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A novel chelating resin, chloromethylated polystyrene beads (PS-Cl) 2-Amino-1,3,4-thiadiazole (PS-ATD), with a 

efficient methodology was synthesized simply by the reaction of chloromethylated polystyrene with 

2-Amino-1,3,4-thiadiazole. The effects of reaction parameters of PS-ATD resin (reaction solvent, reaction temperature 

and molar ratio of reagents and different time) were monitored to specify the best synthesis conditions. The functional 

group capacity (the content of the functional group) and the percentage conversion of the functional group of PS-ATD 

resin prepared under the optimum conditions were 3.65 mmol g-1 and 88.6%, respectively. The structure of PS-ATD 

resin was characterized by elemental analysis, FTIR, TGA, SEM, and energy dispersive X-ray spectroscopy (EDS).  

Meanwhile, the adsorption properties of the resin for Pt(IV) were investigated by batch and column experiments. The 

results suggested that the resin possessed much better adsorption capability for Pt(IV) than for other metal ions and the 

maximum saturated adsorption capacity was 222.2 mg/g at 308 K, estimated from the Langmuir model. Furthermore, 

the resin could be regenerated through the desorption of the Pt(IV) anions using the mixture of 1 wt% Thiourea, 0.1 M 

HCl. Finally, The PS-ATD resin could provide a potential application for a efficient process of Pt(IV) recovery from 

aqueous solution.  

Introduction 

Platinum group metals (PGM) have many important applications in different fields, such as technology, medicine and 

the automobile industry. Their excellent selectivity and activity towards reactants and resistance to oxidation at high 

temperatures make them very effective catalysts. For instance, platinum is a common active phase of petroleu cracking, 

dehydrogenation, reforming, and hydrogenation catalysts, which are extensively used in refining and petrochemical 

industries.1-2 The demand for PGM in a car catalytic converter industry and jewellery sectors has been increasing for 

many years. Therefore, the recovery of the precious metals from the waste solutions and any secondary sources with 

low content of the desired metals became a very important economical and ecological issue.3-5  

In the PGM recovery progress, Solvent extraction6 is a traditional method. Alternatively, ion exchange,7-9 membrane 

separation10 and adsorption11 have been developed for the recovery of PGM from solution. Comparatively, the 

adsorption seems to be the most suitable method for the recovery of PGM in the case of low concentration due to low 

cost, eco-friendly, and easy to handle, in addition, they have high enrichment factors, high recovery, and high 

selectivity for some metal ions.12-14 Adsorption techniques using chelating resins have been widely applied in the fields 

of analytical chemistry and separation chemistry.15-17 A chelating resin or polymer essentially consists of two 

components: the chelate forming functional group and the polymeric matrix or the support. Chelating or coordinating 

resins are polymers with covalently bound functional groups containing one or more donor atoms that are capable of 

forming complexes directly with metal ions, and the larger surface area is, the more efficient the chelating resin will 

be.18-19 These polymers can also be used for a specific separation of one or more metal ions from solutions with 

different chemical environment.20 

Chelating resins functionalized with synthetic or natural polymeric mixes were widely used to treat waste metals in a 

trace or ultra concentration range because of its low cost, high adsorption capacity, high recovery, and high selectivity 

for some metals ions.21-22 The synthesis polymers containing heterocyclic functional groups, such as imidazole,23 

aminophosphonate,24 quinoline,25 pyridine,26 imidazolylazo,27 and 2-amino-2-thiazoline28 have drawn a great deal of 

attention, for they have been practically applied in separation of trace metals from a variety of matrices. Macroporous 

chloromethylated polystyrene beads (PS-Cl) are an ideal polymeric matrix with a stable mechanical property. Active 

chloro- (Cl) present in polystyrene can be transformed into various new functional groups by special reactions. 

Heterocyclic ligands usually contain different kinds of donor atoms, and the electronic and steric effects of these atoms 

in the heterocyclic ligands may make them more selective for specific metal ion adsorption.29-33 Resins functionalized 

with groups containing sulfur or nitrogen can be highly efficient in the selective adsorption of precious metals. 34-35  

In this work, a new chelating resin with 2-Amino-1,3,4-thiadiazole as functional group was synthesized and it was 

obtained by substitution reaction induced 2-Amino-1,3,4-thiadiazole onto PS-Cl. PS-ATD resin has a good adsorption 

capacity for Pt(IV) and a good application to the separation and recovery of Pt(IV) from multicomponent solutions with 

Fe(III), Zn(II), Cu(II), Ni(II), Cd(II) and Co(II). Some factors affecting adsorption, such as contact time, initial pH of 

solution, initial concentration of Pt(IV) and temperature have been examined. Static, dynamic adsorption and 

desorption process have also been examined. The experimental results afford a efficient pathway to the recovery of 

Pt(IV) from waste solutions and any secondary sources with low content of PGM in hydrometallurgical systems and fit 

in with the environmental protection. 

