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ABSTRACT

KEYWORDS

The objective of the present study was to investigate the adsorption of
the heavy metals Cr(l11) and Cr(VI) from aqueous solutions, onto on
abundant Moroccan natural clay, (AMN). The adsorption experimentswere
studied in batch reactor at room temperature. The adsorption equilibrium
timefor bothof Cr(VI) and Cr(111) wasfound to be 10minand 4h respectively.
Theinfluence of the pH solution on the Cr(V1) and Cr(I11) adsorption was
studied in the pH range of 2-7,he optimum pH for the Cr(V1) adsorptionis
2, whilethat of Cr(I11) isat the pH valuesabove 4. Equilibriumisothermsfor
theadsorption of Cr(V1) and Cr, (I111) onAMN wereanalyzed by Freundlich,
and Langmuir adsorption isotherms and they showed good fitsto describe
theadsorption equilibrium of Cr(V1) and Cr(l11) onthe natural clay, (AMN).
The adsorption capacitiesfor thisnatural clay, (AMN) for Cr(111) and Cr(VI)
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werefound to be 512 and 0.15 mg/g, respectively.
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INTRODUCTION

Rapid growthinindustry and popul ation hasresulted
in environmental degradation. Heavy metals like
mercury, lead, cadmium, copper, chromium and nickel
aretoxiceveninextremey minutequantities. Chromium
iswiddy usedin eectroplating, |eather tanning, metal
finishing and chromate preparation. Chromium existsin
two stable oxidation states Cr(I11) and Cr(V1). The
Cr(VI) state is of particular concern because of its
toxicity. Therecommended limit of chromiumin potable
water is0.05mg 47, Chromium, (I11) occursnaturaly

and isan essentia nutrient that helpsthe body to use
sugar, protein and fat. Although Cr(I11) isan essentia
oligodement for animd life, itsoxidationtotoxic Cr(V1)
can lead to ecological problemd?®. Chromium, (V1)
rarely occursnaturally, but isusually produced from
anthropogenic sources. The International Agency for
Research on Cancer, (IARC) has determined that
chromium, (V1) is carcinogenic to humans. The
remediation of chromium, (V1) contaminated industria
effluentsisgaining great interest duetolimitationson
potablewater supplies®.

The permissible limit of Cr(VI) for industrial
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wastewater to be discharged to surface water is0.1
mg | 1. Hence, it becomesimperativetoremoveCr(VI)
fromwastewatersbeforedischarging theminto aguatic
systems or onto land. Different methods, such as
reduction and precipitation*¥, ion exchange'®,
eectrodidysis, reverseosmosis, solvent extractionl*¥,
electrochemical precipitation’® and adsorption have
been suggested for theremova of hexavdent chromium.

Among these, adsorption isthe most promising
technique. Several authors have reported studieson
various|ow cost adsorbents. Activated carbon prepared
by carbonization of ricehusk®, groundnut husk*¢ and
coconut sawdust!?Y have been reported.

In recent years, considerable attention has been
devoted to study the use of industrial wastes as
adsorbents. Fly ash from a thermal power plant™4,
waste slurry from afertilizer plant(®, Fe(l11)/Cr(111)
hydroxide obtained from the petrochemical industry®,
blast furnacefluedust™ and photo film waste s udge?
have been examined for removal of hexavalent
chromium. The adsorption of Cr(V1) on bituminous
coal?, sphagnum peat moss?, coconut husks and
palm pressed fibbers?, sawdust, sugarcane bagasse,
sugarbeet pul p and maizecob? hasbeen reported.

In this present study, we proposethe removal of
Cr(l11) and Cr(V1) by adsorption on one abundant
Moroccan common clay, (AMN). The adsorption
experimentswill be carried out in the batch reactors
andwill haveasobjectives, (i) thestudy of pH influence
ontheamount of Cr(I11) and Cr(V1), and, (ii) thestudy
of thekineticsand the adsorptionisothermsof Cr(l11)
and Cr(V1).

