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a  b  s  t  r  a  c  t

Magnetic  chitosan  composite  particles  with  40  �m  average  size  and  24 emu/g  saturation  magnetization
obtained  by  an  in situ  procedure  were  evaluated  as  a new  low-cost  adsorbent  for  radioactive  wastewater
decontamination.  Sorbent  characterization  by  SEM,  EDX,  FTIR  and  magnetization  measurements  proved
that the  target  ions  were  bound  and  their  surface  distribution  was  uniform.  The  18  emu/g  magnetization  of
the metal  loaded  particles  was  high  enough  to ensure  their  easy  magnetic  field  separation  and  recovery.
eywords:
agnetic adsorbent

hitosan composite particle
horium ion
ranyl ion
dsorption

The  parameters  influencing  the  sorption  process  were  optimized  with  respect  to  sorbent  mass,  target
ion concentration  and  contact  time.  The  material  under  study  had  superior  adsorption  capacity  both
for uranyl  (666.67  mg/g)  and  thorium  (312.50  mg/g)  ions  when  compared  to other  low-cost  adsorbents
reported  in  literature.  The  adsorption  process  is  spontaneous  and  endothermic.  The  material  may  be
regenerated  and  re-used.

© 2011 Elsevier Ltd. All rights reserved.
. Introduction

Significant research efforts are currently directed towards
emoving radioactive ions such as thorium, uranium and other
ctinides from residual waters due to their high toxicity and poten-
ial harm to the environment (Talip, Eral, & Hicsönmez, 2009).
omprehensive knowledge of the behavior of wastewaters has
een used to develop various processes for their decontamination
reatment such as: chemical precipitation, membrane separation,
on exchange, electrodialysis, photocatalysis and adsorption pro-
edures (Barakat, in press). Adsorption is by far the easiest way for
emoving radioactive ions from aqueous solutions. Various types
f materials have been used for thorium and uranyl sorption, for
xample activated carbon powder and zeolites (Kutahyali & Eral,
010), immobilized siloxane polymers (Akperov, Maharramov,

 Akperov, 2009), natural and modified clays (Guerra, Viana, &
iroldi, 2009), synthetic anion exchangers (Korichia & Bensmailia,
009) etc.

In the field of water treatment, especially in the removal of heavy

etals, natural polymers, mainly polysaccharides, have shown

xcellent potential, due to their low cost, availability and advan-
ageous presence of hydroxyl, amino and other active functional

∗ Corresponding authors.
E-mail addresses: dhritcu@ch.tuiasi.ro (D. Hritcu), doinah@uaic.ro

D. Humelnicu).

144-8617/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2011.08.095
groups on the backbone chain (Crini, 2005). A comprehensive
review of recent literature presented by Muzzarelli (2011) evi-
dences the significant role that chitin/chitosan containing materials
is expected to play in uranium separation from seawater.

Natural polymers present however some disadvantages that
limit their use in practical wastewater treatment applications, such
as their weak mechanical properties, poor chemical resistance,
low surface area and difficult separation from the liquid phase.
Magnetic sorbents on the other hand, especially when used in
particulate form, have a relatively high surface area and are easy
to separate and recover in magnetic field. Their advantages pre-
vail over the difficulties normally associated with other powdered
adsorbents (Ambashta & Sillanpaa, 2010). A step further in devel-
oping adsorbents with superior properties would be the inclusion
of magnetic particles into natural polymers, thus combining the
advantages of both materials.

Various types of magnetic particles have recently been synthe-
sized and used as adsorbents for actinide removal, as reviewed by
Rojo et al. (2009).  Aamrani et al. (2007) used magnetite for the
adsorption of uranyl ions and recently, Wang, Peng, Yang, Liu, & Hu
(2011) studied the adsorption of uranyl ions from aqueous solu-
tions onto ethylenediamine-modified magnetic chitosan.

The purpose of the present study is to evaluate the magnetic

composite chitosan particles obtained in previously reported work
by our group as a new adsorbent material for wastewater treat-
ment. The study also aims to investigate the influence of various
experimental parameters on thorium and uranyl adsorption and to

dx.doi.org/10.1016/j.carbpol.2011.08.095
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:dhritcu@ch.tuiasi.ro
mailto:doinah@uaic.ro
dx.doi.org/10.1016/j.carbpol.2011.08.095
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etermine the optimum procedure for the separation of radioac-
ive ions from simulated wastewater solutions by adsorption on
his new material.

