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Abstract Humic acid from Azraq soil in Jordan has been
extracted and insolubilized as the sodium form
(INaAZHA). It was characterized by Fourier transform
infrared spectroscopy, elemental analysis, thermal gravi-
metric analysis, X- ray diffraction, scanning electron
microscopy and differential scanning calorimetry. Sorption
of Th(IV) and U(VI) by INaAZHA was studied using batch
and column. The kinetic studies fitted pseudo second—order
kinetic model. The data were fitted to Langmuir, Fre-
undlich and Dubinin—Radushkevich (D-R) sorption iso-
therms. Thermodynamic functions, AG®, AH° and AS°
were determined for the sorption. Desorption from column
was best using 1.0 M than 0.5 and 0.1 M HNOj; for both.

Keywords Azraq humic - Insolubilized - Sorption -
Kinetic - Thermodynamic - Thorium(IV) - Uranium(VI)

Introduction

The occurrence of uranium and thorium in soil, rocks,
groundwater, is a serious problem from the environmental
viewpoint. Uranium and thorium presence in the environ-
ment can be hazardous to health. Cellular and animal
studies have shown that uranium is a kidney toxin, neu-
rotoxin, immunotoxin, mutagen, carcinogen, and teratogen
[1]. Where, the main radiological hazard from uranium is
alpha radiation. When it is inhaled or ingested, alpha
radiation is the most damaging form of ionizing radiation
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[1]. The solid and liquid effluents containing Th(IV) are
known to cause acute toxicological effects and harmful
diseases for human such as lung, pancreatic and liver
cancer through inhalation, smoking and oral intake [2].
Uranium and thorium are very essential elements in nuclear
energy programs. Their separation and recovery are
essential to minimize their discharge into the environment
from the point of view of safety and economy [3]. In Jor-
dan, there are several sites contain considerable reserves of
uranium and thorium ores [4]. Enhanced levels of uranium
and thorium and their daughter products might be present
in ground water in areas that are rich in natural radioac-
tivity. The earth’s crust in Jordan is covered by phosphate
rocks that could make the water sources rich in ***U and its
daughters which may be found dissolved or suspended in
the water [5]. Various techniques are employed for the
removal and separation of radionuclides (uranium and
thorium), such as precipitation, ion exchange, solvent
extraction, and sorption [2]. Sorption is the process that
involves nothing more than the preferential partitioning of
substances from the gaseous or liquid phase onto the sur-
face of solid substrate; the sorption phenomenon has
become a useful tool for purification and separation [2].

The sorption procedures mainly involve the develop-
ment of low cost adsorbents over a wider range of pH
values at lower concentrations with easy manipulation and
regeneration for possible reuse [6—8]. Many researchers
have used various solids, which are natural, organic, and
inorganic; for example, coir pith, zeolite, activated carbon,
cement, alumina, silica, and natural substances like organic
matter (humus) and clay minerals [4, 7-10].

Humic substances (HS) are a series of naturally occur-
ring high molecular weight compounds, which are the main
component of organic matter in soils and waters. The
humic substances can be classified according to their
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solubility characteristics in aqueous media, and generally
three main subclasses are considered: humic acids (HAs),
the soluble fraction of HS at high pH values; fulvic acids
(FAs), the soluble fraction of HS under all pH conditions
and humin, the insoluble fraction of HS at any pH value
[11]. (HSs) represent about 50-80 % of natural organic
matter (NOM) in water, soil and sediment [12].

In term of capacity and rate of sorption, HA is a very
good sorbent for various metal cations. This is why that in
context of environmental preservation, the high ability of
HA in binding metal cations is a primary concern [13].

The Azraq humic acid (AZHA) was found to be the
most developed HA (high %C and high molecular mass) in
comparison with HAs from other locations in Jordan [14].
X-ray studies of AZHA showed that it has a non-crystalline
amorphous and irregular heteropolycondensates [15].
Solution '*C-NMR studies indicated that AZHA has sig-
nificant aliphatic moieties [16]. AZHA has been extracted
by various extractants, such as 0.5 M NaOH, 0.1 M NaOH,
0.1 M Na,P,0; (at 25 and 50 °C), 0.1 M NaOH + 0.1 M
Na,P,07 and 0.1 M NaF (at 25 and 50 °C) solutions. The
obtained HA samples were characterized by elemental
analysis, UV—Vis, FTIR, X-ray Diffraction, Differential
Thermogravimetry, and solution and solid '>*C-NMR. The
diversity in characteristics of HAs obtained indicates either
that the extractants alter HA during extraction or that there
are several forms of HA in soil [17].

Mohammad and Khalili [18] studied the sorption of
thorium(IV) and uranium(VI) onto Azraq humic acid
(AZHA), they found that as pH increases the adsorptivity
of metal ions increases. The order of adsorptivity of tho-
rium(IV) and uranium(VI) onto AZHA was found to be
thorium(IV) is greater than uranium(VI)

Al-Banna and Khalili [10] studied the sorption of ura-
nium(VI) and thorium(IV) by insolubilized humic acid
(IHA) that extracted from Ajloun soil at different temper-
atures, and at different pH values, it was found that ITHA
has higher uptake for Th(IV) than U(VI), and also found
the metal ion uptake by IHA increased with pH. The
kinetic studies showed that the equilibrium time for each
metal ion occurs at 6 h to achieve maximum uptake level.
Sorption data were evaluated according to the pseudo
second-order reaction kinetic. Thermodynamic data
showed that the sorption process is not highly favorable
where the value of AG® was positive, while AH® values
indicated that this process is endothermic. On the other
hand, the process has positive entropy which means that the
sorption process increases the disorder of the system and it
is entropy driven.

Celebi et al. [19] studied the sorption of radioactive
cesium and barium ions onto sodium form of insolubilized
humic acid as a function of time, cation concentration, and
temperature. The sorption processes are well described by
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both Freundlich and Dubinin—Radushkevich type iso-
therms. Thermodynamic constants were determined. It was
found that Ba(Il) was adsorbed five times more than
Cs(I) onto structurally modified humic acid and kinetic
studies indicated that sorption behavior of both ions obey
the pseudo second order rate law. Structural changes were
determined using Fourier transform infrared spectroscopy
(FTIR) and Carbon-13 nuclear magnetic resonance ('"°C NMR)
techniques during modification of humic acid. The amount
of sorption sites (carboxylic and phenolic groups) decreased
during insolubilization process.

The sorption of Th(IV) to bentonite as a function of pH,
ionic strength, and humic substances (HSs) was studied by
using batch experiments. They found that, the sorption of
Th(IV) on Na-bentonite depended greatly on pH and ionic
strength, ion exchange and outer-sphere complexes domi-
nated at low pH; whereas inner-sphere complexes and
surface precipitation were taking an important role in
Th(IV) sorption process; foreign cations with different radii
and charges influenced the sorption of Th(IV) on Na-ben-
tonite significantly. The presence of humic substances
(HSs) could enhance Th(IV) sorption at low pH but
inhibited at high pH mainly because of competition
between surface complex and soluble binary complexes.
High temperature is advantageous for Th(IV) sorption to
Na-bentonite, Langmuir model fits the sorption data better
than Freundlich model [20].

