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ABSTRACT

A characterization of the Moroccan oil shale wasrieal out to determine the mineralogical and cheahic
characteristics. Thermal analysis, x-ray diffractiand infrared techniques were used to study teental and the
structure behaviors of the Moroccan oil shale frdanger (OST). The TG analysis showed that the figetsd
mineral exhibited about 8% as total mass loss dairig up 80wt.% of quartz-Sigwith less CaO content (<1%).
Batch adsorption experiments were conducted tosiigate the removal of ciprofloxacin antibiotic frovastewater
by addition of OST shale. The best adsorption wasimed with dried OST and calcined at 550°C, which
promising materials for antibiotic removal
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INTRODUCTION

Serious problem of environmental pollution in receears is due to the presence of antibiotics ineags
wastewaters from many sources such as pharmadeindsstry, domestic and hospital wastes, and cbaimi
manufacturing [1-4]. In fact, the water pollution mainly caused by a strong industrialization whiefects toxic
pollutants without any prerequisite treatment [itibiotics have been used in large quantitiessfveral decades
as human and veterinary medicine as well as huspajrdwth promoters [6-7]. They were detected inniipal
wastewater, surface water and ground water [8-80Ag them, ciprofloxacin residues are extensivedgduand
found in various aquatic systems [10-11]. For reiatgmh, a significant current trend in natural alogv-cost
sorbents with well-defined surface characteristitemical and thermal stability [12-13]. Among béin, shale is
considered as the vastest energy resources in thie,wvhich exists in Morocco with large quantitjrle most
important fields are in Timahdit, Tarfaya and Tangel]. It is evident that OST contains a wide e#yiof acidic,
basic and amphoteric oxides, whose major chemitélmaineral compositions are silicon dioxide (giCGalumina
(Al,Og), iron oxide (FgOs3), calcite [CaCdq, illite [K(Al Fe),AlSisO;o(OH),H,0], kaolinite [Al(SizO:0)(OH)e],
chlorite [(Mg,Fe3(Al,Si)sO10(OH)g] [15]. These chemical and physical properties ssggghat OST have good
adsorption behavior for both organic and inorggmdlutants found in wastewater [16-22]. For thiagen, the
intention of this paper is to study the adsorptbapabilities and kinetics of Moroccan oil shaleaagossible
adsorbent to reduce the selected ciprofloxacirbantitc concentration in water.

EXPERIMENTAL SECTION
2.1 Adsorbent materials and reagents
The naturally oil shale was collected from Tangesrbdtco, which was crushed and grounded to 100¢200The

OST was mixed with warm water and stirred for 3Ghrini order to dissolve the soluble portion. Finalilye
resulting mixture was separated by filtration, avashed with distilled water and then dried at 1GQrf air for 24 h
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(noted OST100). Finally, OST100 was heat treatésb@°C (noted OST550) and at 950°C (noted OST#b@jr

for 3 hours. The amounts of chemical constituentsii shale (OST100) from Tanger are as follows%&00;,

7.9%AL0;, 2.17%Fe0;, 1.21%MgO, 0.84%Ca0, 0.64%®, 0.31%Na0, 0.2%TiQ, 0.14%Zn0, 0.1%SHO We
notice that the percentage of $i® very important, while that of CaO is very lo@iprofloxacin (1-cyclopropyl-6-
fluoro-4-oxo-7-piperazin-1-yl-quinoline-3-carboxylacid, CIP) was purchased from LNCM Rabat (Mordcco

2.2. Techniques

The resulting solids were characterized using xyawder diffraction (Philips PW131 diffractometefifrared
spectra were recorded at a 2 tmesolution from 400 to 4000 c¢hon a Briiker IFS 66v Fourier transform
spectrometer using KBr pellets. Thermogravimetriod adifferential thermal analyses were carried out
simultaneously in airflow using a TA Instrumentstidéeh STA-409EP apparatus. The temperature rangdkes
from 30 to 1000°C at two heating rates (5°C Tamd 10°C mift). Nitrogen adsorption isotherms were recorded at
77 K using a Micromeritics ASAP 2010 instrument.eTépecific surface area was calculated accordintheo
Brunauer—-Emmett—Teller (BET) method using adsorptiata in the relative pressure range from 0.09.85,
whereas the pore size and volume were estimated tls Barret-Joyner—Halenda (BJH) approximation.

