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ABSTRACT

Natural and Na-form of heat-treated bentonite was applied for the adsorption
of copper (1) and cobalt (11) ionsfrom model sewage at 20-65°C temperature
range. At various temperatures equilibrium adsorption capacity of both
natural and Na-form heat-treated bentonite samples were determined.
Adsorption efficiency of the adsorbents was increased by increasing the
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temperature. It can be hypothesized by the reduction of swelling and
dehydration. Also, the adsorption efficiency for the Cu?* was greater than
Co* in al studied solution concentration and temperatures. Modification
of bentonite by cation exchange method led into higher gross capacity
values, equilibrium coefficient of distribution and metal ion adsorption

selectivity. © 2014 Trade Sciencelnc. - INDIA

INTRODICTION

By rapidincreaseinglobd indudtrid activities heavy
metal pollution hasbecomeaseriousconcern. Dueto
the toxicity and non-biodegradable nature of heavy
metd s, theentry of theminto water isbecoming acriti-
ca environmenta and public hedth field of attention™
4. Threekindsof heavy metdscanbefindinindustrial
wastewaters, including toxic metals (such asHg, Cr,
Pb, Zn, Cu, Ni, Cd,As, Co, Sn, &tc.), precious metals
(suchasPd, Pt, Ag, Au, Ru etc.) and radio-nuclides
(suchas U, Th, Ra, Am, etc.)™3. According to this
classfication, metalssuch as copper, lead, zinc, cobalt,
nickel, chromium and mercury have been considered
ashazardousheavy metalsand arevery toxic e ements

which can becommonly found in water and wastewa-
ter. Thisfact can provethenecessity of theremoval of
these metalsfrom wastewater>9.,

Methodsfor metal ionsremoving fromagueousso-
lutionmainly consist of physica, chemicd and biologi-
cal processes?. Themost important techniquesinclude:
preci pitation™, ion exchange*4, adsorption™, coagu-
lation*3, evaporation™ and reverseosmosi§¥. Adsorp-
tion on solid matrices has been shown to be an eco-
nomically feasi bledternative method>6&19,

Copper isone of the most common toxic metals
that find itsway to water sourcesfrom variousindus-
triessuch aseectroplating, mining, el ectrica and elec-
tronics, iron and steel production, non-ferrous metal
industry, printing and photographicindustries®®. Trace
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amount (gL1) of copper isrequired and necessary for
some organismsas cofactorsfor the enzymatic activi-
ties. However, for themost of the organisms, concen-
trationsat ppm (mg L) level are known to betoxic
because of irreversibleinhibition of someenzymesby
the heavy metal iong>*%, Accordingto U.S. Environ-
mental Protection Agency (EPA) standards, the per-
missiblelimit of copper dischargeinindustrid effluents
intowater bodiesislimitedto 0.25mgL 16,

Cobalt containing compoundsarewiddy usedin
many industrid applicationssuchasmining, metalurgi-
cal, paints, pigment, and electronics. Cobalt isalso
present inthe wastewater of nuclear power plants. The
acceptablelimitsof cobalt intheirrigation water and
livestock wastewater are 0.05 mg/L and 1.0 mg/L, re-
spectively>U, The acute cobalt poisoningin humans
may cause serious health effectse.g. asthmalikeal-
lergy, damageto the heart, causing heart failure, dam-
ageto thethyroid and liver. Cobalt may cause muta-
tions (genetic changes) inliving cells. Exposuretoion-
izing radiation isassociated with anincreased risk of
developing cancer®.,

Activated carbonisawidely used adsorbent inthe
adsorption process, mainly dueto its porous surface
structure, which provides high surfacearea. Thehigh
cost of activated carbon operating hasledto the devel -
opment of new adsorbentswith smilar characteristics.
On the other hand, recovering activated carbon par-
ticlesfrom wastewater may be complicated*?. There-
fore, thereisaneed to exploreaternativesto investi-
gate low-cost, effective and economical adsorbentg®
11)