The sorption characteristics of copper ions onto insolu-
bilized humic acid by using a continuously monitored solid
phase extraction (SPE) technique were studied; where the
sodium form of the insolubilized humic acid was found to
be effective for (SPE) of metal ions in aqueous media as a
reusable solid phase, being insoluble within the pH range
of 1-10. The pH and concentration of the loading solution
influenced the amount of the Cu(Il) sorbed which increased
with increasing of pH and concentration of the loading
solution. The sorption of Cu(Il) in/on Neha was found to be
mainly based on ion-exchange and physical interactions,
and this was confirmed by the results of sorption isotherms
and Scatchard plot analysis. From the Dubinin-
Radushkevich (D-R) isotherm, the mean free energy of
sorption was calculated as 9.28 kJ mol ™!, and this value
was attributed to a sorption mainly resulting from ion-ex-
change and simple dispersive interactions. HA can be used
as not only an inexpensive but also as an effective solid/
stationary phase for separation, pre-concentration and
removal of metal ions in aqueous media [21].

Al-shaybe and Khalili [22] studied the sorption of
Th(IV) and U(VI) onto the Jordanian zeolite, the result
showed that there are high initial rate of metal ions uptake
was observed after 24 h of shaking, and the uptake have
increased with increasing pH. Sorption data was evaluated
according to the pseudo second-order reaction Kkinetic,
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while sorption isotherms were studied at temperature 25,
35 and 45 °C. The Langmuir, Freundlich and (D-R)
sorption models were applied, and the proper constants
were derived. It was found that the adsorptivity process is
enthalpy driven for thorium(IV) and uranium(VI). Recov-
ery of thorium(IV) and uranium(VI) ions after sorption was
carried out by treatment of the loaded zeolitic tuff in the
column with 0.1 M HNOs, 0.2 M H,SO,, 0.5-5 x 107> M
EDTA, and 0.1 M sodium acetate. The best percent
recovery for thorium(IV) was obtained when 5 x 107°M
EDTA was used, while for uranium(VI) when 0.2 M
H,SO, was used.

The sorption behavior of Jordanian bentonite towards
U(VI) and Th(IV) in aqueous solutions was studied by batch
experiment as a function of pH, contact time, and tempera-
ture and by column technique at 25.0 °C and pH 3. The
highest rate of metal ions uptake was observed after 18 h of
shaking, and the uptake have increased with increasing pH.
Bentonite has shown good metal ion uptake capacity toward
these metal ions. It was found that the sorption process is
enthalpy driven for U(VI) and Th(IV) [4].

The aim of this study is to prepare insolubilized HA
from Azraq soil and then to use it as an adsorbent for U(VI)
and Th(IV) ions from aqueous solutions. The INaAZHA
will be characterized by Fourier transform infrared (FTIR)
spectroscopy, thermal gravimetric analysis (TGA), differ-
ential scanning calorimetry (DSC), and elemental analysis.
Sorption of U(VI) and Th(IV) onto INaAZHA will be
studied using batch technique at different pH values (1.0,
2.0, and 3.0), different temperatures (25.0, 35.0 and
45.0 °C), contact time, and at constant ionic strength. To
understand and explain the nature of sorption process the
data will be analyzed based on sorption models such as:
Langmuir, Freundlich, and Dubinin—Radushkevich sorp-
tion isotherms. The kinetic and thermodynamic parameters
of sorption will be calculated. The desorption process after
sorption will be also be studied using column technique.

Theory
Sorption isotherm

Sorption is often described in terms of isotherm models,
which show the relationship between the bulk aqueous
phase concentration of adsorbate and the amount adsorbed
at constant temperature. Isotherms reflect equilibria. Sev-
eral models have been published to describe experimental
data on sorption isotherms. The Langmuir, Freundlich and
D-R models are commonly used for describing sorption
equilibrium for water and waste- water treatment applica-
tions [23].

Langmuir model

The Langmuir sorption model is based on the assumption
that all the sorption sites are energetically identical and
sorption occurs on a structurally homogeneous adsorbent
[24].

The Langmuir equation is expressed as:

e = ‘ZmKLCe/(l + KLCC) (1)

The linear forms of the Langmuir equation are written as
follows:

Ce/qe = 1/(qmKr) + (1/gm)Ce (2)

where ¢, is the amount of solute adsorbed per unit weight
of adsorbent (mg g~ '), C, is the equilibrium concentration
of solute (mg L"), ¢ is the sorption capacity (mg g™ "),
or monolayer capacity, and K is the Langmuir equilibrium
constant related to the affinity of binding sites and energy
of sorption (L mgfl) [25]. The values of ¢, and K can be
evaluated from the slope and the intercept of the linear plot
of experimental data of C./g. versus C., Eq. (2).

Freundlich model

Freundlich expression is an empirical equation applicable
to non-ideal sorption on heterogeneous surface as well as
multilayer sorption. The model is given as

ge = KrC/" (3)

K is a constant indicates relative sorption capacity, while
1/n, is indicative of the energy or intensity of the reaction
and suggests the favorability and capacity of the adsorbent/
adsorbate system. Where, n > 1 represents favorable
sorption conditions. Equation (4) is linearized into loga-
rithmic form for data fitting and parameter evaluation, as
follows:

log g. = log Kg + 1/nlog C. 4)

By plotting log ¢g. versus log C., constant Kg and
exponent 1/n can be calculated from the intercept and slope
respectively [18, 26].

Theoretically, the Freundlich equation represents a sit-
uation in which the quantity of solute adsorbed increases
indefinitely with increasing concentration [27].

Dubinin—Radushkevich (D-R) model

D-R isotherm is commonly used to describe the sorption
isotherm of single solute system, although this is analogue
to Langmuir model, D-R model is more general than
Langmuir as it rejects the homogenous surface or constant
sorption potential [28]. D-R sorption isotherm is applied to
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distinguish between chemical and physical sorption and it
is valid at low concentration ranges [29].

Ing = In gmax — f&* (5)

p is the activity coefficient related to mean sorption energy
(mol® kJ?), ¢ is the Polanyi potential.

e=RTIn(1+1/C.) (6)

where R is the ideal gas constant (8.3145] mol ! Kil)
and T is the absolute temperature in Kelvin [30]. The
sorption free energy (E), Eq. (7), is defined as the free
energy change required for transferring one mole of ions
from solution to solid surface, this energy is calculated as
follows:

E=1/(2§)" (7)

The magnitude of E can give a good idea about the
mechanism of the sorption. If E is in the range of
8-16 kJ mol ', the sorption is governed by chemical ion
exchange, but in the case of E < 8 kJ mol_l, physical
forces may affect the sorption. On the other hand, sorption
may be dominant by particle diffusion if E > 16 kJ mol ™"
[29].

Sorption kinetics

The amount of metal adsorbed by INaAZHA was calcu-
lated using the following equation:

ge=(Ci— Ce) x V/m (8)

where ¢, is the metal uptake (mg gfl), C; and C, are the
initial and equilibrium metal concentrations in the solution
(mg Lfl), respectively, V is the solution volume (L), and
m is the mass of adsorbent (g).