. Materials and methods

.1. Materials

Analytical grade chemicals were used throughout this study.
agnetic iron chitosan composite particles were synthesized in

ur laboratory and used as a new adsorbent material. Stock solu-
ions containing Th4+ or UO2+

2 ions were prepared by dissolving
h(NO3)4·4H2O or UO2(NO3)2·6H2O (Merck, Germany) in distilled
ater.

.2. Preparation of magnetic chitosan composite particles

Magnetic iron chitosan composite particles were obtained by
 previously reported (Hritcu, Dodi, Silion, Popa, & Popa, 2011)
n situ procedure. In a typical synthesis, the magnetic material

as produced by oxidation of the ferrous ions that were already
ntrapped in chitosan–Fe(II) complex, using nitrate ions as a mild
xidizing agent, under alkaline conditions. The chitosan matrix was
hen crosslinked by addition of an aqueous glutaraldehyde solution
nder mechanical stirring. The cleaning procedure involved multi-
le aqueous washes and an acid–base treatment followed by a 3 day
ialysis step against distilled water. The composite particles used in
his study (synthesis lot denoted Fe–Cc) had an average diameter of
0 �m and a saturation magnetization of 24 emu/g (corresponding
o an estimated magnetic material content of about 47% by weight).

.3. Sorption experiments

Batch experiments were conducted for evaluating the extent
f Th4+ and UO2+

2 ion adsorption on Fe–Cc. In order to optimize
he radioactive ion removal conditions, the effect of contact time,
nitial ion concentration, adsorbent dosage and temperature were
tudied. In a typical experiment a certain amount of dry adsorbent
aterial (0.001–0.005 g) was suspended in a 20 mL aliquot of metal

on solution with a concentration of 10–100 mg/L and placed in a
toppered glass flask. The mixture was allowed to react for a time
nterval varying from 30 to 210 min  while keeping the temperature
onstant at certain values in the range of 298.15–328.15 K. The pH
alue was maintained constant at 5.5 in the experiments involv-
ng Th4+ ion and respectively at 4.0 in the experiments with UO2+

2
on, as already optimized in previous studies (Humelnicu, Dinu,

 Dragan, 2011). Following the adsorption procedure, the Fe–Cc
aterial was separated by filtration and the residual concentration

f the radioactive ions left in the supernatant phase was  determined
sing a spectrophotometric method that involves the Arsenazo III
eagent (Savyvin, 1961).

The absorbance of the complex formed between the target
on and the Arsenazo III reagent in solution has been measured
pectrophotometrically at 660 nm for the thorium complex and
t 650 nm respectively for the uranyl complex (Khan, Ali, & Khan,
001; Kilincarslan & Akyil, 2005). The sorption process is described
y the ion distribution coefficient, Kd (mL/g), calculated using Eq.
1):

d = (C0 − Ce)
Ce

× V

m
(1)
here C0 and Ce are the initial and respectively the equilibrium
oncentrations of the metal ion in solution (mg/L), m is the mass
f dry sorbent (g) and V is the solution volume that was placed in
ontact with the sorbent (mL).
mers 87 (2012) 1185– 1191

The amount of sorbed metal ion at equilibrium, qe (mg/g), was
calculated from the mass balance equation:

qe = (C0 − Ce)V
m

(2)

where all the symbols are the same as shown above and V is mea-
sured in (L).

2.4. Desorption experiments

The recovery of the adsorbent and its regeneration capacity are
among the important factors in designing an adsorption proce-
dure. In this study, the desorption experiments were carried out
in batch system by treating the Fe–Cc material bearing adsorbed
radioactive ions with 0.1 M aqueous solutions of various desorp-
tion agents such as: NaCl, Na2CO3, HCl and HNO3. The material was
left in contact with the desorption solution for a period of 24 h.
The amount of Th4+ or UO2+

2 ions released into solution was  moni-
tored using the same spectrophotometric method as in the sorption
experiments. The metal ion recovery percentage upon desorption
from the Fe–Cc particles was  calculated using the initially adsorbed
metal ion amount and the amount found in solution at the end of
the desorption process, according to Eq. (3):

Recovered (%) = radiocationads − radiocationdes

radiocationads
× 100 (3)

where radiocationads is the amount of adsorbed radiocation (mg/g)
and radiocationdes is the amount of desorbed radiocation (mg/g).

