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ABSTRACT

Removal of Cr (VI) from aqueous solution using @esorbent starting from the Moroccan oil shale ohdhdit
(layer Y) by a chemical activation with sulfuriciédéd,SO, under different experimental conditions was ingaded
in this study. The effects of agitation time, pHtloa removal of Cr (VI) were studied. In order twestigate the
adsorption isotherm, two equilibrium models, Langmand Freundlich isotherm models, were analyZHte effect
of solution pH on the adsorption onto this adsoth&as studied in the pH range 2.1-7.89. Adsorptbr (VI) is
highly pH dependent and the results indicate tihat optimum pH for the removal was found to be &ritHis
adsorbent.

Keywords: Oil shale, Activation, Sulfuric acid, Chromium rewad, Adsorption isotherms.

INTRODUCTION

Industrial progress has made life more comfortairld easy. But at the same time the natural envieotrhad
suffered from the unfavorable effects of pollutidfeavy metals are unpleasantly affecting our edesysiue to
their toxicological and physiological effects inveenment. These metals, if present beyond certaimcentration
can be a serious health hazard which can leadsatoy rdisorders in normal functioning of human beiags|
animals [1]. The main reason for heavy metal paiutis due to metal-plating facilities, battery méacturing
processes, mining and metallurgical engineeringjray operations, electroplating, nuclear power fslaaerospace
industries, the production of paints and pigments glass production industries [2]. The main heaetals which
cause metal ion pollution are Th, Cd, Pb, Cr, Ag, Bu and Ni. Unlike most organic pollutants, heawtals are
generally refractory and cannot be degraded orilye@etoxified biologically [2].

Chromium is one of the most toxic pollutants whigluse severe environmental and public health prebl&V/hen
accumulated at high levels, chromium can genegxieus problems and when concentration reaches@/d@ body
weight, it can ultimately become lethal [3]. Theshoommon forms of chromium are Cr (0), Cr (llipdaCr (VI).
Hexavalent form is more toxic than trivalent anguiees more concern. Strong exposure to Cr (VIseawancer in
the digestive tract and lungs and may cause epiggstin, nausea, vomiting, severe diarrhea andondrage [4].
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In aqueous solution, Cr (VI) exists in the form .vizchromate CrO;", dichromate Cr,O;" and hydrogen
chromateHCrO, . CrO;” is predominant in basic solutionsJCrO, is predominant at pH < 1 whilélCrO,

and Cr2072' are predominant at pH 2-6. The removal of toxictaisefrom waste water has been achieved by

several processes such as ion exchange [5], se@itioen[6], electrochemical processes [7,8], cemigm [9],
biological operations [10], coagulation/flocculatig11], filtration and membrane processes [12,X3jemical
precipitation, adsorption [14] and solvent extractj15,16]. Most of these methods suffer from draeks like high
capital and operational cost and there are problemdisposal of residual metal sludge [17]. In cast, the
adsorption technique has become one of the moferprd methods for the removal of heavy metalstdues high
efficiency and low cost.

Many agricultural wastes had directly been usedabents for heavy metal adsorption from wastewatsch

included soybean hull [18], olive cake [19], whe#iaw [20], maize cob [21], rice husk [22], barkgyaw [23],

bagasse pith [24], coconut husk [25], cocoa sli28} tea leaves [27], spent coffee grounds andglorskin [28],
almond shell [29], orange peel and banana peel Bffjvated carbons are more effective in the reah@f heavy
metals due to some specific characteristics thiaaece the use of activated carbon for the remdvabistaminants
including heavy metals from water supplies and ewmater [31]. Many studies have used different typactivated
carbon to remove Cr (VI) by adsorption.

Coconut shell activated carbon [32], wood and duwstl activated carbons [33], hazelnut activated@ar[34],
sawdust and used tyre activated carbon [35] wezd fa Cr (VI) uptake.

The present paper is concerned with the synthésistivated carbons derived from Moroccan oil stal@imahdit
(layer Y) by chemical activation with 830, and the removal of hexavalent chromium from aqeesalution. In
order to enhance local materials and not expensiweeused as a precursor decarbonated of Morocdashale
obtained by elimination of the carbonates in thévearock, was mixed with sulfuric acid and treatadlifferent
conditions [36]. The kinetics and isotherms abbatgorption of Cr (VI) on the prepared samples vstudied. The
influence of several operating parameters, sugitHaand contact time of adsorbate on the adsorpapacity, were
also investigated.