The distribution coefficient (Ky) (L g_l) of metal ions
between the aqueous phase and the solid phase can be
directly obtained using:

K4 = Qe/ce (9)

The K4 value was obtained from the intercept of the plot of
In(g./C,) versus g. [30].

In order to understand the sorption process of U(VI) and
Th(IV) metal ions onto the adsorbent (INaAZHA), two
kinetic models, pseudo-first- and second-order models,
were proposed.

Pseudo-first-order reaction kinetic

The pseudo-first-order equation can be written as:
dg,/dt = ki(ge — q1) (10)

where g, (mg g~ ') is the amount of adsorbate absorbed at
time ¢ (min), ¢. (mg g ') is the sorption capacity in
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equilibrium, and ky(min~") is the rate constant for pseudo-
first-order model. After integration and by applying the
initial conditions ¢, = 0 at r = 0 and ¢, = ¢. at t = t,, the
equation becomes:

In(ge — q;) = In g — k1t (11)
Thus, a plot of In(g. — ¢,) against ¢ should be a straight
line with slope = —k; and an intercept = In g, [31].

Pseudo-second order reaction Kinetic

The pseudo-second-order model can be presented in the
following form:

t/q = 1/kog? +1/qe (12)

where k, is the rate constant of pseudo-second-order model
in unit of g mg™" min~".

Thus, a plot of t/g, against ¢ should be a straight line with
slope = 1/¢g. and an intercept = 1/(k2q§) [28]. The validity
of pseudo-first-order or pseudo-second-order kinetics can
be tested by comparing values of the experimental g, val-
ues with the calculated values [31, 32].

Activation parameters for sorption

The activation energy (E,; kJ mol™") is required to bring
the reactants to a condition necessary to form the products,
according to Arrhenius’s equation:

Ink=—E,/RT +In A (13)

where k = k, (min™') is the pseudo-second-order rate
constant at the (absolute) temperature 7, the constant A is
called a frequency factor and contains information about
molecular collision frequency [33]. A plot of In (k) versus
1/T gives a straight line whose slope is equal to (—E./R)
and the intercept on the ordinate gives In (A).

The magnitude of the activation energy gives an idea
about the type of sorption. Low activation energies
(5-50 kJ mol™") are characteristics for physical sorption,
while higher activation energies (60-800 kJ mol™") sug-
gest chemical sorption [34].

To calculate the thermodynamic activation parameters
such as enthalpy of activation, AHI, entropy of activation
AS*, and free energy of activation AG*, the Eyring Eq. (14)
was applied.

In(ks/T) = [In(kg/h) +Asi/R] — agt /R(I/T) (14)

where kg is the Boltzmann constant
(13807 x 1072 JK™"), h is the Planck constant
(6.6261 x 1073 s), ko is the pseudo-second-order con-
stant for metal ions sorption [35]. The plot of In (ko/T)
versus 1/T gives a straight line with slope —AH¥/R from
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which the enthalpy of activation can be derived and with
intercept In (kg/h) + AS*/R from which the entropy of
activation is calculated [36].

The calculated value of the entropy of activation is used
for the suggestion of a mechanism i.e. in replacement
reactions, associative (AS* < 0), dissociative (ASi > 0),
and interchange (AS;t = 0) [36]. The positive value of AH*
confirms the endothermic process, meaning the reaction
consume energy, while the negative value of AH* confirms
the exothermic process [34].

Calculation of AG* for the appropriate reaction tem-
perature is allowed according to Eq. (15).

AGH = AHF—TASY (15)

The positive AG* value suggests that the sorption
reactions require energy to convert reactants into products
and vice versa. The AG* value determines the rate of the
reaction, rate increases as AG* decreases.

Experimental
Materials

All reagents used in this study were of analytical grade
reagents. Sodium hydroxide (NaOH) from LOBA,
hydrochloric acid 37 % (HCl) and nitric acid 69 % (HNO3)
from TEDIA, sodium perchlorate (NaClO,4) from Acros,
thorium nitrate tetrahydrate (Th(NO;)4-4H,0) from Riedel-
De-Haen, uranyl nitrate hexahydrate (UO,(NO;),-6H,0)
from BDH Chemicals Ltd and Arsenazo(III) indicator from
Fluka. Azraq Oasis is located in the eastern desert of Jordan
100 km east of Amman and has a total area of about
26 kmz, where there is a plenty of plants, water, animal and
bird life, and warm weather. These are the best conditions
for the formation and the development of Humic Acid
(HA) [16]. The soil sample used in this study was collected
from the AO (top layer) horizon which lies cross the street
from Qasr Al-Azraq next to the water pump (North Azraq).
The soil has a dark black color.

Instrumentation

Weighing of samples was done by using AW 120 Electronic
Balance. The pH of the solutions was measured with a
METROHM 605 pH-meter. FTIR spectrum of INaAZHA
was recorded using Thermo Nicolet NEXUS 670 FT-IR
Spectrophotometer. Elemental analyses of the INaAZHA
sample was done by using Euro Vector 3000 Elemental
Analyzer. The thermal gravimetric analysis (TGA) of the
INaAZHA sample was studied using NETZCH STA 409
PG/PC Thermal Analyzer in the temperature range

(25-800 °C), at a heating rate of 20 °C min~'. XRD of
INaAZHA samples were recorded using Philips X pert PW
3060, operated at 45 kV and 40 mA. The shape and surface
morphology of the INaAZHA was examined with The FEI
inspect F50 scanning electron microscope, the energy
dispersion spectrum (EDS) was used to determine the
elements present. Shaking of samples was done using
Clifton shaker equipped with thermostat. The concentra-
tions of the metal ions were determined using UV-VIS
Spectrophotometer from Spectroscan model 80DV.

Extraction of humic acid from Azraq soil

Humic acid used in this work (after insolubilization) were
extracted from a soil sample collected from the AO (top
layer) horizon which lies cross the street from Qasr Al-
Azraq next to the water pump lake (North Azrag—Jordan).
The soil samples were air dried, crushed and homogenized
prior to extraction. Humic acid was extracted from Azraq
soil sample by the following procedure: 300 g of soil was
extracted with 3.0 L of 0.5 M NaOH for 24 h at room
temperature. The mixture was filtered through Whatman
filter paper (100) after that the supernatant was acidified
with HCI to pH 1.0 and left at room temperature for 24 h.
The resulting precipitate was rinsed many times with
deionized water to remove chloride ions. The precipitate
was dried at 95 °C in the oven for 4 h. Then it was
insolubilized by heating it at 330 °C for 1.5 h, then the
solid (IAZHA) was homogenized by converting it to its
sodium form (INaAZHA) by stirring in a 1 M NaNO;
solution for 48 h. The resulting solid phase (4.44 g) was
dried at 80 °C [19]. The percentage yield for INaAZHA
from soil according to this procedure is 1.48 % (14.81 g
INaAZHA kg~' soil™"). The total number of grams that
obtained from 3.50 kg Azraq soil sample was 51.84 g.

