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ABSTRACT

Theadsorption onto bentonite of three heavy metalsoften found inindustrial
effluents (chromium, iron and zinc) was studied. The kinetic equilibrium
datashow that the bentonite fixes more chromium (V1) thaniron (I1) and zinc
(I1). The adsorption capacities of heavy metals in equilibrium with the
bentonite areinfluenced by the stirring speed and environment temperature.
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The thermodynamic parameters obtained indicate that the adsorption of
heavy metals onto bentonite is a spontaneous and exothermic process.
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INTRODUCTION

Industrial activity in the extraction sector or the
development of heavy metal generates acqueous
effluents containing toxic metal elementsin various
concentrations, rel eased sometimeswithout any further
treatment intheenvironment. Thus, water pollution by
heavy metalsisnow agreat concern about the water
quality and theenvironment. Soit isimportant to seek
waysof moreseveretreatment of industria wastewater
beforetheir dischargeinto the natural environment.
Metals aretoxic in theform of freeions by enzyme
inhibition. Thesemetasaremoreor lesseasily absorbed
through thelungs or gastrointestinad?!. Casesof acute
poisoning occur mainly intheindustrid settingand have
most often broncho-pneumoniaand gastro-intestinal
short-term effectsl. Heavy metals concentrate
progressively intheliver kidney, pancreasor testesand
can be easily removed if the source of poisoning

ceases?, The toxicity of heavy metals is widely
acknowledged; their dangerousnessisdueto: their non-
degradability, their toxicity at low concentrationsand
tend to accumul ate and concentratein living organg®.

Theremoval of heavy metalsinindustrial wastes
has been extensively studied?78222427.28 Themethods
useds were: oxidation, adsorption on adsorbent
materials such as activated carbon or membrane
processes have been effective but in most casesvery
expensive. Research wasthen directed toward methods
of treetment usinglow cost materiad ssuch asagricultura
or forestry wastes, wood, clay. Morerecently, inthe
field of pollution control, bentonite knowsavast scope
for either the degradation of organic compounds,
pollutants or their transformation into |ess dangerous
forms. The use of bentonite as adsorbent of organic
pollutants and mineral s has attracted the attention of
many researcherg*9161,

Bentoniteisatype of clay discoveredin 1888in
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Wyoming USA, named Fort Benton®. The bentonite
clayisclassified asrock, itscolor dependsoninorganic
compoundsand impurities (organic and meta oxide).
Sheiswhite, gray or dightly yellow!*8. Bentoniteisa
clay type montmorillonite. The elementary sheet of
montmorillonite is formed by an octahedra layer
between two layersof tetrahedrd (TOT). Si**ionsare
located ing deatetrahedron whose verticesare occupied
by oxygen atoms. Al** ions are located inside an
octahedron whoseverticesare occupied by four oxygen
atomsand two hydroxyl ions. The elementary layers
are of type 2/1 separated by water molecules and
exchangeable cationg™?.

MATERIALSAND METHODS

Adsorbent

Thebentonite used in our work isextracted from
thedeposit a Hammam-BoughraraMaghnia(Tlemcen).
It has been provided asafinely divides powder (about
54% of the grains have adiameter lessthan 2 um) by
(ENOF) company, bentonitesMaghnia(Tlemcen). The
specific surface areameasured by nitrogen adsorption
at 77 K for bentoniteis 23m?g. From an examination
of theresults of the chemica composition of bentonite
hasahigh content of SO, trend al uminium’.

Metals used

To prepare sol utions of definite concentration of
Cr (V1) ion, Fe(ll) and Zn (1), thefollowing saltswere
used: CrO,, FeSO,.7H,0 and ZnCl,,.

