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Abstract : Clay from Marakabassi close to Niono (Mali) withtéresting morphology and adsorption capacity
characterized in anticipation of its possible usedhromium (lll) adsorption. Chemical analysis, BXRnd infrared
spectroscopy show that the major mineral is poongtallized kaolinite (71%), the other mineralsnigesmectite/illite

(14%), quartz and nanometric goethite. TEM image®al nanometric size of the clay crystallites (99 in average),
the thickness of which is estimated around 20 romfiXRD and low pressure gas adsorption. The mateisplays

large specific surface area (64 m2/g) and 1 catiahange capacity (0.34 Meq/kg). Méssbauer speetirgnexcludes
Fe'/AI" substitution, the only possible origin of permanehnarge in kaolinite. The electrophoretic behawiofithe

sample is relatively independent of pH (z = -27nbowe pH 4) and ionic strength (IEP at pH 2 onlyesksd for 0.1
mol/l ionic strength), i.e. close to that of montifionite, which points to the presence of montritoriite layers at the
basal surfaces of kaolinite particles.

Keywords: kaolinite clay, crystal-chemistry, surface prdjes, electric charge

Une argile nanokaolinitique naturelle de Marakabass(Mali) pour I'enlevement
du chrome (lll) dans les effluents de tannerie : IStructure et caractérisation de
surface

Résumé :Une argile de Marakabassi prés Niono (Mali) avee morphologie et capacité d'adsorption intéressasit
caractérisée en prévision de son utilisation pésgibur I'adsorption du chrome (ll). L'analyseroltjue, la diffraction
aux rayons X et la spectroscopie infrarouge mohiere le minéral principal est une kaolinite mastallisée (71%),
les autres minéraux étant la smectite / illite (J48& quartz et de goethite nanométrique. Les isdageM révelent la
taille nanométrique des cristallites d'argile (38 en moyenne), dont I'épaisseur est estimée a 2@ partir de la
diffraction aux rayons X et de l'adsorption de gdzasse pression. Le matériau a montré une grami@ee spécifique
(64 nflg) et une capacité d'échange cationique (0.24kg). La spectrométrie Mossbauer exclut la subtititu
Fell/Allll, la seule origine possible de la chargermanente de la kaolinite. Le comportement élpbcétique de
I'échantillon est relativement indépendant du g ¢27mV avec le pH au dessus de 4) et la forciien(PEI a pH 2
observée uniquement pour la force ionique 0.1 mopkodit proche de celle de la montmorillonite, guinte vers la
présence de la couches de montmorillonite surddaces de basales de particules de kaolinite.

Mots clés :Kaolinite, Argile, chimie cristalline, Propriétés durface, charge électrique.
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1. Introduction paper, its mineralogical composition, textural and
o _ surface reactivity properties are studied in ortder
Decontamination of waste waters from industryeyajyate its ability to adsorb metal ions from
and craft-industry in order to decrease theiragueous solutions. A companion paper is dedicated
environmental impact, has become an importany the adsorption mechanisms of Cr IlI, and to the

the case for effluents from metallurgical a”dtannerywastewaters.

chemical industries, ceramics, electro-galvanizratio
More specifically, in Mali, textile industries and
tanneries are potential sources of water pollutipn > Field site
chromium ions. Chromium ions cause serious cases
of acute toxicity and diseases such as lung cancer The clay used in this study was collected in
and kidney failure. Various methods such as ionMarakabassi (MB), a small town close to Niono
exchange, electro-dialysis, reverse osmosis antMali). Sampling area is South of "lower Kala " (12
hydrometallurgical technologies have been used imlegrees North), near Niono, a city located 115 km
parallel with precipitation and adsorption for North of Segou, 350 km North-East of Bamako
chromium removal from environmental aqueous(Fig. 1). The area is presently irrigated for
solution ™. Anyway, clays readily adsorb heavy agricultural purpose. The underground structure
metal ions, and their use as adsorbent appears to cludes three geological units of different thieks
a very appropriate method to treat these effluentd’: the infra Cambrian substratum, the Continental
Clays, and particularly kaolinite, are abundant/cla Terminal and the alluvial coverage. The infra
minerals in Mali”? and their use as an adsorbentCambrian substratum, (580-400 million years old),
would be very convenient for the treatment ofconsists of sandstone and schist and is crossed by
industrial effluents. Furthermore it is observedtth fractured systems, diaclases and fissures allowing
kaolinite in effluents show a higher selectivityr fo important circulation of water. The roof of this
transition and heavy metal ions due to the presendeorizon is located 30 m depth. In the Continental
of pH-dependent adsorption sitdsThus, metal ion Terminal, (25 to 28 millions years old), layers of
retention by estuarine sediments could be betteglays, sandy clays and sands are intercalated with
modeled with kaolinite than with smectite. levels containing gravels, quartz and clayey or