A low-cost adsorbent isdefined asonewhichis
abundant in nature, or isaby-product or waste mate-
rial from another industry’. In addition to cost, ad-
sorptive propertiesand availability area so criteriafor
choosing an adsorbent to remove pollutants. Thishas
encouraged research into discovering materid sthet are
both efficient and chegp™. Inthismanner, clay materi-
assuch aszeolite, montmorillonite, smectite, bentonite
and sepiolite can be used as adsorbents for the ad-
sorption process>!%%3, They are naturally occurring
structured and phyllosilicatemineras, with high cation
exchange and ion adsorption capacity™.

Bentoniteisaclay materid (2:1type), mostly con-
tainsmontmorillonite. It isasoft, plastic and porous
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rock consisting mostly of calcium montmorillonite, with
permanent negativechargesonitg®®. Theinner layer is
composed of an octahedra sheet situated betweentwo
SiO4 tetrahedral sheetd?. It isclassified asasmectic
soil composed of an expandable 2:1 type of alumino
dlicateclay minerd. It congstsof flat partideswith char-
acterigticsizeof 107to 10° nmwith negatively charged
surfaceionsand sodium counter-ions. Theflat plates of
clay have atendency to pack parallel to each other
forming liquid-crystalline order®*4, On account of
higher surfaceareaand cation exchange capacity, ben-
toniteisa2:1 mineral with one octahedral sheet and
two silicasheets, whichform alayer. Layersare held
together by Vander Waal sforces. Water can easily pen-
etrate between layers of bentonite dueto these weak
forces, charge deficienciesand structureimbal ances.
Bentonite modification by cations could balancethese
deficiencies™,

Thechargeimbaanceiscompensated by exchange-
able cationsincluding H*, Na’, or Ca?* on the layer
surfaces, inthisway, modified bentoniteis produced.
The cation substitutions mainly take placein the octa-
hedral sheetsand may induce an enormouschangein
the physicochemical propertiesof claymineralg513.161,
Chemica modificationsonthe surface of the bentonite
with acids, bases, cationic surfactantsand certain poly
hydroxyl cationswere a so conducted toimprovether
adsorption capacity!'1®, Bentonite hasattracted great
interest inenvironmenta pollution management because
of itsoutstanding propertiessuch ashigh swelling abil-
ity and cation exchange capacity!*>1,

Al-Qunaibit!*” used bentonitefor remova of high
concentration of Cu (I1) ionsfrom agueous solution.
Zhao et d .9 investigated the adsorption behavior of
Cd(I1) on GMZ bentonite. Zhi-rong and hiscoworker®
studied the adsorption of copper and nickel on Na-
montmorilloniteasafunction of solutionpH, dosage of
Na-bentonite, temperatureand contact time. Xu et a.[*¥
surveyed the effect of shaking time, temperature, pH
andionic strength on the adsorption of Pb(I1) onto M X-
80 bentonite. They reported the adsorption thermody-
namic parameters(i.e., AH®, AS%, AG®) andinvestigated
the adsorption mechanismsof Pb (1) onthe bentonite
surface.

Theam of the present work isto study adsorption
of ionsof copper (1) and cobalt (11) under static con-
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ditionsonto natural and modified bentonites, to per-
formtheoretical calculationsof somecharacteristicsof
adsorption processof theionsusing experimenta data.

EXPERIMENTAL

Bentonitefrom Dash-Salahli deposit of Azerbaijan
hasthefollowing characterigtics. density of 2.22 g/cm?,
SIO,:AlQ, ratio about 5.7:2.1, composition of ex-
change cations, meg/100g sorbents— Na*(K*) 49.80;
Cat"(Mg?) —43.20, total capacity meq/100g sorbents
—93.00.

