentage. 1.5% Tap
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Figure6: Variation of thethickness, theweight, thewater
retention and the permeability of the filter cake as a
function of theNaCl per centage. 3.25% Tap

3.25% Tap an increase of the permeability is also
detected but at apercentage of NaCl which corresponds
neither to CFC nor a the beginning of instability of clay
suspensions.

Sdt addition changestheba ance between repulsive
and attractiveforcesamong clay particles, which will
have several consequences. Indeed, with increasing
ionic strength, asthe system hasan identical amount of
clay particlesbefore and after floccul ation, the changes

canonly beduetoachangeinthenaureof interparticular
interactions. The rheological parameters are highly
dependent on the NaCl concentration, whereas the
filtration parametersof the palygorskite clay seemto
beindependent on NaCl concentration. The absence
of any correation between rheologica propertiesand
filtration properties is probably due to the fibrous
morphology of paygorskite particlesand their rigidity
compared tothoseof swelling clay. Pantet et d.,[* have
found the same results when studying the filtration
propertiesof akaoliniteclay whichisasonon swelling

clay!.
CONCLUSION

The aggregation of clay particlesby means of pH
and salinity variations has been investigated on a
bentonite and apalygorskiterespectively.

Theresultsshow agood correlation between the
rheological properties, whichare highly dependent on
the changes in interparticular interactions in clay
suspensions, and the filtration properties for the
bentonite clay. Whereasthe structural parameters of
the filter cake obtained with palygorskite clay
suspensions seem to beindependent of any changein
interparticular interactionintheinitial suspensionand
this regardless of the applied pressure. There is no
correlation between rheol ogical andfiltration parameters
for thefibrousand non swelling paygorskite.
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