It is considered that the adsorption of heaeyain  sintered lateritic horizons. Its thickness variesf
ions and complexes on clay minerals occurs as &0 to 60 meters. The alluvial deposits were formed
result of ion exchange, surface complexationwhen the Western African craton subsidence
hydrophobic and electrostatic interactioff’.  occurred and comprise old or recent alluvia brought
Consequently, removal of metal cations by clayby the river Niger, fossil or current. The depasid
minerals is controlled by parameters such as clayand 10 meters thick. Three pedological and
charge characteristics. Charge characteristicenorphological units can be distinguished in the
include the magnitude of the active sites and thdNiger dead delt®! high sandy lifting, depressions
cation exchange capacity which has twobetween the sandy heights and decantation basins.
components: one hand, the permanent negativ&éhe high sandy lifting comprises different types of
charge generated by isomorphous substitutionSeno soils. They consist in sands and silts and are
within the octahedral and tetrahedral sheets of théocated on both sides of the old outflows; theyaver
silicate layers, and on the other hand the pHbften used as a background for the irrigation
dependent charge arising from dissociation of edgehannels installation. The depressions between the
hydroxyl groups. The pH-dependent charge mayandy heights are soils of Danga type. They consist
also be contributed by dissociation of other acidin decantation basins and small lifting made up of
groups present such as humic acids particularly irmuddy and clay-muddy materials covering clayey
non purified clay mineral§'. In addition to the clay deposits. The decantation basins were submitted to
charge properties, metal uptake is also influence@ long period of flood when the dead delta was stil
by the metal ion’s self characteristics such as itdunctional. They are composed of clayey soils
radius, charge size and hard / soft acid — basbaving a structure of two types: a coarse prismatic
properties, which determine its solubility and structure (soils ofDian type) or a structure of
reactivity™. grained or polyhedral fine surface (soilsNMbursi

In the present work a natural kaolinitic sodrh  type).The clay fraction amount increases frféemo
Marakabassi with interesting morphologic andto Danga, DianandMoursisoils. Clays are of illite,
adsorption capacity is presented. In the preseriaolinite and smectite types.
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Figure 1. Map of South-East Mali, and localization of Niono

3. Materials and methods IFS 55.
Mdssbauer spectra were recorded on the raw
3.1. Preparation of the clay sample at room temperatussing the miniaturised

Mossbauer spectrometbfiIMOS, !, and at 300 K
nd 77 K on the < 2 um fraction of the clay materia
rPy means of a conventional transmission
spectrometer using ¥Co (Rh) source and anFe
foil as calibration sample. The Mossbauer spectra
were fitted by using the MOSFIT program
developed by!”.
3.2 Chemical, Structural and Surface TGA and TDA diagrams were recorded on a
characterization SETARAM MTA microbalance with a 5°C/mn
i _ _ heating rate from ambient temperature to 900°C
Chemical analysis of the clay material was nqer Ar sweep.

pgrformed with'a Quantometer Jobin Yvon 70-P-ation exchange capacity was measured by the
with ICP (Inductively Coupled Plasma) after sample ,paitinexamine method
fusion in lithium metaborate and dissolution in | 4 pressure adsorpt'ion isotherms of argon and

deionized water. . nitrogen at 77 K were recorded on a lab-built
X-Ray diffraction patterns were recorded Uusing g tomatic quasi-equilibrium volumetric setth 12

D8 Bruker diffractometer with a Codradiation A using the protocol given B§.

