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ABSTRACT KEYWORDS
The aim objective of thiswork isto study the adsorption of lead ion by an Metals,;
algerian claysminerals. These material swere characterized by x fluorescence, Clays;
FTIR spectroscopy, surface area and cation exchange capacities CEC. The Bentonite;
Adsorption tests were carried out by the batch technique at room Adsorption;
temperature. The uptake of Pb(l1) from aqueous solutions to the clays has Lead.

been studied as function of contact time, temperature, pH and agitation
speed which were regarded as a principa factors in the analysis of the
adsorption process, the contact time for the maximum adsorptio required is
180m The adsorption kinetics is in better agreement with pseudo-second
order kinetics. The results show that the uptake of Pb(l1) increases with
the pH increasing in the pH range of 2.0-12.0. The increase of the
temperature influence negatively the adsorption, what shows the
phenomenon of the physisorption of lead ion on the tested materials. The
studies on the retention of lead ion showed that it is mainly influenced by
the physico-chemical properties of used clays, results show that sorption
of lead ion was higher by bentonite clay than for others clays. In
consequence, the tests allowed us to choose the bentonite as the material
which presents a capacity raised for the adsorption.
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INTRODUCTION

Heavy metal ionsarethe most toxicinorganic pol-
[utantswhich occur in soilsand can be of anaturd or of
anthropogenic origin. Thestudy of adsorption processes
isof utmost importancefor understanding how aheavy
metd istransferred from aliquid phaseto the surface of
asolid phasd¥. The adsorption of metasisgenerally
acknowledged to bedirectly proportional to soil pH?.
Assoil pH increases, theretention of the heavy metal

cationsto soil surfacesincreasesviaadsorption, inner
sphere surface complexation, and/or precipitation and
multinuclear typereactiong®9. Ingenerd, themost im-
portant factorsthat influencetherelative selectivity of
metal cationinthe solution arethevalenceand the hy-
drated ionicradiug?®. Thesdectiveretention of metals
can be also explained by thedifferenceintheir elec-
tronegativity! Lead pollution hasbeen recognized asa
potentid threst toair, water and soil. All lead compounds
are considered cumulative poisons. Acutelead poison-
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ing usually affectsthe gastrointestind track, or the ner-
vous system, and sometimesboth. Themain sourcesof
human exposuretolead include the use of leaded gaso-
ling, industrid sourcessuch aslead mining, sndtingand
coal combustion, the use of lead-based paint and |lead-
containing pipesinwater supply systems. Additiona
sourcesmay befood can, solders, ceramic glazes, lead-
containing batteriesand cosmetics’8. In consequence,
thesafedisposal of wastes containing heavy metalshas
become amatter of specia concern, and adsorption of
heavy metalson solid substratesisbeing extensively
studied. Inorganic common substrates used with this
amincludeoxidesand clay minerds, organic substrates
aremainly congtituted by ion-exchangeresinsand bio-
mass®. Removd of heavy metalsfrom agueous solu-
tions can be achieved by different technol ogical meth-
ods. Thesemethodsincludechemica precipitation, ion
exchange, membranefiltration, el ectro-deposition, and
flotation. Some of these methods have di sadvantages
andlimitations. Preci pitation, for example produceslarge
amountsof dudgein solutiong?.

EXPERIMENT

Materialsand methods
Reagents

A stock solution of Pb(Il) was prepared by dis-
solving required amount of Pb(NQ,), in doubledis-
tilled water.

Clay adsor bents

These clayswere chosen according tothelr differ-
ent chemica and mineralogica characteristicsto repre-
sent substantially thedifferent behaviour regarding the
heavy metal sorption. ThreeAlgerian clay minerals,
bentonite, kaolinand Djeba Debbagh clay. The bento-
nite used during our work isextracted from the deposit
of Hammam-Boughrarato Maghnia(Tlemcen). It was
supplied to usby the company (ENOF), Tlemcen. The
used kaolinresultsfrom the deposit of Tamazert (Mila),
and the clay of Djebel Debbagh extracted from the
deposit of Ain Barbar (Guelma), these clayswere sup-
plied to us by the company of ceramic of Ghazaouet
(Tlemcen). Thethreenaturdsclayswerefindy crushed.
Physico-chemicd propertiesof each materid aregiven

275

—== Qurrent Research Papsr

iINTABLE 1.