Characterization of insolubilized Azraq humic Acid

The INaAZHA was characterized by Fourier transform
infrared (FTIR) spectroscopy, differential scanning
calorimetry (DSC), thermal gravimetric analysis (TGA),
elemental analysis, X-ray diffraction (XRD), and the shape
and surface morphology was studied by scanning electron
microscopy (SEM).

Preparation of stock solutions

Stock solutions of 2000 ppm for the two metal ions were
prepared separately by dissolving specific amount of each
metal salt of Th(IV) and U(VI) in 0.1 M NaClOy (to keep
ionic strength constant). The stock solutions were used to
prepare solutions with different concentrations (10, 20, 25,
30, 35, and 40 ppm), the dilution is achieved by using
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0.1 M NaClO,4 and 0.1 M HCIQy, solutions at different pH
1.0, 2.0 and 3.0.

Spectrophotometric procedure for Th(IV)
and U(VI)

Preparation of Arsenazo (Ill) indicator solution

A 0.10 % aqueous solution of Arsenazo(IIl) was used as a
spectrophotometric reagent in the determination of tho-
rium(IV) and uranium(VI) concentration.

Spectrophotometric determination of Th(IV) and U(VI)
ions

A 0.5 mL of the aqueous test solution of Th(IV) were
added in 25 mL volumetric flask, then 10 mL of 9.0 M
Hydrochloric acid solution were added, then 0.5 mL of
Arsenazo(Ill) indicator was transferred and dilution was
done to the mark with deionized water [37]. The spec-
trophotometric determination was carried out within 1 h of
sample preparation at 660 nm wavelength for Th(IV). A
4.0 mL of the aqueous test solution of U(VI) were added in
50 mL volumetric flask, then 20 mL of 0.01 M
Hydrochloric acid solution were added, then 1 mL of
Arsenazo(Ill) indicator was transferred and dilution was
done to the mark with deionized water [38]. The spec-
trophotometric determination was carried out within 1 h of
sample preparation at 650 nm wavelength for U(VI).

Sorption experiments
Kinetic studies

A calibration curve was determined using a series of
standard solutions prepared from metal nitrates in 0.10 M
NaClO, prior to measurements.

Experiments for determination of the equilibrium time
of the sorption process was studied by shaking
50.0 mg + 0.1 mg of the INaAZHA with 50.0 mL
(transferred to Pyrex glass flasks) of 30 mg L™' metal ion
solution at pH 3.0, the contact time was varied from 15 min
to 72 h at (25.0, 35.0 and 45.0 °C). The mixture was fil-
tered and the concentration of the metal ion remaining was
determined spectrophotometrically. From these experi-
ments we can also found the activation energy, via
knowledge of the rate constants of interaction of metal ions
with INaAZHA at different temperatures.

Sorption isotherms

The sorption of Th(IV), and U(VI) was carried out by
taking a known mass of 50.0 mg + 0.1 mg of the
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INaAZHA with 50.0 mL of solutions of concentration
variation ranging as (10, 20, 25, 30, 35, 40) mg L~! for
each metal, under different pH values of 1.00, 2.00 and
3.00; and at different temperatures (25.0, 35.0 and
45.0 °C). All samples were shaken using shaker for 24 h.

Metal ion-uptake by the INaAZHA using column
experiment

Glass column of 20 cm length, and 20 mm inner diameter
was used in this experiment. The column was packed with
2000.0 £ 0.1 mg dried INaAZHA. A sample volume of
50.0 mL containing Th(IV) of 1000 mg L™ was passed
through the column at a flow rate of 0.5 mL min~'. The
eluate was collected in a 100.0 mL conical flask, and
concentration of the metal ion was then determined by
UV-Vis. The same experimental conditions were used for
the determination of U(VI) ions uptake. Every measure-
ment was repeated three times to make sure of the accuracy
and reproducibility of the results, then average was taken.

Desorption studies

The desorption of the Th(IV), and U(VI) ions was carried
under column condition, where the INaAZHA was loaded
with each metal ion as described previously, using 50.0 mL
of three eluting agents, 1, 0.5 and 0.1 M HNO; were used
for INaAZHA recovery from adsorbed metal ion, keeping
the flow rate of elution at (0.5 mL min_l). The concen-
tration of metal ion in the eluate was collected in five
10.0 mL portions, and was then determined by the UV-Vis
spectrophotometer

Results and discussion

Characterization and analysis of insolubilized Azraq
humic acid samples

Insolubilized Azraq humic acid (INaAZHA) samples were
characterized using X-ray diffraction (XRD), Fourier
transform infrared (FTIR) spectroscopy, thermogravimetric
analysis (TGA), differential scanning calorimetry (DSC),
elemental analysis, and scanning electron microscope
(SEM).

XRD characterization

The XRD patterns for the INaAZHA (a) pure (b) with
adsorbed thorium and (c) with adsorbed uranium are pre-
sented in Fig. 1. From Fig. la we can note that the
appearance of the band at 20 = 19.67°, is attributed to
aliphatic or condensed saturated rings [39, 40]. The band at
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Fig. 1 XRD pattern for
INaAZHA a pure, b with
adsorbed thorium and ¢ with
adsorbed uranium

Intensity (a.u)

about 20 = 24.59° of INaAZHA indicate condensed aro-
matic carbons [40]. The INaAZHA showed band at
20 = 27°, the appearance of this band is a typical feature
of a graphite-like structure [39]. The band at 20 = 34.98°
is due to the aromatic structure which indicate the exis-
tence of the graphite like layers [39].

20 = 27°, the appearance of this band is a typical fea-
ture of a graphite-like structure. The band at 20 = 34.98°
is due to the aromatic structure which indicate the exis-
tence of the graphite like layers [39].

From the same Fig. 1b, c we can see that the structure of
INaAZHA is not affected by the presence of adsorbed
metal ions Th(IV) and U(VI), this due to the graphite like
structure of INaAZHA, also this confirms that sorption of
this metals occurs at the surface of INaAZHA.

Fourier transform infrared (FTIR) spectra

Insolubilized Azraq humic acid (INaAZHA) was charac-
terized by FTIR. This technique could be used to identify

Table 1 FT-IR peaks position (cm™') for INaAZHA

f

40 80

20 (degree)

the major functional groups present in INaAZHA. The
peaks in FTIR spectrum shown in Table 1 are as follows; a
broad band at 3898 cm™' primarily corresponds to O-H
stretching and secondarily to N-H stretching, absorption
bands at 2925 and 2837 cm ™' are attributed to aliphatic C-H
stretching in CH, and CHj3;, respectively. The absorption
band at 1709 cm™' is due to C=O stretching of carboxylic
acid and ketone, the absorption bands at 1605 and
1368 cm ™" are ascribed to stretching of carboxylate, these
peaks indicate the presence of sodium ion in the INaAZHA
structure, as a result to the treatment of INaAZHA with
1 M NaNO; for 48 h, and the peak at 1605 cm ™' can also
be attributed to vibrations of aromatic C=C bonds. The
peak at 1221 cm™" represents C—O stretching in phenols
and O-H deformation of COOH. The deformation of ali-
phatic C—H and, H-bonded C=0 of conjugated ketones and
water deformation occurs at 1458 cm™!, the band at
1032 cm ™" represents C—O stretching of polysaccharides.
This FTIR spectrum agrees with FTIR spectra of IHA from
Ajloun [10].