MATERIALS AND METHODS

Preparation of adsorbents

Preparation of the precursor YH

The raw material used in this work is Moroccanshidle of Timahdit (layer Y). This material is corspd from the
organic matter chemically linked to the mineral ratessentially formed by calcite, dolomite, sileceand clays
(table 1) [36, 37].

Table 1. Mineralogical composition of the Timahditoil shale.

Constituent Calcite Dolomite Clays Silicate Organic matter
Wt. (%) 15.16 12.33 26.87 21.75 23.89

The naturally oil shale was crushed and groundd@200um and the resulting product was attacked with 6N.HC
This attack was continued until there was no moBg I€lease. After filtration, the residue was washedlistilled
water to eliminate excess acid. The product obthineferred to as YH, was used as the precursqerigparing the
adsorbents. Elemental analysis of this precursabl@ 2) shows the presence of C, O, H, S, Si, My @her

minorities’ elements [36].
Table 2. Chemical composition of the precursor YH.

Element C O Si S Mg P
Atomic % 50.00 35.60 8.12 1.87 0.95 0.07

Activation of the precursor and characterization ofthe product

The precursor YH, a particle size of 80-100um imnuiter, was mixed with the sulfuric acid at 80%hvei weight
ratio H,SOy/precursor = 3. The choice of the activating agemt the weight ratio was dictated by results olethin
after many studies trials in the laboratory andading to our previous studies [36, 37]. The adtoraexperiments

were performed under various conditions to obtfaendptimal condition for activation
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The mixture was heated in furnace under oxidanbsphere gaze (air) at different temperatures bitg\#00 and
450°C, after preprocessing at 120°C in oven undef38]. Thermally treated product, referred by YH8as
washed with distilled water in a Soxhlet extractorgliminate excess acid £6I0,) and soluble matter then dried at
110°C. The general procedure of the activatiorcgse of this study is described below an dis selieally
outlined in figure 1.

Moroccan oil shale
(Timahdl,layelY )

Decarbonation |—— 3 6N HCI

Precursor YH

!

Activation —— Activating agent HSQO,

|

Thermal traitement ——»

|

Rinsing — Distillated water

Preprocessing, Temperature,
atmospher gase

Adsorbent YHS

Figure 1. Flow diagram for activation process.

Before used in adsorption tests the adsorbent iggeds more 95% of the final particles had an ayerdiameter
than of 100 mm, and characterized by differentwital methods.

The performance of a prepared adsorbent was ewedlimt determination of the maximum adsorption ceépad
potassium dichromate, the specific areg{5

Preparation of potassium dichromate solution

The stock solutions of Cr(VI) of concentration 1 gfas prepared by dissolving 2.8 grams of analytitade of
Ko,Cr,O; in 1 L of distilled water. The stock solution wdsrther diluted with distilled water to desired
concentration for obtaining the standard solutifirsabsorbance measurement. The initial pH of #s¢ $olutions
was adjusted to the desired value by using dilotatisns of HCI and NaOH. The required lower corications
were prepared by dilution of the stock solutionl. grecautions were taken to minimize the loss dueviaporation
during the preparation of solutions and subseqoeasurements. The stock solutions were preparsd foz each
experiment as the concentration of the stock smiuthay change on long standing.

Experimental procedure

The adsorption tests were carried out in batch atktindeed, a mass of 80 mg of each adsorbentesge in 400
mL of a potassium dichromate (PDC) solution conegitn to 10 mg / L. The mixture is subjected tomstant
agitation and samples were taken at different fimervals. To determine the maximum adsorption capaf Cr
(VI), we adopted the method known as “the bottlspmethod”. For this purpose, various weights hesgtw 20 and
80 mg of each adsorbent are emerged in a volur@B@@MmL of a solution of dichromate concentratior80fmg / L.
In late each experiment: The measurement of theesdration of non adsorbed Cr (VI) was carriedamgording to
standard colorimetric method in different time. Tdmaount of adsorption at equilibriumg Qng/g) was calculated
by the following mass balance equation.
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_V(Co _Ce)

Q= (1)
rnads

Where Co and Ce (mg/L) are the liquid phase comatobs of PDC at initial and equilibrium respeetiv.V (L) is

the volume of the solution. gi(g) is the mass of dry adsorbent used. The DC vahmercentage can be calculated

as follows

C,-C

Removal%= L x 10( )

0

Theory of Adsorption isotherm
To quantify the adsorption capacity of the absorli@nthe removal of Cr (IV), the most commonly dseotherm,
namely Freundlich and Langmuir have been adopted.

