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Abstract : The objective of thiswork isto deter-
mine changesof surface propertiesof abentonite after
acid activation, using hydrochloric acid solutions (HCI)
at roomtemperature. XRD, FX, FTIR, MEB, and BET
andyses of the sampleshave been carried out to exam-
inethestructureof bentonite beforeand after acid acti-
vation. Itisfound that the raw bentoniteis composed
of dioctahedralmontmorillonitewith predominant quan-
tity and certain amounts of quartz, orthodase,
albiteandillite, etc.. It also hasa CEC of 74.32 meg/g
which allow it to be characterized astypical sodium
bentonite. Changes at |ow acid concentrations have
resulted from cations exchange (exchangeabl e cations

INTRODUCTION

Bentoniterefersto naturdly occurring meterid which
consgtsprimarily of fine-grained minerd, iswhich gen-
erally plastic with in appropriate water contents and
hardenswhenitisdried or fired. Mgor clay mineras
in bentonites are smectites, such asmontmorillonite,
beiddllite, saponite, nontronite, and hectorite™. Two
types of octahedral sheets occur in smectites: the
dioctahedraltype, where two-thirds of the octahedral

with H* ions). Differences of surfaceareaat high acid
concentrations (0.25 - 0.4M) have been caused by
structural changes and partial decomposition of the
samples. Surface areameasurements have showed that
with theincrease of concentration of HCI solution the
surface area has increased. the maximum value
(837.11m?/g) hasbeen reached by the sample activated
with 0.4M HCI. Activation with higher concentration
(0.6 M) has caused adecreaseinthe surface area.

© Global Scientificlnc.

K eywor ds: Bentonite; Sodic-Montmorillonite; Acid
activation; Cation exchange capacity; Surfacearea.

sitesareoccupied mainly by trivalent cations, e.g. Al
(111) or Fe(l11), and thetrioctahedra type, with most
of thesitesoccupied by divaent cations, e.g. Mg (l1).
The negative charge of the layersisbal anced by hy-
drated exchangeable cationsin theinterlayers (Ca?*,
Mg?, Na")“". Thevariablechemica compositionin-
fluencesthelayer charge, CEC, S, and porevolume
that iswhy the clay minerals have such abroad appli-
cation®. Bentoniteclay hasvarious applicationsin the
protection of soil and environment. It isused to protect
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land from erosion, stabilization and reclamation of in-
fertileland and landfill, soil protection from pollution,
detoxification of drinking water, purification of waste
water and winetechnology, etc.®9,

Industrial uses of bentonite powders depend on
qudity and quantity of their smectitesand other miner-
als, valenceand theamount of exchangeable cations.
Bentonites may be used both naturally and after some
physicochemical treetments, such asacid activation, ion
exchange, and heating according to the application ar-
ead’oUl, Acid-activated bentonite powders have been
used in diverse applications, such asadsorbent, cata-
lyst and bleaching earth, and al soin the preparations of
carbonless copy paper, electrode, pillared clay,
organoclay, and nanocomposites’?4,

Some physicochemical properties of bentonite
change considerably with acid activation. The change
inthe propertiesappear on crystalinity of itssmectite,
CEC, swelling, pore structure, surface area, surface
acidity, decolorizing power, catalytic activity, strength,
plagticity, cohesion, and compressibility aswell asthe
chemical and mineralogica compositiong®>2,

Inthiswork, Algerian Na-bentonite hasbeen acti-
vated with hydrochloride acid at room temperaturefor
24 hoursand the resulting material swhich have been
obtained with different acid concentrations have been
analyzed with regard to changesintheir structural and
texturd properties. Thefocusof thisstudy isthemodi-
fication of bentonitewith hydrochloric acidwhilekeep-
ingitslayered structureand devel oping alarge specific
surfaceareaaswell asretaining CEC.

MATERIALSAND METHODS

Materials

Natural bentoniteclay which usedinthisinvestiga-
tion has purchabeensed from National Company for
Geological and Mining and it hasbeen collected from
Hammam Boughraradeposit which islocated onthe
west of Algeria Thesamplehave been purifiedinlabo-
ratory to remove carbonates, calcites, iron hydroxide
and organic metals. It hasbeen dispersed indistilled
water and the clay fraction (= 0.74mm) has been re-
covered by centrifugation, dried at 105 °C for 24 hours,
and stored intightly closed plastic bottlesfor useinthe

experiments.