2.3. Adsorption procedure

Ciprofloxacin adsorption on OST100, OST550 and C&BT&dsorbents was studied in batch experimentsucoed

at 25°C. 200 mg of OST adsorbent was held in contith 100 mL of solution containing 20 mg'lat pH = 5.6
under stirring (250 rpm). At selected time interthe suspensions were sampled through diredtfdin using 0.45
um membrane filter. The ciprofloxacin concentratiom supernatant was monitored using a UV-visible
spectrophotometer working at 273 nm controlled byhiaggh performance liquid chromatography (HPLC)eTh

C —
amount of sorbed antibiotic was calculated by usigjg= —9 eV (Eq.1), whereg, is the amount of adsorbed
m

antibiotic at timet (mg g%), C, andC(t) are the antibiotic concentration in solution at@ and t =t (mg L), V is the
volume (L) of the antibiotic solution amu is the weight (g) of the sorbent. All experimemtsre carried out in
triplicate. The mean values are reported and tter esinge was inferior to 5 %.

In order to determine the kinetics parameters efgbrption reactions, Lagergren pseudo-first areighs-second
order models have been applied to experimental & Lagergren pseudo-first order equation caexpeessed as
[23]:

k
Iog(qe - qt) = |Og qe,l - 2 310,_t (Eqg.2), wherege andqe; are the experimental and calculated amount of

adsorbed antibiotic at equilibriugmg g*) andk, the first order kinetic constant (minThis model can be applied if
log(ge-qy) versug gives a straight line.

1
—+—1 (Eq.3),
I‘(2 e,2 e,2
whereqe , is the calculated amount of adsorbed antibiotiedatilibrium (mg g*) andk, the second order kinetic
constant (g mgmin™). The plot oft/q; against time of Eq. (3) should give a linear relationship.

t
The pseudo-second order model can be expressediifferantial equation [24]— =

Sorption isotherms were analyzed using the Langraog Freundlich models. The Langmuir equation can b

written asge =L+& (Eq.4), wherege max iS the calculated maximum amount of adsorbed @tigbat

d Aq q

equilibrium (mg g'l); andﬁ‘is the Langmuir constant (L. related to the adsorption energy,m.xand 3 can be
obtained by plottingCJ/ge vs Ce.

The Freundlich model can be written gs: K; C" (Eq.5) wherek; andn are Freundlich constants, correlated to
the maximum adsorption capacity and adsorptiomsitg, respectively. A linear form of this model isg g = log
Ki+ 1hlogCe.

RESULTS AND DISCUSSION
3.1. Structure characterization
The crystallographic structure of oil shale fromngar- Morocco (OST100) was examined by XRD pattexins

different temperatures of the calcination (Fig. The high intensity of XRD peaks indicates that Q&®ivder has a
high crystallinity. Therefore, the diffractogram$ @w material show a main phase attributed to,Sj@artz
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associated with minority oxide phases agdzeand AbOs;. We note also that no other phases, such as deloane
observed in the OST opposite to other oil shalesriteed in the literature [26]. In heating OST1@@nple at the
temperature up 550°C (OST550) and 950°C (OST9@bhesreflections disappeared due to the transfoomadf

hydroxyls OH species to the oxide phases and tordposition of the organic matter connected to ra®TO
powder.