Freundlich isotherm.
The linear form of freundlich isotherm [38] is repented by the equation

Lng, = LnK, +1 LnC (3)
n

Where ge is the amount of dyes adsorbed per unghivef the adsorbent, (mg/L), ks (mg/g (L/mg)) measure of
adsorption capacity and 1 / n is the adsorptioanisity. In general Kvalue increases the adsorption capacity for a
given adsorbate increases. The magnitude of thenexyt 1/n gives an indication of the favorabilifyaglsorption.
The value of n > 1 represents favorable adsormiordition [39, 40] (or) the value of 1 / n are lgim the range of

1 to 10 confirms the favorable condition for adsiomp. The linear plot of Ln gagainst the Ln C(figure is given)
shows that the adsorption obeys the Freundlich mode

Langmuir isotherm

Langmuir isotherm model [41] is based on the assiomghat maximum adsorption corresponds to a asddr
monolayer of solute molecules on the adsorbenasarfThe linear form of the Langmuir isotherm emumtan be
described by

C./Q=—+—= (4)

Where G (mg/L) is the equilibrium concentration of the adsate, g (mg/g) is the amount of adsorbate adsorbed
per unit mass of adsorbent;, @and b are Langmuir constants related to adsorg@macity and rate of adsorption
respectively. g is the amount of adsorbate at complete monolageerage (mg/g) which gives the maximum
adsorption capacity of the adsorbent and b (L/rmghé Langmuir isotherm constant that relates ¢oethergy of
adsorption (or rate of adsorption). The linear ptdt specific adsorption capacity against the ebriiim
concentration (g (figure is given) shows that the adsorption oltagsLangmuir model. The Langmuir constagt q
and b were determined from the slope and interokfite plot and are presented in table 1. In otddind out the
feasibility of the isotherm, the essential chamasties of the Langmuir isotherm can be expressedeims of
dimensionless constant separation factof42, 43] by the equation

1

= 5)
R 1+bC,
R >1 Unfavorable adsorption
O<R <1 Favorable adsorption
R =0 Irreversible adsorption
R =1 Linear adsorption
The R values lies between 0 to 1 indicate the procefs/izrable adsorption.
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RESULTS AND DISCUSSION

Properties of a prepared adsorbent

The elementary analysis of the decarbonated roclaiftHthe best adsorbent YHS by X-ray fluorescemedlé 1),
revealed that both samples contain mostly oxygarian, silicon and sulfur. And other elements Wathr amounts
(Iron, sodium and phosphorus). We also note ttettntent of oxygen, carbon, silica and sulfuréases slightly,
and those of phosphorus, iron, decrease in thelaelsoYHS comparing the precursor YH.

Table 1. Results of chemical analysis for YH and YH (%wt).

Element YH YHS

O (%) 60.4 63.1

S (%) 246  3.758
C (%) 12.3 14.02
Si (%) 16.5 18.01
Fe (%) 192 0.45

Al (%) 3.86 0.000
Na (%) 0.292 0.100
P (%) 0.000 0.000
Mg (%) 0.354 0.000
Ca (%) 0.189 0.102

The BET surface area was calculated by the Brundtmmett, and Teller (BET) method using the adsompt
isotherms [44]. The results of analyzes specififame $er of the product YHS compared to the precursor Yél ar
summarized in Table 2.

Table 2. Specific surface obtained by the BET metfb

Sample YH YHS
Seer(m?g) 24 180

This table shows that the total surface area ofattemrbent YHS is higher than that obtained byptteeursor YH
which allows that chemical activation with sulfudcid causes an increase in the surface.

