
1944-3994/1944-3986 © 2019 Desalination Publications. All rights reserved.

Desalination and Water Treatment 
www.deswater.com

doi: 10.5004/dwt.2019.23917

* Corresponding author.

151 (2019) 403–413
May

Gum Arabic dialdehyde thiosemicarbazone chelating resin for removal 
mercury (II) from aqueous solutions

Adel A. El-Zahhara,b,*, Samir Bondocka,c, Mohammad Abu Haijad, Sherif M.A.S. Keshka,e

aDepartment of Chemistry, College of Science, King Khalid University, P.O. Box 9004, Abha 61413, Saudi Arabia,  
Tel. +966172418634; email: elzahhar@kku.edu.sa (A.A. El-Zahhar)
bNuclear Chemistry Department, Hot Labs. Center, Atomic Energy Authority, P.C.13759, Cairo, Egypt
cChemistry Department, Faculty of Science, Mansoura University, Mansoura 35516, Egypt
dDepartment of Chemistry, Khalifa University of Science  and Technology, SAN Campus, PO Box 2533, Abu Dhabi, UAE
eDepartment of Basic Science, Institute of Environmental Studies and Research, Ain Shams University, Abbassia, Cairo, Egypt

Received 22 September 2018; Accepted 3 February 2019

a b s t r a c t
In continuation of our efforts to explore the application of a modified natural polymer to 
remove toxic heavy metals from aqueous solutions, Gum Arabic (Gum acacia [GA]) dialdehyde 
phenylthiosemicarbazone (GAD-PTSC) chelating resin was prepared through the oxidation of GA 
followed by a reaction with 4-phenylthiosemicarbazide (PTSC). The structural functionalities, sur-
face morphologies, and thermal stabilities of the resultant adsorbent resin were characterized 
using Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and 
thermo-gravimetric analysis. The chelating behavior of the obtained resin with mercury (Hg (II)) 
in aqueous solution was studied using the batch technique. The adsorption and the kinetic models 
were adopted to calculate the kinetic and thermodynamic parameters of the adsorption process. The 
removal percentage of Hg (II) ions on GAD-PTSC reached 97% at pH 5.5, and the maximum adsorbed 
amount of Hg (II) was found to be 120 mg g–1 at pH 5.5. The experimental results complied with the 
second-order kinetic model supporting chemical adsorption with calculated maximum adsorption 
capacity of 122.10 mg g–1. The Langmuir isotherm model showed good fitting with the experimental 
results with maximum adsorption capacity of 133.33 mg g–1.

Keywords:  Gum Arabic dialdehyde phenylthiosemicarbazone; Hg(II); Adsorption; Kinetics; 
Thermodynamics

1. Introduction

The presence of mercury (Hg) in water and environment 
is a serious threat to human health. Generally, mercury 
is introduced to water and environment as a by-product 
of different industries, such as batteries, alloys, and 
chemicals [1]. Mercury is known to highly toxic and 
affects the neurological and the renal system [2]. Different 
approaches were studied for decontamination and removal 
of pollutants. Phytoremediation process as an effective and 
eco-friendly procedure was studied and showed considerable 
efficiency for soil and water treatment [3]. Activated carbon 

derived from Spirogyra species was utilized for lead (II) 
removal from aqueous solutions and showed experimental 
removal efficiency of 96.6% [4]. The parameters controlling 
the adsorption of lead (II) ions were studied and optimized. 
Siva Rajasekar studied the adsorption of copper (II) ions in 
aqueous solutions using bio-sorbent material based on the 
activated carbon derived from rubber tree sawdust [5]. The 
adsorbent dose, solution pH, metal ion concentration and 
other affecting variables were studied.