Q : Quartz
C: Calcite

26 265 27 275 OST950

N U W

T T T T T T

24 28 32 36 40 44 48 52
2 Theta (degree)

A i

Figure 1. XRD patterns of OST mineral at differenttemperature of the calcination

Fourier transform infrared spectroscopy shows tairbsorption bands at 1170, 1010, 695 and 675refative

to the SiQ groups (Fig.2). Other IR bands towards 1430 artl @6" are attributed to the presence of carbonates,
which disappear during the heat treatment espgcall950°C. In the case of the raw OST100, its pecgrum
presents two absorption bands characteristics @ohifdroxyl OH ions at 3560 ¢hmand 620 cril, which are
transformed into oxide when the sample is calciae®50°C. The minority bands due to the presenceadion
chains appeared towards 3380, 2280, 2170, 1969 cm

0ST950
o 0ST550
w_ -
/ 0ST100

OH
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Figure 2. Infrared spectra of OST100, OST550 and O®50 samples
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For more information of thermal stability of OST100G analysis was realized with two heating ratearfd 10°C
min™). Both TG curves show similar profiles with a fistep in the 25-200°C temperature range correspgrtd
weakly-bound water desorption, and a second stepelee 200°C and 550°C corresponding to the decoitiposf
some aromatic or nitrogenous organic molecules, redse the last one is situated between 550-1000°C,
corresponding to the decomposition of other orgamidter with aliphatic carbon chains. The total gieiloss at
10°C min® (8.0 %) is slightly superior to that of 5°C rii7.2%). This small difference is due to the shorter
exposure time to a particular temperature at aefabkating rate. We should be noted that althodwh t
decomposition temperatures are changed with heediegthe mass losses remained nearly same. Gergéq the
total weight loss is about 8 %, a value lower ttiase described for other Moroccan oil shale [2b-27

Weight loss / %
100+

98

96

94 -

10°C/min

200 400 600 800 1000

Temperature/*C
Figure 3. TG curves of the OST100 at two heating tas (5 and 10°C miff)

For completing study of the surface characteristie,surface developed by unit mass of the sold¢chvtakes into
account all irregularities of surface at molecwdeale, is one of the most important physico-chehpiczperties. The
measure of the specific surface of the OST sampiessrealized by multi-points Msorption isotherms. In the case
of OST100 and OST550, their isotherms corresponohésoporous materials, opposite to that calcinedd58,
which presents micropores. Further, the BET anslghbws that the surface area of dried OST100 @@ "nis
much higher than that of OST550 (23 gT) and OST950 (3.5 frg™) related to the granular growth that reduced
the surface pores. This is confirmed by calculatbithe pore size distribution using the BJH moidelicating a
large distribution toward 3.7 nm for OST100 and G50 that slightly narrows down to 20 nm for OST950.
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Figure 4: N,-sorption isotherms (a) and pore distribution fromBJH calculation (b) for OST samples

Consequently, the pore distributions are mainly tdutne texture of the silica in various environtiseamong which
the existence or the absence of the organic nmaltterates in OST matrix.
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3.2. Environmental application for antibiotic remedation

In a first step, the effect of contact time on ti@ofloxacin adsorption was studied for an initahcentration of 20
mg L™ and an adsorbent dose of 2 @ lat room temperature and a initial pH=5.6 (FigB)st, CIP antibiotic
appears the higher efficiently adsorbed speciebfith OST100 and OST550 sorbents than that of OSTWED
nearly delay required to reach equilibrium. Hertbe, contact time upon the CIP removal by OST wasrdened
to be 4 hours.
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Figure 5: Evolution of the amount of sorbed ciprofbxacin (@) with contact timet on OST100, OST550 and OST950 adsorbents. Plain
lines correspond to the curve obtained by fitting e data with the pseudo second order equation