= 1.7890 A). The rough sample was analyzed by Ejectrokinetic measurements were obtained by
powder diffraction. The < 2 um fraction was g|ectrophoresis using a Zetaphoremeter IV from the
analyzed as an oriented preparation, then aftegap Instrumentation Company. The
soaking with ethylene-glycol in order to detect thegjectrophoretic mobility was converted into theaZet
presence of swelling clays, and after 550°C heatingotentiel after the Smoluchowski equation. The
in order to confirm the presence of illite. measurements were achieved in*100% and 10°

For TEM studies, an aliquot of < 2 um clay \ NaNO, solutions prepared in ultra pure water.
fraction was suspended in ethanol under ultra-

sonication and a drop of resulting suspension was

evaporated on a carbon coated copper grid4. Results and discussion

Observations were performed using a Philips CM20 _ .

transmission electron microscope operating at 2041 Chemical composition and morphology

KV equipped with an EDX energy dispersive X-ray Chemical and TEM-EDX analysis of the dry

spectrometer. adsorbent yielded the composition in weight
Infrared spectra were recorded in transmissiompercentages given ifiable I. A first indication on

geometry on KBr pellets made of 19 % clay in KBr the nature of the silicate minerals in the sample i
using a Bruker Fourier Transform Interferometergiven by the Si and Al  contents.

3

After collecting, the clay was manually ground.
For the present study, separation of the < 2 p
grain size fraction was performed by sedimentatio
according to the Stokes law, after destructiorhef t
organic matter by oxygen peroxide, and
pyrophosphate dispersion.
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The SiQ/Al,O; oxide ratio, 1.53, is intermediate =~ The Marakabassi clay is essentially composed of

between that of kaolinite (1.18) and smectite (2.36 very small clay particles, most of them below 0.5

Similarly, the atomic ratio Si/Al is 1.22. Theregor MM, with angular shape and low contrasg(2). A

very small number of iron oxide particles are

It can be expected that the MB sample Conta“nsbbserved. Fe and Mg are uniformly distributed over

be3|d§s kaf)l.lmte, Sipand 21 clays such as the clay particles, and are interpreted as sulestitu
smectite or illite. The presence of small amourits Ojn the crystal array of the clays and intergrowth o
these clays is suggested by MgO,,®land KO.  nanocrystalline grains of goethite.  The
FeO; can be attributed to iron oxide particles or heterogeneous dispersion of Si with small spots of
substitutions in the crystal network of clays. a0 high Si density reveals the presence of ;SiO

attributed to carbonate. nanoparticles.

Table I: Results of chemical analysis of Marakabassi biaynductive Coupled Plasma (ICP) and TEM-EDX.

ICP | SiO, | Al,O; | TiO, | Fe&Os; | CaO | MgO | NaO | K,O | MnO :Z;%?t?o%n
Wt% | 45.75 %%‘ 100 | 6.03| 081| 075 010 06f 002 13.04
EDX Si Al O] Fe Ca Mg Na K Mn

Wt% | 2530 | 19.82| 47385 594 068 043 0L 043 i

At% | 18.96 | 1547| 6230 224 0338 038 009 0.3

e
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Figure 2: TEM images and EDX analyses of the Marakabdagi(& 2 pm fraction).
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4.2. Mineralogy kaolinite over quartz, smectite and illite. Thefhal

The X-Ray powder diffractogram of the initial _helght width of the 001 peak of kaolinite at 7.19 A

R - - - introduced in the Scherrer equation vyields a
material inFig. 3 is dominated by the equidistances , . . ;
of kaolinitegat 7.19, 4.46, 2)./56, 3.(157 A. The thickness of 26 nm, which suggests a highly

. s ._anisotropic shape of the kaolinite particles.
presence of 2:1 clays is indicated by the moduatio Expansion of smectite by ethylene glycol shifts the

around 18 A for smectite and at 10.18 and 2.35 . : ;
for illite/mica.The degree of crystalline order OfAlofS;[ﬁizsﬁnlén%;?(g?égihzlirzncf\c'ti:;ah?s sr:u:!!;}r;?nsﬂy
kaolinite can be quantified by calculating the P N i
Hinckley Index ™, which is the sum of the heights low amount. Thermal treatment at 550°C releases a
- - small amount of illite, identified by the remaining
of reerxions(OlO), and (1]]-) measured from the 10.30 A line, and of quartz. The recorded X-ray
inter-peak background, divided by the height ofpatterns do not allow to quantify the clay minerals
the(dD) peak measured from the generalPresent in sample MB. However, the amounts can
be approached using the results above. If the

background. The Hinckley index of the g )
Marakabassy clay is 0.42, which indicates a Iowhyp()thes'S is made that Mg (Table 1) is present as