Thehydrochloricacid (HCI) (98%, d=1.98 g/cm?)
and other used chemicalsareof andytical grade. They
have been supplied by Merck Chemical Company.

Acid activation

The bentonite has been prepared for activation by
ar-drying and grinding to aparticlesize of 0.075 mm.
Twenty (20) g of the prepared samplehasbeenweighed
into flask (1000 ml capacity) and 400 ml of hydrochlo-
ric acid solution has been added. The resulting suspen-
sion hasbeen stirred at room temperaturefor 24 h. At
theend of theexperimental duration, theresultingdurry
has been poured into a Buchner funnel to separatethe
acid and bentonite. Theresidual bentonite has been
washed severd timeswith distilled water until it hasbeen
released from ClI- against 5% AgNO, solution. After
dryingthem at 105 °C for 4 h, the activated samples
have been stored intightly closed plastic bottles. The
activation process repeated with varying acid concen-
trationsof 0.05—-0.6 M of HCL.

I nstrumentation

The elemental analysisof samples has been con-
ducted by X -ray fluorescence (XRF) on PHILIPS PW
1480 spectrometer that hasused adispersivetechnical
wavelength. The X-ray diffraction (XRD) dataof natu-
ral and acid activated sampleshavebeen obtained by a
SIEMENS D 5000 difractometer equipped with
graphic mono-chromator CuK o, radiation and afixed
power source (40 KW, 40 mA) has been used. The
scan ratewas 0.5° (20) min. Before chemical analy-
sis, each samplewhich hasbeendried at 105 °C for 4
h has been heated at 1000 °C for 2 h, and the decrease
inmasshasbeen taken asthelossonignition (LOI).

The FT-IR spectrahas been recorded with FT-IR
Spectrophotometer Model 4400 (Shimadzu Corpora
tion, Japan) with 1cm'? resolution withintherange 400
—4000 cm™. Solid clay has been mixed with KBr in
1:10ratio. The mixture hasbeen grinded till becoming
very fine powder. Thefine powder has been pressed
under 10ton pressureinto pellet. TheInfrared spectra
has been obtained from solid samplesand KBr pellets.

The CEC of samplesisdetermined by three chlo-
ride cobalt hexanamine[Cl,Co(NH,) ] method at pH
7.0. Themixturesof three chloride cobat hexanamine
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with bentonite sample have been kept at room tem-
peratureduring 1 hunder stirring. After centrifugation,
the supernatant hasbeen dosed caorimetricaly at A=
470nm, theamounts of adsorbed at floccul ation point,
referred to 100 g of clay. Thesevaluesalowed thede-
termination of both CEC.

The specific surface areahas been determined us-
ing the adsorption and desorption nitrogen isotherms,
at liquid nitrogen temperature of 196°C. Before mea-
surement, the sample hasbeen degassed at 120°C and
vacuumed for morethan 24 hours. Analysis of results
hasinvolved the determination of specific surfacearea
of thesampleusing theBET equation.

Scanning electron microscopy (SEM) of the solid
catalysts has been carried out at 15 kW using a Jeol
scanning el ectron microscope, model JSM-630LV.
Each sampl e specimen has been deposited on an au-
minium stub and gold sputtered prior to analysis by
SEM.

RESULTSAND DISCUSSIONS

Chemical composition

Thechemical anaysesof the natural and acid-ac-
tivated bentonite powdersaregiveninTABLE 1, as
themassin% of metd oxides. Thebulk chemica andy-
sis(wt. %) of the natural bentonite sampleis: SiO,,
58.32,Al.,0,, 15.32; Fe,O,, 2.23; M@0, 3.21,; Ca0,
0.95; Na,0, 1.89; K.,O, 1.19;TiO,, 0.15; S O,, 0.1,
P,0,,0.11; MnO,, 0.09 andlossonignition (L.O.1.);
13.73. SIO, and Al O, are the major constituents of
the clay with other oxides present in trace amounts.
Theresultsof TABLE 1 also show thechangesinthe
chemical composition andtheratio of Si/(Al + Fe+
Mg) of the bentonite clay asafunction of acid con-
centration.

