ISSN : 0974 - 7451 Volume 6 Issue 5

Snviconmental Science

Tradve Sreience Inc. A Tndian W
—=  Qurrent Research Peaper

ESAIJ, 6(5), 2011 [263-271]

Removal of trivalent iron and chr omium from aqueous solution by local clay

I.Ghorbel-Abid", E.Mehouachi, M. Trabelsi-Ayadi
LaboratoiredesApplicationsdela Chimieaux Ressour ceset SubstancesNaturelleset al Environnement
(LACRESNE), Facultedes SciencesdeBizerte, (TUNISIA)

E-mail : ibtissem.ab@planet.tn
Received: 3 July, 2011 ; Accepted: 3@ August, 2011

ABSTRACT KEYWORDS
Theability of local clay from Jebel Kebir (north of Tunisia) to remove heavy Clay mineral;
metal ionsfrom wastewater wastested. The original clay was characterized Smectite;
using several techniques such as X-ray diffraction (XRD), transmission Keolinite;
electron microscopy (TEM) and infrared spectroscopy (IR). The cation ex- Chromium;
change capacities (CEC) as well as the specific surface area (SSA) were Iron;
determined using the adsorption isotherm obtained with methylene bleu in Adsorption;
agueous solution. Chemical compositions were determined by the induc- Kinetic;
tively coupled plasmatechnique (ICP). Theresults show that the material is Isotherm;
asmectitewith asmall proportion of kaolinite. The CEC and SSA valuesfor Freundlich;
theraw clay sample (JKb) arerespectively 25 meq /100 g, 206 n? /g of fired Langmuir.

clay; and 50 meq /100 g and 403 m?g of fired clay for Na-purified clay.
During the removal process, batch technique is used, and the effects of
heavy metal concentration and agitation time on adsorption efficiency are
studied. The adsorption mechanism of Cr (l11) and Fe (I11) ions onto
adsorbentswas eval uated in terms of kineticsand equilibrium. The Langmuir
and Freundlichisothermsare applied in order to determine the efficiency of
raw and Na-purified clay used as an adsorbent. In al cases results show
that both Fe (111) and Cr (111) adsorption isotherms have a positive retention.
In addition, it is concluded that natural clay can be used as an effective
adsorbent for removing Fe (111) and Cr (111) from wastewater.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION dation gateof themetd. Hexavadent chromiumisknown
to be much moredangerousthan trivaent.chromium.
Chromium and iron are two typical widespread All formsof chromium can betoxicat highlevels.
heavy metd pollutantsin natural water environment. Allergic peopleto chromium may have asthmaattacks
Chromium (111) isan essential microelement that  after breathing highlevelsof chromium (1) inair.
can betoxicinlargedoses (100 mg/L). However, the Various techniques have been devel oped for re-
toxicity of chromium compoundsdependsontheoxi- mova metalsfrom wastewater™ . Theion exchange,
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chemical precipitation, solvent extraction, reverse os-
mosi s, adsorption are the most commonly used pro-
cesses, each hasitsmeritsand limitationsin applica
tion.

Clayscondtitutethelow cost and availablematerids
that could be used as adsorbents to remove organic
andinorganic pollutant from wastewater. Theadsorption
of impurity in aqueous medium by claysisone process
highly usedin decontamination of indugtrid effluentswith
satisfactory performancein heavy metasremoval (&4,

Itiswell knownthat smectitic clayshavevery high
cation exchange capacities (90-120meq/100 g) due to
substitutions of Mg?* and Fe* in place of Al** inthe
octahedral positionsand, to ahigher degree, to substi-
tutions of Al**in place of Si* inthetetrahedral posi-
tions. Moreover, they possesshigher dadticity and plas-
ticity. These propertiesmakethem particularly suitable
aslow-cost natural sorbentsfor thetreatment of indus-
trial and processing waters and wastewater.

Our amisacontribution to providefurther support
that could beapromising agentinthefight againg heavy
metd pollutantsinwastewater.

Inthiswork weinvestigate the characteristics of
Cr(111) and Fe(111) adsorption from aqueous solution
by thesmectite-richday (JK). Thenweevauaeinterms
of kineticstheequilibriumtimeand therate constant of
the process.