: ctahedral substitution in 2:1 clays, at an average
\?vigiléﬁera%fg :Srdf(?(r),magczo rtdolnlg yt% tg)e .Igﬁ Q e)zila; Cak(f'?ate of 0.5 atoms per half cell, the amount of 2:1

pattern of an oriented preparation of the g® clays (here smectite and illite/mica) can be
fraction Fig 3) confirms the dominance of estimated at 14 g per 100 g of sample.
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Figure 3: X-Ray diffractograms of the Marakabassi clay (Co-radiation). a) Powder diagram of the raw material
b) Oriented preparation of the <2um fraction — a)a@lation of the Hinckley index. K: kaolinite —illite — S: smectite
— Q: quartz
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The IR spectrum presented kig. 4 confirms the The stretching modes of external OH groups (figure
predominance of the kaolinite phase, as shown by) which represent the proton motion in front of th

the_lstrengthrf?lf the 4 ?T': stretching modes at 3694|.0 pond generate an absorption mode at 91% cm
cm , 3670 crif, 3652 crit (external OH) and 3620 exhibiting on the high frequency side a shoulder at

cmi’* (internal OH) belonging to the octahedral OH- ) . . ) :
Al groups as indicated iRig. 4518 The intensity 938 cnt. The resolution of this 938 chrstretching

and resolution of the 3670 &m3652 crif modes Mode is also an index of the kaolinite crystaljinit
generated by the coupling of two of the threeA shoulder at 359&ni* identified as OH-F¥-Al
external OH oscillators allow to quantify the stretching mode, is associated to the 878" bending
cristallinity of the clay as proposed By and!®, mode Fig. 4): it reveals the presence of*fFdons in
They defined a criterion named p2, as the intensityubstitution to Al in the octahedral sheet of clay
ratio of the 3670 cthand 3652 ci modes: p2 = particles.The wide stretching mode at 3447 “cm
(11103670 cm-3 / (/103652 cm-)- The value of p2 is lower associated with the 1638 ¢mbending mode of
than 1 for a well crystallized kaolinite, it inCE®8  mgolecular water indicates that a large amount dewia
when the amount of crystalline defects increasesygynd to the clay. In addition the stretching made
Here, the 3670 c'rJnr_nO(_je is poorly resolved, and p2 1454 ¢ni is assigned to the presence of carbonate and
is higher than 1 indicating a poorly crystallized the triplet at 796 cih 780 and 753cthto the stretching

kaolinite, as already shown by XRBig. 3). modes of SiQ
1,6
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Figure 4: Infrared spectra of < 2 um fraction. a) Compkgiectrum, b) Domain of OH stretching (linear tiase
between 3750 and 3550 &jnc) Domain of OH bending
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The status of Fe appears on the 300 K Mdssbauemd asymmetrical lines occurs in addition to the
spectrum of the raw materialFi§g. 5), which  central quadrupolar doublet. The fitting model
essentially consists of a quadrupolar doublet with involves two quadrupolar doublets and at least 2
isomer shift of 0,35 mm’ characteristic of magnetic components to well describe the sextet
octahedral P& in clays *¥ and a quadrupolar (see hyperfine data listed Trable II).

splitting at 0,53 mm:§ This information is also The refined values of hyperfine parameters confirm
present on the Modssbauer spectra of the fingrevious conclusions, i.e. a majority of*Fand a
fraction. From the 300 K spectrum recorded at 12yingrity of F€*. Taking into account the values of

<1
mm.s’, one observes clearly at the centre &he guadrupolar shift, the magnetic component is

quadrupolar doublet while the outer part remains . . . . .
rather flat; suggesting the absence of Fe baseas&gned to ultrafine particles of goethite. Indéed