By increasing the hydrochl oric acid concentration
from 0.05 to 0.6 M, there has been an increase in
SiO,content in bentonites, but theincrease has been
more at higher acid concentration. Thesame behavior
isobservedintheratio of S/(Al + Fe+Mg) which has
increased in bentonite until trestment with 0.6M. Ben-
tonite activation with hydrochloric acid has caused an
increase of the SiO, content due to remobilization of
octahedra cationg?%. Octahedrd cationshave shifted

intothesolutionwhilethesilicon, owningtoitsinsolu-
bility, remained and its content hasincreased with the
increase of HC| concentration. After thetrestment with
0.6M, the Al O,, Fe,O,, and MgO content have de-
creased by 48.56%, 66.36%, and 84.42% respectively.
TABLE 2 showsthe changes of the CEC, the specific
surface areaand the bulk density of the bentonite clay
asthefunction of acid concentration. With anincrease
in concentration of hydrochloric acid, the activated
sampleshave showed agradual increaseinthesurface
areauntil trestment with 0.4M HCI. Intreatment with
0.6 M HCI, adecrease of surface area has been ob-
served in comparisonwiththesurfaceareaof thesample
treated with 0.4 M HCI. Thisincreasein surfaceareais
asaresult of theleaching of theoctahedrd cationsfrom
theinter layer of the samples, and thisshowsareation-
ship betweenthe surface areaand theamount of AlLO,
+ Fe,O, +MgOin the samples, and the generation of
micro-porosity during the activation process?!. The
decrease observed at higher acid concentrations can
be explained by the process of passivation'®!. Theoc-
tahedra sheet destruction passesthe cationsinto the
solution, whilethe silicagenerated by thetetrahedral
sheet remains in the solids, due to its insolubility.
Pesqueraet al '* suggesting that thisfreesilicawhich
isgenerated by theinitia destruction of thetetrahedra

TABLE 1: Chemical analysisand specific surfacearea of the
natural, and acid activated Bentonite samples

Bentonite
Component Treated with different
(%) Untreated concentrations of HCI
0.05sM 0.15M 0.25M 0.4M 0.6M
SO, 58.32 59.66 61.32 63.10 65.32 69.66
Al,05 1582 1485 1324 1185 979 7.88
Fe,03 2.63 176 150 121 104 0.75
N&aO 1.89 169 149 060 020 0.10
KO 119 190 18 165 183 182
MgO 331 319 280 18 160 0.50
CaOo 0.95 0.70 050 015 010 0.05
TiO, 0.15 012 011 010 0.07 o0.07
S03 0.10 011 010 010 0.10 o0.07
P,Os 0.11 010 011 011 010 0.10
MnO, 0.09 - - - - -
L.O.l. 13.73 1484 1535 1655 17.78 18.21
Total 98.29 98.92 98.37 97.28 97.93 99.27
Si/(Al+Fe+Mg) 281 299 349 423 525 7.63
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sheet is polymerized by the effect of such high acid
concentrations and is deposited on the undestroyed
slicatefractions, protecting it from further attack and,
thereby, resulting to a decreased surface area. The
results of the bulk density measurement of clay show
adecreasein density as acid concentration in bento-
nite acid mixture has increased. According to this
trend, bentoniteclay property ischanged with theacid
activation progresses.

The CEC va uesof thesampleshavea so displayed
similar behavior. With theincrease of concentration of
HCI, the samples have showed agradua decreasein
CEC until trestment with 0.4 M HCI. Intrestment with
0.6 M HCl, anincrease of the CEC has been observed
incomparisonwiththe CEC of sampletreated with 0.4
M HCIl and thiscan a so beexplained by the process of
passivation?24,

Thevariationsof therelative content of metas(M/

M) inthe bentonitewith hydrochloricacid (HCI) are
giveninFigurelinwhichM andM arethemassin %
of theelement oxidesin thenatura and acid-activated
bentonite samples. Therelative contents of theundis-
solved e ementsin the bentoniteincreaseinthe order of
Ca*, Nav*, Fe**, Mg, Ti+, Al¥*, S, P>, S*, and
K by theincreasein HCI molarities. The K**cations
between 2:1 layersof illiteand the Si**cations et tetra-
hedral sitesof smectiteandillite are not dissolved by
acid activation. Theincreaseinreativecontents of these
cations depends on the dissol ution of other cationsby
theactivation. Therelative S**, P** content decreases
dowly by theacid activation. It hasbeen discussed that
the S3, P*cationsarelocated either on octahedrd sites
or tetrahedrd sites. Theincreasaintherel ative content
of S*, P** showsthat these cations are located most
probably at the tetrahedral sitesin the 2:1 layers of
smectitesimilar to S* cations.