All material swere used asreceived without other
treatment apart from drying at 100 °C for 1 h to re-
move excess moisture, and then kept in adesiccator
until analysed water.

Batch adsor ption studies

In each experiment, a300 mL metal ion (100 mg
/) was continuously stirred at 500 rpm with 1 g of
clay at ambiant temperature. The contact timewas
ranged from 5minTo 360mn. The concentrations of
theleadionsin the solution weredetermined at given
timeintervals, after agitation, the suspensionswere
centrifuged at 2500rpm for 10min and the lead con-
centration inthe supernatantswas measured by atomic
absorption spectrophotometry. Quantity g, (mg/g) of
thelead ion fixed per gram of the adsorbent was de-
termined asfollows:
e , =€
. = m
where C and C (mg/l) aretheinitia andtimet metal
concentrations, respectively, V (1) thevolumeof lead
ion solution and m (g) isthemass of adsorbent used.

Y

t

RESULTSAND DISCUSSION

Adsorbentscharacterization
Chemical compostion

TABLE 1 presentschemica composition of natu-
ral claysused asadsorbent in thisstudy. wefound that
thisclayscontainalargeratioof SO,. Thereport SO,/
Al O, for thebentoniteisin agreement with the one of
the montmorilloniteunderstood between 2 and 5.5.1442
largeratio of SIO,. Thereport SIO,/ AL O, for the ben-
toniteisin agreement with the one of themontmorillo-
nite understood between 2 and 5.5.111%2

We noticethat thechemica composition of our ka
olinitecomescloser alot that the one of theIndian ka
olinite™

Surfacearea

Themessured surface areas of thethree adsorbents
aregivenin TABLE 1. The specific surface area of
Djebel Debbagh Clay wasincreased to 49, 69 m?/g.
The bentonite had aspecific surfaceareaof 23,76 m?/
gand 22,71m?/gfor theKaolin.
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TABLE 1: Chemical analysis, specific surfaceand cation
exchange capacitiesCEC of thenatural clays

% mass Bentonite Kaolin Djabel Debbagh
SO, 65.97 50,82 46,29
Al,O; 16.20 37,50 43,73
Na,O 2,86 0,17 0,23
Cao 4,53 3,01 3,33
K0 2,15 2,60 1,80
MgO 2,89 0,71 0,60
Fe,0s 3,39 3,16 2,02
SiO,/Al,05 4,07 1,35 1,05
Specific area (m%g) 23.76 22.71 49.69
CEC (meg/100g) 80 52 13,8

Cation exchangecapacity (CEC)

Bentonitehasavery large CEC (TABLE 1) com-
pared to that of kaolin and Djebel Debbagh Clay, the
vauesobta ned being 5,2 meg/100g (kaolin), 13,8 mey/
100g and 80 meg/100 g (bentonite). The CEC of the
djebal Debbaghisstuated insdetheinterva for aclay
of typeilliteor chloritethevauesfoundintheliterature
concerning CEC of bentonite and kaolin confirm our
obtai ned results.™Y

Infrared spectraanalysis

Theinfrared spectrum of theclaysaregiveninfig-
ures ], 2 and 3. Whilethe band assignments of Bento-
nite, Djebal Debbagh Clay and Kaolin areshownin
TABLE2.

