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Abstract

Sorption of Gadolinium (III) by a novel microporous chelating resin Hp-8 from aqueous solutions is investigated in this

studyat different operating conditions. Characterization of Hp-8 was investigated. Solution pH hada dramatic influence

on the uptake in batch process. It was found that pH 2.5 was the best one at the present experimental set. The equilibrium

sorption data were fitted to different isotherm models and it is found that both Freundlich and D-R models were able to

accurately represent the findings. Based on the D-R isotherm data, the employed resin exhibited maximum adsorption

capacity of about 51 mg/g. The three thermodynamic parameters for the present process of adsorption were

estimated with values of enthalpy AH® = -4.473, an entropy AS°= -44.127 and Gibbs free energy AG° = -8.597, -

9.359, -10.063 at 298, 318, 328°K respectively. Regeneration studies showed that the present resin is effectively applied

for sorption of Gd(III) upto 5 cycles.
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1. Introduction

Numerous recent technologies as consumer

communications,  electronics, computers and
networks, sustainable energy, modern transportation,
healthcare, environmental mitigation andnational
security depend on Earth's crust contains rare earth
elements.Of these elements, gadolinium (Gd(III))is
considered as an essential one [1].Due to its unique

characteristics, gadolinium is particularly well suited

for essential tasks like neutron radiography and
reactor shielding [2]. As a contrast agent, it is applied
to tumours during neutron therapy and magnetic
resonance angiography operations. It can also
improve magnetic resonance imaging (MRI), aiding
in the treatment and detection of cancer [3].
Gadolinium is a rare earth element that is

frequentlyused in X-rays and bone density testing,
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contributing  significantly to modern medical
advancements [4]. It's also helpful in nuclear
technology for fabricating fuel elements, control rods,
refractory materials, ceramic industries, metallurgy
and serves as neutron poisonin reactors using heavy
water. When injected into the heavy water moderator
at a quantity of 15 g/ml during an emergency
shutdown and2 g/ml when the reactor is first started
[5]. Gadolinium (III) separation and purification are
essential for all of the above mentioned uses.
Utilizing organic chemical resin is one of the useful
methods for element separation along with a number
of other methods such as volatilization, liquid-liquid
extraction, precipitation/coprecipitation,
columnchromatography, cloud point extraction,
solvent extraction, nanofiltration and electrolysis [6-
18]. Ion exchange resins are broadly categorized as
chelating resins. Chelating groups and polymer
matrix make up the majority of it. Organic polymers
found in polymer matrix are insoluble but frequently
swell in water and a variety of organic solvents.

The most common cross-linked synthetic organic
polymers utilized as matrices are
styrenedivinylbenzenecopolymers.For the adsorption
of elements from solutions, chelating resin is offered
for batch and flow techniques [19].

This study aims to evaluate the performance of a
commercial microporous chelating resin for use as a
sorbent to Gd(III) using aqueous solutionswith
maximum adsorption capacity equal to 51mg/g.
(Madbouly HA et al, 2018) could separate
terbium(I1I) and gadolinium(III) from aqueous nitrate
medium using (TVEX-PHOR) with resin uptake
capacity (15.49 mg/g) for Gadolinium [20].Also
adsorption of Gadolinium from H>O and HCI
solutions on ion-exchange resin C100 was studied

with maximum adsorption capacity amounted to 1.2

+ 0.1 mmol g-1[21].
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The result of multiple variables (solution pH, initial
concentration and contact time) on sorption
efficiency is explored. Desorption studies for Gd
(IIT)-loaded resin and the thermodynamic parameters

of sorption process were calculated.

2. Experimental
2.1. Materials

The reagents used in this investigation were
ofanalytical reagent high purity, which meant they
didn't need to be purified any further. The working
solutions were prepared wusing distilledwater.
Theresin employed in this study is a kind of
crosslinking functional polymer material which can
form multi-coordination complex with metal ions. It's
a heavy metal chelating resin that removes heavy
metals from water and appears as a white globular
particle with water content 0f50.0-60.0%, granularity
range 0.4-1.20(mm) > 95.0%, wet visual density
0.75-0.85g/mol, sphericity>95.0%, skeleton density
0.8-1.0g/mol.