TABLE 2: Effect of acid concentr ation on the bentonite surface are, massper cent of (ALO, + Fe,0,+MgO), bulk density,

and CEC.

Bentonite

Component

Untreated

Treated with different concentrations of HCI
0.05M 0.15M 0.25M 0.4M 0.6M

Seer (MgY)

Mass percent of (Al,O3 + Fe,03 + MgO) (%)
Bulkdensity (kg/m?)

CEC (méq/g)

508.27
21,76
1026,9
74.32

580.32 600.57 715.64 83711 544.37
19,80 17,54 14,92 12,43 9,13
997,7 976,3 950,1 896,5 927,6
70.56 62.33 46.75 40.15 70.56
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Figurel: Thechangesin relativemetal contents(M/M 0) of thebentonite powder sby HCI (M) in activation
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Dissolution (%) of the exchangeable cations Ca?*,
K*and Na' from the bentonite structureiscal cul ated
and showninFigure2. Itisexpected that asignificant
amount of these cationsisremoved after [eachingwith
0.1M acid concentration. Dissol ution of these cations
remainsamost constant by continuing the activation
process with higher acid concentrations. However, a
considerable amount of theseelementsisstill foundin
the activated bentonite dueto the presence of impuri-
ties, mainly feldspar that has cal cium, sodium and po-
tassium, andit isresistant to acid attack(?#, It ispre-
sumed that at |ow acid concentration theattack onthe
structureisweak and that the exchangeabl e cationsre-
placed by H* ionsarefew!?9,

Mineralogical composition

The XRD patternsof thesamplesaregivenin Fig-
ure 3. The bentonite contains a sodium-richmont-
morillonite(NaM) withthed(001) valueof 15.56 [°A]
that isthedominant montmorilloniteminerd which seems
well crystallized inthe sample. Other mineraswere
foundtobe quartz, orthodase, dbite, andillite. Leach-
ing of the samplewith chlorhydric acid producesim-
portant mineralogical changeswhich can beseenfrom
XRD patternsof Figure 3(b-f). Themost pronounced
modification occursinthemontmorillonited(001) pesk
(thefirst peak appearing at 20 angle about 4°) which
showsareductioninintensity asaresult of acid attack.

For concentrationsof hydrochloric acid 0.05M and
0.25M the corresponding peaks are d(002) =12.71
[°A], and d(005)=15.80 [°A] respectively. It is clearly
observed that hydronium cations canintercaateinto

50 -
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the interlayer spacing of the sodic bentonite by the
mechanism of cation exchange, without thel ossof layer
structure. The hydrophilized bentonite exhibitsrather
broad diffraction peaks d(005)= 15[°A] at 0.4 M of
hydrochloric acidconcentration. Thereductionininten-
sity and increasein the width of d(001) peak indicate
that thecrystalinity of theNaM isconsiderably affected
by acid activation. Thismeansthat the processfavours
the production of amorphous phase by decomposing
montmorillonitecrystalline structure®. Thiseffectis
more pronounced for activationswith 0.6 M acid solu-
tions, where the cebatite clay produced at
d006=10[°A]. Similar results have already been de-
scribed intheliterature®!. It can bea so observed that
the characteristic peaks corresponding to quartz,
orthodase, dbite, andilliteminerd sdisappear after acid
activation under relaively mild conditions.

FTIR characterization

TheFTIR spectraof theuntreated and hydrochlo-
ric acid treated bentonite samplesin thewave number
range of 4000-500 cm™ are shown in Figure4. The
spectrum of theuntreated bentonite exhibits absorption
bands at 3422 and 1638 cm* thisis assigned to the
stretching and bending vibrations of the OH groupsfor
thewater molecul es adsorbed on theclay surface, and
aband at 3621 cm™* which represents the stretching
vibration of the hydroxyl groups coordinated to octa-
hedral Al**cationg?"*. The spectrashow sharp band
vibrationsin theregion between 1000 and 400 cmt it
isdescribed in earlier papers*34. Namely, the most
intensiveband at 1035 cm! in the spectraof untreated

