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Abstract: The adsorption of Th(IV) from simulated watergamalay as a function
of sorbent mass, Th concentration, pH, temperatas studied by using the
batch technique under ambient condition in the ads®f any ionic competition.
The results indicate that the adsorption of Th(brito Callovo Oxfordian clay
depends on pH, and the adsorption of Th(IV) inaeasith increasing clay mass.
Thermodynamic parameters, the Gibbs free energyakyy and entropy were

also calculated
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Introduction

In recent years inorganic exchange materials hanegbused for
liquid radioactive waste treatment and spent faptacessing.

These materials have a number of advantages maktiem
preferable to the organic materials: they are vesystant towards radiation
damage, and have high thermal and chemical stabflit
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Both the cation exchange capacity of clays andatlability at
low cost are the main reason for their applicabilin radionuclide
immobilization and consequently in decontaminatioh radioactive
wastewaters.

It is known that the kinetics of ion exchange psscean be affected
by a number of parameters, such as the natureeaéxbhanger, the nature
of the counter ions, the extent of agitation, tbaaentration of the counter
ions, etc®®

The aim of the present study was to investigate rémoval of
thorium ions from simulated waters onto Callovo @#gfan clay. The effect
of contact time, initial thorium concentration asdlid/liquid ratio was

investigated.

Results and discussions
The effect of the contact time was studied at a-established
concentration of radioactive solution (0.50 mg/makyoom temperature (20
°C) onto the 0.63 mm diameter fraction. As presknte Figure 1, the
sorption increased with the contact time and thelibgum is reached after
120 h.

The variation of TA" ions sorption onto the mineral clay with the
initial concentration of solution was studied at 2Q varying the
concentration of the radioactive ions from 0.2®165 mg/mL and keeping
constant all the other parameters. Figush@ws that the amount of sorbed
radioactive ions increases with increasing of thgal concentration in the

solution up to 0.50 mg/mL, and an opposite effédtigher concentrations.
6,7



Removal of Thorium lons from Simulated Wastewatem® Callovo Oxfordian Clay79

100 -
90 -
80 -
70 -
60 -
50 -
40
30
20 -
10 A

sorption, %

24 48 72 96 120 144

contact time (h)

Figure 1. Variation of the sorption versus contact time.
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Figure 2. Sorption as a function of the radioactive solution

concentration.
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Figure 3 presents the dependence of the sorptiqguHon
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Figure 3. Effect of pH on TA' removal.

The temperature effect on the sorption processsitadied in the range of
20-60 °C. The obtained data presented in Figurdludtrates that the
sorption linearly increases with increasing of tenapure®°

The thermodynamic parametesi® andAS® were calculated from
the slopes and intercepts of the linear variatioini§ vs. 1/T by:

0 0
Ianzﬁ—AH (1)
R RT

where K is the distribution coefficient, T is the absoluénperature (K)

and R is the ideal gas constant.
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Figure 4. Effect of temperature on the sorption process.

The Gibbs free energy values were calculated bgtemu(2):
AG® =AH°-TAS’ (2)

The calculated thermodynamic parameters for thauhmosorption process
on clay materials are summarized in Table 1. Thatipe values of both
AH® andAS’, and the negative value afz° indicate an endothermic and,

respectively a spontaneous adsorption process.

Table 1. Thermodynamic parameters for the sorption of Th@n the clay
materials.
Clay AHC, AS’, AG®, kd/mol
materials J/mol J/mol-K 293 303 313 323 333

Callovo 12.32 49.79 -1457 -15.07 -15.57 -16.06 -16.56
Oxfordian
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Experimental

The Callovo Oxfordian clay sample was obtained fitbm borehole
EST 104 at 494 m depifi.

The Callovo-Oxfordian formation is a complex minesasemblage
where phyllosilicates, quartz and feldspars are etged by carbonates
(calcite and dolomite). Small proportions of Fdarieninerals (pyrite,
siderite and Fe oxide and hydroxides) and orgarittenare also presett.
The mineralogical composition of Callovo-Oxfordielay is given in Table
2'12

The clay was milled and sieved and the 0.63 mm uoametric
fraction was used in the sorption experiments. Jpecific surface area of
the clay was measured by nitrogen adsorption base@runauer-Emmett-
Teller (BET) surface area equation and it was fotimte 17.0021+0.1714
m?/g.

The simulated wastewater was prepared by dissolving
Th(NG3),-5H,0 (A.R. reagent) in distilled-deionised water. The
concentration of TH ions was spectrophotometrically determined with
Arsenazo I, ath = 660 nm. Concentrations of Thbetween 0.25-0.75
mg/mL were determined.

The adsorption of thorium was studied using a batode
technique. A weighted amount of clay was equilédatvith a volume of
radioactive solution of known concentration at ae-pstablished

temperature.
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Table 2. Molar composition of Callovian-Oxfordian clays.

Mineral Formula Amount
(%)
Kaolinite SpAl,05(0OH), 2.2
Biotite K(SizAI) (Mg 1.5F€#*1 5)O10(OH), 27.8
Chlorite SEMgsAIl ,010(OH)g 2.2
lite K 0.o0(Mgo.sF&.05)(Siz.25A1 2.55) O10(OH), 38.2
Quartz SiQ 7.5
Montmorillonite  Ca 0sNao.13dAl1.66MJ0.339(Sis) O10(OH)2 20.6
K-feldspar KAISEOs 15

The results of performed experiments were expreased
sorption= G-C 100 3)
C:0
where:
Co — initial concentration of the radioactive solutjong/mL;

Ce — equilibrium concentration of the radioactivewsmn, mg/mL.

Conclusions

The present study indicates that the adsorpticdhadfum ions from
agueous solution depends on concentration of thorin simulated
wastewaters, on contact time, temperature and anTpdV) is very well
retained onto the studied clay, both physical amehidcal processes being

involved. The process is strongly dependent on &atpre and pH.
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