For an initial concentration of 20 ppm of initiadrecentration of CIP antibiotic, the maximal adsariggiantities on
dried oil shale OST100 and calcined OST550 (9.30gMgare more important for that of calcined at 950°C
(OST950) (3.66 mg:Y. Therefore, the removal of CIP by OST100 and CBBI'& close to 93% and can be
considered, as a new kind of adsorbent could bectafe for the treatment of this antibiotic rich stewater.
However, the calcination of OST at 950°C degrades €IP adsorption property. The fit of these daith w
Lagergren first order and pseudo-second order raoslete successfully attempted. Table 1 shows teerption
kinetic parameters of pseudo-first-order and pseebmnd-order models. The correlation coefficighindicates
that the second-order kinetic equation agrees bittthe experimental data. It is more likely ttia¢ rate-limiting
step is chemical adsorption and the adsorption\behamay involve a complexation reaction with ttationic
form of CIP whereas the protonated amine groupsiecprone to interact with oxide phases Si8l,O; and
Fe0;) containing OST mineral, in the addition to thattlee contribution of carboxylate function with fpbgely
charge of OST surface [28]. For well-suited modmeudo second order, the calculated equilibriunptsor
capacities were 9.45, 9.46 and 3.93 riffgr OST100, OST550 and OST950 respectively, wihieevalues of the
rate constants,, were found 0.015, 0.009 and 0.002 Thirespectively, suggesting that the heat treatne@ST
affects the kinetic of the ciprofloxacin removabrin water. Therefore, the pseudo-first order modelsthot show a
good compliance with experimental data, as showifidhle 1, where gives sorption capacities, significantly
lower than experimental data with lovf Ralues.

Table 1. Kinetic rate constants K) and adsorption capacities @) as obtained for different models for CIP antibiotc sorption by OST100,
0OST550 and OST950 adsorbent®? indicate the correlation coefficients for the linar fits

Kinetic model Pseudo first order Pseudo second order
ki(min®)  ges (Mg g% R ko (Min™)  gez(g mgtmin?) R
0OST100 0.0123 2.92 0.9167 0.015 9.45 0.9993
OST550 0.0122 3.64 0.9958 0.009 9.46 0.9995
OST950 0.0030 1.28 0.9732 0,002 3.93 0.9928

Based on previous kinetics data, sorption isothewase obtained after 4 hours as contact time, shpwiat
OST100 exhibits a higher ciprofloxacin adsorptiapacity than OST550 and OST950. The isotherms sdrption
were realized with various initial concentratiorisCoP pollutant (Fig.6).
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Figure 6: Variation of sorbed antibiotic content @g) with antibiotic equilibrium concentration onto OST adsorbents. Plain lines
correspond to the curve obtained by fitting the deaa with the Langmuir equation

Experimental data are fitted using the Langmuir &nelundlich models where their correspondin pararsetre
summarized in Table 2. We note that the Langmuilaéign is the most fitting model and the maximadaszties are
near to experimental values. When the Freundlicilehavas applied, low correlation coefficients?, Rvere
obtained. The fixed quantity of the CIP by the OSiale is more important or sometime comparable thase
cited in the literature [29-31]. This related topact of the nature of chemical elements onto OSTase. As we
already signaled him in our various works, the golson process depends on surface compositionjfgpearface
and therefore of the number of the active sites @autsorbent surface [32-33].

Table 2 Langmuir and Freundlich constants for CIP antibiotic sorption on the OST100, OST550 and OST958dsorbents

Langmuir Freundlich
Omax.exp Oemax B R logKi 1 R
0OST100 37.7 434 0.034 0.9853 0.666 0.544 0.9353
0OST550 249 27.4 0.048 0.9944 0.755 0.338 0.9244
0OST950 153 18.2 1.02 0.9413 0.053 0.581 0.9413
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Figure 7: Effect of the pH of the solution on the emoval of CIP antibiotic by OST adsorbents