2.5. Adsorbent characterization

The morphology of the composite particles before and after
the adsorption procedures was investigated by Scanning Elec-
tron Microscope (SEM) and Energy dispersive X-ray spectrometry
(Bruker AXS Microanalysis GmbH) on a dry sample. Qualitative
chemical structure assessment was done by FTIR analysis (Bomem
MB 104 spectrometer). The magnetic properties were measured on
a VSM 7410 vibrating sample magnetometer. The concentration of
the radioactive ions in solution was analyzed using a CECIL 1020
UV-vis spectrophotometer.

3. Results and discussions

3.1. Adsorbent characterization

The samples used for characterization were:

- Fe–Cc: magnetic iron chitosan composite particles before adsorp-
tion;

- Th–Fe–Cc: dry particles recovered after thorium adsorption in
optimum conditions;

-  U–Fe–Cc: dry particles recovered after uranyl adsorption in opti-
mum  conditions.

The SEM micrographs of the composite material before and
after adsorption are shown in Fig. 1. Similar morphology features
were reported for magnetic chitosan particles obtained by Wang
et al. (2011).  The dry surface of the polysaccharide matrix shows
numerous irregularities that increase the contact area with aqueous
solutions and improve metal ion adsorption.

The structure of the loaded materials after metal adsorption
presented less prominent grooves.
The particles were also analyzed by EDX (Energy dispersive X-
ray) before and after metal ions (uranium and thorium) adsorption.
Their composition is presented in Table 1. This method is semi-
quantitative.
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Fig. 1. SEM pictures of the material before (A; sample Fe–Cc) and after

The iron content (% by weight) in the Fe–Cc batch was  found to be
bout 26.34%. This result compares well to our previously reported
Hritcu et al., 2011) estimate of its magnetic material content of
bout 47% as determined from the magnetization measurements.
ince the magnetic core probably consists in mixed Fe3O4 and
e2O3 oxides with an iron content of about 72 and 70% respec-
ively, the estimated iron percentage in the composite material as
alculated from magnetization is roughly 30%.

After the metal ion uptake, the EDX spectra showed new distinct
eaks associated with the presence of the respective metal ions
uranium or thorium), while the iron content decreased to about
5.94% for Th–Fe–Cc and 18.81% for U–Fe–Cc sample respectively.
he decrease is also confirmed by the magnetization measurements
resented below in Fig. 3B. The results for the adsorbed ion content
14.64% thorium and 4.11% uranium by weight) are lower than the
alculated adsorption capacities reported in Section 3.2,  due to the
act that EDX method is only semi-quantitative and/or it measures
he ion fraction located close to the matrix surface.

The EDX map  presented in Fig. 2 provides evidence for the
niform radiocation distribution when adsorbed on the particle
urface.

Comparative IR spectra of Fe–Cc, Th–Fe–Cc, and U–Fe–Cc mate-
ials are shown in Fig. 3A. Following UO2+

2 and Th4+ ion sorption, the
pectra exhibited changes in peak positions that further indicate
he radionuclide binding. The peak at 3433 cm−1 corresponding
o the stretching vibration of OH-group shifts to 3422 cm−1 after
adiocation sorption, indicating that the –OH group takes part in the
orption process. This conclusion is in agreement with other studies
Roonasi & Holmgren, 2009). The peak at 1637 cm−1 correspond-

ng to the vibration of NH2 in amine (belonging to the chitosan

atrix) shifts to 1645 cm−1 for batch Th–Fe–Cc and respectively to
649 cm−1 for batch U–Fe–Cc indicating that NH2 took part in the
dsorption process. The strong absorption peaks located between

able 1
DX analysis results.

Element Fe–Cc Th–Fe

Atomic % Wt.  % Atomi

Oxygen 67.41 57.52 67.83 

Iron  8.84 26.34 5.70 

Carbon 15.09 9.67 25.19 

Nitrogen 8.64 6.45 - 

Th  – – 1.26 

U –  – – 
um (B; sample Th–Fe–Cc) and uranyl (C; sample U–Fe–Cc) adsorption.