EXPERIMENTAL

Materials

Thenaturd clay wastakenfrom Jebe Kebir (North
of Tunisia). It was powdered in an agate mortar and
sieved through 63 um mesh to obtain finer grains.
Powdered clay was dried at 60 °C, before the
experiments. Thelessthan 63 umfractionwaspurified
by repested cation exchangewith NaCl solution (1 M)
followed by washing, sedimentation and didysig®™. We
will specify as kb theraw sample, before purification,
and as K p the purified and sodium exchanged product.
The TEM (Figure 1, 2) is used to observe their
morphology withaTecna G2 ultraTwin Instruments

Methods

All thereagentsused in thisstudy were ana ytical
grade. A CrCl, and FeCl, solutionwasused inthe batch
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Figure2: Morphology of JK p observed with TEM

experiments. A volume of 50 cm? of solutionswith
variousamountsof clays (JKb, JKp) wasplacedinan
Erlenmeyer flask to start the experiments. Theinitial
meta ion concentration usedin thetestsranged between
1 and 4 mmol.L* for both clays and the slurry
concentrations 1g.L*of clays. The batch adsorption
experimentswereal so conducted at fixed pH 3. The
pH of the solutions was adjusted by adding diluted
NaOH and HCI solutions. The stirring speed was
constant and fixed at 130 rpm during thetest at room
temperature (about 20 °C). The experiments were
terminated at acontact timeof 2 h. After centrifugation,
the supernatant liquid was used for measurements. A
quantitativeanaysisof chromiumandironin solution
wasmadeby inductively coupled plasmaatiomicemission
spectroscopy.

RESULTSAND DISCUSSION

Original propertiesof Jebel Kebir clay

Theminerdogicad and chemica compositionsof the
material swere determined by aseriesof techniques,
including x-ray diffraction (XRD), infrared spectroscopy
(IR) and inductively coupled plasma(ICP).
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TABLE 1: Chemical Composition of Jebel K ebir clays

W% SO, Al,O4 CaO Fe,03 K->0O M gO Na,O MnO P,Og TiO, Total
Kb 31.29 11.13 50.24 3.48 0.27 2.95 0.13 0.03 0.18 0.32 100.00
XKp 52.98 19.17 12.53 7.74 0.43 4.99 0.55 0.03 0.27 1.33 100.00
Chemical composition —
JKFP

The element materials by weight composition
(TABLE 1) were determined by ICP (Inductively
Coupled Plasma) after solubilisation by acid digestion
according to the standard!*®.

Cation exchange capacities(CEC)

Thetotd interna plusexternd surfaceareas(SSA)
aremeasured by the absorption isotherm of methylene
blue (MB) from the agueous solutions where the
amounts of MB are represented as afunction of the
amount Figure 3. (27181,

The cation exchange capacities (CEC) of clay
minerasare determined by adsorption of the copper
ethylene diamine complexed'® 2021, Theresultsare
presented in TABLE 2.

TABLE 2: Physical char acteristicsof Jebel K ebir clays

Materials SSA (m? /g) CEC (meq /100 g)
Natural clay
(K b) 206 25.4
purified clay

403 49.6

(K p)
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Figure3: Methyleneblueabsor ption by JKb and JK p.

I nfrar ed spectroscopy

Theinfrared spectra(Figure4aand Figure 4b) are
in the frequency range 4000400 cm™. The distinct
increase of infrared absorbance at 3611-911 cm™
confirmsthedominant presenceof dioctahedrd smectite
with[Al, Al-OH] stretching and bending bands?> %,

% Transmission

50 2150

Nombred’ondes (crr;')
Figureda: IR absor ption spectraof natural and purified
sample (JK).

JKb
JKP

% Transmission

Nombre d’ohdes (cmj)
Figure4b : IR adsor ption spectra of theclay Jebd K ebir
(expansion)

The absorption bands at 3435 cm™ and at 1630
cnr! may be attributed to the OH frequenciesfor the
water mol ecul e adsorbed on the clay surface?.

The adsorption bands at 420,466-516 cm™ can
beassigned respectively to [ S-O-F¢], [SI-O-Mg] and
[Si-O-Al].H™!,

The(S-O) bandsarestrongly evidentintheslicate
structureand can bereadily recognizedintheinfrared
spectrum by the very strong absorption bandsin the
1015 cm28,

The calcite or calcium carbonate (CaCO,) is
characterized by theband at 1433 cm. Thelatter band
appearsfor JKb, asan intense broad band. Thisband
disappearsin thespectraof thepurified clay JKp. The
frequency vibrations of purified samplesobtained by
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IRaregiveninTABLE 3.