The decontamination of mercury from water and 
wastewater has attracted significant attention. Several 
separation techniques, such as precipitation, reverse osmosis, 
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ion exchange, electrodialysis, membrane filtration, and 
adsorption with chelating resins, have been proposed for 
the removal of heavy metal ions from aqueous solutions. 
Chelating resins are considered as one of the most used mate-
rials as adsorbents due to their ease of application and high 
selectivity and recyclability [6–8]. Different chelating resins 
have been prepared for the separation of heavy metal ions 
from aqueous solutions [9–14]. The chelating of mercury is 
considered of high importance [15–21]. Where, the selec-
tive decontamination and preconcentration of heavy metals 
including mercury have been studied using different che-
lating resins, such as amidoxime, magnetic chelating resins, 
polymeric resins, and composite resins [22–29]. Sulfur- and 
nitrogen-based chelating resins have been potentially used 
as donor atoms for the selective chelation with transition 
metals [30]. The chelating resins have been used in the sep-
aration of heavy metal ions from aqueous solutions with 
higher selectivity in the presence of alkali and alkaline earth 
metal ions [31]. Gum acacia (GA) is a heterogeneous polysac-
charide and can be obtained from Acacia senegal var. senegal 
trees. GA consists of β-(1–3) linked galactose residues with 
branches linked at 1, 6 positions, and arabinose, rhamnose, 
and glucuronic acids which are in the ramified side chains 
[32]. The wide use of GA for the decontamination of water 
is due to its high solubility, good emulsifying characteristics, 
and low viscosity as compared with other polysaccharides 
[33]. Moreover, thiosemicarbazones and their metal com-
plexes are also potential candidates for the removal of heavy 
metal ions from aqueous solutions due to their excellent 
biological activities, analytical uses, and remarkable chemi-
cal and structural properties [34]. The outstanding chemical 
and structural characteristics of thiosemicarbazide are due to 
the condensation of different carbonyls as well as through 
the alkylation of various parts of thiosemicarbazide moiety. 

Furthermore, the biological activity of thio-semicarbazones 
depends on the chemical nature of the moiety attached to the 
CS carbon atom [35]. In this study, we have synthesized and 
developed novel Schiff’s base through condensation reaction 
of dialdehyde GA with phenylthiosemicarbazide to produce 
the novel chelating compound Gum Arabic dialdehyde- 
phenylthiosemicarbazide (GAD-PTSC). The obtained chelat-
ing Schiff’s base GAD-PTSC was characterized using FTIR, 
SEM-EDX and thermo-gravimetric analysis (TGA) to deter-
mine the structural characteristics, surface morphology, ele-
mental content and thermal stability. The prepared Schiff’s 
base GAD-PTSC was studied for removal of Hg(II) from 
aqueous solutions for the first time. Different parameters 
affecting the uptake of Hg(II) were studied as: contact time, 
pH, temperature, and metal ion concentration. Furthermore, 
the adsorption kinetics, isotherms, thermodynamics and 
mechanism were studied.

2. Materials and methods

2.1. Materials

Gum Arabic (GA) powder, potassium periodate, and 
HgCl2 were purchased from Sigma Aldrich. All chemicals 
were used as received without further purification.

2.2. Preparation of Gum Arabic 2, 3-dialdehyde (2, GAD)

In a solution of GA (1 g, 0.0055 mole) and 200 mL warm 
distilled water (DI), KIO4 (1.5 g, 0065 mole) was added por-
tion wise with stirring for 15 min, and the resultant solution 
was kept in dark and stirred for 24 h (Fig. 1). The reaction was 
quenched by 5 mL ethylene glycol to remove unreacted KIO4. 
The solution was then centrifuged at 6,000 rpm for 15 min, 
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Fig. 1. Synthetic rout for the synthesis of Gum acacia dialdehyde-2,3-bis (4-phenyl thiosemicarbazone).



405A.A. El-Zahhar et al. / Desalination and Water Treatment 151 (2019) 403–413

and the collected supernatant solution was treated with ace-
tone in a 1:4 ratios to precipitate Gum Arabic 2,3-dialdehyde 
(2, GAD). The obtained GAD was dissolved in 250 mL DI and 
again re-precipitated by the addition of acetone. This process 
was repeated five times, and the final resultant GAD precipi-
tate was freeze-dried and powdered.

2.3. Preparation of Schiff’s base

Gum Arabic dialdehyde-2, 3-bis (4-phenylthiosemicarba-
zone) (4, GAD-PTSC) was prepared through the following 
procedure: in a solution of GAD (0.35 g, 0.002 mole), 4-phen-
ylthiosemicarbazide (PTSC, 0.668g, 0.004 mole), 30 mL etha-
nol, and 0.1 mL concentrated hydrochloric acid (HCL) was 
added (Fig. 1).

The mixture was then heated under reflux for 4 h and 
cooled down to room temperature. The obtained pale-yellow 
powder of GAD-PTSC was collected by filtration, washed 
well three times with diluted ethanol, and dried under 
vacuum.