Experimental  
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Materials 

Chloromethyl polystyrene beads (PS-Cl) (cross-linked with 8% divinylbenzene (DVB), chlorine content 19.15%, 

specific surface area 43m2 g-1) was provided by Chemical Factory of NanKai University of China. 2-Amino- 

1,3,4-thiadiazole (ATD) was from Sinopharm Chemical Reagent Lo., Ltd., China. Aqueous solutions of ions at various 

concentrations were prepared from H2PtCl6·6H2O, Fe(NO3)3, Zn(NO3)2·6H2O, CuCl2·2H2O, NiSO4·6H2O, 

Cd(NO3)2·4H2O, and CoCl2 were used as sources for Pt(IV), Fe(III), Zn(II), Cu(II), Ni(II), Cd(II), and Co(II), 

respectively. All other reagents and solvents were of analytical reagent grade and were used without further 

purification. 

Synthesis of Resin  

A 500 mL three-neck round-bottom flask was equipped with a condenser, thermometer, and nitrogen gas inlet tube. 

Thus, 1.0 g of PS-Cl beads and 175 mL of Toluene (TL) were added to the flask, swelling over night. Then, a certain 

amount of ATD and a small amount of metallic sodium used as catalyst were added to the flask. The system was swept 

with nitrogen to remove air, and then the reaction mixture was reacted by means of rotor stirring under nitrogen 

atmosphere at certain temperature. After completing the reaction, the resin was carefully washed thoroughly with TL 

and deionized water and then with acetone and ether. After that the obtained resin was dried in a vacuum at 50 °C. The 

conversion of the functional group of the resin synthesized can be calculated from the nitrogen content with the 

following equations: 

1000
14

c
c

c

N
F

n
= ×

×
                            (1) 

 

0 0

1000
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n

n
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X

F m F F

×
= ×

× −∆ × ×
             (2) 

 

where F0(mmol of Cl g-1) and Fc are the contents of the functional group of polystyrene and the synthesized resin , 

respectively; X is the functional group conversion (%); ⊿m is the incremental synthesis reaction resin (g mol-1); nc is 

the number of nitrogen atoms of ligand molecules, and Nc is the nitrogen content of the synthesized resin (%). 

Characterization  

IR spectra for the samples were obtained from a Nicolet 380 Fourier transform infrared (FT-IR) spectrometer. 

Samples were dried before characterization by an infrared lamp to remove the adsorbed water. Thermogravimetric 

analysis was performed using a Mettler TGA (with a temperature range of 25 −1000 °C, heating rate of 20 °C min-1, 

and atmosphere of N2). Scanning electron micrographs for the samples were obtained from a HITACHI S-3000N 

scanning electron microscope (SEM). Spectra were obtained with an INCA ENERGY 350 system for energy dispersive 

X-ray spectroscopy (EDS). The specific surface area of the resins were determined on an Autosorb-1 automatic surface 

area and pore size analyzer.  

Resin adsorption and desorption experiments  

Batch adsorption experiments were performed in conical flasks containing 30 mL of adsorption solution and 15.0 mg of 

dried PS-ATD resin. Adsorption of metal ions from aqueous solution to the adsorbents was studied at various pHs in 

Hydrochloric acid employed to control the pH of the solutions. After 24 h, the liquor samples were taken from the flask 

at appropriate time intervals. The residual concentration of the metal ions in the aqueous phases was determined by ICP. 

Adsorption isotherm studies were carried out with different initial Pt(IV) concentrations (3 mg/ 30 mL−9 mg/30 mL 

Pt(IV) solution). The kinetic experiments were carried out by means of the effect of contact time with time ranging 

from 2 to 20 h. The adsorption capacity (Q, mg g-1) and distribution coefficient (D , mL g-1) were calculated with the 

following formulas: 
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where C0 is the initial concentration in solution (mg mL-1); Ce is the equilibrium concentration in solution (mg mL-1); V 

is the volume of solution (mL); and W is the resin dry weight (g). 

