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ABSTRACT

The adsorption behaviour of thorium from aqueodstsms by natural adsorbents (clays and oil shaless been
investigated by a batch technique. The natural daswere characterized by X-ray powder diffractamd X-ray
fluorescence. The thorium adsorption on naturalcatients was studied as a function of shaking tiatsdgrption
kinetics). The adsorption data from experimentsewited with Langmuir (forms I, Il and 111), Frediich, Elovich
and Temkin isotherms. The equilibrium process veseribed by the Langmuir model very well. Comparisbthe
oil schales adsorption capacity and the clays agBon capacity indicated that the oil schales hadigher
selectivity for thorium removal.
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INTRODUCTION

The content of radioelements and their distributiorocks, soil and surface waters is still a catrresearch topic of
great importance. Thorium, one of the most studadioelements, is a heavy element that could éxisiatural
samples.

The presence of radionuclides in wastes is a majironmental concern. Removing radioactive ioramfr
wastewater is an important issue in liquid waseatinent because these ions are hazardous withctespthe
environment and human health given both their hagticity even at low concentrations and their Héé-time

(long half live times). The occurrence of theselyiahts in water is directly related to industraitivities such as
mining, nuclear power generation plants, nucleaapea production and various laboratory activitiEs [

The adsorption of toxic ions from aqueous solutiont® clay minerals is a very important issue fifiedent areas of
science. The treatment of radioactive liquid wastaimed at both decontamination and volume redndi$o as to
simplify its storage). The sorption of heavy andioactive metal ions from effluents proved to beyvefficient,

numerous sorbents being used for the removal afiwmaand thorium from the wastewaters, such asirabaind
modified clays [2-3], microorganisms [4], activateatbon [5], different types of cellulosic matesigh], zeolites [7-
8] etc.

One of the most effective methods in the treatihgadioactive wastewaters is based on adsorptiongsses. In
recent years, inorganic adsorbents have emergednaimcreasingly substituting or/and additional nsedor
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conventional organic adsorbents, particularly w ladioactive wastewaters. Among natural inorganichangers,
clays play an important role.

Clays are sedimentary rocks which constitute a megonponent of the earth's crust. In fact moreess Ihydrated
aluminosilicates have a structure of very greatci$ige surface associated very particular physicocical
characteristics.

Oil shales are present in the form of a mixturéwad matters [9]; an organic matter which originateshe matter
presents initially in the plants and the micro-arigans, and a mineral matter which comes from theenails which
constitute vegetable fabrics and minerals deposiyesedimentation.

The objective of this work was to investigate thdity of natural clays for thorium removal from @epus solution
and compare it with the removal ability of naturdishales.

EXPERIMENTAL SECTION

2.1. Products preparation
Clays (commentate of Gdana, town of Ouled Saidyipoe of Settat) and oil shales (sleep M, layef whahdit)
were chosen for this study.

Natural clays abbreviated NC and natural oil shaldsreviated NOS.

The samples of clay minerals were ground and dryesl to obtain different sized particles. Prior theeir
application, the clays and oil shales were sievatithe particle fractions of 0.063 and 0.08 mm wsslected for
the adsorption experiments, without any furtheiffmation or pre-treatment.

2.2. Characterization methods

2.2.1 X-Ray Fluorescence Spectroscopy (XRFS)

The chemical analysis was carried out using a spmetter of x-ray fluorescendXRF, Axios; PANalytical) with
dispersion wavelength using sequential spectrometer a measurement channel based on a single yetéo
covering the full range of measurement. The sanglerepared in the form of pastille and then cdrré the
temperature of 1000°C in an induction furnace.

2.2.2. X-Ray powder diffraction (XRD)
X-ray diffraction patterns were obtained with alpisi X'Pert PRO powder diffractometer using copaeticathode
MCu) = 1.5418A°) in the area 062 10° with B = 55°.

2.3. Preparation of Th(IV) stock solution
Stock solution of Th(IV) was prepared (1000mLby dissolving the desired quantity of Th(g\)gEHZO, in

distilled water. The test solutions were prepangdituting the stock solution to the desired Th(ld9ncentrations.

2.4. Analysis of Th(IV) concentration

The total Th(IV) concentration of the aqueous solutvas determined spectrophotometrically, usingefiazo Il
as complexing agent [10] at 620nm. All the spedioipmetrical analyses have been done by using amibiy
1240 spectrophotometer.

The spectrophotometric determination of Thorium)(ign in the aqueous solution was carried out devis:
Transfer 2 ml of Arsenazo (lll) indicator to a 3 wil 0.1 M Hydrochloric acid solution, and add 10 aflthe
aqueous Thorium (IV) test solution. Dilute the vokito 25.0 ml by addition of water.