2.4. Characterization of the Schiff’s base

Fourier-transform infrared spectrometer (FTIR; NICOLET 
6700 Thermo Scientific) was employed to record the infrared 
spectra of GAD and GAD-PTSC using the pressed KBr discs. 
In order to observe morphologies of GAD and GAD-PTSC, 
scanning electron microscope (SEM-FEI; Quanta 200) was 
adopted. The samples were coated with gold prior to the 
SEM analysis. The thermal stability of the prepared resin was 
analyzed using the Shimadzu TGA-50H thermal analyzer. 
The sample (10 mg) was heated in a platinum crucible in 
the temperature range of 25°C– 600°C with a heating rate of 
10°C/min under nitrogen atmosphere.

2.5 Metal ion adsorption using the batch method

Batch experiments were performed to study the removal 
of Hg (II) ions by GAD-PTSC. In 100 mL stoppered bottles, 
0.05 g GAD-PTSC was added to 50 mL Hg (II) solution with 
a concentration of 100 mg L−1 at pH 6, and the resultant 
solution was kept at 25°C for 3 h. However, in order to study 
the adsorption isotherm, the initial concentration of metal 
ions was investigated in the range of 10–200 mg L−1. In the 
thermodynamic study, the concentration of metal ions was 
120 mg L−1. Moreover, in order to study the influence of pH, 
the values of pH were in the range of 1–6; for the investigation 
of temperature effect, the temperature of the solution was 
extended between 25°C and 50°C; and for the study of kinetic 
behavior, the time of contact was changed from 5 to 120 min. 
All bottles were shaken by a thermostat shaker at 150 rpm. The 
resultant GAD-PTSC was taken, and the amount of residual 
metal ions in the solution was determined by the spectro-
photometric method using (ethylenediaminetetraacetic acid) 
solution and (4-(2-pyridylazo)-resorcinol) indicator. The 
adsorption rate and the adsorbed amount of Hg (II) ions were 
calculated as below:

Adsorption% 0

0

=
−
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where Co and Ce are the initial and equilibrium Hg (II) 
concentrations, qe is the equilibrium adsorption capacity 
(mg g−1), W is the resin weight (g), and V is the solution 
volume (L). The Hg (II) uptake was considered as a 
function of pH and varied around 3–8 with an initial Hg 
(II) concentration of 10 mg L−1. Adsorption equilibrium 
parameters were calculated as a function of temperatures 
(15°C, 25°C, 35°C, and 45°C). The initial Hg (II) concentration 
was between 0.1 and 250 mg L−1. The effect of Hg (II) uptake 
was studied by shaking a predetermined amount of dry resin 
in aqueous solutions with different Hg (II) concentrations 
at pH 2. After reaching the equilibrium, the concentration 
of residual Hg (II) ions was determined. The Langmuir and 
Freundlich adsorption isotherm models were applied to the 
obtained experimental results, and the isotherm parameters 
were calculated.

2.6. Regeneration of the depleted resin

The regeneration of the Hg (II) loaded resin was 
performed by 0.5 M HCl solution as Hg(II) releasing 
solution. The saturated GAD-PTSC sample was mixed with 
50 ml of HCl solution for 30 min. The regenerated samples 
were washed by distilled water many times and reused 
in repeated adsorption cycles, and the efficiency of the 
regenerated resin was determined.

