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ABSTRACT

Bentonite clay mineral from the Gulbargaregion bel onging to the smectite
group having a wide range of industrial uses was activated by different
methods (such as water, chemically and thermally activated). The acid
activation of the investigated bentonite increased three times the surface
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areaand volume. Thisactivated clay ischaracterized for chemical analysis
(XRF). Surface areadetermination indicatesincrease in surface pore diam-
eter. Thermal Gravimetric analysis (TGA) and Differential thermal analysis
indicates the decomposition of carbonates. X-ray diffraction (XRD) pat-

terns indicate the increase in the calcium phase.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Clays, whosebasic mineral ismontmorillonite, or
smectite, are generally called bentonites. Bentonites,
which areemployedisprevaent anong most industrid
raw material Y. Acid activated bentonitesare used as
adsorbentsin thebleaching of edibleoil§2, inthepro-
duction of carbonless copy paper’, andin the prepa-
ration of pillard clays¥, orgnaoclays®, and heteroge-
neous catalystg®9.

The surface acidity and the porous structure of
bentonites can be changed to some extent by acid
activation®12, These changes depend on the smectite
minerals, other clay mineralsand non-clay minerals
contained inthebentoniteaswell asthechemica com-

position, thetype of cations between thelayers, the
typeof acid, the mass percent of the acid in the ben-
tonite-acid mixture, the processtemperature and the
process period.

Bentonite can be used in cement, adhesivesand
ceramics. Bentoniteisal so used asabinding agent in
the manufacture of taconite pellets used in the steel -
making industry. Fuller’searth, an ancient dry clean-
ing substance, isfinely ground bentonite, typicaly used
for purifying transformer oil. Bentonite, in small per-
centages, isused asaningredient in commercialy de-
signed clay bodiesand ceramic glazes. Bentoniteclay
iIsalso used in pyrotechnicsto make end plugs and
rocket nozzles®.

Theionic surface of bentonite hasauseful prop-
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erty in making asticky coating on sand grains. When
asmall proportion of finely ground bentoniteclay is
added to hard sand and wetted, the clay binds the
sand particlesinto amoldable aggregate known as
green sand used for making moldsin sand casting.
Someriver deltasmix or make naturally just such a
blend of such clay silt and sand, creating a natural
source of excellent molding sand that wascritical to
ancient metal working technology. Modern chemical
processes used to modify theionic surface of bento-
nitegreatly intensfy thisstickiness, resultingin remark-
ably dough-likeyet strong casting sand mixesthat stand
up to molten metal temperatures®.

MATERIALSAND METHODS

The processing clay sample is collected from
Gulbargadigtrict. Theoperationslikeclay crushing, air-
drying and grinding by bal mill and passing through dif-
ferent meshes are carried out. The clay fraction was
purified and the surface areameasurement iscarried
out by the classical methode.

The chemical analyseswereobtained by using X-
ray diffraction studies (Philips goniometer, PW 1730/
10, using the Ko radiation of copper). Theinfrared
spectraobtained by using KBr pelletswererecorded
with aPerkin Elmer 783 dispersive from 4000 to 400
cmt, Thermo gravimetric (TG) and differentid therma
anaysis (DTA) experiments were performed using
NETZSCHSTA 409 PC. TG and DTA datawere ob-
tained at aheating rate of 10°C/min up to 900°C under
Argon atmosphere.

EXPERIMENTAL

Treatment of raw clay

Inthepreparation of raw clay, thebentoniteistaken
fromlocally available unitsin Gulbargawhichisob-
tained in theform of lumps. Thelumpswerefed into
ball mill with 150 duminabalsand millingwascarried
out for 10minto 15min.

Theraw clay obtained after millingwasscreenedin
thesieveshaker to get desired particlesizewithout fine
particles. Theraw materialsretained at different seve
were collected in different containers.

Prepar ation of washed clay

100 gm of bentoniteclay istakenin avolumetric
flask; about 1000 ml of distilled water isadded toiit.
Themixturewasthoroughly stirred. It wasleft for about
2 hoursfor sedimentation. The water was decanted
dowly. The procedure wasrepeated for about 3 times.
Finally theclay wasdried at 100°C.

Preparation of thermally activated clay

The 100 g prepared raw materid of different szeis
taken and mixed properly. Then the prepared mixture
isplaced in 6 fireclay crucibles, these crucibles are
placed in the furnace and heated at atemperature of
about 750°C, two cruciblesare taken out at zero hour
soaking, and two more crucibles are taken out at 1
hour soaking agai n two more cruciblesistaken out af-
ter two hour soaking. Thisthermally activated clay is
keptinair tight box.