1027 and 1070 cm−1 are characteristic for thorium and uranyl ions.
After Th4+ ions sorption a new band characteristic for the asso-
ciation of these ions with the hydroxyl groups belonging to the
polysaccharide matrix appears at 1392 cm−1 (Anirudhan, Rijith,
& Tharun, 2010). An obvious change in the peak position and its
intensity in the 900–400 cm−1 region may be due to the forma-
tion of new (M–O) and (O–M–O) bonds (M = U or Th ion) (Merroun,
Geipel, Nicolai, Heise, & Selenska-Pobell, 2003). In the uranium
loaded sample, the distinct new peak at 900 cm−1 and the changes
in peak positions and their intensity in the 400–500 cm−1 region
may  be assigned to asymmetric stretching vibration of UO2+

2 and
stretching vibrations of weakly bonded oxygen ligands with ura-
nium (U–Oligand) (Kazya, D’Souzab, & Sar, 2009).

Magnetic measurements were performed on dried particles
before and after radioactive ions adsorption. Comparative results
presented in Fig. 3B confirm that the target ions were bound to
the surface causing a decrease in the magnetic material content
and consequently in the measured magnetization value (from 24
to 18 emu/g).

3.2. Uranyl and thorium ions adsorption

3.2.1. Effect of sorbent mass
In order to determine the optimum sorbent amount, experimen-

tal data regarding the variation of the distribution coefficient versus
the sorbent mass were collected for both ions. In these experi-
ments, target ion solutions with a concentration of 50 mg/L were
placed in contact with various amounts of sorbent (0.001–0.005 g)

for 120 min  at 298.15 K. The results are presented in Fig. 4A. The
adsorption of both ions increased with increasing the sorbent mass
due to the availability of a higher number of adsorbing active sites.
The increase slows down beyond 0.004 g sorbent for both ions.

–Cc U–Fe–Cc

c % Wt.  % Atomic % Wt.  %

54.27 69.94 60.81
15.94 6.20 18.81
15.13 15.34 10.01

- 8.18 6.23
14.64 – –

– 0.31 4.11
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Fig. 2. EDX map  showing uniform distribution of the thor

.2.2. Effect of contact time
In order to determine the optimum contact time, its value was

aried in the range of 30–210 min  in a series of experiments in
hich the initial target ion concentration, the temperature and

he adsorbent amount were kept constant at 50 mg/L, 298.15 K
nd 0.004 g respectively. The data regarding the distribution coef-
cient variation versus the contact time are presented in Fig. 4B.
he adsorption equilibrium is reached after 120 min  for both ions.
urther increase in contact time does not affect the adsorption pro-
ess.

.2.3. Effect of initial metal ion concentration
In order to determine the optimum initial concentration of the

arget ion, its value was varied (for both ions under study) in the
ange of 10–100 mg/L, while keeping the temperature, the sor-
ent mass and the contact time constant at 298.15 K, 0.004 g and
20 min  respectively. The data regarding the variation of the dis-
ribution coefficient versus the initial metal ion concentration are
resented in Fig. 4C. The adsorption capacity of the Fe–Cc mate-
ial decreases with increasing the ion concentration in both cases,
ventually reaching saturation.
.2.4. Adsorption isotherms
The experimental data collected at 298.15 K and initial ion con-

entration of 50 mg/L were fitted on the standard models used

ig. 3. A. IR spectra for magnetic chitosan composite before (Fe–Cc), and after the adso
fter  radioactive ions adsorption (Th–Fe–Cc, U–Fe–Cc).
) and uranyl (B) ions onto the composite particle surface.

in wastewater treatment applications: Langmuir, Freundlich, and
respectively Dubinin–Radushkevich isotherm.

The Langmuir model assumes that the solid surface carries a
limited number of sites that are characterized by equal energy of
adsorption, independent of the degree of coverage and thus indicat-
ing a monolayered adsorption. The linearized form of the Langmuir
equation (Akkaya & Ulusoy, 2008; Ozmen et al., 2010) is described
by Eq. (4):

Ce

qe
= 1

KL × qm
+ Ce

qm
(4)

where Ce is the sorbate equilibrium concentration (mg/L), qe is the
amount of solute adsorbed per mass unit of adsorbent (mg/g), qm

relates to the saturated adsorption capacity (mg/g) and KL is related
to the affinity of the sorbate for the adsorbent (L/mg). This model
generates an “L” isotherm that reaches a plateau (Limousin et al.,
2007).