3. Results and discussion

3.1. Characterization of the prepared resin

The FTIR spectra of GA, GAD, GAD-PTSC, and GAD-
PTSC-Hg (II)) are displayed in Fig. 2. The peaks of GA 
at 3412, 2931 and 1608 cm–1 denote–OH stretching, –CH2 
stretching [36], and C-O asymmetric stretching vibrations, 
respectively. The absorption band at 1420 cm–1 denotes the 
wagging vibrations for CH and –CH2 [37]. It can be ascribed 
to the skeletal motion of carbon rings. The absorption band 
of C–O–C linkage appeared at 1073 cm–1, and the peak at 
603 cm–1 can be attributed to C–H out-of-plane bending 
vibration. The changes in GA structure after the periodate 
oxidation were detected in the form of new absorption 
bands at 1728, 1046 and 757 cm–1 owing to C=O stretching, 
C–O–C stretching, and C–H out-of-plane bending vibrations, 
respectively. These bands also support the presence of hemi-
acetal and hydrated bonds between the aldehyde and the 
hydroxyl groups. It is worth noting that these characteristic 
peaks of GAD were also detected by Stefanovic et al. [38]. 
The FTIR spectrum of GAD-PTSC exhibited a new absorp-
tion band at 1616 cm–1 for the azomethine group (C=N). The 
strong peak at 1719 cm–1 represents the residual unreacted 
aldehyde group. The absorption bands at 1598, 1540, 1319, 
1258, 753 and 694 cm–1 are the characteristic peaks for C=C 
stretching, C=S stretching, and C–H out-of-plane bending 
vibrations, respectively. The absorption bands of C=N and 
C=S (two coordination sites) appeared at 1600 and 1317 cm–1, 
respectively. It is noticeable that these two peaks were 
slightly shifted to lower wave numbers with a decrease in the 
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intensities; this feature confirms that GAD-PTSC behaves as 
an N, S- bidentate ligand.

The surface morphologies of GAD and GAD-PTSC 
samples were characterized by SEM, and the micrographs 
were recorded at different magnifications (Fig. 3). It was 
observed that the GAD-PTSC particles were smaller in size as 
compared with the GAD particles. It is evident at high mag-
nifications that the surface of GAD-PTSC was more porous 
than GAD, which facilitates the access of Hg (II) ions to the 
inside of GAD-PTSC particles.

Fig. 4 compares the SEM images of GAD-PTSC before 
(Figs. 4(a) and (b) and after (Figs. 4(c) and (d) Hg (II) adsorp-
tion. After Hg (II) adsorption, the GAD-PTSC particles were 
arranged as flakes. Moreover, the surface of GAD-PTSC 
after adsorption was smoother as compared with the surface 
before adsorption; it can be attributed to the complexation 
between Hg (II) and GAD-PTSC.

The results of EDX analysis are presented in Table 1. 
The major elements for GAD were carbon (58.5 wt%) and 
oxygen (41.5 wt%), whereas GAD-PTSC contained carbon 
(63.4 wt%), oxygen (20.3 wt%), nitrogen (4.2 wt%), and sulfur 
(12.1 wt%). The EDX analysis for GAD-PTSC-Hg showed 
that the percentage of Hg in the sample reached 4.85% which 
confirms the adsorption of Hg on GAD-PTSC-Hg.

The TGA curves of GAD and GAD-PTSC samples 
manifest the mass losses in the temperature range of 25°C and 
600°C (Fig. 5). The total weight loss for each sample was about 
80%. The characteristics of the TGA curves for both samples 
signify a homogenous composition. The first thermal weight 
loss step involves the removal of absorbed water molecules 
was completed before 200°C. This step reflects the gradual 
dehydration of the sample [39]. The second step completed 

before 300°C involves the removal of crystalline water and 
then the decomposition of hydrocarbons. Unlike the GAD 
sample, the TGA curve of GAD-PTSC exhibited an extra 
weight loss step between 300°C and 500°C; this step involves 
the elimination of phenylthiosemicarbazone groups.

3.2. Metal ions uptake

3.2.1. Effect of pH on adsorption

The variation in pH of the solution has a significant 
effect on resin selectivity and adsorption capacity [40]. The 
adsorption of Hg (II) ions on GAD-PTSC at different pH 
values is displayed in Fig. 6. It can be seen that the maxi-
mum removal rate of Hg (II) ions from aqueous solutions 
was obtained at pH 4.5–5.5, which could be attributed to the 
complexation process between Hg (II) ions and the active 
groups of GAD-PTSC. However, the decrease in pH led to the 
protonation of functional groups, that hinders the reaction 
between Hg (II) ions and GAD-PTSC resin [41].

The removal percentage of Hg (II) ions on GAD-PTSC 
reached 97% at pH 5.5. The mechanism of Hg (II) adsorption 
could be explained by the formation of a complex between 
Hg (II) ions and the deprotonated functional groups, such 
as thiol-groups, of PTSC units. The release of H+ ions was 
observed by noticing the decrease in final pH value. The FTIR 
spectra of GAD-PTSC before and after the adsorption of Hg2+ 
are displayed in Fig. 2. The presence of strong peaks at 1620 

Fig. 2. FTIR spectra for GA, GAD, GAD-PTSC, and 
GAD-PTSC-Hg.