EXPERIMENTAL

Materials

Theclay materid usedinthiswork camefrom Dhar
El Mahraz quarry in Fez. Thechemicd anays's, (wt.%)
of this clay was: SIO,, 50.32; Al,O,, 15.94; Fe,0,,
5.91; Ca0, 13.89; M@0, 3.77 and K0, 2.08, this
clay hasbeen studied by several authorg[sahraoui et
a.,andlahgni...] who found that it is constituted of a
mixtureof kaolinandtheillite. Thisclay iscrushedand
sieved beforehand to asizelower than 500um.It was
then washed by distilled water until stabilization of the
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pH of the suspensioninorder todiminatethemetdlic
sdts, itisfilteredin continuation dried at thesteam room
in110°C and isstocked in closed smdll bottle safefrom
light. Thesynthetic solution of Cr(l11) and Cr(V1) were
prepared by dissolution of the appropriate mass of
Cr(NG,),.9H,0, (Riedel-deHaén) and K,Cr,O.,
(Riedel-deHaen) indigtilled water.

Adsor ption procedure

The adsorption experimentsof chromium(l1l) and,
(V1) by AMN clay, were carried out in a series of
Erlenmeyer flasks contai ning the desired dose of the
adsorbent and the 50mL of chromium agueous solution
at thedesired concentration andinitial pH(adjusted with
diluted hydrochloric(0.1N) acid, or sodium hydroxide
(0.1N) solution) measured by LP115-pH meter) ina
congtant temperaturebath. After shaking for afixedtime,
the flasks were removed and the suspensions were
filtered by 0.45um cellulose membrane. the
concentrationsof Cr(111) and Cr(VI) inthefiltratewere
determined by PY EUNICAM SPOAtomicAbsorption
Spectrometer(SAA) inair acetylene.

Theamount of adsorbed chromiumwasca culated
usingthefollowing equation:

C,-C,)xV
GG
m

Where Q isthe amount of absorbed chromium(mg/g); CO and
C1 are the initial and residual concentration, (mg/L),
respectively; V isthe volume of chromium aqueous solution(L);
misthe dose of AMN clay, (0).

RESULTSAND DISCUSSIONS

Effect of pH

Since pH isan important parameter, the effect of
initial pH of solution onthe Cr(VI)/Cr(l11) adsorption
ontoAMN clay was studied, in order to find out the
optimum pH for maximum removal efficiency,
experiments were conducted with 50ml of 1.g I-1
chromium solution with adsorbent doses 1,59 of AMN
clay over apH range 2-7, pH adjustmentswere made
either with 0.1 N HCl or 0.1 N NaOH.

Figure 1and 2 presentsthe effect of initial pH on
the removal of Cr(VI) and Cr(V1), by AMN clay, it
seemsthat the amount adsorbed of Cr(l11) increases
withincreasingof pH from 2to 5. Thiscan beexplained
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Figure4: Theeffectsof contact timeontheCr, (VI) and

Cr, (111 adsor ption by AMN clay, (1g/l Cr(VI) solutions;

adsor bent masse 1.5g, initial pH: 2, temperature: 20°C)

by the diminution of competition between H* protons
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Figure5: Experimental isothermsof Cr(111) adsorbed by
AMN clay at pH 2

and Cr(I11) cations towards the adsorption sites and
the deprotonation of the particle edges. At pH values
above 5, the Cr(I11) adsorption was not significantly
affected by the solution pH. Thisisbecauseat the pH
range of 5-7, the predominant specieis Cr,(OH),>".
We notethat the Cr(V1) adsorptionisoptimal in
the pH 2 and decreases with increasing pH may also
be attributed to the surface complexation. Therefore,
the adsorption of Cr(VI) anions decreases with an
increasein pH. Previousstudieshaveshownthat Cr(V1)
existspredominaly insolutionasHCrO, at low vaues
and CrO,* at high pH values*®. The adsorption of
these species on the particle edges, (S-OH?") can be
described by thefollowing complexation reactions:
SOH,*+HCrO,; - SOHCrO, +H*, 1)
S-OH,"+CrO2*— SOHCrO 2 +H*, )

Kineticsadsor ption

Theexperimental resultsof theadsorption kinetics
of Cr(lll) and Cr(VI) areillustrated infigure 3and 4.
Therate of adsorption of Cr(I11) and Cr(V1) wasfollo
wed by looking at theincreasein theadsorption asa
function of timeuntil the adsorption remained congtant,
implying equilibriumwasreached.