Mossbauer spectrum at 4 mm/s, one observes goethite is about 400 K and the confinement effect
small peak at about 2 mril.sn addition to the into nanometer size particles originates the presen
prevailing quadrupolar doublet. The refinement ofof  superparamagnetic ~ fluctuations: both the
this spectrum requires at least 2 quadrupolag,aqrupolar structure at 300 K and the magnetic
components. As listed ifiable 2, the isomer shift . :

one at 77 K suggest particles of goethite less than

value of the main component (98 %) is typical of ) _
High Spin state Fé located in octahedral 15 nm. The broadening and asymmetry of the lines

coordinence while that of the minor component hagnight be due to grain size distribution (5-15 nm),
to be rather attributed to the presence 6f.Feuch  the role of the matrix and/or the presence of other
a description has been successfully achieved witelements (Al ...). It is difficult to give deeper and

the large velocity spectrum, giving rise to the 8am yeasonable description. The nanometric grain size o

qualitative and . quantitative conclu_sions. goethite is attributed to its growth in a restritte
Furthermore the slight asymmetry of the intense olume. for example as an interarowth with
central doublet could be assigned to the contilputi volume, xamp Interg Wi

of a low percentage of Pe in tetrahedral kaolinite nanometer size particles. That is
coordinence which does not exceed 5%. confirmed by the TEM-EDX images of Figure 2 on

At 77 K (Fig. 5), a magnetic sextet with broadened which Fe distribution overlaps on that of Si.
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Table Il : Characteristics of Mossbauer spectra of thedlag fraction (Figure 5).

T°K Velocity Isomeric shift (1S) Line width Quadrupolar splitting Fe™ % | Fe" %
(mm.s") (mm.s?) (mm.s") (QS) (mm.s"
300 4 0.26 0.46 0.52 98
0.98 0.47 2.58 2
300 12 0.33 0.49 0.50 97
0.97 0.50 2.42 3
77 12 0.45 0.55 0.48 74
1.11 0.50 2.64 2
0.48 0.61 -0.31 15
0.50 0.61 -0.15 9

From these measurements, it appears thdt Fe500°C #. Therefore, the actual amount of 8%
occurs mainly in octahedral coordinence (98 %)weight loss recorded for the MB clay corresponds to
while F€* content remains extremely low. ¥as 57% of kaolinite. However, studies on the influence
consequently related to kaolinite and goethiteof particle size on thermal dehydroxylation of
Chemical analysis shows that its occurrence in th&aolinite®® clearly show that size reduction of pure
clay sample in less than 6% in weight: thus goethit kaolinite (the well-known KGal and KGa2
represents less than 2% of the whole sample that samples) by grinding and ultrasound results in
obviously not detectable in XRD patterns and IRstructural and superficial effects according to the
spectra. treatment time. The surface areas increased up to 6
Fe-OH-Al bonds were also observed on the IRmZ.g'l, the XRD reflexions were broadened, and
spectraFig. 4), which supports that Pesubstitutes  substantial changes in the thermogravimetric curves
Al in the octahedral sheet of the present clay8. Fe occurred. Weight loss up to 3.97% appeared upon
in iron oxides is significant, as observed by thedehydration below 140 °C, the two dehydroxylation
presence of the characteristic sextuplef. Was not stages (230-440°C and 440-1000°C) produced
observed, since its characteristic feature (IS d anrespectively up to 4.35% and 9.44%, which
QS 1.3) is absent from the Mdssbauer spectruncorresponded to a sum of 13.79% characteristic for
(Fig. 5). Therefore, the Fe substitution in the pure kaolinite dehydroxylation. In the present gfud
octahedral sheet of the clays does not affect theiall the features of ground kaolinite are observed,
CEC. including a weight loss of 2% around 250°C.

The weight loss recorded during annealing ef th
clay up to 900°CKig 6) occurred mainly in two 20
steps. The first weight loss (6 %) is due to
elimination of molecular water between 25 °C and
90 °C with the maximum loss at 55 °C. It can be ¢
attributed essentially to interlayer and surfacéewa 2
in smectite and kaolinite. The second major Welght£
loss (8 %) occurs at 473 °C. It is attributed te th =
dehydroxylation of the kaolinite crystal, although
the temperature is significantly lower than that of s/
well crystallized kaolinite, expected at 515 °C.