(a) (b)

(c) (d)

(e) (f)

Fig. 3. SEM micrographs for GAD (a) – (c) and GAD-PTSC (d)–(f).
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and 740 cm–1 indicates the C=N and C-S bonds, respectively. 
The disappearance of the peak at 1300 cm–1, which corre-
sponds to C=S, proves the adsorption of Hg (II) on GAD-
PTSC resin [42].

The surface charge was studied as the ζ potential within 
the pH range of 2−9.5. The pHPZC of the GAD-PTSC resin 
refers to pH value at which the charge density on the par-
ticle surface is zero; as the positive and negative charges are 
equivalent due to proton equilibrium. The isoelectric point 
for GAD-PTSC resin was found to be 5.5. This finding indi-
cates that the resin surface was negatively charged at pH 
higher than 5.5 have and positive surface at lower pH than 
6.5. This explain the increased adsorption of Hg (II) with 

increasing pH as the active groups of GAD-PTSC (hydroxyl 
group, carbonyl group and amino group) deprotonated with 
increasing the solution pH and turned negatively charged.

3.2.2. Effects of temperature and adsorption thermodynamics

The adsorption of Hg (II) on GAD-PTSC resin was 
investigated at different temperatures (25°C–50°C); and it 
was found that the adsorption decreased with the increas-
ing reaction temperature (Fig. 7). Different thermodynamic 
parameter, such as Gibbs free energy change (ΔG°), enthalpy 
change (ΔH°), and entropy change (ΔS°), were calculated 
from the plot of lnKc vs. 1/T (Fig. 7), and the obtained results 
are depicted in Table 2. The thermodynamic parameters were 
calculated by Eq. (3).

kc = qe/Ce (3)

where qe is the adsorbed amount of solute on the solid resin 
at equilibrium (mg g–1) and Ce is the concentration of Hg (II) 
ions in solution at equilibrium (mg L–1).

The free energy change for adsorption (ΔG°) of Hg (II) 
ions on GAD-PTSC was calculated using Eq. (4).

(a) (b)

(c) (d)

Fig. 4. SEM micrographs for GAD-PTSC (a) and (b), and GAD-PTSC-Hg (c) and (d).

Table 1
The EDX elemental analysis (weight%) of GAD, GAD-PTSC and 
GAD-PTSC-Hg

Samples C O N S Hg

GAD 58.5 41.5 – – –
GAD-PTSC 63.4 20.3 4.2 12.1 –
GAD-PTSC-Hg 38.42 34.14 20.68 1.90 4.85
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ΔG° = RTlnkc (4)

The standard enthalpy change (ΔH°) was calculated by 
Eq. (5).

ln k S
R RTc =
∆ °

−
∆ °H

 (5)

where R is the universal gas constant (8.314 J/mol K).
The calculated thermodynamic parameters are presented 

in Table 2. The negative value of ΔG° reflects a spontaneous 
and favorable reaction, whereas negative value of ΔH° 
implies that the adsorption reaction is exothermic in nature.

3.2.3. Effect of contact time

The adsorption of Hg (II) on GAD-PTSC resin was 
studied at different contact time periods to determine the 

time necessary for achieving the equilibrium. The results 
in Fig. 8 reveal that the adsorption rate initially increased 
with time, thus reflecting a fast adsorption reaction 
between functional groups of GAD-PTSC resin and Hg 
(II) ions. However, the adsorption rate became slow after 
30 min. Therefore, the contact time necessary for reaching 
equilibrium between Hg (II) ions and GAD-PTSC was 
found to be 30 min.

(a) (b)

Fig. 5. TGA plots of GAD (a) and GAD-PTSC (b) samples heated at 10°C/min under nitrogen atmosphere.
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Table 2
Thermodynamic parameters for the adsorption of Hg2+ on 
GAA-TSC resin

Temperature 
(K)

kc ΔG° 
(kJ/mol)

ΔH° 
(kJ/mol)

ΔS° 
(J/mol)

298 52.98 –9.835 –48.136 –128.767
318 25.79 –8.592
328 15.64 –7.498
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3.2.3.1. Adsorption kinetics Different kinetic models were 
applied to the obtained results to describe the adsorption 
mechanism. The kinetic models correlate the adsorbed 
amount of ions with time. Lagergren presented Eq. (6) for 
pseudo-first-order reactions [43]:

dq
d

k q qt

t
e t= −1( )  (6)

where qe and qt are the ion concentrations in the solid phase 
at equilibrium and at time t respectively, and k1 is the model 
constant (min−1). After integrating Eq. (6) with the boundary 
conditions (qt = 0 to qt = qt and t = 0 to t = t), the linear form 
(Eq. (7)) was obtained.