Asseeninfigure 3and 4, theadsorption of Cr(l11)
israpidinthefirst minutesand theequilibriumisthen
attained within 10min, whereastheadsorption of Cr(V1)
is slow compared at the one observed of Cr(lll). It
found that equilibrium was attained at about 4h.
Therefore, an agitation period of 1 and 4hwasselected
to establish the adsorptionisothermsof Cr, (111) and
Cr, (VI), respectively.

Adsorption isotherms
Figure 5 and 6 Shows the experimental datafor
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Figure6: Experimental isothermsof Cr (V1) adsorbed by
AMN clay at pH 2
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Figure7: _Freundlich adsor ption isotherm for Cr, (I11)
adsor ption ontheAM N clay, (pH: 2, T: 25°C)

0,004 5 y = 0,002x +0,0014
RY = 02860

0,003 4

0,002 4

1lqe (mglg)

0,001 4

05 tice 1 1.5
1/Ce

Figure 8 : Langmuir adsorption isotherm for Cr(VI)

adsor ption ontheAMN clay, (pH:2, T:25°C)

Cr(111) and Cr(V1) ion adsorptionisotherm for theAMN
clay. Thesefigureshow that theAMN clay exhibitsa
marked affinity for Cr(I1l) ionsin aqueous solution.
The ultimate capacities of adsorption of Cr(I1l) and
Cr(VI) are512 and 0.15 mg/g respectively.

The Langmuir and Freundlich adsorption isotherm
models were examined in this study to describe the
adsorption equilibrium. Isotherm studies were
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conducted at theeffectiveinitid pH of 2 of Cr(VI) and
no adjusted pH of Cr(l11), Agitation constant, and an
equilibriumtime20 minand 4 hfor Cr(l11) and Cr(V1)
respectively. TABLE 1. presents the constants of
regression equationsand constants of adsorption modds
for Cr(l11) and Cr(VI) removal.

According to Langmuir model, adsorption occurs
uniformly ontheactivesitesof the adsorbent, and once
adsorbate occupies asite, no further adsorption can
take place at thissite. Thus, the Langmuir model is
givenby Eq, (2).

. M

Where Q and b, the Langmuir constants, are the saturated
monolayer adsorption capacity, and the adsorption equilibrium
constant, respectively. Ce is the equilibrium solution
concentration; g, is the amount of chromium adsorbed at the

equilibrium.

The Langmuir parameters can be used to predict
affinity between the adsorbate and adsorbent using the
dimensionless separation factor, RL, defined by Hall
and a and otherg?221" gs,

1

Ri= 1+bC,

Theadsorption capacity Q and energy of adsorption
b were cal culated from the dope and intercept of the
Langmuir plot and foundto beinthe TABLE 1. The
equilibrium parameter R .VauesbetweenOand 1 for
al the concentration of chromiumindicating favourable
adsorption

Ontheother hand, the Freundlichisothermisan
empirical model that is based on adsorption on
heterogeneous surfaceand isgiven by Eq, (2).

1
ane=Lan+HLnCe 2
¥ =1528,Txc+ 3,1951
_ 2 R*=0.957
& 15
=)
E o
I
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D ; .
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Figure 9: Langmuir aasorption 1sotherm for Cr, (111)
adsorption ontheAMN clay at, (pH:2, T:25°C)
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TABLE 1: Isother m constants and values of R?
Langmuir isotherm  Freundlich isotherm
Q(mg/g”) bimg®) R® Kp(mggh) n R
500 0.7 0.98 0.41 0.35 0.97
0.3129 0.002 0.99 0.0023 1.4513 0.99

LnCe(mgll)

cr(in)
Cr(VI)

a2 2z 24 25 23 3

-4 y = (880 - 26383
A =0asi

-0,
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Figure 10: Freundlich adsorption isotherm for Cr(V1)
adsor ption ontheAMN clay, (pH:2, T:25°C)

Where K and n are the Freundlich constants, which represent
adsorption capacity and adsorption intensity, respectively, K,
and n calculated from the intercept and slope of the plot were
giveninthe TABLE1.