The morphology of the samples YH and YHS was exathioy scanning electron microscope (SEM) (Fig 2e T
examination of this figure shows a significant effef chemical activation with sulfuric acid on tevelopment of
porosity within the adsorbent YHS compared to YH.

540003 2009/11/26 D25 x1,0k 100 um $150008 2009/11/20 D26 x50k  20um

Figure 2. SEM of precursor YH and prepared adsorbehYHS.

Fourier transform infrared spectroscopy resultg.(B), enabled us to highlight the structural cleengf the material
during the chemical activation with sulfuric acithe comparison between the spectra of the two ssm@dH and
YHS has enabled us to identify the following points

< The disappearance of the bands situated towards @92 2860 cihcharacteristic of CH elongations groups£H
CH,and CH.
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< The disappearance of the very fine bands situatedrts 872 ci characteristic groups C = Gldnd HC = CH,

the alkanes.
<An increase in the intensity of the band at tow&®{35 cnt characteristic of OH elongations.

YHS

T T T T T T 1
500 1000 1500 2000 2500 3000 3500 4000

Nomberdonde cm ™

Figure 3. Infrared spectra (FTIR) of the adsorbentYHS200°C1/2h.

Effect of pH value

The pH value, associated with the adsorption medshanis one of important parameters in controllitig
adsorption of Cr(VI). It causes the change of sigfeharge of the sorbent, conversion of the chromspecies and
other ions present in the solution, and extentiggatiation of functional groups on the activessibé the adsorbent.
For chromium aqueous, the distribution of Cr(VIgsies is dependent on both the total concentrati@r(VI) and
pH value of the equilibrium solution. The Cr(VI) ynaxist in the aqueous phase in several anionimgpsuch as

chromateCrO;” (pH > 6.0), dichromat€Cr,0>” and HCrO, (1.0-6.0) or HCrO, (pH < 1.0) [45]. In this work,

Cr(VI) adsorption onto YHS as a function of pH ramgfrom 2.1 to 7.89 was shown in Fig. 4. It cansken from
Fig. 4 that the adsorption abilities of Cr(VI) dng adsorbent was sharply decreased with the isergapH from
2.1 to 7.89. Cr(VI) adsorption was superior at Ipi as observed by several workers [46-53]. In origder
understand this effect it is necessary to exantieeadsorbate and the adsorbent surface at diffetentCr(VI)

exists as hydrogen chromate anioh$@rO, ) between pH 1.0 and pH 6.5 and it exists as chieioas CrO;")
at pH=8 according to the following equations:

H,CrO, - H*+HCrQO, 0.80 (6)
HCrO, « H"+CrQ,  6.50 (7
2HCrO, ~ Cr,O> + H,01.52 (8)
%R(Cr)
100 7
——
e
80 -
£ LTI
g s0 +1
R
R O%R(Cr)
20 +
0 = =", : : —J. @. =
» o o & S & oS
Q;Z{"' @b QQL\?“ 6&‘?‘ Q\a\\‘?' QQ\ QQ\Q\

Figure 4. Cr(VI) removal percentage at different pH

The percentage of Cr(VI) removal was higher inltdveer pH ranges due to high electrostatic forcattfction. As
the number of Hions increased with lowering the solution pH, whieutralized the negative charge on adsorbent
surface and thereby increased the diffusion of late ions into the bulk of the adsorbent [54]. Tkerease in the
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adsorption with increase in pH may be due to tlweimsed number of OHons in the bulk which retarded the
diffusion of chromate ions. The decrease in adsmmpat higher pH may be due to the competitivermfsthe
oxyanions of chromium.

Effect of contact time

The amount of Cr(VI) adsorbed on YH and YHS carbeas studied as a function of shaking time at 10Ljngf
Cr(VI) at 200°C, 80 mg of each adsorbent and deégitd. The results are given in Fig. 5. It is evidéom this
figure that the adsorption of Cr(VI) increased wiitisrease in contact time from 0 min to 300 mirerttbecame
slow up to 100 min and the saturation is almosthied in 100 min for YHS, per it is against the @roe50 min for
adsorbent YH. The plot reveals that the rate otemr removal of chromium is higher at the beginnihbis is
probably due to availability of more adsorptioresifor the adsorption of chromium ions for bothaabdents. We
also note that the removal rate of Cr adsorbed Hyisrhigher than that obtained by YHS. Moreoveshbuld be
noted that the removal rate of Cr(VI) by YHS eqiaaB4.68%.