Adsorption experimentsconducted in thermogtati-
cally controlled flask using of thermostat IT-1 up to
0.1'Cinglasscells, where0.05 g of adsorbent and 10
ml solution were contacted. Solution and adsorbent
were mixed with glassstirrer at aconstant rate. Con-
centrations of copper (1) and cobalt (1) ionsin solu-
tionswere cal cul ated by spectrometer on device SF-
26.

Kineticstudies

Generdized rate congtant of adsorptionwascal cu-

lated by ratio Sakovich®:
1
K=n-kn @
Wherekisrate constant of adsorption processand nis
aconstant which depends on condition of experiment
and mechanism of interaction of sorbing ion by adsor-
bent (O< n< 1). Temperature dependences of rate con-
stants of adsorption process of metal ionswith bento-
nite containing adsorbent are well described by the
equation of thefollowing pattern:
C-d

InK = T @)
Where, K isgeneralized rate constant of sorption, T is
absolutetemperature (K); C and d are constant, char-
acterizing corresponding entropy and enthal py of acti-
vation of adsorption process. Equation (3) isobtained
for each dependence of equilibrium coefficientsof dis-
tribution of metal ionsK , from equilibrium concentra-
tionof theminsolutionC_ _ at different temperatures:

InK,=a+bxInC,_ ©)
Where, K isequilibrium coefficient of distribution of
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meta ionsinsystem (ml/g); aand b areconstantsfor
dataof pH vauesof initid solution and temperature.

Johnson-Mehl-Avrami-Erofeev-K olmogorov equa
tion wasapplied to describe kineti cs of adsorption of
metal ionsusing Sakovichratiod®2!, Althoughthiswas
devel oped by Avrami in thelate 1930s, other workers
were at the same time devel oping the samerel ation-
ships and so the model is now referred to as the
Johnson-M ehl-Avrami-Erofeev-Kolmogorov, or
JMAEK, modd. TheIMAEK equationig?;
a =1-exp(-(Kt)") @)
Wherea is reached fraction, n is the Avrami exponent,
K isthetemperature-dependent rate constant.

The separation factor describesthe selectivity of
adsorbate between two metalsionsin two systems. It

is defined as theratio of K, for both ions as below,
whichA and B aredifferent metal iong®:

Kk

— ~da
k
Thethermodynamic parametersfor the adsorption
processAH (kJ/mol), AS (J/ (K mol)) and AG (kJ/mol)
wereeva uated us ng thermodynamic equations (5) and
(6)

daB

AG = —-RT xIn(K ) )
AG AS AH

In(K J=——=—"_"1

(Ka) RT R RT ©

WhereK  isthe adsorbatedistribution coefficient; Tis
thetemperature (K) and R istheuniversal gasconstant

(8.314x10-3 kJ/ (K mol)). Free energy (AG§98_15)0f

copper (11) and cobalt (I1) ionsadsorption on different
adsorbent changes correspondingly intherange of -
19.81 up to -26.85 by applying sewage model 24,

RESULTSAND DISCUSSION

Oneof thepractically important tasksin environ-
menta studiesismodifyingthe surface characteristics
of duminosilicate adsorbentsfor increasingtheir ten-
dency for inorganic compoundsadsorption and improv-
ing technologicd propertiesof materiads. Based onthis
fact, the hegt-treated sampl es of duminosilicate miner-
aswereapplied after modification in agqueous medium
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using chloride sodium salts, during adsorption experi-
ments. A detail ed description of obtaining method of
ion exchangeformsof duminosilicate adsorbentswas
presented intheworks?¥. Thedataof the experiments
wereperformedin TABLES 1 and 2. Thecharacteris-
ticspresented in TABLE 1 show thetotal capacity of
bentoniteswith different chemical compositioninthe
adsorption of sodium and caciumauminosilicatemin-
gds.