TABLE 3: IR vibration frequency of the Jebel Kebir Na-
purified clay (JKp)
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Frequency (cm™) Allocation
3611 3 (AI-Al-OH)
3435 #(OH ;) del’hydratation
1630 #(OH) de I’hydratation
1015 9 (Si-0) ou 8(Si-0-Si)
911 B(AI-Al-OH)
795-777 3(Fe-OH)
516 3(Si-O-Al)
466 d (Si-O-Mg) ou & (Si-O)
420 5(Si-O-Fe)
516 8(Si-0-Al)
X-ray diffraction
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Figure5: X-ray diffractogramsof raw and purified clay
powder (JK).
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Figure6: X-ray diffractogramsof Na-purified JK samples;
AL : untreated; TThheated for 3hoursat 823K. EGly:
ethyleneglycol treated.

AsshowninFigure5 Quartz (reflectionat 3.35 A)
and cacite(reflectiona 3.04 A) are the major impurities.
Thepostionsof (001) reflectionsof thesmectite appear
at 14.79 A for the sample, suggesting that the fraction
might bein the Ca-exchangeformi?7,

The purified samplewith Na-exchange showsthe
position of the001 reflection (d= 12.31 A) characteristic
of asodium smectited,

The main reflections produced in the X-ray
diffractograms by the lamellar sheets of JCKp are
summarized in TABLE 4, which describes the
characteristicreflectionsand their behaviour after ahesat
treatment as well astreatment with ethylene glycol.
(Figure 4) Heating the sample above 823 K collapses
theinterlayer spacing at 7.14 A,

Thediffractogramsof JK purified sampleshow the
001 and 002 reflection of keoliniterespectively at 7.10-
4.22- 3.5 AR,

Thesereflections7.14 A disappear by heating at
823 KB,

TABLE 4: Distancesof reticular planeschar acteristicsJK P

Distances of the char acteristic reticular planes (d. A) of

JKp
Na- Untreated EGlycolate Characteristic
exchanged heated at treated band
823K
12.91 10.11 17.44 Smectite
7.14 disappears 7.01 Kaolinite
4.25 4.25 4.25 Smectite
334 3.34 3.34 Kaalinite
2.88 2.45 disappears Kaolinite
Conclusions

Taking theresultsof the different techniquesinto
account, we deduce that Jebel Kebir material is
congtituted by smectite, kaolinite, calcite and quartz.
Theminerdogica compostionsof thepurified samples
aregiveninTABLEDS.

TABLE5: Mineralogical composition (w %) of Na- purified
Jebel Kebir clay.

Sample smectite Kaolinite Calcite Quartz feldspar
JKp 80 20 Nd* Nd* Nd*

Amount of adsorbed chromiumionson clays

Theequilibrium that may describetheinteraction
betweentheiron and chromiumionsandclayis.
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3+ X+ 3+ X+
X Crg +3M 5 = XCry +3M (g

1)
xFeZ+3M > xFe%+3M 2
Wherex, y arethe exchangeabl e cationsvalence
M (Na, K, Ca, Mg, Mn) and subscripts (s) and (¢)
denote sol ution and clay phases, respectively theamount
of adsorbed metallic ionsthe clay can be expressed
like

Qe _Ci —SCe (3)

Where, Qe, Ci, Ce and S are respectively the
adsorbed metdlicion ontotheclays(mmol.g?), theinitid
concentration (mmol.L2), theequilibrium concentration
of metdlicion (mmol.L?), and thedurry concentretion.

Theironicand chromium solutionspH wasadjusted,
before adding clays, by adding diluted NaOH and HCI
solutions. NaOH and HCI solutionswereprepared in
0.01 N stock solutions. After adding theclays, thepH
solution increasesand i sreadjusted.

Kinetic study
- Equilibrium contact time

4 -

Cr <
/O_o-{}—O
- 3 "57"_;;-:_ S e S 0
o ¥ |
R
E n
& 1 Lo —<C—Cr{lll) on JKp .
— - — Cr(lll) on JKb
D T T T 1
0 50 100 150 200
time min

Figure7: Effect of shakingtimeon adsor ption of Cr (I111) on
JKband JKp
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Figure8: Effect of shakingtimeon adsor ption of Fe(l11) on
JKband JKp
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Thesorption of Cr(l11) on JKb and JKpwas studied
asafunction of shaking at pH 3and aninitial Cr(l11)
concentration of 4 mol.L%. Theequilibriumwasreached
when the quantity removed from solution attain a
maximum va ueand did not changewith time (Figure).