0,7

0,6

05

0,4

1p/dp

03

0,2

o1

There are several origins of such unusually low ,
dehydroxylation temperature. First, the small size 0- w w i -0
the kaolinite particles promotes their reactivty. 0 200 400 600 800

Then, iron substituting octahedral sites promotes Figure 6: Thermo ravimetri::nal sis of raw clay (heatiatp:
dehydroxylaﬁon of kaolinite by increasing the 5°%/mn)'Weight Ic?ss during annegling from 25%01@‘1:, and
structural disordel" 22, Finally, the conditions of derivative of weight loss

thermal analysis also influence the dehydroxylation The kaolinite content of the MB clay, calculated
the low heating rate (5°C. nith under Ar sweep from the sum of the weight losses in the two
may result in lower dehydroxylation temperaturedehydroxylation stages, i.e. 10%, is then 71.4%.
than those given as references, which are generallfrom the above results, an estimation of the
recorded in air at a heating rate of 10°C.nin mineralogical composition of the MB clay can be
Stoichiometrically, kaolinite generates 14% of proposed: 71% Kaolinite, 14% smectite/illite, 2%
weight loss upon thermal dehydroxylation aroundGoethite, 13% (the complement to 100%) SiO

8
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4.3 Surface properties high CEC value cannot be attributed only to 2:1

L clays, which represent 14% in mass, and contribute
The N and Ar low pressure adsorption |sothermsfor 0.14 e-kg of CEC according to an average

(Fig. 7) describe the adsorption of the gas in theCEC of 1 e-kg. The rest of the CEC, i.e. 0.2 e-kg

range of six orders of magnitude below the average is attributed to kaolinite. In the case of kadbni

monolayer, which occurs around P/ 0.1, i.e. ) ) )
LnP/P, = —2.3. The isotherms presented here aréhe CEC is generally located on th_e1 dissociate@ edg
Charges, and represents 0.1 e-.kd?ermanent

derivative isotherms. In order to quantify the harge is generally considered as insignificant for

heterogeneous distribution of surface energy, thfaolinite compared to montmorillonite, but yet
experimental curve is decomposed in a sum Orepresent 0.01 — 0.08 e-k&. In fact Al'/Fe

theoretical local derivatives. Each of the IocalSubstitutions in the crvstal latice have been
derivative represents adsorption on a single serfac” . Ty 6]
evidenced only exceptionallf?®. In the present

patch, each of which being characterized by thecase, infrared and Mossbauer spectra (Figures 4 and

median adsorption energy (the maximum), the [~ ™. . ; - m
lateral interaction between adsorbed molecules (th ) I:nd|cate that isomorphic SUbSt'ﬁuuon of Aby
" occurs, but the absence of Fprecludes a

half-height width), and a geometric area WhIChpermanent charge from this origin. A significant

represents a proportion of the total area occuipyed : .
the gas molecules. The parameters of the thedreticgart O.f the CE(.: of 'ghe Marakabassi clay is then not
explained at this point.

local derivatives Table 1l1) are adjusted so that
their sum fits the experimental data. The
experimental curves show two major modulations, s | Ar
corresponding to two major energy domains. The
most energetic domain (respectively at LnP#HP-

11 and -13 for Ar and ) is attributed to the edges
of the clay particles, which bear reactive silasuodl
aluminol groups. The less energetic domain
(respectively at LnP/P= -4 and —6 kT for Ar and
N,) is attributed to the basal faces of the clay 3
particles, on which saturated siloxane and/or 1

aluminol groups are preseHt'>*! The specific ol e e
surface area of the edges can be calculated frem th 20 15 10
sum of the theoretical local derivatives used to Ln(P/Po)/kT
model the most energetic domain, which accounts
for 20.5 % of the total surface area. Such proporti
corresponds to a very anisotropic hexagonal prism
of diameter/height ratio 20. This result is strgngl
supported by the particle sizes below 500 nm and
the low contrast observed by SEM (Figure 2), and
by the 26 nm thickness calculated from the X-ray
diffractogram. In line with the morphology of the
studied clay, its total surface area of 69.5gm
(Table 3) is unusually high for clays, the RET
specific surface area of which ranges generally 0+ = =
around 20-30 fog™. This high surface area can be -20 15 -10 5 0

an explanation for the Weight loss of 6% ObserVedFi ure 7: Low pressure NandLZE’P(;Z?i\)//el:t-:-ve adsorption isotherms on
below 130°C in the thermogra\/imetric anaIySiS'thg<2Limfra(rz)tion. The isotherms are decompdﬂgdheoretial local
Assuming that the hydrated surface carries twalerivative isotherms. Grey lines: experimental d&iae black lines:
water layers, which is generally the case for naher 'ocal theoretical derivatives.

