Trade Science Ine.

ISSN : 0974 - 7486 Volume 8 | ssue 2

A Tndéian Yournal

— Pyl Paper

MSAIJ, 8(2), 2012[67-72]

Development and char acterization of organophilic clay from bentonite

Shirin A.Jahan, Shahnaj Parveen’, Samina Ahmed, Humayun K abir
Ingtitute of Glassand Ceramic Resear ch and Testing (I GCRT), Bangladesh Council of Scientificand Industrial Research
(BCSIR), Dhaka-1205, (BANGL ADESH)
E-mail : sparveen_bcsir @yahoo.com
Received: 26™ July, 2011 ; Accepted: 26" August, 2011

ABSTRACT

KEYWORDS
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Commercially available smectite clay (bentonite) was modified by ion ex-
change reaction using N-Cetyl-N,N,N-trimethylammonium bromide (CTAB)
to prepare organophilic clay. Thereaction was carried out in acidic medium
(conc. HCI) under controlled stirring at atemperature of 80°C for aspecific
period of time. Physico-chemical and thermal properties of the clay before
and after modification were determined and compared using X-ray diffrac-
tion (XRD), Fourier transforminfrared (FTIR) and thermogravimetric ana-
lyzer (TGA). The chemical composition of bentonite was determined by X-
ray fluorescence (XRF) and the cation exchange capacity (CEC) of theclay
was determined by methylene blue method. The CEC valueisfound 29 meg/
100g of the sample and the XRD analysis showed the enhancement of basal
spacing from12.2 A to 12.9 A after the modification of the clay. Theresults

Smectite;
CEC,
Basal spacing;
CTAB.

reveaed that desired modification of bentonite has been achieved.
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INTRODUCTION

Clay minerdsfind dmost innumerableapplications
andthedivergity of itsuseisgtill increasing. In addition
to applicationswell-known for alongtime, new uses
arefound and new types of materidsarecreated. The
suitability of clay for aspecific applicationisbased on
itsmineral ogical and chemical composition. Dueto
uniquestructureof montmorillonite, theminerd platelet
thicknessisonly one nanometer, althoughitsdimen-
sonsinlength and width can bemeasured in hundreds
of nanometers, withamgority of plateletsin 200400
nm rangeafter purification™. Smectiteareconstituted

by layer and belong to the Phyllosilicate family. Each
layer iscomposed from an octahedral sheet surrounded
by two tetrahedra sheets(T.O.T.). They form agroup
of clay mineralswith avery large compositiona range.
Subgtitutions are extensive both in thetetrahedral and
octahedral sheets. Bentoniteinitspurenatural formis
hydrophilic, because of the presence of inorganic cat-
ionsonthebasa planar of montmorillonite. Clay min-
eralsand claysaremoreand moreinvolved in materid
science studiesand are parent materialsof organic-in-
organic composites. An additiona drivingforceorigi-
nates from the need to removetoxic compoundsfrom
the environment and to reducethedispersion of pollut-
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antsinsoil, water and air. Bentoniteissmectite group
clay formed from thealteration of siliceous, glass-rich
vol canicrocks such astuffsand ash deposits. Thema-
jor minera in bentoniteismontmorillonite, having hy-
drated sodium, calcium, magnesumand duminiumsili-
cate. Bentoniteisused in awiderange of applications
such asdrilling mud, foundry and binding, iron-ore pel-
letizing and civil engineering usessuch aswater proof-
ing and sedl ant’?. Thesignificanceof bentonitehasin-
creased duetoitsability toform organically modified
claysor nanoclays, which aregaining alarge market
placeinthefield of polymer nanocomposites, paints,
greases, inks, cosmetics, waste water treatment and
drug-ddlivery vehiclein thelast decade’®. Montmoril-
lonitegivesto bentoniteitstypical properties-high sorp-
tion capacity, characterized by ahigh vaueof cation
exchange internd swdling after contact withwater, high
plasticity and binding ability. Bentonite al so contains
other clay minerds(uaolinite, illite, beidellite), Fecom-
pounds, quartz, feldspars, volcanic glass etc., which
representimpuritiesand if possiblethey areremoved
duringtheminerd processing™.