Position Corresponding response
(em™)
3402 O-H vibrations and N-H vibrations

2929 and 2850
1720
1631
1510
1463

1033
914 and 793

Stretching of aliphatic C-H groups

C=0 stretching of various carbonyl groups including COOH

C=C aromatic and olefinic vibrations, C=0 stretching of amide groups, conjugated ketones, and COO™ symmetric stretching
C=C stretching and/or N-H deformation

O-H deformation, C=0 stretching of phenolic groups and aliphatic C-H deformation of structures such as fatty acids and
waxes

C-O stretching of polysaccharides like compounds and/or to Si—O silicate impurities

Out of plane bending of aromatic C-H
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Thermal properties
Thermogravimetric analysis (TGA)

The thermal stability of the INaAZHA was investigated by
thermogravimetric analysis (TGA) under dry nitrogen
atmosphere, and differential scanning calorimetry (DSC).
The TGA curve (Fig. 2) displayed two-step weight loss.
The first step is below 150.0 °C, which could be due to
dehydration [41], this loss of mass is associated also with
partial decomposition of aliphatic groups.

The extra weight loss occurring at temperature between
150.0 and 500.0 °C could be attributed to decarboxylation
of the humic material, and extensive decomposition of
aliphatic structures, deterioration of alcoholic, phenolic,
amino groups, and decomposition of aromatic structures
[10, 42]. The TGA curve showed the residual mass per-
centage at 774.4 °C equal to 57.25 % for INaAZHA, which
may be due to the presence of sodium in INaAZHA, metal
oxides and silicate impurities. Previously, the TGA curve
of Ajloun THA was reported to show the residual mass
percentage of 70.23 % at 901.4 °C which was due to metal
oxides and silicate impurities [10].

Differential scanning calorimetry (DSC)

Figure 3 shows two major endothermic peaks, the first
peak at 96.50 °C is the melting peak which due to the
melting of lipid fraction of humic acid, aliphatic compo-
nents of lipid fraction appear similar to polymethylene
chains with semi crystalline character that are analogous to
polyethylene [43]. Broad endothermic peak suggest that a
more heterogeneous mixture of compounds is present [43].
The peak at 485.2 °C ascribed to the decomposition of
aromatic structures of INaAZHA, as shown by IHA from
Ajloun area [10].

Fig. 2 TGA thermogram of
INaAZHA

TG %
100.0 4

95.0
90.0 -
85.0
80.0
75.0
70.0
65.0

60.0

Elemental analysis

Elemental analysis was done to show the percentage of
each element in the INaAZHA. Table 2 shows the per-
centage of each element in the INaAZHA and AZHA [14].

Percentages (%) of carbon, nitrogen, and hydrogen in
INaAZHA is less than AZHA, which may be due to
decarboxylation of humic acid and extensive decomposi-
tion of aliphatic structures upon heating to 330 °C for 1.5 h
[17]. Also, the presence of sodium (INaAZHA) may leads
to decrease in the %C. We note the %C is lower for Ajloun
IHA in comparison with AZHA and INaAZHA, which may
be due to the presence of metal oxides and silicate impu-
rities that helps in decreasing the %C.

Scanning electron microscope (SEM)
Insolubilized Azraq humic acid

From the SEM micrograph of INaAZHA (Fig. 4), the
INaAZHA has an irregular shape, randomly distributed,
partially melted, and plate like structure with very small
pores.

In Figs. 5a and 6a for INaAZHA loaded with thorium
and uranium respectively, thorium and uranium ions appear
in bright color and randomly dispersed in different sites of
INaAZHA.

Energy dispersive X-ray spectroscopy (EDS)
of insolubilized Azraq humic acid with Th(IV) and U(VI)

The EDS for the insolubilized Azraq humic acid with the
adsorbed thorium and uranium ions were done. The EDS
results of thorium and uranium are shown in Figs. 5b and
6b respectively. The EDS give the type and weight percent
of each element present in the selected point of sample at

Residual Mass: 57.25 % (774.4 °C)

100

@ Springer
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Table 2 Elemental analysis of INaAZHA, AZHA [14] and Ajloun
THA [10]

Site % C % N % H
INaAZHA 48.08 2.02 3.86
Azraq HA 55.67 293 5.04
Ajloun THA 23.04 1.03 2.73

Fig. 4 SEM micrographs for insolubilized Azraq humic acid with
magnification x20,000

SEM micrographs. From the EDS, the corresponding peaks
for thorium and uranium appear in the INaAZHA sample in
addition to other different elements. The percentage of
each element after normalization is presented in Tables 3
and 4.

The amount of thorium in INaAZHA is more than the
amount of uranium in INaAZHA this agrees with the
sorption results. From Tables 3 and 4 we can observe that
the %C in the case of thorium is lower than that in uranium,
as stated above this due to the amount of adsorbed Th(IV)
is higher than that of U(VI).

Temperature /°C

Kinetic of sorption

The plots of % uptake versus time for thorium(IV) and
uranium(VI) by INaAZHA are shown in Fig. 7 for thorium
and uranium respectively. We note from this Figure that
Th(IV) and U(VI) needed 15 h to reach equilibrium at pH
3, and at 25.0, 35.0, and 45.0 °C. Al-Banna and Khalili
[10] found that U(VI) and Th(IV) ions sorption by IHA
from Ajloun need 6 h to reach equilibrium, at pH (1, 2, and
3), and 25.0 °C. Mohammed and Khalili [18] found that
U(VI) and Th(IV) ion sorption by Azraq HA needed about
12 h to reach equilibrium, but Khalili et al. [4] found that
U(VID) and Th(IV) ions sorption by Jordanian bentonite
needed about 18 h to reach equilibrium at pH (1, 2, and 3),
and 25.0 °C. Figure 8a, b showed the plots for pseudo-first
order and pseudo-second order sorption kinetics.

From the difference between calculated and experi-
mental ge values (Table 5), it is seen that the sorption of
Th(IV) and U(VI) onto INaAZHA is well described by the
pseudo second order reaction kinetic. Moreover, all the
correlation coefficients of pseudo second order reaction
kinetic are higher than those of the pseudo first order
reaction kinetic [28].

The activation energy of thorium is lower than that of
uranium (Table 6), so the interaction of thorium is easier
than uranium. The activation parameters of the sorption
process help in predication of how the sorption of Th(IV)
and U(VI) might vary with temperature changes. The
activation energy, E,, was 46.5 kJ mol~! for Th(IV) and
54.9 KJmol™' for U(VI), these values indicate that the
sorption process is physisorption. The positive value of
activation enthalpy confirms the endothermic process,
meaning the reaction consume energy, the positive value of
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Fig. 5 a SEM and b EDS for (a)
INaAZHA with thorium at
% 10,000 magnifications

2T36

20 pm

SE MAG: 10000 x HV: 20.0 KV WD: 16.6 mm

(b)

cps/eV
2.0

1.8
1.6-]

1.4-]

free energy of activation suggests that sorption reactions
require energy to convert reactants into products, and the
negative value of activation entropy indicates that the
sorption leads to order through the formation of activated
complex suggesting that Th(IV) and U(VI) sorption on
INaAZHA is an associated mechanism [36].