2.5. Adsorption experiments

In the adsorption kinetic experiments, in a 100omical flask, a weighed samples was mixed with 30rh{lV)
solution of known concentration at T = 298 K. Thasarbents and standard aqueous solutions were rstiake
various mixing time. The shaking rate was the s@anall the experiments (stirring rate 300 rpm)tdfiseparating
of solid phase from liquid was followed by centgiog at 3000 rpm for 10 min and thorium concentratvas
determined as mentioned above.
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Removal efficiency of Thorium (IV) (P %) was defihas:
P (%) = 100 x (G — Ce)/G

where G (mg L) and Ce (mg [%) are the liquid-phase concentrations of Th (IV)irdtial and equilibrium,
respectively.

In the determination of equilibrium adsorption Istm, the amount of Th (IV) adsorption at equiliioni ge (mg
g}, was calculated by:

ge = (G- Ce) Viw

where V (L) is the volume of the solution, w (gitmass of dry adsorbent used.
The adsorption data from experiments were fittetth wi

Freundlich isotherm

Freundlich isotherm [11] is used for modelling thesorption on heterogeneous surfaces. This isotleammbe
explained by the following equation:

qe :KFCQ

Where, K and n are constants indicating adsorption capatity adsorption intensity, respectively. The cartsta
were obtained from the plots of the linearized ¢igua:

logq, =logK. +nlogC,

Langmuir isotherm
Langmuir isotherm [12] can be defined accordinth®following formulas:

—€ = QZ—KL'Ce
d, 1+K, C

e

Where @ (mg ¢%) is the maximum adsorption capacity correspondingomplete monolayer coverage and (K
mg?) is the Langmuir constant relating to adsorptiorergy [13]. Development of this equation leadsiteadr
forms of Langmuir isotherm. Among, the three forains presented in thiable 1[12].

Table 1: The three forms of Langmuir isotherm

1 1 1
LANGMURRI | — =(—)+(———) | vgews1/ce
qe qm KL'Ce'qm
C. 1 1
LANGMUIR II —=C,—+ Celqevs Ce
qe qm qm'KL
LANGMUIR Ill g. = 1 9 +q e
- evsge/Ce
e K _c, = Gn gevsq

Elovich isotherm
Elovich model [14] is based on an expansion kisetissuming that the adsorption sites increasesierpially with
the adsorption, which implies a multi-layer adsimmpt When it is used, it is expressed by the equdti5]:

G - 0= KE.CE.exp(—&)
U Om

Ke is the Elovich constante (L.ily the linearization of Elovich model conduct to:
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Temkin isotherm

The Temkin model [16] assumes that when the gaerptisn, heat of adsorption due to interactionshwitie
adsorbate decreases linearly with the recovery haie an application of the Gibbs adsorption vehtire surface is
considered energetically homogeneous [17]. Sewartiiors [15, 18-19] propose to use this model & lihuid
phase, tracing gqe based LnCe:

i =@= (ﬂ) |n(KT 'Ce)
AQ
max

Where R = 8.314 J.mbK™, T, absolute temperature (KAQ, energy change of adsorption (J.HoKy, Temkin
constant (L.md).

RESULTS AND DISCUSSION

3.1. Samples characterization

3.1.1. X-Ray Fluorescence Spectroscopy (XRFS)

The composition confirmed by X-ray fluorescencead@table 2) showing the presence of $i0Ca0O, AbO;, MgO
and FgO; as major elements in NC and NOS.

Table 2: Chemical compositions of various samplesybX-ray fluorescence (mass %)

Samples| SiO, | Al,0; | F&O3; | CaO | MgO | KO | P,Os | Na,O | TiO, | SO; | LOI (Loss on ignition) | Total
NC 42,62 | 1576 4,96| 1048 439 293 296 05b7 065602 14,23 99,81
NOS 21,81 5,76 2,3 21,71 3,28 0,13 0,92 0,17 g,2 3,31 9,78 99,89

3.1.2. X-Ray powder diffraction (XRD)

The X-ray diffractogramKig.1) of the powder produced from the natural sampl€aid NOS shows that it is
composed essentially of carbonates (calcite anoinditd) and silicates. Moreover, we also note thes@nce, in the
X-ray diffractogram of NC, of the characteristicage of lllite and kaolinite.
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Fig.1: X-ray diffraction patterns of various samples: a) clays and b) oil shales

3.2. Adsorption study

3.2.1. Adsorption kinetics

The sorption of Th(IV) ions has been investigatatbahe various adsorbents as a function of shating in the
range of 0—410 min. The results are giverkFig.2. One can see that the adsorption is rapid initeerhinutes of
contact time and remained constant after equilibritme. The nature of the samples had a markedtafferh(1V)

removal, leading to the oil shales having highesoapition capacity than the clays.
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Fig.2: Adsorption kinetics of Th(IV) onto clays andoil shales

3.2.2. Adsorption isotherm

An adsorption isotherm describes the relationstépvben the amount of adsorbate which is adsorbethen
adsorbent and the concentration of dissolved adseih the liquid at equilibrium [20]. The equilibm adsorption
isotherm is fundamentally important in the desifjagsorption systems.