35 A
30 A
25 A

20 A

Cations dissolution (%)

y f— A A
45 - /—A—""" — -+
40 A A’.\/—'
—— —n
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Acid concentration (M)
Figure2: Cation dissolution at different acid concentrations
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Figure4: FTIR spectrum of thenatural (a) and, acid activated bentonite samples(b —f))

bentonite wasattributed to Si-O stretching vibrations  around 521 and 466 cm™! are ascribed to Si-O-Al
(in- plane) of thetetrahedral sheets, whereasthebands  (whereAl isthe octahedra cation) and Si-O-Si bend-
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ing vibrations, respectively!®. Theintensivebandsnear
916 cm!, 845 cm™!, and 521 cm* attributed to Al-
Mg-OH, Al-Al-OH and Al-OH-O-S stretching vibra-
tion respectivey. Theraw bentonite spectrumalso con-
tains aband between 796 and 693 cm* which are at-
tributed to orthodase and quartz respectivel 2", FTIR
spectraof Figure 4(b-f) show thedecreasingintensity
asaresult of acid activation bentonite which reflects
theleaching of octahedrd cations, suchasAl**and M g?
from thebentonite structure. Thereduction of the con-
tent of the octahedral cationsisaccompanied by ade-
crease of both OH bending vibrationsat 916 and 845
cnrisT,

TheFTIR resultisinclear agreement withthe XRF
and XRD studieswhich indicates sequentia degrada
tion of theclay sheet upon acid treatment.

SEM analysis

Scanning e ectron micrograph of bentonite samples
hasbeen obtained and presented to an enlarging equal
to 6000 X inthe Figure 5. The micrograph of theun-
treated bentonite can be clearly observed fromthe Fig-
ure5awhich showsthat the size bentonitegrainsisdif-
ferent, andtheir diameter islocated between 29um and
126pum, and the aggregate mass of irregularly shaped

ORIGINAL ARTICLE

particlesthat appeared to have been formed by severa
flaky particles stacked together in form of agglomer-
ates. Themicro-graphsof acid treated bentoniteindi-
cate the disaggregation and decrease in size of clay
sructureon acid trestment (Figure5(b—f)). When com-
pared him with Figure 5a, it can be showed a clear
distinctiononvisual anayssthemicrostructura differ-
ences. Thediameter of particlesacidtreated bentonite
varied from 250 pm to 780 um. These variations, thus,
haveled to decreasein thedensity of acid treated ben-
toniteasthe particul ate volume automatically increases
and therefore decreasesthe specific gravity. According
toAmari et al.[?¥, inthelinewith the previousresults
reported by Morgan et al. and Kheok and Lim(%"38,
statethat the surfaceincreaseswith theincreaseof acid
concentrationtotheoptima vaue, beyondthisacid con-
centrationsthe surface decreases.

The SEM micrograph of activated bentonitewith
HCI 0.6N showsthediminution of proportionsof the
different grainsof sizelocated between 60 um and 200
um. The edges of the sheets are opened and separated,
so the separation of layers are explained by the phe-
nomenon of desydrophilisation with themigration of hy-
dronium ionstowardsthe surface and the transforma-
tion of their crystal lattice (Figure 5f).
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Figure5: SEM surface morphology of untreated bentonite (a), and activated with chlorhydric acid under different
concentrations:(b) 0.05M; (c) 0.15M; (d)0.25M; (€) 0.4M; (f) 0.6M

gated. Natural bentonitewhichisusedisof sodium-
richmontmorillonite nature as confirmed by chemical
compositionand the XRD analyss. Acid treatment has
Theeffect of hydrochloric acid activationonthe partiadly dtered the structure of themontmorillonite. The
structueof bentonite clay hasbeen successfully investi- - acid concentration playsan important rolein the acti-

CONCLUSION
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vation step which hasbeen confirmed by XDR, FTIR,
BET, and SEM analyses. This hasled to increase a
specific surfaceareaof bentonite. Theincreaseof acid
concentration up to 0.1M has caused theincrease of
exchangeabl e cationsdissol ution after whichit hasre-
mained dmost constant.

The XRD results have pointed out that the activa-
tion has affected mainly d(001) (basal) reflectionsand
has caused more changesin theinterval between 0
and 40° of 20 dueto the decomposition of the struc-
ture and the deposition of amorphoussilica. Thein-
tenstiesof thebasa montmorillonitereflections (15.56
[A°]) have been affected by acid activation. Acid-
treated bentonites has greater SiO, contents and
smaller contentsof Al,O,, Fe,0,, MgO and CaO than
thenatural bentonite. The activated bentonite samples
have contained substantially coarser particlesthanthe
origind bentonite,
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