5200 mg/l gadolinium (III) ions stock solutionwas
made by dissolving the proper amount of gadolinium
oxide. After that, it was diluted to the preferred
concentrations then pH was adjusted as needed with
solutions of hydrochloric acid or sodium hydroxide.A
Shimadzu UV-visible spectrophotometer was used to
measure the amounts of the examined components in
the aqueous phase (model uv-160 1PC, Germen).
Gd(IIT) ions were standardized and
spectrophotometrically determined at 650
nmemployingArsenazo (III) technique at 25 °C and
pH 3.5 buffer solutions.The pH was adjusted format

buffer in presence of 1%ascorbic acid [22].
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2.2. Adsorption studies

The quantitative uptake of gadolinium by the
chelating resin was investigated using batch sorption
experiments. As analytical variables, pH, time,
temperature, sorbent/solution volume ratio (S/L), and
Gd(III) initial concentration have all been studied.
The removal percentage (Removal%) of Gd(III) was
determined by comparing the Gd(III) concentration in
the aqueous solution before and after the sorption
process at the equilibrium time t according to the
following relation[23]:

CO _Ce

Removal % = X 100 @8]
0

Co and C.for the initial
of Gd(II) in the

and equilibrium

concentrations solution, in
milligrams per litre, respectively. Based on difference
between equilibrium and Gd(III) initial concentration
along with (V) volume of the solution and (m) mass
of resin which have the wunits L and g,
respectively, Gd(III) amount sorbedq. (mg/g) was

determined as:

%4
ge = (C, — Co) X m (2)
On the other hand, Kqdistribution coefficient (ml/g)
was estimated using this equation [24]:

(Co_Ce) |4
—X_

K, =
a C, m

3)

3. Results and discussion

3.1. Characterization of Hp-8 resin
According to the examination of the principal

absorption spectra for Hp-8 resin shown in Fig. 1, the
resin has the following structure and composition:N-
H stretching of secondary amine that is indicated by
the big absorption peak at 3437.23 cm™!. The peak
at 2926.78 c¢cm ! shows C-H stretching ofalkane (-
CH3). The peak at 1722.44 cm'is a strong peak
shows C=O0 stretchingand the absorption bands
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from1044.31, 1168.49 and 1245.86 cm™ are clearly
attributed to the stretching and asymmetric vibrations

of the SOs-sulphonic group.
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Figure(1):FTIR spectra of Hp-8 resin before adsorption
of Gd(l11)

The TGA-DTA data diagram of the resinin figure (2)

were performed using nitrogen (flow rate, 20

mol/min) at a heating rate of 20° C/min.

According to the TGA curves in the current work,
there are three temperature ranges observed in which
the majority of the weight variations for Hp-8 resin
occur.at first there is weight loss about 5.87% at
112.87 to 242.12°C,
degradation with weight loss about 23.574% at

temperature then fast
temperature around 344.89°C leaving remaining mass
about 70.513% and finally complete degradation with
weight loss 42.004% at temperature higher than

502.73°C
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Figure (2): TGA-DTA for Hp-8 resin.
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3.2. PH Effect

Solution'sinitial pH has a significant impact on metal
adsorption because it controls resin's surface binding
site and aqueous charge distribution. For 50 mg/L Gd
(IT) initial concentration, pH effect on the adsorption
behaviour of the chelating resin was tested by altering
initial pH froml1 to 5 at 25°C. Data that obtained are
depicted in Fig. 3.

The figure represents that the percent of the removal
of Gd(IIl) is increased with pH, and removals are
almost completely achieved at a pH of 2.5. The
reduction in the sorption efficiency at the lower
studied pH values can be attributed to that H* and
Gd*" ions compete with one another to bind to the

functional groups of the resin.

Fig. 1 also shows that the final pH after adding the
resin to the metal ions solution is not affected much
and this is due to the fact of acidity of resin
groups.As a result, batch studies of the subsequent

experiments were carried out at an initial pH of 2.5.
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Initial pH

Figure (3): pH effect on the percent removal of 50 mg/I
Gd(l11) on the resin at room temperature and one day
of contact.