Adsor ption kinetics

To determinethe kinetics of adsorption of heavy
metals on bentoniteat 25°C, a volume of 0,3 liters of
solution containingameta concentration of 100 mg/L
isbrought into contact at t = 0, with 1 g of bentonite
and dtirred at 400 toursper minute. ThepH of thesolution
is monitored continuously using a pH meter.
The quantity of metal adsorbed by the bentonite is
determined asfollows:

V
q:. = (Co _Ct)a

Where: gt: the amount of adsorbed metal (mg per gram of
bentonite), Co and Ct: are respectively the initial and
instantaneous concentrations of metal (mg/ 1), V: volume of

solution (L), m: mass of the adsorbent used (g).
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The adsorption rate constant is derived from the
modédl established by Lagergreen’*™ and devel oped by
Hol®l.

For thefirst order adsorption rate constant kv is
given by therelationship:
|Og (qe_qt) - Kvt

J. 2,3
For the pseudo second order rate constant K “is given
by thefollowing equation:

t 1 t

—_— + R

a. 2K'Q.* Q.

For the second order rate constant k is given by the
followingequation:

! ik
(@e=d,) de

Where: ge: amount of adsorbate at equilibrium per gram of
adsorbent (mg/g), t : contact time (min), kv, K and k constants
of adsorption rate respectively for the first order (min?), the
pseudo second order (mint.g/mg) and the second order (min

Lag/mg).
In general, adsorption is accompanied by athermal
process that can either be exothermic AH>0 or
endothermic AH<0. Themeasurement of heat of AH s
themain criterionthat differentiateschemisorptionfrom
phys sorption.

The heat of adsorption is given by the Gibbs-
Helmholtz rel aionship®423;
AG=-RTLnK_
AG =AH -TAS

Where: Kc: Equilibrium congtant, AG: Gibbsfreeenergy (joule/
mol), AH: enthalpy (joule/mal), AS: entropy (joule/mol / K), T:
Absolute temperature (K), Co: Initial concentration of
adsorbate, Ce: Equilibrium concentration of adsorbate, R: gas

congtant (8,314 Joule/mol K)
RESULTSAND DISCUSSION

Adsor ption kineticsof heavy metalson bentonite

Figure 1 showsthat adsorption kineticsof heavy metds
on bentonitearequditatively smilar and characterized
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by a high metal adsorption on bentonite in the first
minutes of contact sol ution-bentonite, followed by a
slow increase up to a plateau corresponding to
equilibrium. At aquilibrium bentonite fixed more
chromium (V1) and iron (Il) than zinc (I). The
equilibrium time of adsorption of heavy metas by
bentoniteisvariable. Theresultsaresummarizedin
TABLE 1.

—W—Cr (V1)
—&—Fe (Il
—&—7n (I)
-
7 g = ] m =
1 /
5+ /
/o-8-0——8—8 —0—@
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Figurel: Adsorption kineticsof heavy metalson bentonite.

TABLE 1: Resultsobtained at equilibrium

Metal Amount_of_metal fixed __Tir_neof _
at equilibrium (mg/g)  equilibrium (min)

Cr (V1) 7.08 50

Fe (1) 5.74 40

Zn (1) 4.89 30

Toexplainthisorder of affinity, wetriedto summerize
some metal sspecific parametersfor metd sinvolvedin
their ability to adsorb on bentonite (TABLE 2).

TABLE 2: Physical propertiesof heavy metals

M etal Cr(vl) Fe(ll) Zn(l)
Atomic mass (g) 52 56 65.39
Atomic radius (A°) 0.35 0.67 0.83
Load 6 2 2

Thesedatamay explain easily the better adsorption
of chromiumionshby bentonite. Duetotheir smdler size
and higher load, they are more easily capted in the
bentoniteframework. For the somereasons, ironions
are better adsorbed than zinc one which present the
highest atomic radius, atomic massand thelowest | oad.

In paralel to the kinetic study of heavy metals
adsorption on bentonite, wefollowed the evol ution of
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the pH of the solutions (Figure 2). For thethree heavy
metals solutions an increase of the initia pH was
observed. Thevauesof TABLE 3 aso show that the
equilibriumtimepH variesfor thedifferent heavy metds.
Thisequilibriumtimeiscomparablewiththat obtained
for the kinetics of adsorption of heavy metas by
bentonite.
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8.0 —e—Fe (Il
7.6 —h—Zn (II)
7.2
6.8 -]
84—_ -9 — 9 —9  —@  —@® —9 —@
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44 A
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Temps (min)
Figure2: Evolution of pH of heavy metalsin the presenceof
bentonite

TABLE 3: pH variation during adsor ption of heavy metalson
bentonite.