Desorption experiments were carried on following the completion of the adsorption experiments. After adsorption 

experiments, the resins were separated from the aqueous solution by filtration, washed by deionized water, and shaken 

with different eluent solutions of various concentrations at 298K for 24 h. After that time the concentration of Pt(IV)  

was similarly analyzed as described above. After each adsorption−desorption cycle, the resin beads were washed and 

reconditioned for adsorption in the succeeding cycle. The desorption ratio (E) was calculated as follows: 

 

0

(%) 100%
( )

d d

e

C V
E

C C V
= ×

−
                 (5) 

 

where Cd is the concentration of the solutes in the desorption solutions, Vd is the volume of the desorption solution, and 

C0, Ce and V are the same as defined above. 

Continuous packed bed studies were performed in a fixed-bed mini glass column (3 mm × 30 cm long) with 100.0 

mg of resin. The PS-ATD resin in the column was presoaked for 24 h before the experiment. The Pt(IV) solution at a 

known concentration and flow rate was passed continuously through the stationary bed of absorbent in down- flow 

mode. The experiment continued until a constant Pt(IV) ion concentration was obtained. The column studies were 

performed at the optimum pH value determined from batch studies and at a constant temperature of 25 °C 

representative of environmentally relevant conditions. 

Instrumentation 

The concentrations of metal ions were measured by Inductively Coupled Plasma Optical Emission Spectroscopy 

(ICP-OES). The elemental analysis was carried out by using a Gmbh Vario EL III elemental analyzer. A Mettler Toledo 

delta 320 pH meter was used for pH measurements. The samples were shaken in a DSHZ-300A temperature constant 

shaking machine. The water used in the present work was purified using a Mol research analysis type ultrapure water 

machine.  

Results and discussion 

Synthesis of PS-ATD resin 

The effects of reactive solvent, the molar ratio of reagent and temperature on the yield of PS-ATD resin have been 

investigated, and optimal reaction condition has been found according to N content (N%) and functional group 

conversion (FGC, %). Reaction solvent has been identified as the most important variable governing the synthesis of 

resin. From the results, toluene is preferable compared with DMF and 1,4-dioxane according to N content ( toluene, 

15.040% ;DMF, 7.819%; 1,4-diox-ane, 7.508%) under 100 ℃, for 12 h. The study temperature of ATD is in the range 

of 40–100 ℃ according with toluene boiling point 110.8 ℃. Based on the above results, the optimum conditions are 

as follows: toluene as reaction solvent, reaction temperature of 100 ℃ and molar ratio of ATD to PS-Cl at 5:1 (Fig. 1a 

and b). The nitrogen contents and the functional group capacity of PS-ATD resin synthesized under the optimum 

condition are 15.040% and 3.65 mmol g-1, respectively.  
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Fig. 1  (a) Influence of temperature on N content (b) Influence of molar ratio on N content. 12 h, toluene, 100℃ 

 

Characterization of resins  

To identify the possibility of ATD bonding to PS-Cl resin, FT-IR spectra were obtained in Fig. 2. In general, it is 

observed that there are significant changes in the IR spectra of PS-Cl resin and PS- ATD resin. By comparison with the 

curve of PS-Cl resin, the characteristic peak of CH2-Cl at 1263 and 671 cm-1 disappeared in the curve of PS-ATD resin. 

In the spectra of PS-ATD resin, the characteristic bands of -NH2 at 3350 and 3100 cm−1 disappeared, where a strong and 

broad characteristic band of secondary amine (N-H) peak at 3400 cm−1 and the antisymmetric stretching vibration band 

at 2924 cm−1 and symmetric stretching vibration band at 2852 cm−1 of -CH2 groups appeared, confirmed the chemical 

modification of the PS-Cl resin and indicates the reaction between the CH2-Cl and amino ligands. In addition, the 

PS-ATD resin was characterized by νC=N at 1623 cm−1，νC-N at 1512 cm−1, and νC-S at 705 cm−1, which suggests the 

presence of the thiazole rings introduced to the modified polymer36. The proposed synthesis route to the new prepared 

resin was presented schematically in Scheme 1. In the spectra of PS-ATD-Pt, the νC=N, νC-N, and νC-S stretching 

bands were shifted to lower wavenumbers by 12 cm−1 (from 1623 to 1611 cm−1), 6 cm−1 (from 1512 to 1506 cm−1), and 