Blam

~ Figure1: Infrared spectraof Bentonite
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FTIR spectrumwasrecorded in theregion of 400
4000 cm!. Thereisagroup of absorption peaks be-
tween 3440 and 3695 cm!, whichisdueto stretching
bands of the OH groups. The band at 1639 cm! is
assigned to the OH deformation of water on natural
clays (see Figure 1, 2 and 3). The 1029, 1033 cm~
tcomponent of the Si— O stretching band, assigned to
the S—O vibrations within the layer. The band at 521
and 461cm ! wasfrom the S—O-Al (where Al is an
octahedrd cation).

Abs '

Wavenumber [em-1]

Figure2: Infrared spectraof Djebal Debbagh clay

Abs "
|

Wavenumber [cm-1]

Figure3: Infrared spectraof Kaolin
Kineticsstudy

F gure4 showstheadsorption kinetic curveof Ph(11)
oncdayssample, theadsorptionamount initialy increases
rapidly and then it slows down as equilibriumis ap-
proached. theequilibriumwasattained only after180min.

Thevauesof g, by using thebentoniteas adsorbing
areincreased with regard to the other clays. At theequi-
librium, the bentonitefixesmoreleadionsthantheka

TABLE 2: Infrared data of of Bentonite, Djebal Debbagh clay and Kaolin

IR Frequencies (cm™)

Bands assignments

Bentonite Kaolin Argile Djabal Debbagh
Von Stretching vibration (H,0) 3623, 3452 3695, 3622, 3439 3694, 3619, 3455
von deformation (H20) 1639, 1378 1639, 1385 1637
Vsio Stretching vibration 1033, 1006 1029
quartz 790 913, 792, 694 911,754
8s.om’ (M=Al, Mg, Fe) 521, 468,360 548, 461, 418, 360 551, 538, 529, 472, 462, 433, 417, 365
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olinand djebal Debbagh clay. Theresultsobtained are  tifiesthat the bentonite adsorbs moretheacid species

summarizein TABLE 3.

# Bentonite  ® Djebal Debbagh Clay & Kaolin
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Figure4: Kinetic of adsor ption of lead ionson clays
TABLE 3 : Results obtained with equilibrium

L ead ions mass fixe

Clays equilibrium (mg/g)
Bentonite 25,34
Djebal Debbagh Clay 23,17
Kaolin 21,62

At the sametimeasthekinetic study of adsorption
of lead ionson theseclays, wefollowed theevolution
of theinitia pH of thesolutionswhichisrepresented on
Figure5

=p=Dbentonite & Djebal Debbagh Clay & Kaolin
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Figure5: Evolution of pH of lead ionsin thepresenceof clays

For better understanding of this phenomenon, we
studied the evolution of the pH of adistilled exempt
water of lead ionsin touch with the bentonite, clay of
Djebel Debbagh and the kaolin in the same operating
conditionsasprevioudy. The Figure 6 showsafast and
important increaseof theinitia pH of thewater distilled
in the case of the bentonite. For the clay of Djebel
Debbagh and thekaolin, thisincreaseislow, what jus-

thantheclay of Djebel Debbagh and thekaolin.
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Figure6: Evolution of thepH of adistilled water exempts
fromlead ionsin presenceclays

In order to optimize the design of an adsorption
systemto removetheleadions, itisimportant to estab-
lishthemost gppropriate correlation for thekinetic data
for each system. Severa kinetic model scanbeused to
express the adsorption rate constant of solutionson
solids. Theadsorption kineticswastested with thefol-
lowingwell knownmodels:

Pseudo-first order kineticsby using theLagergren
equation*419
log (g.-q) __Kr

q, 2.3

For the pseudo-second order kineticg¢7, If the
pseudo-first order kineticsdoes not properly account
for thekinetics of the adsorption process, pseudo-sec-
ond order kineticsmay be applied by thelinear equa
tion,

£ L gt

6 2Kq? q,

wherek’ is the pseudo-second order adsorption rate
congtant. ThekineticmoddsareshowninFigures7, 8.