Therearedifferent typesof modification with or-
ganic moleculese.g. ion exchange, impregnation, inter-
calation and grafting. Organoclays have been
catagorized as the good adsorbents for toxic metals
e.g. Cr, Pb, Cd, Hgand Zn®.. To reach adequate modi-
fication of aclay sample, itisnecessary to know their
cation exchange capacity (CEC) and the amount of
organic surfactant that can enter between thelayers,
thusensuringacompletemodification of theclays. Many
methodsexist to measure the CEC and methyleneblue
can beusedinarapid quaitativeprocedure. Themeth-
ylene blue stain test makesit possibleto quantify the
ionic adsorption capacity of asoil by measuring the
quantity of methylene blue necessary to cover thetotal
(externd andinternd) surfaceof theclay sampl€®. This
testing techniqueworks on the basisof the chemical
reactionstriggered by an excessin negative electric
chargesintheclay particlesand (or) theionic exchange
phenomenataking place between the easily exchange-
able cations of the clay and themethylene blue cations
released by methylene blue duringitsdecompositionin
water'®, Clay modification usingion exchange process
is the common method to make the clay more

organophilic.
Wotevialy Science m—

Inthisstudy, bentonitewasmodified with N-Cetyl-
N,N,N-trimethylammonium bromide (CTAB). Theab-
tained organo bentonitewas characterized by XRD,
FTIR, TGA and methyleneblueindex value (MIB).

EXPERIMENTAL

Mateirals

Bentonite clay was collected from thelocal mar-
ket. N-Cetyl-N, N, N- trimethylammonium bromide,
hydrogen peroxide, concentrated HCI, sulphuric acid
(H,SO,), methyleneblueand ditilled water wereused
for the preparation of organobentonite. All the chemi-
calsabovewere used asreceived without any further
purification. Organic sol ventsfor the synthesisand char-
acterization were andytical grade and were obtained
from Merck Germany.

Methods

Organoclay preparation and characterization

Locally collected bentonite clay samplewasdried,
ground and stored in abottle. A requisite amount (20g)
of air-dried clay were heated at 110°C for 24 hoursto
determinethemoisture content™. Fromthedried sample
1gclay wascacined at 1000°C for 1hto determinethe
lossonignition (LOI) from thefinal mass. Chemical
analysisof the clay was done by the sophisticated X-
ray fluorescence spectrophotometer (XRF, PANa ytica
XRF, Model No. PW2404). The cation exchange ca-
pacity (CEC) of the clay was estimated by methylene
bluetitration method®. Thetest was performed on 2g
of bentonite sample (weighed dry sample after oven
dryingat 110°Cfor 12h). Thesampleisplacedina600
mL of distilledwater and kept in suspensonwith adtir-
rer. Thetest must be performed in an acid environment
(pH between 2.5 and 3.8) through the progressive ad-
dition of 0.1N sulphuricacid until thepH was stabilized
at thedesired value. Methylene blue sol ution of con-
centration 0.01N was added to the suspension with a
burette. A small quantity of the suspension was col-
lected with arod after stirringthesuspensonandasmdl
drop wasmadetofall onto astandard filter paper. This
producesadark blue stain surrounded by acolourless
wet area. M ethylene bl ue sol ution was added moreand
more dropswere deposited on thefilter paper until a
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light bluehal o was seentoforminsidethewet areaand
around theblue stain. American Society for Testingand
Materials (ASTM) standards define the blue index
(MIB, inmequiv/100g) asfollows®:
MIB=EV100/W )

Where Eisthemilliequivaentsof methyleneblue
per millilitre, V isthevolumeinmL of thesolution used
inthetitration processand W istheweight (in g) of the
dry sample.

Thusthe blueindex can be determined from the
followingformuld®:
MIB=0.5V )

Again, the index supplied by the Association
francaise de Normalization (AFNOR) testing method
isreferred to asthe bluevaueof thesoil (V,ing/100g)
andisgiven by
V, =Vx 0.01 x 100/W ©)

WhereV isthevolume (in mL) of the methylene
blue solution used, 0.01 isthe concentration (g/mL) of
methylene blue solution used and W isthe dry weight
(ing) of the specimen.

If theblueindex (MIB) determined by theequation
(1) iscorrelated withthe bluevalue (V ;) by means of
equation (3), keeping inmind that in this casethe con-
centration of theblue solutionis3.1986x10° g/mL (in-
stead of 10x10°g/mL):

V, =Vx 3.1986x10° x 100/W 4
Where 3.1986x 1072 isthe concentration of the so-
lutioning/mL.