The Freundlich model assumes that the adsorption surface is
heterogeneous. It generates an “L” isotherm that does not reach a
plateau as Ce increases (Limousin et al., 2007). The linearized form

of the Freundlich equation is given as,

log qe = log KF + 1
n

log Ce (5)

rption (Th–Fe–Cc, U–Fe–Cc). (B) Magnetization measurements before (Fe–Cc) and
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ig. 4. (A) Distribution coefficient for Th+4 and UO2+
2 ion adsorption on Fe–Cc mater

or  Th+4 and UO2+
2 ion adsorption on Fe–Cc material. (C) Effect of initial ion concentr

here KF and 1/n  are the Freundlich constants; KF represents the
elative sorption capacity, and 1/n  the intensity of the sorption
rocess.

The linearized Dubinin–Radushkevich equation (Chen, Liu,
hen, & Chen, 2008) may  be written as,

n qe = ln Xm − KDRε2 (6)

here KDR s a constant related to the adsorption energy (mol2/kJ2),
m is a constant that indicates the sorption degree characterizing
he sorbent (mg/g) and ε is the Polanyi potential shown in Eq. (7):

 = RT ln
(

1 + 1
Ce

)
(7)

here T is the absolute temperature (K) and R is the ideal gas con-
tant (R = 8.314 J/molK).

The free energy of adsorption (ES) is calculated with the equa-
ion:

S = (−2KDR)−1/2 (8)

The correlation coefficients indicate that the experimental data
egarding the adsorption on the material under study is best
escribed by the Langmuir model. The other two models were used
or the characterization of the general adsorption mechanism on
he material under study.

The corresponding Freundlich, Langmuir and

ubinin–Radushkevich parameters along with the correlation
oefficients are reported in Table 2.

While the Freundlich and Dubinin–Radushkevich constants
btained for thorium and uranyl are similar in value (KF is 91.96 for
a function of sorbent mass. (B) Effect of contact time on the distribution coefficient
 on the distribution coefficient for Th+4 and UO2+

2 ion adsorption on Fe–Cc material.

thorium and respectively 90.01 for uranyl; Xm is 91.46 for thorium
and respectively 92.11 for uranyl), the constants obtained from the
Langmuir isotherm are different for the two  ions. The higher qm

value of uranyl ions (qm = 666.67 mg/g) compared with that of tho-
rium ions (qm = 312.50 mg/g) suggests that the composite particles
have a superior adsorption capacity for the uranyl ions.

In order to compare the data obtained from the Langmuir plot
with the magnetization measurements, the following equation was
used for predicting the saturation magnetization after adsorption:

Mads = 24 × 1

1 + qm × 10−3
(9)

where Mads is the saturation magnetization after adsorption
(emu/g), 24 is the saturation magnetization before adsorption
(emu/g), 1 is initial weight of the material (g), qm is the adsorption
capacity from the Langmuir plot (mg/g).

Using this equation, the predicted saturation magnetization
would be of about 14 emu/g after uranyl adsorption and about
18 emu/g after thorium adsorption, evidencing good correlation
between the two sets of data.

As shown in Table 2, n = 6.188 (1/n = 0.161) for thorium ions and
n = 5.98 (1/n = 0.167) for uranyl ions; the data fits the requirement
of the Freundlich equation (usually 0 < (1/n) < 1).

In addition, the mean adsorption energy (ES) calculated from

the D–R isotherm, is useful for predicting whether the adsorption
process is physical (at ES values in the range of 1–8 kJ/mol) or chem-
ical (at ES values of more than 8 kJ/mol) in its nature (Chen & Chen,
2009). The ES values calculated from the D–R plot indicate that the
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Table 2
Constants obtained from the Langmuir, Freundlich and Dubinin–Radushkevich sorption isotherms at 298.15 K.

Radioactive ion Langmuir constants Freundlich constants Dubinin–Radushkevich constants

R2 qm (mg/g) KL (L/mg) R2 KF n R2 Xm (mg/g) KDR

Th4+ 0.9767 312.50 0.219 0.9466 91.96 6.188 0.9462 91.46 -0.374
UO2

2+ 0.9848 666.67 0.112 0.9607 90.01 5.984 0.9454 92.11 -0.383

Table 3
Thermodynamic parameters for the sorption of Th+4 and UO2+

2 on Fe–Cc particles.

Sample �H (J/mol) �S  (J/mol K) �G (kJ/mol)

298.15 308.15 318.15 328.15

−19.05 −19.69 −20.33 −20.96
−20.48 −21.17 −21.86 −22.55
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Table 4
Desorption results on magnetic chitosan composite particles loaded with radioac-
tive  ions.