Prepar ation of chemically activated clay

The 40 g of raw clay istaken from fractionin a
flask then 10 ml of concentrated H,SO, isadded dong
with 800 ml of water.

Thisset upistaken for 6 hour for heating until the
small bubblesriseup and caremust betaken sothat it
boils continuoudly during heating, then alow it to cool
for 2to 3 hoursafter cooling the chemically activated
clay iswashed with distilled water for 4to 5timesto
remove excesswater fromit. Thiswashed clay iskept
for drying for 24 hours at 100 °C then removed from
furnaceand kept itinair tight box.

Prepar ation of thermo-chemically activated clay

Thermally activated clay whichisheated at 750
°C soaked for 1 hour istaken about 40 gm of this
clay and placed in round bottomed flask then 10 ml
of concentrated H,SO, is added along with 800 ml
of water.

Thisset upiskept for 6 hoursfor heating until the
small bubblesraisesup and care must betaken so that
it boilscontinuoudy during heating, thendlow it to cool
for 2to 3 hoursafter coolingthe chemically activated
clay iswashed with distilled water for 4to 5timesto
remove excesswater fromit. Thiswashed clay iskept
for drying for 24 hours at 100 °C then remove from
furnaceand kept inair tight box.
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RESULT AND DISCUSSION

X-ray fluor escence (XRF)

Fromthetable (TABLE 1) itisclear that theele-
mentssuchas, SO,, CaOandAl, O, inmgjor percent-
ageexceptinthechemicaly activated clay.

TABLE1

Bentonite Bentonite Bentonite E.’I.er?ésglée Bentonite
Analyses Washed Chemically . Thermally

Raw clay B Chemically B

clay activated ; activated
activated

MgO 3.252 3.154 3.116 3.352 2.897
Al,O; 8.607 8.249 6.998 8.932 8.520
SO, 57.810 55.219 66.791 58.573 66.859
K,0 2.612 2.504 2.700 2.645 2.007
Cao 21.810 25.008 14.175 20.735 13.756
TiO, 1.355 1.257 1.744 1.382 1.685
Mn,O3 0.043 0.043 0.056 0.043 0.054
Fe,03 4.325 4.434 4.219 4.220 4.067
Tota 100 100 100 100 100
LOI 214 22.58 17.92 21.28 17.9

Fromthistableisobserved that, Al O, leached out
inchemically activation. SO, decreased by washing,
somefreequartz removed. CaO reduced in activation,
more by therma & chemically activation. No changes
or small changein other oxides.

FTIR spectra

I dentification of clay minerd sthe absorption band
dueto structura OH and Si-O groups playsfrequently
animportant roleinthedifferentiation of clay minerds
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Figurel: FTIR spectraof clay sample
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from each other. Infrared spectra (Figure 1) are the
evident inthefrequency range4000-400 c®. The pesk
at 3620-915 cm'* confirmsthe dominant presence of
amectitewith[Al, Al-OH] stretching and bending bands.
The adsorption bands at 3750-3250 cm* and 1750-
1250 corresponds to OH frequencies for the water
molecul eadsorbed on the clay surface®. Bandsat 490,
500, 900 cnt can be assigned to [Si-O-Al], [Si-O-
Fe],[SO] and[Si-O-Si]. The(Si-O) bandsarestrongly
evident intheslicate structure and can bereadily rec-
ognized inthelR spectrum by the very strong absorp-
tion bandsin the 1250-900 cn? region™,

Surfaceareadetermination

Thesurfaceareaof the clay adsorbentswere esti-
mated according to Scarsmethod. A samplecontaining
0.5g of clay wasacidifiedwith 0.1 N HCl toap™ 3to
3.5. Thevolumewas made up to 50 ml with distilled
water after addition of 10g of NaCl. Thetitration was
carried out with standard 0.1 M NaOH in athermo-
static bath at 298 k to p™ 4 and thento p* 9. Thevol-
ume ‘V’ requiredto raisethe p" from 4 to 9 was noted
and the surface areawas computed from thefollowing
equation,

Surfacearea (m?g) =32V-25

BRC BWC BTA BCA BTC
103 774 119 631 7334

Clay
Surface Area (m?/g)

Datashowsthat sul puric acid activation of the bento-
nite increased three times then the surface area and
volumevaues

Thermal analysis(TGA/DTA)

Thethermal decomposition of Clay showsathree
stepweight loss. (Figure 2) Thefirst weight lossof 10-
12%from 30°Cto 130°Cisduetothelossof adsorbed
andinterlayer water fromtheclay minera.

A second weight loss of 5-6% from 130 to 630
°C, isdueto theremoval of water composition from
the clay mineral. Thethird loss of weight 3-4% ap-
pearsonly at 620 to 800 °C this can be attributed to
the carbonate decomposition. Thistota lossisequd
totheLOI values.