Most of the studieshave reported modification of
claysusing diphatic quarternary ammoniumions®and
N-Cetyl-N,N,N-trimethylammonium bromide (CTAB)
was used in this study. 20g of bentonite clay sample
was measured into the 1000mL of hot waterintoa2 L
capacity beaker and allowed to disperseunder mixer
rotating 250 rpm for 90 minutes at atemperature of
80°C. A solution containing 10g CTAB with 4.2mL
concentrated hydrochloric acid (HCI) in 500mL hot
digtilled water subsequently added into themixtureand
alowed to mix for another 90 minutesat thesamespeed
of rotation. After this, the solid wasfiltered through hot
distilled water using vacuum filtration apparatus. The
modified clay wasdried inan ovenfor 24 hr at 80°C,
then groundinto afine powder using mortar and pestie.
The obtained organo modified clay waslabeledasTC
inthisstudy. All procedureswerecarried out thoroughly
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inorder to ensure gppropriateness of the successful ion-
exchangereaction.

In order to obtain unmodified clay, 20g bentonite
wasdispersedin 1000 mL of hot distilled water at 80°C
and wasthoroughly mixed for 90 minutesat 250 rpm.
Theobtained solid wasthen filtered with vacuumfiltra-
tion apparatusand dried at 80°C for 24 hr. Theresult-
ant solid wasthe untreated clay used inthis study and
waslabeledasUTC.

TheFourier transforminfrared (FTIR) spectrawere
obtained by IR Prestige 21, Shimadzu using KBr disks
and the sampleswere scanned in wave number range
of 4000 cm*-400 cnr* with an average of 30 scans
and resolution was 4 cnt. All spectrawererecorded
and anayzed to know the nature of thefunctiona group
attachment. The d spacing and hK bandswere mea-
sured by using PANalytical (X "Pert PRO XRD PW
3040). Themodified and unmodified clay materid swere
investigated by thermo gravimetricanadyssusing TG/
DTA 6300 (Model- EXSTAR 6000, SlI, Selko In-
strument Inc.) to obtainthe estimated organic contents
and the decomposition temperature. The clay sample
wasloaded in platinum pan and the samplewas hested
from room temperatureto the maximum of 1000°C at
therate of 10°C/min. The TGA trace was used to de-
terminethe % weight lossat 1000°C whichisasuffi-
cient temperature to degrade the organic contents
present in TC and the differential thermo gravimetric
(DTG) andysiswasperformed usng TGA results.

RESULTSAND DISCUSSION

Physical and chemical analysis

Themoisture content of oven-dried claywas 1.19%
by mass. Thechemica composition of thesampleclay
isshowninTABLE 1.

Thelossonignition (LOI) isdueto thedehydration
and dehydroxylation of clay minerals. Cal culated blue
index and bluevaueof theclay dongwith specific grav-
ity va ue of the sampleand modified clay areshownin
TABLE2.

The cation exchange capacity (CEC) valueisnot
locally congtant, but variesfromlayer to layer, and must
be considered asan averagevaueover thewholecrys-
tal. CEC vaues of bentonite with methyleneblueindex
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TABLE 1: Chemical composition of bentonite

Compound formula (in oxide)

Concentration %

SO, 59.78
Al,Os 17.01
N&a,O 0.42
MgO 2.19
K,0 2.17
CaO 1.97
TiO;, 0.70
Fe0s 1.65
SO; 0.88
Others 0.17
LOI 13.06
TABLE 2: Propertiesof clay
Properties UuTC TC
Colour Reddish Off-white
CEC (meg/100g clay)
Blue Index (MIB) 29.0 -
Blue Vaue (Vg) 9.28 -
Specific gravity 2.02 1.67

(MIB) and bluevaue (V) aredightly lower than that
of smectitereported in theliterature. Thereduction of
specific gravity valuefor organo modified clay (TC)
over that of untreated clay (UTC) can beexplained by
thefact that organicionswere attached which makes
the clay to bemore organophilic and lesshydrophilic.
Henceit caused thereductioninthedensty of theclay
sample, sothe specific gravity vaueisaso reduced.