Sorption studies of Th(IV) and U(VI) by INaAZHA

The sorption isotherms for the INaAZHA with Th(IV) and
U(VI) ions Figs. 9a and 10a respectively as an example,
have the L-isotherm. This means the ratio between the
concentrations of the metal ions remaining in solution and
adsorbed on the solid decreases when the solute (metal
ions) concentration increases, suggesting the adsorbent has
a high affinity for the adsorptive at low concentration [44].
But as the concentration increase, the affinity of the
adsorptive will decrease because as more sites in the sub-
strate (INaAZHA) are filled, it becomes increasingly

@ Springer
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difficult for solute molecules to find a vacant site available
[27, 45]. This result agrees with that obtained by Ajloun
IHA towards these metal ions [10].

Langmuir isotherm will be used to estimate the sorption
capacity, g, and K, the Langmuir isotherms plots Fig. 9b
for thorium and Fig. 10b for uranium, had excellent lin-
earity. According to Langmuir model postulates this means
the metal adsorbed on some sites whose binding energies
are uniform and therefore formed a layer on the surface of
the adsorbent, and there is no interaction between the
adsorbed ions [46].

The values of ¢, which related to sorption capacity
indicated that increasing of temperatures and pH lead to
increase in the sorption capacities of INaAZHA for metal
ions. These results agree with that obtained from Table 7
for thorium uptake and Table 8 for uranium uptake with
the same trend (Th(IV) > U(V])).

The Freundlich isotherm plots are shown in Fig. 9c for
thorium and Fig. 10c for uranium. The sorption of metal
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Fig. 6 a SEM and b EDS for (a)
INaAZHA with uranium at
%4000 magnifications

2737
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Table 3 Normalized % mass 100
of elements in INaAZHA Element % Mass % Y " N
. . 80
loaded with thorium C 30.79 eThat25 7
° e 1 -3 TR B
a
Al 095 > Uat25 ; 40 *
Si 1.78 30
FUat3s 20
P 0.88 euatas 10
S 1.48 o - : : : : :
o 1000 2000 3000 4000 5000
Th 10.81 Time (min)
Table 4 Normalized % mass Fig. 7 Thorium(IV) and uranium(VI) percentage uptake by
of elements in INaAZHA Element % Mass  INaAZHA at 25, 35 and 45 °C at pH 3 and concentration of 30 ppm
loaded with uranium C 33.54
o 52.83 ions on INaAZHA fitted Freundlich model, this model had
Al 224 excellent linearity. This means there is an indication that
Si 336 some other sorption sites were non—uniform and non-
S 153 specific in nature. It was in conformity with the existence
Fe 167 of different types of possible sorption sites on INaAZHA
U 377 surface [47].
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Fig. 8 a Pseudo-first order sorption kinetics of thorium(IV) and
uranium(VI) by INaAZHA at pH 1.0, 2.0 and 3.0 and concentration of
30 ppm. b Pseudo-second order sorption kinetics of thorium(IV) and
uranium(VI) by INaAZHA at pH 1.0, 2.0 and 3.0 and concentration of
30 ppm

The values of n represent the degree of favorability of
sorption. They were (Tables 7, 8) greater than one, indi-
cating that the sorption was favorable [48]. The K values
increase with increasing both temperature and pH for both
metal ions (Tables 7, 8) and indicate that the sorption for
Th(IV) is higher than U(VI).

The D-R isotherm model is more general than Langmuir
isotherm as it rejects the homogenous surface or constant
sorption potential. As illustrated in Table 7 for Th(IV) and

Table 8 for U(VI). The magnitude of E from D-R isotherm
can give a good idea about the overall mechanism of the
sorption. The values of E are less than 8.00 kJ mol~!; this
indicates that physical forces may affect the sorption [25].
It is interesting to note that the difference of ¢, derived
from the Langmuir and ¢, derived from D-R models is
quite large. The difference may be attributed to the dif-
ferent definition of g, in the two models. In Langmuir
model, g, represents the maximum sorption of metal ions
at monolayer coverage, whereas in D-R model it represents
the maximum sorption of metal ions at the total specific
micropores volume of the sorbent. Thereby, the values of
gm derived from D-R model are lower than that derived
from Langmuir model [29].

Comparing adsorptivity between Th(IV), and U(VI)
at different conditions

According to the values of g, in Tables 7 and 8, The
removal capacity for metal ions by NalHA was in the order
of Th(IV) > U(VI). It indicated that NalHA showed
stronger preference for Th(IV) than U(VI).

We can explain these results as follows, where the
adsorptivity of metal ions (g,,) on INaAZHA was found
to be proportional to the ionic radius. In general, the
most important factor that influences the relative selec-
tivity of metal ions in solution is their ionic radii and the
charge [49]. From Table 9, we can see that the ionic
radius and charge for Th(IV) > U(VI), and the selectivity
sequence observed is that Th(IV) adsorbed more than
U(VD.

Hydration energy is another factor that has an impor-
tant role in the sorption process of these metal ions,
increasing the hydration energy values are due to the
increase in the hydration shell, this makes it more difficult
for metal ions to discharge the water of hydration. The
formation of aqua complex [M(H,0),]"t takes place

Table 5 Calculated and experimental g. values for pseudo-first- and pseudo second- order sorption kinetics and &,

Metal ion Th(V) U(vDh
25.0 °C 35.0 °C 45.0 °C 25.0 °C 35.0 °C 45.0 °C

ge calculated from pseudo 1st order kinetics (mg g™ ") 1.652 4.884 3.880 13.550 7.541 7.709
g. calculated from pseudo 2nd order kinetics (mg g~ ') 17.483 24.691 26.316 16.807 17.986 17.699
q. experimental 17.633 25.024 26.224 16.444 17.121 17.263
k (g mg™' min™") x 10 1.000 2410 3.240 0.312 0.596 0.126
Table 6 Activation parameters R 1 + 1 1 ( —1 -1 i —1
for the sorption of Th(IV), and Metal ion  E, (k] mol™ ") AH* (kJ mol™") AS* Tmol™ K7) AG* (kI mol™") A,
U(VD) onto INaAZHA Th(IV) 46.5 49.0 425 61.7 1.50E+05

Ul 54.9 574 —25.1 64.9 1.30E4-06
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Fig. 9 Plots of a sorption (a) 30 (b) 0.8
isotherm of Th(IV), b linearized A 4 06 )/’
Langmuir, ¢ linearized 20 ¢ ¢ v
Freundlich, d D-R isotherm at & * * % 0.4
pH 3.0 and 45.0 °C 10 o ¥ s Y= 0531(;‘;301-157
2 14 1
0 + T T T 1 0 - T T T 1
0 5 10 15 20 0 5 10 15 20
CE CG
© 5
15 4§

y=0.394x+ 0.911 1 y =-0.281x+ 2.946
0.5 7 R? = 0.984 R2=0.879
0 T T 1 0 g T T 1
0 0.5 1.5 0 1 2 3
log C, g2
() 20 - . ®) 15 -
15 - ¢ *
¢ o
@ 10 - %
5 =
O T T 1 O : ‘ ‘
. 10 29 30 0 10 20 30
E c
e
©15 @ ,
5‘“ 1 | @ 3 “‘\
o X’
g y=0.366x+ 0.7613 E 2
0.5 R2=0.971 = = -0.8152x+ 2.7577
17 R2=0.874
0 T T 1 O T 1
0 0.5 1 1.5 0 0.25 1
log C, €