Metal np||t_||al Eq”'g,ﬂ”um equili-ll;lrr?uen?f(min)
Cr(vl) 475 5.78 60
Fe(ll) 56 6.51 30
zZn(l) 442 5.19 10

The rate constants of adsorption of metals on
bentonite for the first and pseudo second order are
determined graphically asshownin by (Figures 3, 4
and 5):log (q,-q)/q, versustimefor thedetermination

B Cr{VD)
® Feill)
Azl
—~ E-E-""\-\-h___
== \\ i""
- -
= 0.8 ey
~
;r:u . x‘“
g ~
- 2 ™~
' [
.6 -
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Ll 10 15 20 25 a0 a5 40 45 50

Temps (min)
Figure3: Deter mination of rate constantsof thefirst order
of adsor ption of heavy metalson bentonite.
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kinetics of heavy meta s by bentonite, thefollowing
temperatures: 25, 35, 45 and 55°C were chosen. Figure
6 showsthat adsorption capacity of metal at equilibrium
decreasewhen increasing temperature.

TABLE 4: Congtantsof first order rate

50
45 W Crvi)
] ® Fe(ll)
40 A Znn
35 )
S ap ,Ar-"/ P
= i, -
= 25| y - - L
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Figure4: Deter mination of ratecongtantsof thepseudo second

order adsor ption of heavy metalson bentonite.
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Metal K, (min™) R?
Cr (V1) 6.54.10 0.882
Fe(Il) 435107 0.967
Zn(Il) 4.32.10° 0.956
TABLE5: Congtantsspeedspseudo second or der
Metal e (Mg/g) K> (min™.g/mg) R?
Cr (V1) 8.10 3.40.10° 0.989
Fe(I1) 6.56 4.24.10° 0.991
Zn (1) 5.66 4.61.10° 0.996
TABLE 6: Congtant speed of thesecond or der
Metal e (My/g) k (min"t.g/mg) R?
Cr (V1) 12.03 1.55.10° 0.969
Fe(I1) 9.36 1.74.10° 0.951
Zn (1) 6.25 1.66. 10 0.942

Temps (min)

Figure5: Determination of rate constantsof second order of

theadsor ption of heavy metalson bentonite.

of kv, for the first order; t/q, versus time for the
determination of K’ for the pseudo second order and
1/(g,-q,) versustimefor the determination of k, for the
second order. Theresultsthus obtained are presented

inTABLES4,5and 6.

Theresultswith agood correl ation coefficient (R?
=0.99) detailed on TABLES4, 5 and 6, show that the
pseudo second order model isthemost reliableway to
determineorder of adsorption kineticsof different heavy
metal sby bentonite. Similarly, and from the vaues of
geshowninTABLE 7, wenotethat theva uescal culated
by the pseudo second order model arethe most close

to those determined experimentally.

Effect of temperature on the removal of heavy

metalsby bentonite

To study theeffect of temperatureon the adsorption

TABLE 7: Comparison of adsor bed amount of variousmetals
by bentonite, balancebetween experienceand modeling used.

Metal Je€P Qecal (mg/g) pseudo  qecal (mg/g)

(mg/g) second order second order
Cr(vl) 7.08 8.10 12.03
Fe(ll) 574 6.56 9.36
Zn(ll) 4.89 5.66 6.25
—m—Cr (V])
—e—Fe (ll)
L —&—7n {Il)
a4
7 -
al e e .
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Figure6: Influenceof temperatur eon adsor ption equilibria

of heavy metalson bentonite

The decrease of theamount of adsorbed metalsin
the temperature range 25-55 ° C, indicates that the
adsorption processof chromium (V1), iron (1) and zinc
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(I1) on bentoniteis exothermic. We al so note that for
thethree metd's, thetemperature did not influencethe
equilibriumtime.