FTIR analysis

FTIR spectra of bentonite (UTC) and
organobentonite (TC) areshownin Figure 1(a) and (b)
respectively.
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Figurel(a): FTIR spectrumof UTC
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Figurel(b): FTIR spectrumof TC

The peaks between 3500 and 3700 cnrt and near
3400 cnm* areindicativeof montmorillonite-rich smectite
clay®. The band frequency near to 3620 cm'?, 1627
cm*dueto—OH (free), -OH (bending) vibration re-
spectively™. TheAl-Al-OH stretching frequency was
observed at 3620 cnr*whilethe bending frequency was
at 914 cm™. These can be considered ascharacteristic
of dioctahedryl smectite®¥. Theband frequency of 1473
cnmrtand 2850 cm? representsthe genera akyl group
(-CH,) and band at 2918 cm* was assigned for halo-
akyl group (CH,-X) intheorgano modified bentonite
(TC)4, FTIR study clearly indicatestheformation of
organic-inorganic hybridwhichissupported by the XRD
andthermal andlysisaswell.
XRD analysis

One of the most important methodsfor studying
theinterlayer spacingisX-ray diffraction (XRD), and
themontmorilloniteminerd pesk displacement a 20is
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Figure2(a) : XRD spectrumof UTC
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Figure2(b) : XRD spectrumof TC
asuitablecriterionto evd uatetheinterlayer spacing pe-
cificaly adecreasein the 20 angleindicatesanincrease
ininterlayer spacing*¥. It isalso reflected inthe XRD
pattern of UTC and TC shownin Figure2(a) and (b)
respectively.

The characteristic peaksof montmorillonite shown
inFigure2(a) areat 7.2°, 19.8" and 26.8° 20 and Na-
MMT showsad,,, diffraction pesk at 26=7.2" which
assignstotheinterlayer distance of the natural mont-
morillonitewith abasal spacing of 12.2 A fromthelit-
erature*¥. The XRD study of CTAB-treated clay (TC)
isshowninFigure2(b) and theincreasein d-spacing
vaueof TCto12.9 A at 6.9° 20 indicatesthat organic
modifier isintercalated into the interlayer spacing of
bentonite. This feature is also supported by the
thermogravimeric analysisof thesamples. Furthermore
XRD pattern indicatesthe presence of impurities such
askadliniteand quartzinthe bentonitesample. Themost
intense peak at 24.88’ 20 alongwith the peaksat 21°-
26’ 20 reflectsthe presence of quartzi*“. The presence
of kaolinite can beattributed from the peak at 12.4° 26
with basal spacing of 7.14 A and theintensity of the
peak ischanged after themodification of theclay. The
measured |lower CEC valuefor bentonite can be ex-
plained by thesetwo impurities present in bentonite.

Thermal analysis

Thermogravimetricanalysisof UTC and TC was
carried out within 30-1000°C temperaturerange at the
rate 20°C/min. Figure 3(a) and (b) show thedifferentia
thermogravimetric (DTG) and TGA curvesof boththe
untreated clay (UTC) and CTAB-treated clay (TC).

UTC shows comparatively higher weight loss at
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Figure3(b): TG/DTGof TC

<200°C than organoclay (TC), whichisdueto|oss of
adsorbed water. Itisindicated that thereisasmall weight
lossfor UTC between 200 and 500°C, whilethree steps
weight lossappeared for organo modified clay (TC) in
the sametemperaturerange.

There are two distinct types of water present in
bentonite. Type| wasthe adsorbed water which hasa
great mobility being easy to beremoved. Typell con-
stituted the hydration shell around the exchangeable
cations and its presence depended on the number of
hydrated cationsresiding in theinterlayer space. Be-
tween 200° and 550°C, bentonite did not undergo any
thermally induced changes. Thereforethe peaksinthis
region for organo-bentonite are attributed to the de-
composition of the organi c reagent.

CONCLUSION

Theorgano modified day prepared by ion exchange
e Palorioly Science
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process using N-Cetyl-N,N,N-trimethylammonium
bromide (CTAB) asmodifying agent wasexamined for
physicd, chemica andthermd properties. The specific
gravity of themodified clay reduced after modification
of bentonite. Thisisdueto the organic compound at-
tachment to the clay surface. The FTIR result shows
the presence of functional groupslike (-CH,), halo-
akyl group (-CH_X) inthemodified clay. Thisiswell
supported by the XRD analysiswhich showsthein-
creasing of d-gpacing va ue of organc-bentonitein com-
parison to that value of bentonite (UTC). The TGA
curvefor TC showsthree stepsdegradation that isan
evidence of theintercalation of organo modifier inthe
clay. Although bentoniteismixed with someimpurities
likequartz and kaolinite, itispossibleto modify it with
organic modifier. The prepared organo modified clay
can be used asagood adsorbent of different toxic pol-
[utantsfromtextileand industrid wastewaters.
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