321



Abdelaziz Laghzizil et al

J. Chem. Pharm. Res,, 2014, 6(12):316-324

1.0 _ et \V4
= ~ \ HN™ |
. _ g ’ Hy +
gl WAL N A (N AN, i SN,
o q-._ J I ] *H' OH
@ 'y 4 e OH F
. - / Kal-5,46 0 0
2 0.4 L) § CIP CIP
o b
g . X, 7 .
b‘n ﬁ'J HQ‘F\"I\] ‘?‘ N HN™ “l"'r
0.0 e ing B I‘»..V,N N -H L\VN N..
2 4 g 8 10 12 r\I ] o ]/T 0 5
Solution pH s {\T _ E s Tr/\r-
0O 0 Ka2=7.67 0 O
cmp - CIP~

Figure 8: pH-dependent ciprofloxacin in the solutn [34]

The pH value of the solution has a significant iotpan the removal of CIP antibiotic, because itd®ines the
surface charge of OST adsorbent and the degreenfation and speciation of adsorbate. Figure uétithtes the
effect of pH value on the adsorption of CIP antilci@nto OST surface. The most removal capacitybiained at
acid pH and then decreased with alkaline pH. In gbkition, ciprofloxacin antibiotic exists in diffent forms
According to its pK (Fig. 8). The higher CIP removal was achieved wthensolution pH was less than the pK
value of CIP, above which adsorption coefficientrdased significantly. In fact, the both cationid @witterion
forms of CIP could adsorb better on OST shale, wltke positively charged amino was able to conteitia the
CIP removal. When the pH solution was greater thignan anion played a dominant role in CIP speciafif)
and a significant repulsion was induced betweennigatively charged shale surface and” @ion, which its
removal was significantly reduced. The similar ptéfile was observed for the CIP adsorption on OSSN 26d
OST550. Hence, the acid medium was shown to bentbst optimal for the removal of CIP antibiotic from
wastewater.

The adsorbent dose in the solution can affect thgacity of CIP sorption to show the optimum dose of
ciprofloxacin antibiotic (Fig.9). The removal ofpcofloxacin (in %) from solution progressively irases with
adsorbent dose except for OST950 case. From theefigt was observed that the percentage removdhef
ciprofloxacin increases with increasing the adserts®se until 2 g € and further increase of the adsorbent dose
did not provide more increment in the percentagéefCIP removed. Therefore, 2 ¢ Hose of the OST adsorbent
was used in all our studies. Non-significant inseeabserved when the adsorbent doses were increpseg L,
suggesting that after a certain dose of adsorlibet,maximum adsorption is attained and the amo@irnthe
complexed CIP with OST surface.
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Figure 9: Optimal adsorbent concentrations for theadsorption of CIP by OST shale
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To evaluate the regeneration of the OST550 shiategtconsecutive adsorption-desorption cycles wenelucted
with 20 mg-L* of CIP solution. A first sorption was performeddathen the powder was treated to 550°C. The
regeneration efficiency reached 89 %, 80% and 78%cfprofloxacin at the first, second and third leyc
respectively. Therefore, in terms of adsorbent gremrnce, the loss of sorption capacity observeer dftermal
treatment is related to the major degradation &f &itibiotic at 550°C and the structure stabilftyD&T adsorbent.
As a result, adsorption/desorption experiments afgticate that OST550 adsorbent represents anestieg
compromise for the CIP removal and its recyclap#it 550°C for the degradation of major CIP part.

CONCLUSION

In this study, structural and textural properti€®ibshale from Tanger (Morocco) are presentede €Ramination
of this shate, the XRD results indicate the presafthe main inorganic component quartz-Siith oxide phases.
The thermal analysis has shown that small quantitthe organic component is actually still preséhtwt.%)
compared to other Moroccan oil shales.

The adsorption isotherms and kinetics data obtafeedhe removal of ciprofloxacin antibiotic fromgaeous
solution would be perfectly using dried and caldir@l shale at 550°C. The adsorption is affectecth®y initial
concentration of antibiotic, adsorbent dose andpHhe solution. The produced material OST550 isaxpensive,
easily produced, and recyclable and solve the enriental issue.
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