However, theuptake of Fe(I11) ismorerapid. The
rapid equilibrium on smectic clay can beattributed to
its expanded lattice, which made al exchange sites
equaly avallableand permitted exchangereedily. Smilar
results have been reported for the adsorption of
chromium(l11) on Jebel Chakir clayt®> =,

Onthebasisof theseresultsashaking period of 2h
wasused for dl further studiessothat all analysis, for
both JKp and JKb, were made at the sametime.

TABLE 6: Equilibriumtimeand adsor bed quantity

Metal cation Adsorbant EOUllibriumtime Qe
min mmol.g
JKb 60 3.13
cr(ln)
JKp 60 3.45
JKb 35 3.13
Fe(lIl)
JKp 35 2.78
-Kineticmodels

In order to investigate the mechanism of sorption
kinetic model shave been used to test experimentd data.
Threekinetic modelswere used tofit theexperimenta
dataat initia concentration 4mmol.L 2, temperaturesat
22°C,pH 3.0

Thefirst and pseudo-first-order equation*¥ does
not well fitted for the whole range of contact time.
Comparingwithlinear correlation coefficient R?, kinetics
datafor the adsorption of iron and chromium from
agueous sol utionwerein good agreement with pseudo-
second-order equation.

The pseudo-second-order kinetic model® is
expressed as.

t 1 1

— =+t
Q QK Q,

where K is the rate constant of second-order
adsorption, Qtisthesorption capacity a timet (mmol.g
1) and geisthe sorption cgpacity a equilibrium (mmol.g
1. Thus, the constants can be obtained from the d ope
andtheintercept of astraight lineplot of t/ Qt against t
0

The pseudo-second-order kinetic model includes
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Figure9: Pseudo-second order curvesof heavy metals
adsor ption by JKb and JK p inaqueoussolution at 22°C

TABLE 7: Parameter sfor adsor ption kinetic model
K

-1 2
Metal Adsorbant Qe mmoal.g g.mmol - min R
cr(i) Kb 3.125 0.062 0.9996
JKp 3.448 0.216 1.000
Kb 3.125 0.465 1.000
Fe(lIl)
JKp 2.778 0.518 1.000

all coursesof adsorption, such asdiffusion of externa
liquid membrane, surface adsorption, intra-particle
diffusion®!, Adsorption of tannic acid, humicacid, and
dyesfromwater using the composite of chitosan and
activated clay, J. Colloid Interface Sci. 278 (2004) 18-
25.], which can providereal, completeand reliability
adsorption mechanismfor iron and chromiumadsorption
onto JKb and JK p adsorbents. Pseudo-second-order
kineticmodd predictsthebehavior over thewholerange
of gudiesandisin agreement with chemisorptionsbeing
therate-controlling step.

Sorption isotherms

Theisotherms(Figure 10, 11) wereobtained asin
the preceding section, by using avariation in cation
concentration interval [0-10] mmol L, whilekeeping
all other parametersastemperature (22°C), solution to
solid ratio (1g.L 1), shaking time (2hours) and pH 3
congtant.

The chosen pH vauefor whichtheion adsorption
was performed was 3 wherefree cations of iron and
chromium (Fe** and Cr®*) arethe predominant species
insolutions.

The capacity of metal adsorbed onto JKb clay

Removal of trivalent iron and chromium from aqueous solution by local clay
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varied inthefollowing order Fe(l11) = Cr (111) and Cr
(111) > Fe(111) onto JKp clay.

Qéq / mmol.g”

kB = R = o D
\ "
L,
k. -~
\\ -

—A— Cr{lll) JKp
—&— Cr{lll)JKb

—

=

15

=
=
1

b 1 p

Céq mmol.L"
Figure10: Adsorption isothermsof Cr (I11) on JKpand
JCKb

Qéq / mmol.g™

— A= Fe(ll) JKp ~ —&— Fe{ll}JKb

0 0.5 1 1.5
Céq mmol.L™”

Figurell: Adsorption isothermsof Fe(l11) on JKp and
JCKb

Theadsorptionisothermsfor Cr (111) and Fe(l11)on
JKb and JKp were obtained at various metal
concentrationsfrom 0to 10 mmol.L-1, whilekeeping
all other parametersas solutionto solid ratio, shaking
timeand pH congtant and showstheseresultsfor Cr(l11)
and Fe(l11) respectively.