Fig. 10 Plots of a sorption isotherm of U(VI), b linearized Langmuir, ¢ linearized Freundlich, d D-R isotherm at pH 3.0 and 45.0 °C

(where m is larger than six, perhaps eight or nine), the
aqua complex, having m H,O molecules surrounding the
central metal ion, has a definite structure and the cloud of
water molecules (hydration shell) has another geometry
than the rest of the water [50]. A stronger hydration shell
will surround small metal ion, which has smaller radius,
than the metal ion with larger radius, so the adsorptivity
of an ion of larger radius is higher than small radius ion.
When it depends on the charge to size ratio; a large ratio
results in an increase in hydration energy, which means

that the hydrated ion prefers the solution phase, where it
may, satisfies its hydration requirements. Ions with lower
hydration energy prefer the INaAZHA phase. Table 9
shows that uranium has higher hydration energy than
thorium. This means that uranium exchange is more dif-
ficult at the INaAZHA surface.

According to Table 10 below we can note that the
adsorptivity for INaAZHA is higher than that of Ajloun
IHA and that of zeolite, but is lower than that for AZHA
and Jordanian bentonite.
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Table 7 Langmuir, Freundlich

and Dubinin-Radushkevich pH T (°C) Langmuir isotherm Freundlich isotherm D-R isotherm
(D-R) isotherms parameters for 7 Gm K 7 n Kr P B E Gm
Azraq INaAZHA adsorbents
towards Th(IV) 1 25 0924 11.236 0.044 0982 1.773 0939 0954 6990 0.267 5.818
35 0.990 12987 0.049 0977 1.678 1.045 0955 7.395 0.260 7.523
45 0978 20.833 0.043 0988 1558 1371 0916 5512 0.301 10.528
2 25 0978 14.124 0.106 0984 2458 2771 0.849 2.668 0.433 9.508
35 0938 16447 0.122 0960 2796 3902 0.811 1347 0.609 10.766
45 0994 21978 0.144 0990 2278 4475 0911 1383 0.601 15424
3 25 0.944 25316 0.146 0986 2576 5851 0887 0.711 0.703 15.518
35 0931 28.329 0.192 0978 2.623 7333 0918 0407 1.108 17.626
45 0.931 31949 0.199 0984 2539 8153 0.879 0281 1.334 19.020
Units for the parameters: K; (L mg’l), gm (mg g"), Ky L g"), B (mol2 kJ72) and E (kJ mol")
:sc?:gust)irlliiri%?g:;;hiree\/uizslICh pH T (°C) Langmuir isotherm Freundlich isotherm D-R isotherm
(D-R) isotherm parameters for > Gm K. 2 n K P p E Gm
Azraq INaAZHA adsorbents
towards U(VI) 1 25 0.967 8.197 0.067 0931 1931 0962 0981 8305 0.245 5.601
35 0.980 10.101 0.051 0979 1.786 0918 0938 7.658 0.256 6.044
45 0.993 10.753 0.055 0984 1.799 1.028 0947 6.740 0.272 6.593
2 25 0.967 17.544 0.088 0930 1946 2388 0970 4315 0.340 11.905
35 0968 18.182 0.099 0.937 2.052 2807 0956 3297 0389 12.528
45 0985 19.608 0.100 0.941 2.004 2917 0967 2973 0410 13.289
3 25 0.997 18.051 0.199 0974 2732 4875 0941 1416 0.594 14.055
35 0.990 19.305 0.208 0969 2722 5283 0926 1.129 0.666 14.944
45 0968 21.739 0.192 0971 2732 5768 0.874 0.815 0.783 15.753

Units for the parameters: K, (L mgfl), qm (mg gfl), Kr (L gfl), p (mol2 ldfz) and E (kJ mol ™)

Table 9 Chemical properties of Th(IV), and U(VI)

Metals Th(IV) Ul
Tonic radius (A) 1.19 0.97
Hydration energy (kJ mol™") —3332 —3958

Thermodynamic results

Thermodynamics parameters such as free energy (AG°®),
enthalpy change (AH°) and entropy change (AS°) were
estimated using the following equations:

AG® = —RT'n K4
InKyq = AS°/R — AH° /RT

(16)
(17)

where R is the gas constant (8.3145 J mol™! K™"), T is the
temperature in Kelvin and Ky is the thermodynamic dis-
tribution coefficient, which can be defined as follows:

Ky :CIe/Ce (18)

The In K4 was calculated from the intercept of In (g./C.)
versus ¢. as shown in (Figs. 11, 12) for example [51].

@ Springer

In order to understand the sorption involved in the
removal process. Thermodynamic functions for the system,
including changes in Gibbs free energy, enthalpy of sorp-
tion and entropy of sorption, were calculated (Fig. 13), as
shown in Table 11.

The Gibbs free energy indicates the degree of spon-
taneity of the sorption process, where more negative values
reflect a more energetically favorable sorption process [52].
The negative values obtained in this study for INaAZHA
confirm the feasibility of this adsorbent and spontaneity of
the sorption. At pH 1 we note AG® values are small and
positive, this indicates that the sorption is less favorable at
low pH, and sorption of metal ions by INaAZHA needs
small amount of energy to convert reactants into products
[53].

The positive values of enthalpy change AH® show that
the sorption of metal ions is endothermic. This means that
as temperature increase, the sorption capacity was
increased. This result agrees with results obtained in metal
ions uptake, Table 7 for thorium and 8 for uranium,
Langmuir parameter (g,), Freundlich constant (Kf), and
(¢'mvalues of D-R model. One possible explanation of the
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Table 10 Comparing adsorptivity (g, (mg gfl)) between Th(IV) and U(VI) ions at different pH and 45.0 °C on Ajloun IHA [10], AZHA [18],

Jordanian zeolite [22] and Jordanian bentonite [4]

pH  Th(dV) U(vI) Th(IV) AZHA/ U(VI) AZHA/ Th(V) Ul Th(IV) U(VI) Jordanian
Ajloun THA  Ajloun INaAZHA INaAZHA Jordanian Jordanian Jordanian bentonite
IHA zeolite zeolite bentonite

1.00 20.41 9.80 38.98 15.71 13.50 5.30 35.97 17.83

20.83 10.75
2.00 21.74 18.87 75.18 67.36 17.50 11.00 101.01 39.22

21.98 19.67
3.00 35.71 25.64 191.20 149.24 18.10 16.50 135.14 53.48

31.95 21.74

endothermicity of heats of sorption is that the metal ions
are well solvated. In order for the metal ions to be adsor-
bed, they have to lose part of their hydration sheath. This
dehydration process of the ions requires energy. This
energy of dehydration supersedes the exothermicity of the
ions getting attach to the surface [25].