7 cm−1 (from 705 to 698 cm−1), respectively, which suggests that the nitrogens and sulfur in the thiadiazole ring were 

involved in Pt(IV) adsorption. In addition, the νN-H stretching band decreased and shifted slightly (from 3400 to 3405 

cm−1), indicating that the secondary amine is also available in Pt(IV) binding process. 
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Fig. 2  The infrared spectra of PS-Cl resin, ATD, PS-ATD resin and PS-ATD-Pt resin 

 

 

 

Scheme. 1  Proposed synthesis routes for PS-ATD resin 

 

The thermal properties of ATD, PS-Cl, PS-ATD and PS-ATD-Pt was evaluated by thermogravimetric analysis (TGA) 

under a nitrogen atmosphere(Fig.3). The decomposition of PS-Cl was a two-steps reaction. The first decomposition 

step, the temperature from 25°C to 480°C, the PS-Cl weight loss rate was about 27 wt%. According to the chlorine 

content of PS-Cl in the amount of 19.15%, Chloromethyl content (26.7%) in PS-Cl can be calculated. The weight loss 

of this step can be attributed to the fracture chloromethyl bond and residual moisture evaporation. In The second 

decomposition step, the temperature from 480°C to 1000°C, with 40% weight loss observed, which indicates that the 

skeleton structure of PS-Cl was broken. The remaining mass after heating was the char residue. ATD began to 

decompose at 200°C, the decomposition reached 100% at 950°C. As for PS-ATD, two weight losses were obtained. 

The first weight loss occurred from 25°C to 460°C, due to the decomposition of ATD and the breaking of covalent bond 

between PS-Cl and ATD. The second case, which occurs at about 460°C, PS-ATD did a further decomposition, and the 

weight loss rate reached 72.3wt% at 1000°C. Similar to PS-ATD, the TGA curve of PS-ATD-Pt also included two steps. 

Compared to the weight loss rate of the PS-ATD , the weight loss rate of PS-ATD-Pt was slightly less than 20 wt%. 

According to the adsorption of platinum on PS-ATD , it could be calculated that the content of platinum in PS-ATD-Pt 

resin was about 20 wt%. Therefore, the 52wt% of the weight loss rate at 1000°C was the char residue and platinum. 

Page 7 of 14 Journal of Materials Chemistry A

Jo
u

rn
al

 o
f 

M
at

er
ia

ls
 C

h
em

is
tr

y 
A

 A
cc

ep
te

d
 M

an
u

sc
ri

p
t



0 200 400 600 800 1000
0

20

40

60

80

100

 

 

 ATD

 PS-Cl

 PS-ATD

 PS-ATD-Pt

W
e
ig
h
t 
(%

)

Temperature (
 
°C)

 

Fig. 3  TGA curves of ATD, PS-Cl resin, PS-ATD resin and PS-ATD-Pt resin.  

 

BET(Brunauer–Emmett–Teller) experiments were conducted using nitrogen adsorption at 77.35 K. PS-ATD resin 

was calcined at 130℃ for 10 h under a vacuum, and the nitrogen sorption experiments were performed. BET 

measurement showed that the surface area of the PS-ATD resin was 28.648 m2g-1. Compared with PS-Cl resin, the 

surface area diminished due to the surface of the PS-Cl resin partly covered with the ATD. Therefore, the significantly 

higher surface area was not the only factor responsible for the higher adsorption capacity, and the existence of ATD 

could be critical. 

Fig 4 is SEM images of the morphology and surface composition of PS-ATD resin and PS-ATD-Pt resin. The 

synthesized resin was supplied in the form of regular spheres. Compared Fig 4(a) with Fig 4(c), it can be found that the 

smooth surface of PS-ATD resin turned thicker and coarser just like the granular flake material. In order to confirm the 

presence of Pt(IV) in PS-ATD-Pt resin, EDS spectrum of the PS-ATD-Pt resin was investigated in Fig 5. The peak 

indicating the presence of platinum can be clearly observed. Hence, the results revealed that Pt(IV) was loaded on the 

surface of PS-ATD-Pt resin, which was consistent with the results of SEM. 

 

 

Fig. 4  SEM images of PS-ATD resin and PS-ATD-Pt resin. (a) PS-ATD resin at a magnification of 400; (b) PS-ATD resin at a magnification 

of 5000; (c) PS-ATD-Pt resin at a magnification of 400; (d) PS-ATD-Pt resin at a magnification of 5000. 
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Fig. 5  EDS spectrum of PS-ATD-Pt resin. 