Although, the pseudo-second order kinetic plot of
t/qt versust was of better linearity, considering all the
aboveresults, thekinetics of lead ionsadsorption on
theclaysisfitter for pseudo-second order equation.

Effectsof operatingfactors
Effectsof pH

The pH of the solution may affect the adsorption
process't131819 Studies on theinfluence of lead solu-
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tion pH onthe adsorption efficiency of each clay were
carried out in the pH range of 2-12.

time {min)
o 20 40 B0 B0 100 120 140

log( ge - gt) / ge
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# Djebal Debbagh day
35 Ak Kaalin

Figure7: Linearization of lead ions adsor ption kineticsby
claysfor thefirst-order rate
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Figure8: Linearization of lead ionsadsor ption kineticsby
claysfor thepseudo second order rate

TABLE 4: First-order rateconstants

kv(min™) R?

400

Parameter s of first-order

Bentonite 0,059 0,924
Djebal Debbagh Clay 0,066 0,912
Kaolin 0,055 0,896

TABLE 5: Pseudo second-or der rateconstants

Parameter s of pseudo 2

7
e
g (mg/g) (min—.g/mg)

second-order
Bentonite 26,31 0,0007 0,999
Djebal Debbagh Clay 24,39 0,0008 0,998
Kaolin 22,22 0,001 0,998

Figure 9 showsthat bentonite takes up more of
the metal ionsthan djebal debbagh clay and kaolin.
Theremoval efticiency of Pb(II) tended to increase
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with increasing pH value The uptake of Pb(Il) isin
surrounding of pH6.0 dueto thelow solubility of Pb(Il)
hydroxide, Metal hydroxide might have also been pre-
cipitated at high pH which has also been observed by
other workers.[2021
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Figure9: Influenceof thepH on kineticsadsor ption of lead
ionson clays

The adsorption mechanism of Pb(ll) onclaysused
may beexplained intwo aspects: thechemical binding
between Pb(I1) ionsand surface hydroxyl groups; and
the el ectrostatic binding between Pb(I1) ionsand the
permanent negatively charged sitesof clays.

Effect of temperature

Theeffect of temperatureon theadsorption of metds
by using different clayswasstudied intherangeof 15—
55°C. The results showed that temperature had a sig-
nificant effect on the adsorption, but the adsorption
sowly camedown asthe temperaturewasfurther in-
creased to 40°C.
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Figure10: Influenceof thetemperatureon kineticsadsor p-
tion of lead ionson clays

Effect of agitation speed

To study theinfluence of the agitation speed onthe
kinetics of adsorption of adsorbats on clays, wechose
therange of agitation speeds of 0-1000 rpm. The ca-
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pacity of adsorption of leadionsisobtained with agita-
tion speed of 500 tpm (Figure 11), which assures a
good distribution of adsorbatstowardsclays
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Figure 11 : Influence of the agitation speed on kinetics of
adsor ption of lead ionson clays

Inthecaseof the high agitation speeds, wenoticea
decrease of the capacity of adsorption of adsorbats.
While, for the absence of agitation speed, wenoticea
very significant decrease of the capacity of adsorption
of adsorbats.

CONCLUSIONS

Threea geriansclay samples: bentonite, kaolinand
djeba Debbagh Clay wereused for theremova of lead
ionsfrom agueous solutions, claystested were capable
of removing Pb(I1) from aqueous solution. Adsorption
of Pb(Il) increased with pH increasing. The adsorption
kineticsisin better agreement with pseudo-Second or-
der kinetics,

The adsorption mechanism of Pb(Il) on claysused
may beexplained intwo aspects: thechemical binding
between Ph(I1) ionsand surface hydroxyl groups; and
the el ectrostatic binding between Pb(I1) ionsand the
permanent negatively charged sitesof clays.

Good adsorption resultswere obtai ned with bento-
nite. Thekineticsof adsorption of leadionson claysal-
lowed usto choosethe bentonite asthe best adsorbing.
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