After adding the natural clays, the pH of the
suspension increased and wasreadjusted to ava ue of
4. All other parameters, such asthe solution to sorbent
ratio, the shaking time and thetemperature were kept
constant.
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The adsorbed chromium ion Qe, onto the clays
(mg.g?) isexpressed as.

K Ce
e=—-—
Q 1+aC,

3

Q.=K:Cq 4

Where KL, a, KF and n are the constants for
Langmuir and Freundlich model srespectively.

The sorption data were analysed in terms of
Langmuir (3) and Freundlich (4) isothermg®” %1, Figure
6. Showstheadsorptionisothermsof trivaent chromium
on two substrates, at room temperature (22°C).

Thelinear formsof theseequationsare,

C 1 a
TR TR S 5)
Qe K L K L
logQ, =logK . +nlogC, (6)
1.2
1 " A
A A
g 0.8 k P
g
~ 06 -
T °
O 0.4 v = 0,1409% + 0,6383
’ FTR TR TSy =0,2631x + 0,4345
0.2 - R R? = 0,991
A Fe(TI) JKp ® Fe(Il) JKDb
D T T T T T 1
0 0,5 1 1,5 2 2,5 3
Ceq mmol.L”

Figure12: Linearised L angmuir Adsor ption | sother m of
Fe(lll)onJKpand JCKb

1,2

1 R?=0,98

0,8 -

Ln Qeq
(=
[s2]
\'\

\

A Te(IIT) TKp B Fe(IIT) JKb
T T 1

-0,3 0.2 0,7 1,2

Figure13: Linearised Freundlich adsor ption | sother m of
Fe(lll)onJKpand JCKb
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Figurel4: Linearised Freundlich Adsor ption I sother m of
Cr (I1)onJKpand JCKb

TABLE 8: Freundlich and Langmuir parameters

Par ameter s Freundlich

Clay Metd n Ke R?
p Cr(ltl)  0.799 6.39 1.00
Fe(lll) 0.76 1.28 0.98
Kb Cr(I11) 1.23 5.86 0.98
Fe(lll) 0.63 1.42 1.00
Par ameter s L angmuir
Clay Meta K. (g'.L) a@'L) Qmammol.g’ R
JKb  Fe(lll) 2.30 8.75 3.80 1.00

The plotsrespectively of Ce/Qe against Ceand
Log Qeagaingt Log Cegivestraight lines.

Comparing withlinear correlation coefficient R®

Inthe caseof ironthe experimental dataarewell
fitted to thelinearised Langmuir isotherm for natural
clay (Figure 12) and Freundlich model for purified
clay (Figure 13), whereas the chromium adsorption
dataarein good agreement with Freundlich equation
(Figure 14).

CONCLUSION

Jebel Kebir Clay has been evaluated for their
purifying quaitiessincethey arethought to act asafilter
and purifier for pollutants.

Theorigina day wascharacterized, theresultsshow
that thematerial isasmectite (80%) withasmall pro-
portion of kaolinite(20%). The CEC and SSA values
for theraw clay sample (JKb) arerespectively 25 meq
/100 g, 206 m? /g of fired clay; and 50 meq /100 g and
403 m?/g of fired clay for Na-purified clay.
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Theadsorption equilibriumtimeof Cr (111) and Fe
(111) by both raw and the Na-purified clay were
determined. Theresults prove that the uptake of Fe
(111) isthemost rapid.

Kinetics data for the adsorption of iron and
chromium on JKb and JK p from aqueous solution are
in good agreement with pseudo-second-order model.
Thismodel predictsthe behavior in agreement with
chemisorptions.

Theadsorptionisothermsfor Cr (111) and Fe(l11)on
JKb and JKp were obtained at various metal
concentrationsfrom 0to 10 mmol.L, while keeping
all other parametersas solutionto solid ratio, shaking
timeand pH constant

The capacity of metal adsorbed onto JKb clay
variedinthefollowing order Fe(l11) = Cr (111) and Cr
(111) > Fe (111) onto JKp clay.

The sorption data were analysed in terms of
Langmuir and Freundlichisotherms.

Inthe case of iron the experimenta dataarewell
fitted tothelinearised Langmuir isothermfor natural clay
and Freundlich model for purified clay, whereasthe
chromium adsorption dataarein good agreement with
Freundlich equation.

Consequently, The Jebel Kebir clay may be an
effective adsorbent for theremoval of metal inwaste-
water
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