Influence of pH on the sorption of six metal ions 

The pH of an aqueous solution is one of the most important factors for metal−chelate formation and in solid phase 

extraction processes. In view of it, the influence of pH on the adsorption behavior of PS-ATD resin for Pt(IV), Fe(III), 

Zn(II), Cu(II), Ni(II), Cd(II), and Co(II) metal ions was investigated in the range H+ 10-3-2 mol L-1 using hydrochloric 

acid solution. The results were shown in Fig. 6. It can be noted that the adsorption capacity of PS-ATD resin for Pt(IV) 

ion was far greater than for other metal ions, suggesting that Pt(IV) ion can be easily separated from these metal ions 

using PS-ATD resin. Besides, pH has little effect on the Pt(IV) adsorption capacity, which can predict the PS-ATD resin 

can be widely applied to enrichment and recovery of platinum in different pH solution. The highest adsorption capacity 

for Pt(IV) was 215.7 mg g-1 at pH 1 in the hydrochloric acid solution. Therefore, pH 1 was selected for subsequent 

studies. 

 

Fig. 6  The capacity of PS-ATD resin in different pH and C(H
+
), metal ions 5.0 mg/30.0ml, 15.0mg ATDR resin ,at 298 K, 100 rpm. 

Adsorption kinetics 

The influence of the contact time on the adsorption of Pt(IV) was studied in the time range 2 −40 h under pH 1 at 288, 

298, and 308 K. The change in the uptake of Pt(IV) by the resin was shown in Fig.7. It is clear that Pt(IV) was adsorbed 

rapidly at different temperatures within a few hours, and then absorption increased slowly until the equilibrium state 

was reached at 15 h. After 15 h, the amount of Pt(IV) adsorption did not increase further in contact time. As seen here, 

the equilibrium adsorption capacity increased within the range of reaction temperature (288 −308 K), which illustrates 

that higher temperature favored the adsorption of Pt(IV) onto the adsorbent. This influence suggests that the mechanism 

associated with Pt(IV) adsorption onto PS-ATD resin involves a temperature-dependent process.  

Several kinetic models were available to examine the controlling mechanism of adsorption from a liquid phase on 

the PS-ATD resin and to interpret the experimental data obtained. The kinetics of adsorption can be described by the 

Lagergren first-order rate expression 37-38 and pseudo second-order kinetic model equation 39–40that were given by: 
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1 2ln( ) ln
e t

Q Q Q k t− = −                     (6) 

 

2
2 2 2

1

t

t t

Q k Q Q
= +                           (7) 

                                 
where Qe and Qt are the amounts of Pt(IV) adsorbed on the adsorbent at equilibrium (mg g-1); Q1 and Q2 are the 

adsorption capacity of the Lagergren first-order model and the pseudo second-order model (mg g -1), respectively; k1 

and k2 are the rate constant of the Lagergren first-order model (h-1) and the pseudo second-order model (g mg -1 h -1). 

The fitting validity of these models is traditionally verified by the linear plots of ln(Qe -Qt) versus t, and t/Qt versus t, 

respectively. The correlation coefficient R2
2 for the pseudo second-order equation was better than the correlation 

coefficient R1
2 for the Lagergren first-order equation. Moreover, the experimental-calculated capacity of the pseudo 

second-order model produces alternatives, as observed in Table 1. Therefore, the adsorption behavior of Pt(IV) on 

PS-ATD resin can be perfectly explained by pseudo second-order mechanism, which means the chemical adsorption is 

the rate-controlling step 41. 

 

Fig. 7  Adsorption kinetics and capacity Q at different times and different temperatures, metal ions 5.0 mg/30.0ml, 15.0mg PS-ATD resin ,at 

298 K, pH 1, 100 rpm. 

Table 1  Kinetics model constants for adsorption of Pt(IV) by PS-ATD resin 

T(K) Qe(mg g
-1
) Lagergren first-order Pseudo second-order 

K1(h
-1
) Q1(mg g

-1
) R1

2 
K2(g mg

-1
h
-1
) Q2(mg g

-1
) R2

2
 

288 214 0.21 155 0.9908 1.7×10
-3 

238 0.9967 

298 228 0.18 86 0.9156 3.5×10
-3 

239 0.9991 

308 238 0.14 68 0.9217 4.8×10
-3 

244 0.9998 

 