Thereplacement of Si by Nain bentonitestructure
(iso-morphous substitution) resultsin adeficit of posi-
tive charges or excess of negative charges, which are
compensated by adsorption of alayer of cationsthat
aretoo largeto beaccommodated in the different lay-
ersof structure. Na-bentoniteisfully expandable, par-
tidly expandable, or non-expandable, dependingonthe
surface charge density and the type and valance of the
exchangeabl e cations. Thiscation that existsbetween
themontmorillonitelayersisan effective parameter for
determining the characteristic propertiesof bentonite.
Therefore, thediffusion coefficient of bentoniteincreases
during surface modifications with cations such as
Na+[25,26]

Various bentonite structureshavegresat potentid to
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hold water. Interlayer water islost at higher tempera
tures and the mesoporous character of the bentoniteis
preserved after the heating. Asaresult of thesefacts,
theweight lossrateincreased gradually withincreasing
temperaturefor bentonite. Thisweight lossismoretan-
giblefor Na-bentonite. Bentonite and modified bento-
nite structures have been both partially destroyed at
high temperature, so thislimitation must be considered
in heat-treatmentsanaysig?28,

Asitisobvious, adsorption of Cu?* and Co? ions
using sewagemoded on Na-bentonite is higher than its
natural anal og dueto mentioned reasons. TheNa-ben-
toniteadsorption cgpacity of Cu?* and Co?* ionsisabout
0.3-0.4 unit more than natural bentonite, which is Com-
patiblewith theliterary databased on adsorption ca-
pacity of adsorbents??. Resultsgiveninthe TABLE 1
and theca culations of gross capacity valuesof natura
bentonite on copper (11) and cobalt (11) ionswere com-
pared with Na-bentonite. It is necessary to note that
besidesion exchangeadsorption, isomorphic replace-
ment of Al** and Si** ionsoccur in octatetrahedral po-
stionsin crystalinelattice during adsorption processes
of cationsof trangtion metals. Accordingto caculated
valuesof freeenergy’® and TABLE 1 data, it can be

TABLE 1: Calculated adsor ption char acteristicsof natural and Na-for msof heat-treated bentonitesduring adsor ption of
copper (1) and cobalt (I1) ionsby using sewage modd (size of adsor bent graining 2.5-10°cm)

Adsor ption of heat-treated bentonites at different temperatures

Adsorbent Cation of Adsor bent
metal and pH solution  Properties ~ 1emperature(l) Temperature(2) Temperature(3) Temperature (4)
2934 K 3084 K 3235K 3385K
Na o Ka 2.810° 3.4.10° 1.2-10* 2.110°
Bentonite pH 7.8 Cr, %2 sorb. g/g 29.72:1073 31.2-10° 3451073 35.1:1073
Natura  Cu? Ka 4.410* 9.310* 1.410° 2510°
Bentonite  pH 7.8 Cr, %2 sorb. g/g 21.24-107 24,6107 28.01-10° 31.2:107
Na Co? Ka 1.310° 4.2:10° 1.4-10* 3.010*
Bentonite  pH 7.8 Cr, %2 sorb. g/g 17.81-1073 21.02:103 23.62:10° 25.07:10°
Naturd  Co? Ka 1.110° 2610° 1.7:10* 2410
Bentonite  pH 7.8 Cr, ©2 sorb. g/g 12.42:10° 17.16-10° 20.02:10° 22.04-10°
o Ka 1.810* 3.910" 4.7-10* 8.910"
U
Na- Cr, @2 sorb. g/g 20.4-10° 22.7-10° 26.810° 29.110°
Bentonite - Kqg 0.86'10° 3.910° 8.410° 2.2:10*
(0]
Cr, @ sorb. g/g 4.810° 12.7:10° 16.8:10°° 19.4-10°
o Kq 2.610° 2.810° 5.610° 2.810*
U
Natural Cr, ©2 sorb. g/g 7.810° 12.7:10° 15.01-10° 17.910°
Bentonite Ka 1.1:10° 1.3:10° 3.110° 2.1:10
Co**
Cr, @0 sorb. /g 6.91-10° 8.34-10° 11.7-10° 14.8-10°
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TABLE 2: Valuesof logarithmsof distribution coefficient
(InK ) during adsor ption of copper (1) ionsfrom model sew-
ageon heat-treated Na-bentonitewith varioussizesof grain-