The positive values of AS° show the increased in ran-
domness at the solid/solution interface during the sorption
process. Positive entropy of sorption also reflects the
affinity of adsorbent for metals used. The adsorbed water
molecules, which are displaced by the adsorbate species,
gain more translational energy than is lost by the adsorbate
ions, thus allowing the prevalence of randomness in the
system. Also, the dehydration of metal ions increases the
randomness of the system [54]. Then, the positive entropy
means that the sorption process increases the disorder of
the system and it is entropy driven.

These results agree with that obtained from the sorption
of Th(IV) and U(VI) ions by Ajloun IHA, but there is a
small difference between the AG®° values, where the values
that obtained by the sorption of the same metal ions on
Ajloun IHA are greater than that obtained in this study, this
means the sorption process on INaAZHA is more sponta-
neous and most energetically favorable than that on Ajloun
IHA [10].
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Fig. 11 Plot of In (¢./C.) versus g, for Th(IV) on INaAZHA at pH
3.0 and 45.0 °C
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Fig. 12 Plot of In (g./C,) versus ge for U(VI) on INaAZHA at pH 3.0
and 45.0 °C
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Fig. 13 Plots of In K4 versus 1/7T for thorium(IV) and uranium(VI) at
pH 3.0

The effect of pH

It is clear as pH increases, sorption increases. This is
noticed by the increased values of g,, with increasing pH,
the sorption isotherm at pH 3.0 show the highest ¢, value,
as we can see in Fig. 14 which represents the values of g,
for Th(IV) and U(VI) metal ions respectively at different
pH values. As the pH increases from 1.0 to 3.0 the degree
of dissociation of carboxylate groups increases and the
negative charge on INaAZHA increases, which will
increase electrostatic interaction with metal ions, and the
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Table 11 Thermodynamic

Functions for sorption of Th(IV) Metal ion pH AG® (kJ mol™}) AH® (kJ mol™!) AS° (J mol™ ! K71
and U(VID) by INaAZHA, these 1y 1y 1.00 1.34 20.54 64.26
values were calculated at
25.0 °C 2.00 —2.34 27.35 100.01
3.00 —-4.97 21.25 88.25
U 1.00 1.25 6.54 17.74
2.00 —1.40 13.73 50.75
3.00 -5.05 5.47 35.303
357 A initial concentration of 1000 ppm at room temperature
*Th=25 30 , (RT) and a flow rate of 0.50 mL min~'. The results are
R 2 expressed as percent metal uptake by the column and are
20 - % presented in 12.
Th=45 %15 n * We can note that the uptake capacities of the metal ions
u=25 10 X fall in the order; Th(IV) < U(VI), these results agree with
fU=35 5 that of batch experiments (Table 12).
U =45 0 - T w 1 However, the values of percent uptake for the metal ions
0 1 i 3 4 in column experiment are lower than those obtained in
p

Fig. 14 The pH dependence of ¢,,, pH 1.0, 2.0 and 3.0 at 25.0, 35.0,
and 45.0 °C for Th(IV) and U(IV)

active sites of INaAZHA become more exposed to metal
ion interaction.

Column experiments
Metal ion uptake by insolubilized Azraq humic acid
The investigation of metal ion uptake by the INaAZHA

using column experiments for Th(IV) and U(VI) were
determined at the optimum pH for each metal ion with

batch experiments at pH 3.00 and 25 °C, because in order
to achieve complete saturation, long contact time is
required. On the other hand, there is no mechanical shaking
associated with column technique, which decrease the
uptake of metal ions compared to batch experiments.

Desorption studies

Three different concentrations of nitric acid were used as
eluting agents (1.0 M HNO3, 0.5 M HNOs3, 0.1 M HNOy),
for the removal of metal ions, keeping the flow rate of
elution 0.50 mL min~'. The eluate was collected in five
portions, 10.0 mL for each portion; the results are
expressed as percent recovery and represented in Table 13.

Table 12 Metal ion uptake using column experiment at pH 3.00, and at RT

Metal ion Initial concentration Final concentration Loaded concentration Uptake mg metal ion g~ % Uptake
C; (mg L™h Cr (mgL7h (mg LY INaAZHA

Thorium(IV) 1000 572.4 427.6 10.7 42.8

Uranium(VI) 1000 595.8 404.2 10.1 40.4

Table 13 Desorption of Th(IV) .

and U(V]) ions from INaAZHA Eluting agent Thav) Utvh
HNO; 1.0M 05M 0.1 M 1.0M 05M 0.1 M
% Recovery first portion 34.1 27.8 25.7 37.5 29.7 274
% Recovery second portion 19.6 16.8 7.6 19.6 18.2 8.5
% Recovery third portion 12.0 8.1 5.6 13.3 9.1 5.6
% Recovery forth portion 9.2 7.5 4.8 8.3 7.8 4.7
% Recovery fifth portion 4.8 54 3.1 6.9 5.6 39
% Cumulative recovery 79.8 65.6 46.8 85.6 70.4 50.1
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This experiment aims to determine the capability of
INaAZHA regenerated for further uses. According to the
values of the % cumulative recovery, in Table 13 the trend
observed for eluting of metal ions from the INaAZHA is

1.0 M HNO; > 0.5 M HNO3 > 0.1 M HNO:s.

When concentration of HNOj is increased, desorption of
Th(IV) and U(VI) increased because nitric acid acts as
proton-exchanging agent. This agrees with the physical
sorption nature rather than a chemical one [22].

Conclusions

The present work has focused on the extraction insolubi-
lization, characterization, and sorption characteristics
toward Th(IV) and U(VI). The structure of the insolubi-
lized Azraq humic acid INaAZHA was confirmed by X-ray
diffraction, Fourier transform infrared spectroscopy, ther-
mogravimetric analysis, differential scanning calorimetry,
elemental analysis, and scanning electron microscope. The
sorption characteristics for Th(IV) and U(VI) ions from
aqueous solutions were examined under various experi-
mental conditions using both batch and column techniques.
The effective desorption for the metal ions was studied,
and the coefficient of recovery of sorption ability was also
investigated.
As a result the following points were concluded:

e INaAZHA showed a relatively high uptake for Th(IV),
and lower uptake for U(VI).

e The equilibrium for each metal ion on the surface of
INaAZHA occurs at 15 h to achieve maximum uptake
level.

e The metal ions sorption on INaAZHA is highly
dependent of pH, that is, the adsorbed metal ions
increased with increasing pH, and reached a maximum
at pH 3 for both metal ions.

e The thermodynamic parameters show that the sorption
process is favorable, and the sorption of metal ions is an
endothermic process.

e The activation parameters show that the mechanism of
sorption is associated mechanism, and indicate that
sorption process is physisorption one.

e The obtained sorption data showed fitting for Lang-
muir, Freundlich, Dubinin—Radushkevich sorption iso-
therm models with good correlation coefficients.

e A column packed with the INaAZHA has good metal
uptake properties toward metal ions, and followed the
order: Th(IV) > U(VI), at pH 3, RT. and flow rate of
0.50 mL min~".

e The efficiency of recovery of the metal ions after
sorption can be carried out by treatment of the loaded

INaAZHA with 1.0 M HNO;
recovery.

with good percent
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