1 11

q
k
q t qt e e

= +  (7)

The rate constant k1 was determined from the plot of 
1/qt vs. 1/t, (Fig. 9(a)), and the value of qe was calculated from 
the intercept. The model variables along with the coefficients 
are presented in Table 2.

The plots in Fig. 9(a) manifest a linear fit with the 
correlation coefficient (R2 of 0.991), and the values of k1 and qe 
were found as 5.64 min–1 and 141.04 mg g–1, respectively. The 
calculated value of qe confirms that the studied kinetic model 
did not fit the experimental results.

The second-order kinetic model, which describes the 
chemical adsorption, can be expressed as [44]:

dq
d

k q qt

t
e t= −2

2( )  (8)

where k2 is the model constant (g (mg min)–1). After 
integrating Eq. (8) with the boundary conditions (qt = 0 to 
qt = qt at t = 0 to t = t), Eq. (9) was achieved.

t
q k q

t
qt e e

= +
1

2
2  (9)

The model variables were calculated from the plot of 
t/qt vs. t (Fig. 9(b)). The plot shows a linear relation, while 
the model parameters with the correlation coefficient R2 are 
presented in Table 3.

The results in Table 3 confirm that the adsorption of 
Hg (II) on GAD-PTSC fits the pseudo-second-order kinetic 
model [45].

The values of correlation coefficient R2 and adsorption 
capacity qe for the second-order kinetics model were 0.9999 
and 122.1 respectively. Which indicates the favored chemical 
adsorption process. As the value of R2 is near to unity, the 
current result agrees with the previous study on the adsorption 
of Hg (II) on thiosemicarbazide functional materials [42]. It 
could be inferred that a five-membered ring could be formed 
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through the complexation between Hg (II) and GAD-PTSC, 
hence, supporting the formation of chelates [46].

3.2.4. Isothermal studies

3.2.4.1. Effect initial metal ion concentration The 
adsorption of Hg (II) on GAD-PTSC was studied at different 
metal ion concentrations (within the range 10–200 mg L–1). 
The adsorbed amount of Hg (II) against the initial Hg(II) ion 
concentration is presented in Fig. 10. The obtained results 
revealed that the adsorbed amount of Hg (II) on GAD-PTSC 
firstly increased with the increasing ion concentrations 
then reached a steady value. This finding could be due to 
the saturation of the resin active sites with increasing the 
concentration of ions competing on the active groups. The 
adsorption isotherm studies were performed to investigate 
the adsorption mechanism. The Langmuir and Freundlich 
isotherm models were applied to the obtained experimental 
results. The Langmuir isotherm model can be expressed as:

C
q K

C
q

e

e L

e= +
1

max
 (10)

where qe and Ce are the equilibrium adsorption capacity 
(mg g–1) and the equilibrium metal ion concentration 
(mg L–1) in solution, respectively, qm is the maximum 
adsorbed amount of Hg (II) on GAD-PTSC (mg g–1), and KL 
is the Langmuir constant (L mg–1). The Langmuir isotherm 
model describes a monolayer adsorption at homogeneous 
sites on the adsorbent surface. The Langmuir isotherm plot 
is illustrated in Fig. 11(a), and the model parameters are pre-
sented in Table 4. The Langmuir isotherm model assumes 
that all adsorption sites are energetically identical and the 
binding force decreases with increasing the distances of the 
adsorbates from the adsorbent surface.

The Freundlich isotherm model assumes that adsorption 
occurs at multilayer on heterogeneous surfaces and energetically 
at different sites, and it can be expressed using Eq. (11).

ln ln lnq k
n

Ce f e= +
1

 (11)

where Kf and n are the sorption capacity and the sorption 
intensity constants, respectively. The Freundlich plot is 
illustrated in Fig. 11(b), and the calculated model parameters 
are presented in Table 4.