CONCLUSION

Natural clay was studied aslow-cost aternative
adsorbent for removal of chromium species, (Cr(I11)
and Cr(V1)). Theresults showed that thisMoroccan
natural clay AMN can be asuitable adsorbent for the
remova of Cr(lI1) from agueous solution, as both
kinetics and capacity are highly favourable. Study the
influenceof pH onthe adsorption showsthat theamount
of Cr(l11) adsorbed increases with pH and becomes
indgnificant for avalueof pH above4, well that of Cr(V1)
adsorbed decreaseswith pH, the suitable condition for
theadsorption areacid pH 2. The adsorption kinetics
study of the Cr(l1l) and Cr(V1) reveals a rapid
adsorption of Cr(111) compared with Cr(V1). Concerning
the adsorption isothermsstudy, themaximal adsorption
capacity of AMN clay ishigher for Cr(l1l) withavaue
512 andlow for Cr(VI) withavalue0.15 mg/g.

REFERENCES

[11 F.A.Abu Al-Rub, M.Kandah, N.Al-Dabaybeh;
Eng.Life.Sci., 2, 111-116 (2002).

[2] M.H.Bradbury, B.Baeyens; Acta, 63, 325 (1999).

[3] K.R.Hall, L.C.Eagleton, A.Acrivos, T.Vermeulen;
Ind.Eng.Chem.Fundam., 5, 212-223 (1966).

Adsorption of chromium Cr(l11) and Cr(VI) from aqueous solutions

ESAIJ, 3(2) April 2008

C.PHuang, M.M.Wu; J.Water.Pollut.Control .Fed.,

47, 2437-2446 (1975).

S.E.Jorgensen; Industrial Wastewater Management,

7, Elsevier, New York, 81-92 (1979).

N.Kongsricharoern, C.Polprasert; Water.Sci.

Technol., 31(9), 109-117 (1995).

A.Lahsini; Thesededoctorat, Faculte des Sciences,

Dhar.Mahraz, FES.

N.K.Lazaridis, D.D.Asouhidou; Water.Res., 37,

2875-2882 (2003).

C.Namasivayam, K.Ranganathan; Environ.Pallut.,

82, 255-261 (1993).

P.M.Outridge, A.M.Scheuhammer; Rev.Environ.

Contam.Toxicol., 130, 31 (1993).

[11] K.K.Panday, GPrasad, V.N.Singh; J.Chem.Technol.
Biotechnol., 34, 367-374 (1984).

[12] L.N.Patnaik, C.PDas; Ind.J.Environ.Health., 37,
19-25 (1995).

[13] J.M.Patterson; ‘Water Treatment Technology’, 3™
ed., Ann Arbor Science, Ann Arbor Michigan, MI,
(1978).

[14] J.M.Philipot, F.Chaffange, J.Sibony; Water.Sci.
Technol., 17, 1121-1132 (1984).

[15] K.Periasamy, K.Srinivasan, PK.Murugan; Ind.J.
Environ.Health., 33(4), 433-437 (1991).

[16] N.S.Rawat, C.D.Singh; Asian Environ., 14, 30-41
(1992).

[17] K.R.Reddy, U.S.Parupudi, S.N.Devuapali, C.Y.Xuy;
J.Hazard.Mater., 55, 135 (1997).

[18] H.Sahraoui, S.Abouarnadasse, A.Kherbeche, K.
Elkamel; Dehydration of theisopropanol catalysed
by natural clays.

[19] K.Selvargj, V.Chandramohan, S.Pattabhi; Ind.J.
Chem.Technal., 18, 641-646 (1997).

[20] K.Selvi, S.Pattabhi, K.Kadirvelu; Biores.Technal.,
80, 87-89 (2001).

[21] D.C.Sharma, C.F.Forster; Water.Res., 27, 1201-
1208 (1993).

[22] D.C.Sharma, C.F.Forster; Biores. Technal., 47, 257-
264.

[23] K.Srinivasan, N.Balasubramanium, T.V.Rama
krishna; Ind.J.Environ.Health., 30, 376-387 (1988).

[24] SK.Srivastava, R.Tyagi, N.Pant; Water.Res., 23,
1161-1165 (1989).

[25] W.T.Tan, S.T.Ooi, C.K.Leg; Environ.Technal., 14,

277 (1993).

[4]

(6]
[7]
[8]
[9]

[10]

Snoivonmental Science
A Jndian ﬂo«/md