100

a0
Y
80 J— o
—
70 ¢
g
g &0 f/{ -
’t.o? 50 f mYH
)
= 40 * YHS
30
m  m =
20 —4,_4-?—‘-5-_;
10 f.
0] T T T T T T 1

a 50 100 150 200 250 300 350

Temps{min)

Figure 5. Percentage removal of chromium ion usinyH and YHS at different time intervals.

Adsorption isotherms

Equilibrium data, commonly known as adsorption heotns, are important in the basic design of adsmrpt
systems, and are critical in optimizing the usead$orbents. To optimize the design of an adsormjstem for
removing Cr(VI) from solutions, it is essential ¢stablish the most appropriate correlation for ¢hgilibrium
curves. Several isotherm equations are availabdet@o important isotherms were applied to fit thguiébrium
data in this study: the Langmuir and Freundlichtisoms. The adsorption isotherms and fitting resaite shown in
Figs. 6 and 7 and Table 3. Linear regression albwsto determine the parameters of adsorption 8sc@ °, b, n

and K of the ionCr,0Z" .

0.0295 y=0.0917x+0.0228
R?=0.9828
0.029 »

0.0285
/0
0.028 /
0.0275 /
0.027

*
0,02 65 T T T T T T T 1

0] 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

1/Qads(g/mg)

1/Ce{L/mg)

Figure 6. Langmuir isotherm plots of Cr,O.* adsorption on YHS.

344
Scholar Research Library



M. El Harti et al Der Pharmacia Lettre, 2013, 5 (2):338-346

y=0.183x+ 3.048

3.62 /
3.61

3.59 /./

3.58

174}
=]
S
£ 357 e
3.56 L
3.55
3.54 7S
3,53 T T T T T 1
2.6 2.7 2.8 2.9 3 3.1 3.2

InCe

Figure 7. Freundlich isotherm plots CrO-* adsorption on YHS.

Table 3. Isotherm parameters obtained for the adsqation of Cr(VI) ion onto YHS.

Isotherm models Langmuir Freundlich
Adsorption parameters ng/g) | h| R| R Ks n|1n | R
43.85 0.4 0.1 0.983| 21.07 0.] 546 | 0.985

We note that the correlation coefficients are closenity, which allowed us to infer that the agsan of Cr(1V) is
dominated by surface adsorption which translatethasd.angmuir model by building a monomolecularelapf
adsorbate on the surface of the adsorbent [55188]. Freundlich adsorption isotherm is an indicatidrsurface
heterogeneity of the adsorbent while Langmuir isothassumes that the adsorption occurs in a monolay¢he
adsorptionmay only occur at a fixed number of localized sites asurface on which all adsorption sites are
identical and energeticallgquivalent. The higher correlation coefficienf)®or the Freundlichsotherm indicated
that the data fitted satisfactorily the Freundisbtherm. This leads further support to the conclughat the surface
of the YHS investigated in this work is likely made of smallheterogeneous adsorption patches, which are
dissimilar to eaclother in respect of adsorption phenomenon. Dimeitests separation factor, Rshows that the
adsorption onto YHS is favorable (Table 3). Theueal of maximal adsorption capacity, of the Cr(ldf),iobtained
from Langmuir and Freundlich models are 43.85 ah@2mg/g, respectively.

CONCLUSION

This work shows that adsorbent materials prepam@ah Moroccan oil shale of Timahdit (layer Y), is afiicient
sorbent for the removal of Cr (VI) from aqueoususioh. The equilibrium data have been analyzedgusengmuir
and Freundlich isotherms. The characteristic patarador each isotherm and related correlationfuefts have
been determined. Adsorption of Cr(VI) was highly -gependent, reaching a maximum (84.68%) at pH 2.1.
Comparing the regression coefficient?Ror the two isotherms, it was found that Freucidlis the best with
average Rvalue of 0.985 followed by Langmuir with averagevlue of 0.983. The maximum value of monolayer
adsprption capacity is 43.85 mg/g.
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