3.3. Adsorbent dosage effect

Figure (4),illustrates how the resin dose affects how
many Gd ions are taken up by the resin and how

much of them are removed from the solution.

The degree of metal adsorption was considerably
influenced by the resin dose used, as seen in the
figure, where the values of q. rose with increasing
adsorbent mass.For a change in resin dose from 0.01
- 0.1g, the removal percentage (% Gd) rose from

69.4% to 100%.

The percentage of gadolinium ions removed from the

aqueous media increased as the dosage of

micporousresin was increased because more sorption

sites became accessible for sorbent-solute interaction.

nal pH
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Figure (4): Adsorbent dosage effect on
Gd(I)sorptionwith the chelating resin at pH of 2.5
and25°C.

3.4. Effect of ionic strength

Na' ions are the dominant ions that present as
foreign ions in most of liquid waste of heavy metal
industries, so several experiments were carried out
where this ion at concentrations ranging from
5x10* to 1 mol/L. The remaining variables in
these studies were kept consistent, such as utilizing
S5mL of 50 mg/L gadolinium with 0.1 g resin at
room-temperature and one day contact time.The
obtained findings show that the sorption of
gadolinium decreases with Na* ions concentration
increase. The ability of Gd(III) and Na' to
compete on the resin may be attributed to the fact
that Na* has the smallest radius, the highest
affinity for the resin's surface, and has the greatest
susceptibility for chelation with the surface
groups of the resin. all that mentioned reduce the
quantity of ion interaction sites with Gd on resin

surfaces [25]
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Figure (5): Variation of the sorbed amount of Gd(111)
with ionic strength of the solution.

3.5. Initial concentration effect of Gd(111)

on adsorption process
It was also discovered that metal ionsinitial

concentration improved the capacity of resin to
remove metal at equilibrium.Gd(III) distribution
coefficients was found to substantially rise with the
change in metal ion concentration over the range of
50 to 500 mg/l, and as a result, the adsorption
until it  reached its

capacity  increased

(mg/g)

L
300

Gd intial concentrarion (ppm)

maximumecapacity (fig.6)

Figure (6): Effect of various concentrations of Gd(l11) with pH

2.5, contact time of one day
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3.6. Time effect on adsorption process

On the polymeric resin, sorption tests were performed
using an adsorbent dose of 0.l1g. The initial
adsorption of Gd(III) by resin was quite quick. The
vast quantity of vacant sites available during the
exchange's early phase may have contributed to the
initial quick phase. The quantity of Gd(III) adsorbed,
however, rises over time and stabilizes after about 22
hours. The quantity of Gd(III) adsorbed did not
significantly alter over time beyond the equilibrium
time. Thus, 22 hours were chosen for all further

research (fig.7).
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Figure (7): Contact timeeffect withGd concentration
50mg/l and pH :2.5.

3.6.1. Adsorption kinetics study

Data from the equilibrium were treated according to
four famous kinetic models in order to determine the
kinetics of Gd(III) adsorbed on the resin over time.
Frequently, the results of experiments using pseudo-
first-order Eq. (4), pseudo-second-orderEq.(5), the
intra-particle diffusion Eq. (6),and the Elovich model

Egypt. J. Chem. 66, No 9. (2023)

Eq.(7) are modelled to demonstrate the rate-limiting
step is either adsorption or diffusion[26].The
following equation represents the kinetic model of

Pseudo-first-order :

k
log(qe — ) =1084¢ — 5757 ¢ )

Pseudo-first-order adsorption rate constant is K1 in
(min), the quantity of ions of metal adsorbed at
equilibrium is qe, and the amount of ions adsorbed at
time (t) is q: . A linear relationship of Log(qe-qr)
versus (t) that can be used to calculate K; and qe
value from the slope and intercept respectively, and
has indicated that the actual results can be fit using
the kinetic model of pseudo first order.

The estimated adsorption capacity value (Qe) was
found to be more than the practically established
capacity. As a result of these findings, the kinetic
model of first order is inappropriate for the system
under consideration since it does not match the
experimental findings.