It is evident from Table 4 that the Langmuir 
isotherm model fitted well (R2 > 0.999) with the 

Table 3
The variables of kinetic models for adsorption of Hg (II) onto 
GAD-PTSC

Kinetic model Parameters R2

Pseudo first order k1 = 5.64
qe =141.04

0.991

Pseudo second order K2 = 3.60 × 10–3

qe = 122.100
0.9999
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Fig. 10. Effect of initial Hg(II) concentration on the adsorbed 
amount onto GAD-PTSC; adsorbent dose 0.1 g/100 mL, 
temperature 25°C, and pH 6.
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411A.A. El-Zahhar et al. / Desalination and Water Treatment 151 (2019) 403–413

experimental results as compared with the Freundlich 
isotherm (R2 > 0.978), suggesting a monolayer adsorption. 
The maximum adsorption of Hg (II) on GAD-PTSC was 
found from Langmuir model as 133.33 mg g–1, reflecting a 
high affinity of GAD-PTSC toward Hg2+.

The separation factor constant (RL) was calculated to 
determine the suitability of the process for the removal of Hg 
(II) from aqueous solutions. If RL > 1.0, the process is unfavor-
able; if RL = 1, the process is linear (0 < RL < 1) and favorable; 
and if RL = 0, the process is irreversible [46]. The values of RL 
were calculated using Eq. (12).

R
C KL

L

=
+

1
1 0

 (12)

where KL is the Langmuir equilibrium constant and Co is the 
initial Hg (II) concentration (10–200 mg L–1). The values of RL 
were found in the range of 0 and 1, confirming a favorable 
and suitable process for the removal of Hg (II) from aqueous 
solutions. Based on the aforesaid results, the GAD-PTSC-Hg 
(II) chelating mechanism is depicted in Fig. 12.

3.2.5. Recycling of depleted resin

The regenerated resin was studied in repeated adsorption 
cycles. The regenerated resin showed efficiency of 92% and 
91% after the first and second adsorption cycles respectively. 
This finding helps in reducing the decontamination process 
cost as the usage of depleted resin could save the materials 
synthesis cost.

3.2.6. Comparing the adsorption capacity with different 
studies

In Table 5 the maximum adsorption capacity of Hg (II) 
using different adsorbent materials are presented compared 
with GAD-PTSC. It could be revealed that the adsorption 
capacity of Hg (II) onto GAD-PTSC is potentially encouraging.

Table 4
Isotherm model parameters for adsorption of Hg (II) onto 
GAD-PTSC

Kinetic model Parameters R2

Langmuir KL = 129.87
qmax =133.33

0.9996

Freundlich Kf = 53.69
n = 1.886

0.978
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Fig. 12. Gum acacia dialdehyde-2,3-bis (4-phenylthiosemicarbazone)-mercuric complex.

Table 5
Comparison of maximum adsorption capacity of various 
adsorbents for Hg (II) ions

Adsorbent Maximum 
adsorption 
capacity (mg g–1)

References

Magnetic zirconium 
phosphate

181.8 [47] 

Polyaniline-Zr(IV) 
phosphoborate

153.8 [48] 

Starch/SnO2 
nanocomposite 

192 [49] 

Gum Arabic dialdehyde 
phenylthiosemicarbazone

133.3 This work

Ti(IV) iodovanadate cation 
exchanger

21.38 [50] 

Buckwheat hulls 82.1 [51] 
Alizarin red-S-modified 
amberlite IRA-400 resin

303.03 [52] 

Nickel ferrite bearing 
nitrogen-doped 
mesoporous carbon

476.2 [53] 
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4. Conclusion

In this research, a novel chelating adsorbent GAD-PTSC 
was synthesized for the removal of Hg (II) from aqueous 
solutions. The maximum adsorption of Hg (II) at 25°C was 
found as 125 mg g–1 at pH 5.5. The adsorption of Hg (II) 
ions on GAD-PTSC followed a pseudo-second-order kinetic 
model with k2 = 3.60 × 10–3, qe = 133.10 with a correlation coef-
ficient of 0.999. The Langmuir adsorption isotherm model 
also showed good fitting with the experimental results with 
maximum adsorption capacity of 133.33 mg g–1 and correla-
tion coefficient of 0.999, confirming the presence of chemical 
interaction between Hg (II) and GAD-PTSC.
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