ing

Size of particles of Na-bentonite, cm
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concluded that adsorption rate of metal ions changes
accordingto: Cu?*>Co?*. Asit canbeseenin TABLE
1, thermodynamic coefficients of copper (1) and co-
balt () ionsdistribution, increased by raising thetem-
perature treatment of bentonite. Thisenhancement is

Temperature, 2 2 , . . . .
K 1.5-2.010 354010 more obviousin Na-bentonitewhich can beexplained
InK by the mentioned reasons.
2934 8.25 8.70 Figure1and 2 show theC_and K, variationwith
308.4 8.52 8.45 temperaturefor both Cu?*and Co?* adsorption on natura
3235 9.38 9.29 and modified bentonite. InFigure 1, InK , of all cases
338.5 9.91 9.83 decrease by decreasing the temperature because of
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Figure2: Diagramsof C versusT for Cu* and Co*

reduction of moisture and swelling in the structure of
both bentonite and Na-bentonite, While the slope of
thisreduction in Co?* adsorption is more than Cu?.
Theamount of K ;ishigher for natural bentonite ad-
sorptions. InFigure2, InC.. inboth diagrams decreased
by temperaturereduction. LnC_ ishigher inmodified
bentonite in all temperature for both Co?* and Cu?*
adsorption which expresstherole of modificationin
enhancing the adsorption of heavy metal ionssuch as

Co?" and Cu?.

In two component adsorption systemswith both
Cu? and Co?* ions, separation factor isdefined for rep-
resenting the sel ectivity of adsorbent regardingtwoion
metals. Figure 3 showsthis selectivity of Cu* ionsin
comparing to Co?* ionsfor both natural and modified
bentonite. In both casesthe separati on factor decreased
by increasing thetemperature. Asit can be seen, modi-
fication of bentoniteincreased sel ective adsorption of
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Figure3: Separation factor variation with temper aturefor
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Figure4: Equilibrium coefficient of distribution of cu? ions
(InK )versusT for different particlesizeof Na-bentonite

Cu?*ions.

TABLE 2 showstheeffect of Nabentonite particle
sizeon Cu?" ion adsorption. AsitisseeninFigure 4
distribution coefficientsof Cu?* do not practicaly change
during adsorption from model sewage with concentra-
tion of 6.32-10-°mol/L at pH 7.8 with varioussizes of
particleswithinthelimitsof anerror at awideinterval.

CONCLUSIONS

Adsorption of copper (1) and cobalt (11) ionsus-
ing sewage model on natural and Na-form bentonites
wasinvestigated at 20-65°C temperaturerange with
different Naparticlesize. Initid concentration of ionsof
copper (I1) and cobalt (1) was 6.32:10° mol/L and
6.82-10°° mol/L respectively. The equilibrium adsorp-
tion capacitiesof both natural and Na-form heet-trested
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bentonite samplesat varioustemperatureswere deter-
mined. Resultsindicated that the adsorption efficiency
increased by increasing temperature. Al so, the adsorp-
tion efficiency with the Cu? wasgreater than Co* indl
studied sol ution concentration and temperatures. Static
capacity of dumino-silicate adsorbents changesin the
following order: Na-bentonite> natura bentonite. Re-
sultsa so reved ed that granul ated heat-treated Na-ben-
tonite having sufficient mechanica strength and selec-
tivity isfound to be an efficient adsorbent for ions of
Cu?* and Co?* and also can be successfully used for
the extraction of ions of other transition metalsfrom
sewagein pseudo boiling layer. Finally it can be con-
cluded that Na-bentonite particle size doesnot have
significant effectson Cu?* ion adsorption.
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