Adsorption Isotherms 

To further explore the adsorption mechanism, we used Langmuir42 and Freundlich43 isotherm models to analyze the 

equilibrium data for the experiments carried out at different temperature under pH 1. Langmuir and Freundlich 

equations are the widely used in equilibrium-based isotherm models.  The linear form of the Langmuir isotherm was 

represented by the following equation: 

e e

e m m

1
=

L

C C

Q Q K Q
+                          (8)  
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1
log log log

e e F
Q C K

n
= +                    (9) 

 
where Qm is the maximal adsorption capacity (mg g-1), Qe is the equilibrium Pt(IV) concentration on the adsorbent (mg 

g-1), and KL is the Langmuir constant. KF is the Freundlich constant and n is an empirical constant related to the 

magnitude of the adsorption driving force. The linear Langmuir and Freundlich plots may obtained by plotting Ce/Qe 

versus Ce and logQe versus logCe, respectively. The data in Table 2 present the results along with associated correlation 

coefficients R2. They reveal that the adsorption of Pt(IV) onto PS-ATD resin was fitted better to the Langmuir model 

than the Freundlich model at investigated temperatures. Those results indicated that the adsorption of Pt(IV) onto 

PS-ATD resin was a monolayer type — a layer of metal ions on the adsorbent surface appeared. The increase of the Qm 

value with the temperature rising signified that the process needed thermal energy (endothermic) and that there was a 

chemical interaction between adsorbent and adsorbate. 

Table 2  Parameters for adsorption isotherms of Pt(IV) by PS-ATD resin 

T(K) Langmuir Freundlich 

Qm(mg g
-1
) KL(mL mg

-1
) R

2 
1/n KF((mg g

-1
)/(mg mL

-1
)
1/n
) R

2
 

288 149.3 83.7 0.9984 0.067
 

157.1 0.9022 

298 196.1 169.9 0.9994 0.041
 

201.4 0.937 

308 222.2 225.1 0.9996 0.035
 

228.7 0.9302 

 

Thermodynamic parameters 

In any adsorption procedure, both energy and entropy considerations should be taken into account in order to determine 

which process will take place spontaneously. The amounts of Pt(IV) ions adsorbed at equilibrium at different 

temperatures, which were 288, 298 and 308K, have been examined to obtain thermodynamic parameters for the 

adsorption system. The changes in the Gibbs free energy (⊿G), enthalpy (⊿H) and entropy (⊿S) for the adsorption 

process can be determined by using following equations: 44 

( ) /S H G T∆ = ∆ −∆                        (10) 

 

ln
d

H S
K

RT R

∆ ∆
= − +                        (11)  

 
where R is the gas constant and T is the absolute temperature as mentioned in Arrhenius equation. Kd is the 

distribution coefficient of the adsorbate (Qe/Ce). The plot of ln Kd versus 1/T gives the straight line form which ⊿H 

and ⊿S is calculated based on the slope and intercept of the linear form. The negative value of ⊿G (-41.9 to -45.6 kJ 

mol -1) confirms the spontaneity of the adsorption process with increasing temperature and the positive value of ⊿H 

(9.9 kJ mol -1) suggests that the adsorption was endothermic in nature. In addition, the value of ⊿S (108.2 J K-1 mol-1) 

was found to be positive due to the exchanged of the metal ions with more mobile ions present on the exchanger, which 

would cause increase in the entropy, during the adsorption process.45 

Desorption and Regeneration Studies 

Whether an adsorbent is economically attractive in the removal of metal ions from aqueous solution depends not only 

on the adsorptive capacity, but also on how well the adsorbent can be regenerated and used again. For repeated use of 

an adsorbent, adsorbed metal ions should be easily desorbed under suitable conditions. Desorption of the adsorbed 

Pt(IV) from PS-ATD-Pt resin was studied by the batch method using various concentrations of thiourea, HCl and 
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thiourea–HCl solutions. The results were presented in Table 3. It was found that 1 wt% thiourea–0.5 M HCl solution 

provided effectiveness of the desorption of Pt(IV) from PS-ATD-Pt resin. The amount of adsorption of Pt(IV) was not 

significantly changed up to 5 cycles and the desorption efficiencies were above 96%. Therefore, the adsorbent material 

could be successfully applied for the recovery of Pt(IV) from aqueous solution. 