The analysis of the isotherm data is importantdgetbp an equation which accurately representsebelts and
which could be used for design purposes. In ordeintestigate the sorption isotherm, four equilibmi models
(Langmuir (forms I, Il and IlIl), Freundlich, Elosicand Temkin) were analysed. The isotherms fosyatems were
given inFig.3. They were classified as the L curves of Gileasslfication [21-22], in which the solution has Isac
high affinity for the solute that in dilute solutis it is, completely, adsorbed resulting in a eaitinitial part of the
isotherm.
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Fig.3: Adsorption isotherms of Th(IV) onto clays aml oil shales

The experimental data of Th(IV) adsorption wereresgively analyzed with Freundlich, Langmuir, Etdviand
Temkin isotherms models:

Freundlich isotherm
The Freundlich isotherm model applies to adsorptionheterogeneous surfaces with interaction betwben
adsorbed molecules, and is not restricted to tiredtion of a monolayer.

The values of K and n can be obtained from the slope and interoéplie plot of log(ge) against logCe. The
Freundlich models constants for adsorption of Th@¥to clays and oil shales and &e tabulated ifable 3
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Table 3: The Freundlich models constants and corration coefficients for adsorption of Th(IV) onto chys and oil shales

Adsorben| Ke(Lgl] n| R
NC 25.29| 0.10] 0.80
NOS 23.27| 0.25| 0.73

Langmuir isotherm

The Langmuir isotherm model is based on the assampitat there is a finite number of active sitesich are
homogeneously distributed over the surface of tsmdbent These active sites have the same affmitgdsorption
of a mono molecular layer and there is no inteoactietween adsorbed molecules [12].

The Langmuir models constants for adsorption of\h¢nto clays and oil shales and &e tabulated iffable 4.

Table 4: The Langmuir models constants and correlabn coefficients for adsorption of Th(IV) onto clays and oil shales

Langmuir (1) Langmuir (I1) Langmuir (l11)

Adsorben|  gn KL R? Om KL R Om Ki R
(mg.g" (L.mg* (mg.g" (L.mg*" (mg.g" (L.mg*
NC 42.74 0.258 093 43.100 0.220| 099 42.66 0.268 0.80
NOS 71.43 0.129] 082 68.49 0.170] 0.99] 67.49] 0.181| 0.83

Elovich isotherm
In the Elovich isotherm, the plot of Ln(ge/Ce) aaling to ge achieves the constants gm aadTHe results are
grouped intable 5.

Table 5: The Elovich model constants and correlatio coefficients for adsorption of Th(IV) onto claysand oil shales

Adsorben| Ke (Lmg* gm (mg.g] R?
NC 2.095 5.30 0.776
NOS 1.275 21.55 0.638

Temkin isotherm

The plot of the Temkin isotherm allow us to detarenB; (Br=gm.R.TAQ), then introducing a value of gm (eg
after the application of Langmuir) to calculate traiation of adsorption energyQ as presented in the following
table 6.

Table 6: The Temkin model constants and correlatioroefficients for adsorption of Th(IV) onto clays ad oil shales

Adsorben| Kr (L. mg'] AQ (kJ.mot| R’
NC 49.741 28.117 0.828
NOS 3.603 14.294 0.818

FromTables 3 4, 5 and6, The correlation coefficients ¢Rfor Langmuir (Langmuir (I1)) isotherms were 0,986d
0.996 for NC, and NOS, respectively, indicate tthat adsorption of Th(IV) onto clays and oil shafekows the
Langmuir model better than the Freundlict €R0,801 and 0.734 for NC, and NOS, respectivelgmKin (R =
0,823 and 0.813 for NC, and NOS, respectively) Blmyich (R = 0,776 and 0.638 for NC, and NOS, respectively)
models; this shows that the isotherm data typeelbast described by the Langmuir mojd@d].

Comparison of the oil shales and the clayable 4) indicated that the oil shales had a higher adgnrapacity
for Th(IV) removal.

CONCLUSION
The experimental data of the adsorption studiethorium using Moroccan clays and oil shales wasriesd well
by Langmuir isotherm model; this indicates that #lasorption of thorium from aqueous solutions cduddeither

monolayer.

The adsorption capacity of the adsorbent, obtafred the Langmuir model, was up to 43.10 mg/g aBd® mg/g
for NC and NOS, respectively.

The adsorption kinetic indicates that the oil shdlad a higher adsorption capacity for Th(IV) mibien clays.
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