Radioactive ion Desorption in 0.1 M solution (%)

NaCl Na2CO3 HCl HNO3

4+
Th–Fe–Cc 11.14 68.75 

U–Fe–Cc 9.31 63.93 

dsorption of both ions onto the composite particles occurs mainly
hrough physical sorption mechanisms.

The magnitude of ES (kJ/mol) in the Dubinin–Radushkevich
D–R) models is useful for evaluating the adsorption process type.
n the present case, the positive values obtained for thorium
ES = 1.14 kJ/mol) and uranyl (ES = 1.16 kJ/mol) ions indicate that the
dsorption is an endothermic process favoured at high tempera-
ure.

.2.5. Effect of temperature and thermodynamic data
The effect of temperature on the adsorption of thorium and

ranium on Fe–Cc particles has been studied in the range of
98.15–328.15 K, keeping all the other parameters constant at their
ptimum value, that is the sorbent mass (0.004 g), the target ion
oncentration (50 mg/L) and the contact time (120 min). The results
how that the adsorption of both ions is favoured by an increase in
emperature.

The thermodynamic parameters, namely the enthalpy (�H) and
ntropy (�S) associated with the adsorption process were calcu-
ated from the slope and intercept of the linear plot of ln Kd versus
he reciprocal value of the temperature (1/T) using the following
quation:

n Kd = �S

R
− �H

RT
(10)

here Kd is the distribution coefficient. The correlation coefficient
or the linear plot was R2 = 0.999 for thorium and respectively
2 = 0.995 for uranyl ions.

The Gibbs free energy of specific adsorption (�G) was calculated
sing the equation:

G  = �H − T�S  (11)

he estimated thermodynamic parameters are presented in Table 3.
he fact the enthalpy is positive (11.14 J/mol for thorium and
espectively 9.31 J/mol for uranyl) is consistent with an adsorp-
ion process that is favoured by an increase in temperature. The
stimated enthalpy value of less than 40 kJ/mol indicates that the
orbate binding to the surface occurs mainly by physical, rather
han chemical sorption.

The negative values of the free energy show that the radiocations
re spontaneously adsorbed on the composite particles within the
tudied temperature range.

. Desorption studies

The results regarding the cation recovery percentage when var-

ous desorbing agents were used are shown in Table 4.

Both radiocations may  be desorbed efficiently from the sorbent,
llowing it to be re-used in subsequent cycles. The maximum tho-
ium ion desorption level from the composite particles (87%) was
Th 66.52 58.45 82.91 87.38
UO2

2+ 77.94 89.24 80.41 88.75

obtained when using the 0.1 M HNO3 solution, while the 0.1 M
Na2CO3 and the 0.1 M HNO3 solution proved to be the best desorb-
ing agents for the uranyl ions (about 89% recovered in both cases).
While the recovery level of both ions is comparable in acidic media,
a difference occurs when using a basic desorbing agent (Na2CO3),
in which the uranyl ions are recovered to a higher extent than the
thorium ones (89% compared to 58% respectively).

5. Conclusions

Comparison of the properties before and after metal ion adsorp-
tion provides evidence that both sorbates were bound and their
distribution on the sorbent surface was  uniform. The sorbent satu-
ration magnetization decreased from 24 to 18 emu/g following the
adsorption process. This value is still high enough to allow suitable
magnetic field separation and recovery of the metal loaded material
from the liquid phase.

The optimum parameters for the adsorption process were
determined, namely the sorbent mass (0.004 g), the target ion
concentration (50 mg/L) and the contact time (120 min). The exper-
imental data were fitted using three models: Langmuir, Freundlich,
and respectively Dubinin–Radushkevich isotherm. The results
show that the material under study has a superior adsorption
capacity for uranyl ions (666.67 mg/g) and respectively a similar
one for thorium ions (312.50 mg/g) when compared to other low-
cost adsorbents reported in the literature.

The study of the ion partition coefficient versus temperature and
evaluation of the thermodynamic parameters associated with the
process evidenced that the radiocation adsorption is spontaneous,
endothermic and that it is favoured by temperature increase.

Metal desorption studies revealed that both ions may  be recov-
ered to the extent of over 80% when using acidic desorbing agents
(nitric and hydrochloric acid). Uranyl ions may also desorb to a high
recovery level (89%) with the aid of sodium carbonate solutions.
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