Table 3  Parameters for desorption efficiency of Pt(IV) by PS-ATD resin 

Desorption 

agent 

0.5 wt%  

thiourea 

1 wt% 

thiourea 

2 wt% 

thiourea 

5 wt% 

thiourea 

0.5 M 

HCl 

1.0 M 

HCl 

1.5 M 

HCl 

0.5M HCl-1wt% 

thiourea 

Desorption 

efficiency(%) 
63.68 89.24 72.89 64.05 47.54 36.22 32.36 99.91 

 

Dynamic Adsorption and Desorption 

Batch experimental data are often difficult to apply directly to fixed-bed adsorption because isotherms are unable to 

give accurate data for a dynamically operated column. The fixed-bed column operation allows more efficient utilization 

of the adsorptive capacity than the batch process. The total adsorption quantity of Pt(IV) Q (mg g-1) in the column for a 

given feed concentration and flow rate can be calculated from equation:46 

0

0

( )
=

v
e

C C
Q dV

m

−
∫                        (12) 

 
where C0 and Ce are metal ion concentrations in the influent and effluent, respectively, m is the total weight of the 

absorbent loaded in the column, and v is the volume of metal solution passed through the column. The capacity value Q 

was obtained by graphical integration as 209.8 mg g-1. Successful design of a column sorption process requires 

prediction of the concentration time profile or breakthrough curve for the effluent. Traditionally, the Thomas model is 

used to fulfill the purpose. The model has the following form:47 

0 0ln 1 TT

e

C K CK Qm
V

C θ θ

 
− = − 

 

               (13) 

 
where KT is the Thomas rate constant (mL min-1 mg-1), θ is the volumetric flow rate (mL min-1), and m is the mass of 

the resin (g). The kinetics coefficient KT and the adsorption capacity Q of the column can be determined from a plot of 

ln[(C0/Ce)−1] versus 1/θ at a certain flow rate. The Thomas equation coefficient for Pt(IV) adsorption was KT= 

2.25×10−2 mL min-1 mg-1 and Q= 211.7 mg g-1. The theoretical predictions based on the model parameters were 

compared with the observed data as shown in Fig 8. It was showed that the experimental data were well fitted by the 

Thomas model with a high R2 value (0.9756).  

With respect to the dynamic desorption of Pt(IV) from PS-ATD-Pt resin, the 1 wt% thiourea–0.5 M HCl eluent was 

employed. The desorption curve was plotted with the effluent concentration (Ce) versus elution volume (V) from the 

column at a flow rate of 0.1 ml min-1 less than the adsorption flow rate so that the volume of elution was less, which 

was helpful in easy handling of the metal ions. As shown in Fig 9, a sharp increase of Pt(IV) concentration at the 

beginning of acid elution was observed, the total volume of eluent was 20 mL and desorption process took 3.3 h, after 

which further desorption was negligible. Therefore, the 1 wt% thiourea–0.5 M HCl eluent could help in easy handling 

and removal of Pt(IV). 
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Fig. 8  Experimental and predicted breakthrough curves using Thomas model for Pt(IV) adsorption by PS-ATD resin ,at 298 K, pH 1, 100 

rpm. 

 

 

Fig. 9  Dynamic desorption curve flow rate = 0.1 mL/min.  

 

Conclusions 

In the research, a new composite chelating resin which has N donor atoms and S donor atoms have been synthesized. 

FTIR, elemental, TGA, BET, SEM and EDS results indicate that the immobilization of ATD onto PS-Cl is 

accomplished. The material offers the versatility to complex different metal ions due to the presence of the ligand. 

Furthermore, the results of the present investigation shows that PS-ATD resin is a potentially useful adsorbent for the 

separation of Pt(IV) ions from mixed solution. The kinetics of adsorption of Pt(IV) on PS-ATD resin are complex and 

while the results are tested with models based on the Lagergren first-order and pseudo second-order, close conformity 

could be obtained with pseudo second-order mechanism. It is evident from the experimental data that the adsorption of 

Pt(IV) ions onto PS-ATD resin fitted better with Langmuir isotherm model than Freundlich isotherm models. The 

adsorption process is endothermic and spontaneous at ambient higher temperature. Meanwhile, Thomas model is 

applied to experimental data obtained from dynamic studies performed on fixed column to predict the breakthrough 

curves and to determine the column kinetic parameters. In conclusion, PS-ATD resin can satisfactorily be considered as 

an alternative application for separation and recovery of Pt(IV) from aqueous solution. 
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