Even though the plot's straight lines indicate that the
model can explain the results of the experiment with
high correlation coefficients, the theoretical sorption
capacities, or qcthe calculated values for the
Gd(I)ions under consideration do not match qe
(experimental)values. Therefore, this may suggest
that the sorption of Gd(III) onto the resin does not
follow this model.

Compared with the equation of pseudo second order

that's described by:

t 1 1
= + —t 5
qt kaxqg de ©)

The pseudo second order adsorption rate constant is
K; in (g/mg.min) and the rate parameter is thus
determined by testing the plot's straight line of t/q;

versus t. It is evident that the experimental results and
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the computed values are in good accord. The kinetic
model of pseudo second order provides a better
explanation of the kinetics of Gd (III) ions adsorption
based on data analysis. As a result, it's possible that
gadolinium ions adsorption fits the pseudosecond
order kinetic model.Thus, the wvalues of
ge(expermintal) are more similar to qc(calculated).

In addition, table (1) demonstrate that R*(correlation
coefficient) for Gd(III) ions has a high value
very close to unity and indicate the data of the above

mentioned models' mathematical parameters.

Table (1): pseudo-first-order and pseudo-second-order
kinetic parameters for Gd(I11) sorption on the resin.

Pseudo first order Pseudo second order
reaction reaction
qe qe K RZ qe qe KZ RZ
Exp | Cal. | (g/m Exp | Cal. | (g/
.| (mg | g .| (mg | mg
(mg | /g) | min) (mg | /g) | min
/g) /g) )
25|18 | 000 | 09| 25 | 203 | 0.0 ] 0.9
032 | 80 34 | 99

6004

400

t/qt

2004

-200 0 200 400 600 800 1000 1200 1400
Time

Figure (8): Kinetics of pseudo-first order for Gd (111)
sorption on the resin: amount of resin 0.1g, conc. 50
ppm, pH 2.5.
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Figure (9): Kinetics of Pseudo-second order for Gd (111)
sorption on the resin. Amount of resin 0.1 g, conc. 50
ppm and pH 2.5.

To demonstrate the impact of intra-particle diffusion
on the rate of adsorption (Weber and Morris 1963) by
the third kinetic equation[27]:

q = kit® +¢C (6)

For the Weber-Morris intra particle diffusion kinetic
model, the plot of q; against t'? results in straight
(10).
For Gd(III) ions, the value of Kaqis determined by the

lines, as seen in figure
straight line’s slopethat is 0.07 mg/g min'?and C

(the intercept) is 0.15 mg/g. as in table (2).

Since R? is far from the unity, the kinetic
model of intra-particle diffusion cannot be applied to
Gd(II) ions and is not the rate-controlling step for
metal ions.. The boundary layer thickness decreases
as C decreases.

Additionally, the difference in the mass transfer rate
between the initial and final phases of adsorption may
contribute to the straight line deviation of from the
origin.The graphs were not straight across the entire
time period, showing that the adsorption was

impacted by many processes.

Elovich kinetic model is represented by:

1 1
q: = Elnab + Elnt (7)

1400
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The initial adsorption rate constant is (a) in
(mg/g.min) and the constant related to the extent of
metal ions surfacecoverage and adsorption process
activation energy for is b [28].

In figure (11), the plot of q; against Int results in a
straight relationship. Values of (a and b) for Gd ions
can be obtained from the slope and intercept
respectively. The previous tables (1,2) demonstrate
that the kinetic model of pseudo-second order have
greater correlation coefficient R? value than the first
models. The capacity

equilibrium  adsorption

predicted is also extremely similar to the
experimental value, suggesting that the kinetic model
of pseudo-second order is a better fit for the sorption
kinetics onto the resin. This implies that the phase of
rate-limiting in the metal ions
adsorptionprocesscontributes valance interactions by
donating or exchanging electrons in between Gd(III)
ions and the resin.

Table (2): Weber—Morris intra-particle diffusion and
Elovich models Kinetic parameters for Gd(Ill) ions

sorption.