A sgnificant endothermic peak between 120t0 180
°C, these transformation are due to the remova of
adsorbed and inter |ayer water from theremova of the
first peak confirmtheclay presence of aswelling phase
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intergtratified with nonswelling clay.

A DTA trace(Figure 2) of the crude sample corre-
sponding to thetransformation of thequartz, at 630°C
and other endothermic peak at 731 °C can be attrib-
uted to the carbonate decomposition.
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Figure2: TGA/DTA analysisof clay sample

X-ray diffraction (X-ray)

TheXRD spectrum of al thesesamples(Figure3)
XRD shows SO, pesk and montrmorilInite pesk inraw
andwashed clays. ThisS IO, pesksisduetofreequartz
intheminerds. Butintheactivated claysonly freequartz
peaksis seen and crystalline clay peaks disappears.
This suggeststhat activation makes clay amorphous.
Thisisthereason why the surfaceareaincreased dras-
tically after activation.
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Figure3: XRD of clay sample

Theedgesof crystalsare opened and theAl* and
Mg?* cations of octahedral sheet are exposed to the
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acid and then become soluble. The surface porediam-
eter expandsthe specific surface areaof the smectite
Increasesto maximum.

CONCLUSION

Important information was obtai ned about the &f-
fect of thermal and acid activation on some of the
physico-chemical propertiesof bentoniteclay by using
chemicd anadyss. TGA and DTA andys ssuggeststhat
thethermal stability of sample. FTIR and XRF show
thebonding natureand the presenceof ionsinthesample.
Inadditiontothisthe proportion of the destroyed crys-
td structurewasemployed by using theraw clay found
by thenormalization of theregularly decreasing XRD.
Duringtheacid activation, thepartid lossof Mg?*, Fe
and Al** cations of the octahedral are exposed to the
acid and become soluble asaresult, increased the po-
rosity considerably. The sulpuric acid activation of the
Investigated bentoniteincreased threetimesthe surface
areaand volumevaues. Theectivationredized at con-
stant temperatureand period; it waspossibleto obtain
bentonite samplesof required properties.

ACKNOWLEDGEMENT

Authorsthank to the Department of Scienceand
Technology (DST), India(Grant No. SR/S1/ PC-10/
2005) New Delhi & UGC Innovative Programmein
Materiads Chemistry, New Delhi (D.O.No.F.14-4/2001
(Innov.Policy/ASIST)) for their financia assstance.

REFERENCES

[1]
[2]

(3]

[4]
[5]

H.H.Murray; Appl.Clay Sci., 5, 379 (1987).
E.PGonzdes, M.S.Villarance, A.C.Gdlego; J.Chem.
Technol .Biot. 87, 213 (1993).

M. Takashima, S.Sano, S.Ohara; J.Imaging, Sci. Tech.,,
37, 163 (1993).

J.M.Adams; Appl.Clay Sci., 2, 309 (1978).
C.Breen, R.Watson, J.Madejova, PKomadel,
Z.Klapyta; Langmuir, 13, 6473 (1997).

[6] PLaszlo; Science, 235, 1473 (1983).

[7] T.J.Pinnavaia, Science, 220, 365 (1983).

[8] S.R.Chitnis, M.M.Sharma; React.Funct.Polym., 32,
93 (1997).

[9] FKooali, W.Jones; Clay Sci., 6, 59 (1991).

Au Tudian Yourual



MSAIJ, 7(5) 2011 A.Venkataramana et al. 301

> Fyf) Poper
[10] N.Javanovic, J.Janackovic; Appl.Clay Sci., 6, 59 [14] S.D.Faust, O.M.Aly; Adsorption Processor for

(1991). Water Treatment, Butterworth Publishers, Boston,
[11] M.A .Vicente, M.Suarez, J.de D.Lopez-Gonzalez, (1987).
M.A.Banares-Munoz; Langmuir, 12, 566 (1996). [15] H.Van Olphon; An Introduction to Clay Colloid
[12] J.Ravichandran, B.Sivasankar; Clays & Clay Chemistry, Interscience Publishers, NY, London,
Miner., 45, 854 (1997). (1963).
[13] D.L.Sparks; Environmental Soil Chemistry, Aca- [16] V.C.Farmer; Spectrochim.ActaA, 56, 927 (2000).
demic Press, Inc, California, (1995). [17] V.C.Farmer, in: V.C.Farmer (Ed); Infrared Spectra
of Minerals, Mineralogical Society, London, UK,
(1974).

— Pt icly Science
ﬂaVMnW