Thus, environmental temperatureisanimportant
parameter that can influencethe effectiveness of the
adsorbent. In general, the increase in temperature
weakensthephysica or chemicd attractiveforces. This
phenomenon is frequently observed in adsorption
reactiong31-,

Determination of thermodynamic par ameter s of
adsorption

The thermodynamic parameters: AH and AS of
heavy metalson bentonite are determined graphically
by wearing Ln Kc vstheinverseof theenvironmental
temperaturein Kelvin degrees.

3.0+

0.0
0,0028

T
0,0022

T (K1)
Figure 7 : Determination of enthalpies and entropies of
adsor ption of metalsby heavy bentonite.

T T T 1
0,0030 0.0021 0.0033 0,0024

FromFigure7, weobtained straight lineswith good
correlation coefficients, which dlowsusto calculate A
H and ASfor adsorption of heavy metal sby bentonite

TABLE 8: Thermodynamic parameter sfor adsor ption of
heavy metalsby bentonite.

Metal AH (KJ/mol) AS (J/mol/K) R?

Cr (VI) -15.38 60.48 0.999
Fe(Il) -21.40 82.84 0.984
Zn (1) -19.56 78.04 0.987

From TABLE 8, the negative valuesAH confirms
that the adsorption of heavy metalsby bentoniteisan
exothermic process. Low values of this heat (< 40
KJoule/ mol) show that thisisaphysical adsorption.
The positive values of entropy showed that the
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adsorption of heavy meta sby bentoniteisaccompanied
by adisorder of themedium.

Similarly negativevauesof AG datareportedin
TABLE 9 show that the adsorption of heavy metalson
bentoniteisaspontaneous process.

TABLE 9: Gibbsenergy of adsor ption of heavy metalsby
bentonite.

M etal AG (K.J/mole) AG (K.J/mole) AG (K.J/mole)

a 25°C 2 40°C a 50°C
Cr (V1) -33.40 -34.31 -34.91
Fe(ll) -46.08 -47.32 -48.15
Zn (1) -42.81 -43.98 -44.76

Effect of stirring speed

To study the influence of stirring speed on the
adsorption kinetics of heavy metalsby bentonite, the
stirring speedswerefixed at O rpm (no agitation), 400
rpm (middleagitation) and 900 rpm (stirring up).

Theresultsillustratedin Figures 8, 9 and 10 show
that the maximum metal adsorption capacity at
equilibriumisobtained with astirring speed of 400 rpm,
which ensuresan optimal contact betweenthedifferent
adsorbates and the adsorbent.

Without agitation, we notice a decrease in the
adsorption cgpacity of metd. Whilefor thegreeter speed
of agitation, avery significant decreasein theadsorption
capacity of metal isobserved.

To explaintheeffect of thisparameter, we can say
that inthe case of low stirring speeds, the diffusional
resi stance of the adsorbent isimportant. While, inthe
caseof high agitation speeds, thegrainsof theadsorbent
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—h— W = 900 trimin
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1
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Figure8: Effect of agitation speed on thekineticsof adsor ption
of Cr (VI) with bentonite.
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Figure9: Effect of sirring speed on thekineticsof adsor ption
of Fe(I) by bentonite.
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Figure 10 : Effect of stirring speed on the kinetics of

adsorption of Zn (1) by bentonite.

aretrained and themetal did not havetimeto settleon

the surface of bentonite217,

CONCLUSION

This study was mainly devoted to the study of
adsorption capacity of chromium (V1),iron(Il) and zinc
(1) on bentonite by an inexpensive processto reduce
water pollution discharges in a static and dynamic
regime. Theexperimentsshowed that thestudied metds
can be adsorbed on bentonite. Theaffinity of adsorption
of heavy metals on bentonite decreases as follows:
chromium (V1) >iron (I1) > zinc (11). The kinetics of
adsorption of heavy metalson bentonite arefast and
similar (pseudo second order). The adsorption
capacitiesof heavy metd sinequilibriumwith bentonite
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areinfluenced by the stirring speed and temperature of
themedium. Theadsorption processisexothermic and
spontaneous characterized by adisorder of themedium.
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