The intraparticle Elovich model

diffusion model

Kad C R? a b R?
(mg/g | (mg/g) (mg (g
min'?) g' | mg-1)
min )
0.07 0.15 | 0.947 9.8 1.8 0.903

H L L L L L L L
5 0 5 10 15 20 25 30 35 40
t1 /z,min.

Figure (10): Intra-particle diffusion model for
Gd(111) adsorption onto the resin.
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Figure (11): Gd(111) adsorptionElovich kinetic model.

3.6.2. Adsorption isotherm study

A specific relationship between the adsorbed Gd
metal ions and its aqueous phase equilibrium
concentration was used to measure the resin
adsorption capacity under the given experimental
conditions of resin 0.1 g versus 50 mg/l Gd
concentrations for one day contact time at room
temperature and with pH adjusted at 2.5. The two
isotherms of Freundlich and Langmuir are that are
most frequently utilized. On the adsorbent surface, a
saturated monolayer of adsorbate molecules, where
constant energy of adsorption and zero adsorbate
transmigration occurs on the surface's plane, is what
the model of Langmuir defines as maximum
adsorption. The following formula gives a description
of it [29].

Ce 1 1

— = + — X ¢, (8)

¢ Q°  Q°
The solution equilibrium concentration in (mg/L) is

Ce, theadsorption capacity monolayer (mg/g) is Q°,
and the Langmuir constant relating to the metal
affinities of the binding sites is K. In figure (12)The

graph of C./q. versus C.of the investigated metal ions
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is shown. The Langmuir plot's linear regression fits
suggested that the Langmuir model is incompatible

with the experimental results.

When applied to heterogeneous adsorbent surfaces,
the Freundlich isotherm equation implies that the
sites of binding are either independent or equal [30].

Freundlich isotherm can be described by a common
form:

1
logq, = logK; + Elogc 9

Krand n represent the capacity of adsorption (mg/g)
and adsorption intensity respectively and the
Gadolinium amount adsorbed per unit mass of resin
is ge. A linear plot of log . against log c. yields Kr
and n as well.

The results supported the model of Freundlich
isotherms since R? for Freundlich isotherm is closer
to one than that for the model of Langmuir isotherm.
Also, the 1/n number typically based on the
distribution of active sites, the kind and intensity of
the sorption process, and these factors together. The
metal ion Freundlich isotherm's slope (1/n), as shown
in Table 3, is between 1 and 10, it has also shown a
preferential adsorption of Gd ions onto the resin,
demonstrating that the bond energy rises as surface
density does [31]. This demonstrated effective metal
ions adsorption on the resin.

The sorption capacity value q. (exp.) determined by
equations differs significantly from that deduced
from the Freundlich isotherm. This gap is caused by
the fact that Kiis the relative adsorption capacity that
indicates the selectivity order for gadolinium ions
under investigation. The apparent capacity (qc) is a
numerical representation of the resin's capacity
strength for Gd(III). Because of the straight lines
produced by the Freundlich isotherm, it is presumed

that the adsorption of active sites and interactions

Egypt. J. Chem. 66, No 9. (2023)

between sorbed molecules with a heterogeneous
energy distribution.

It is possible to distinguish between physical and
chemical adsorption using the
Dubinin_Radushkevich (DR) isotherm model's linear
form to better understand the nature of the adsorption

process [32].
Ing, = Ing, — Be?(10)

Whereqm the maximal theoretical monolayer
saturation capacity (mg/g).Dubinin- Radushkevich
model constant is B in (mol?® kJ-?) and the Polanyi
potential is € have the following formulas, which are
linked for each sorbed molecule's average free

adsorption energy:
1
e = RTIn(1 + =) 1y
Ce

The equilibrium concentration of adsorbate in
solution is Cecin (mol/L), general gas constant is R
(8.314 103 kJ mol' KV), and the absolute
temperature T (K). It is possible to determine the
values of gmax and B by evaluating intercept and slope
of the linear plot of Ing. against €2. The sorption mean
free energy, E in (kJ/mol), which is the change in free
energy needed to transport one mole of ions to the
solid surface from the solution, is linked to of B. As

stated, this relationship is:

1

(E)can detect the mechanism of the reaction.These
are somewhat below the standard indicated that a

physisorption mechanism, which is 8.0 kJ/mol.