surfaces at room humidity (50-60%), and the cross|y,o pH variation of Zeta] potential of the < 2 um
sectional area of adsorbed water being close to 04, ti5n acordind to the pH in 7010% and 1G M

nn? ?, the adsorbed water content is 4.2 %. TheNaN, electrolyte is shown in Figure 8. In the pH
complement to 6%, i.e. 1.8%, can then be attributedi;main from 4 to 10, thé potential is quasi-stable

to interlayer water in smectite. around —25 mV, independently of the pH and ionic
The cation exchange capacity (CEC) measured byyength A shift towards -20 mV is recorded at pH

. . . _1 .
the cobaltihexamine method is 0.34 e-kdhis below 4 in 1F and 10-3 M Na N@ In 10* M

dVads/dLn(P/Po)
N

[N
I

N
I

dVads/dLn(P/Po)
=
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NaNG; the( potential is reversed at pH 2.2, which 19

defines an Iso-Electric Point.
[ J
. 0
Table Il : Parameters used to fit the experimental derieatjas E ® 100 mM
adsorption isotherms (Figure 7). LnP/Po: positibrihe maximum of %
the theoretical local derivative./kT: broadening of the local curves. = 010 mM
The specific surface area (SSA) was calculated lm nitrogen 8 -10 4 AlmM
adsorption isotherm. e °
LnP/Po KT SSA SSA ]
KT - m%g % N A
-10.7 0 7.6 13.3 209 g . A
-7.9 0 3.2 5.7 | o & o g o =)
Argon -6.8 0 9.3 16.3 [} f‘ e © [ ]
-4.0 0.4 36.7 64.7 -30 w w ‘ w ‘ w w
Total 56.8 100.0 1 3 5 H 7 9 11
145 0 6.5 9.3 P
127 1 7.8 11.2 Figure 8: Zeta potential of the < 2 um. Evolution with pH1i0*, 102,
-10.4 0.4 3.9 5.6 10° M NaNG;.
Nitrogen -7.9 -0.8 18.8 27.1
-5.6 0.69 19.1 275
26 0 13.4 19.3 5 Conclusion
Total 69.5 100.0

The present study shows that in the MB clay
The surface charge of kaolinite originates from thesample the main mineral is a badly crystallised
proton dissociation of amphoteric silanol andnanometric kaolinite with F&AI" octahedral
aluminol groups at the hydroxyl — terminated edgessubstitution. Additional minerals are smectite
planes of the particles. Therefore one would expectl4%), quartz and goethite. The nanometric size and
a strong dependence of the correspondifg strong anisotropy (20% of lateral faces) of the
potential to the pH and secondary to the ionicparticles result in high surface area (64g™).
strength, as generally observed for metal oxidesThe presence of montmorillonite layers on both
and as predicted Poisson-Boltzmann theory ofides of the kaolinite stacks results in high CEC
electric double layer. The electrokinetic behaviour(0.34 e-kd) and montmorillonite-like
of the Marakabassy clay fraction (Figure B) electrokinetic behaviour{(= -27 mV above 4).
clearly in contradiction with the above expectasion These properties define a very favourable substrate
Recent works report similar observatidfis™ 22! for the adsorption of metallic cations by
These observations parallel those made omromplexation and cation exchange.
montmorillonite, which show strong potential

independence of the electrokinetic potential to pHAcknovaedgements

and ionic strength due to the dominance of thel'his work was supported by the French Ministry of

permanent  crystalline Charge[so,sl,sz,zas's.}-l—he Foreign Affairs (Embassy of France in Bamako). Pr
montmorillonite-like electrokinetic behaviour of jacques Yvon (LEM ENSG, Nancy) is warmly

kaolinites is generally attributed to interstra&tfi  acknowledged for his help and fruitful advises. éladh
kaolinite/smectite impurities, and to is acknowledged for this work. The authors are gt
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