In addition, this suggests that a physisorption process
is responsible for the interaction of the metal ions
with the resin's active sites. The impact of
temperature will contribute to the ultimate conclusion

[33].
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Table (3): The sorption of Gd(lll) with the (D-R),

Freundlich, and Langmuir parameters on the resin.

3
Langmuir model Freundlich D-R model o 06y
model sk o
b Q | R [ U] K [ R’ | gnm E R2
(L/m | (mg/ n | (mg/ (mg/ | (KJ/mo 0zr
g | 8 g g le) N
003 | 143 |05 1. | 01 | 09 | 509 7.07 0.9 M2 14 16 18 20 22 24 26 28 30
log C
7 73 |3 96 89 o
Figure (13):Plot of Freundlich isotherm for
Gd(I1T)metal ions adsorption ontheresin, weight of resin
0.1g, pH 2.5 at 25%
s . 30
25 .o
2}
20| ®
D5t
o
o £
‘g’ 10|
4' 05k
00 1 1 1 1
100 150 200 250 300 350
o e 2

Figure (12): Plot of Langmuir isotherm for Gd(l11)
metal ions adsorption on the resin, weight of resin 0.1g

,pH 2.5 at 25%
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Figure(14): Plot of D-R isotherm for Gd(l11) metal ions
adsorption on the resin, weight of resin 0.1g, pH 2.5 at
25%

3.6.3Adsorption thermodynamic study

It was investigated how temperature affected the
absorption of Gd(III) by adding 0.1g of the resin with
250 mg/L metal ions at temperatures 298 - 328° K at
pH 2.5, and 22hourscontact time(the previously

specified optimum conditions).
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In Fig. (15), as the temperature rises between 25 and
55°C, metal adsorption rises, which was shown as a
relationship between InK. and 1/T the absolute
temperature reciprocal, where K. is the constant of
sorption process's equilibrium.
The Gibbs free energy G (kJ/mol), the enthalpy H
(kJ/mol), and the entropy S (J/mol.K) of this system
were calculated using the following Vant Hoff
equation [34].

—AH AS

RT + R (13)

InK, =
The distribution coefficient is Kq in (mL/g), the
universal gas constant is R and equal (8.314 J/mol.K)
and T representstemperaturein (K). The equilibrium
constants' (InK.) plots against 1/T provides a linear
relationship with a slope (H/R) and intercept (S/R)
that can be used to determine AS°(J/mol/K), and
AH°(J/mol), while the Gibbs free energy, AG°

(KJ/mol), is calculated from the following equation:

AG = —RTInK. (14)

Table (4): Parameters of the thermodynamic system
forGd (I11) adsorption on the resin, amount of resin 0.1 g
and pH=2.5.

T AH(kJ/mol) | AS(kJ/mol | AG (kJ/mol)
(K) K)
298 -4.473 -44.127 -8.597
318 -9.359
328 -10.063

The tabulated results demonstrate that negative
change in enthalpy values declared the nature of
metal ions sorption is exothermic, but negative
entropy change values imply a decrease in the
reaction system's disorder and suggest the likelihood
of favourable sorption. Furthermore, The process'

spontaneity is revealed by the estimated negative

Egypt. J. Chem. 66, No 9. (2023)

values of the free energy change[35].For
physisorptionthe standard free energy changeAG
ranges from 20 -0 kJ mol"!, while for chemisorption;
it ranges from 80 - 400 kJ mol"'. The total AG for
Gd(III) in the current investigation ranges between -
8.597 and -10.063 kJmol! These findings
demonstrate that this system does not rely on external
energy sources and support a physisorption of the

gadolinium ions that happened spontaneously [36].

-3.40

-3.45 -

-3.55 -

In kd

-3.60 -

-3.65 -

-3.70 |-

3.0 3.1 3.2 3.3 34

1/T*1000

Figure (15): Ln Kavs 1/T of Gaddolinium(l11) sorption

upon the resin

“EaRT i the Arrhenius

The exponential factor e
equation determines the percentage of molecules with

energy equal to or greater than E,[37]:

Ea
K = Ae wr (15)

E. is the activation energy; frequency factor constant
or also known as pre-exponential factor or Arrhenius
factor is A. It illustrates the collision rate and the

percentage of collisions with the necessary

orientation for the reaction to take place.

The rate constant k has the same unit as A, and its

value fluctuates depending on the response sequence.
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According to the plot of  Arrhenius for the
adsorption, the activation energy is almost equal to 5
kJ/mol, which is within the energy range of 5—40
kJ/mol. According to the result, a counter ion
exchange mechanism is the type of adsorption onto
the resin. Once more, quick kinetic adsorption is

indicated by low activation energy [38].

3.7. Desorption studies

The metal ions' desorption efficiency allows the resin
to be reused and the metal to be recycled. Studies on
desorption and regeneration were also done to

investigate the possibility for pre-concentration.

After Gd(III) sorption by the resin, the sorbed metal
was subsequently desorbed using 5 ml of mineral
acid HCI ranging from 0.01 to 1 M. HCI, NaCl and
CaCl, solution at 25°C with a contact duration of one
day that's adequate to achieve desorption equilibrium.
At low pH levels, Gd is typically in the form of an
ion with a positive charge; however, at higher pH

levels, it starts to precipitate as hydroxide.

The use of HCI solutions increases the concentration
of protons since they have a positive charge at low
pH levels. Meanwhile, Gd in positively charged form
is more readily extracted by H, resulting in ion

transfer desorption of adsorbed Gd.

As a result,0.01 M HCI was shown to be an effective
desorbing reagent for eluting the adsorbed ions from
the resin with the greatest desorption efficiency of
nearly 100% towards Gd(III). The oxygen atom's
lone pair on the resin may be contributed to the
vacant Gd(III) atomic orbital in low acidic solution,

causing complexes with metal ions to form on the
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adsorbent surface. As a result, cationic form of metal
ions predominate in the acidic media, and the process

of elution is simple.

In other words, when adsorpedGd was treated with
0.01 M hydrochloric acid, adesorption process
occurred due to a competition between the metal ions
cationic form and H ions given by HCI solution,
resulting in H" occupying active sites. It has an effect
on the resin's ability to bind metals, and the majority
of Gd(III) returns to the solution. As a result, 0.01 M

HCl may be regarded as an excellent eluent for

Gd(III), and resin reuse is greatly increased.

The metal ions adsorption-desorption cycle was
performed more than three times using the same

beads to demonstrate the adsorbent's reusability..
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Figure(16):Desorption of Gd(I11)-loaded resinusing
different desorbing agents.

During repeated adsorption-desorption processes, the

resin's  adsorption capabilities did not vary

substantially. These findings indicate that the resin has

a high capacity for regeneration
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Figure (17): number of cycles forGd(l11)
adsorption with resin weight =0.1 g, pH
2.5 and temp. 0f25°C.

4. Conclusion

Hp-8 microporous chelating resin can be used as an
efficient and economical sorbent to remove Gd(III).
Itssorption came to an equilibrium in 22 hours. The
kinetic data showed that pseudo-second-order was
appropriate for this resin in the sorption of Gd ions.
Freundlich model was shown to accurately reflect the
sorption  equilibrium  from  the isotherm
investigations. From our findings there's a physical
adsorption between Gadolinium atoms and the resin's
bindingsites for several reasons as adsorption
occurred at low pH,The sorption mean free energy, E
calculated from D-R < 8 kJ/mol and AG values for
adsorption process 20-0kJ/mol . The sulphonate
group (the major group on the resin) binded
physically with Gadolinium atoms.

While the determined entropy change's negative sign
showed that the adsorption mechanism through

electrostatic contact between the adsorbent surface

Egypt. J. Chem. 66, No 9. (2023)

and the adsorbate species in the solution.
thermodynamic analysis suggested that the sorption
process is spontaneous and exothermic. According to
studies of desorption, the resin may be developed and
employed more than five times for further sorption
procedures, and a 0.01 M HCI solution can be used to
desorb Gd ions from the resin. The resin's maximum
sorption capacity was 2.5 mg per 0.1 g of resin at pH

=2.5.
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