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ABSTRACT: The equilibrium, kinetics, thermodynamics, and mechanism of two novel chelating resins with 3-aminopyridine and
hydrophilic spacer arms (denoted as PS-DEG-3-AP and PS-TEG-3-AP) for Ag(I) were investigated in detail. The Boyd, Langmuir,
Freundlich, and Dubinin�Radushkevich (D-R) models were applied to describe the adsorption of the resins for Ag(I). The saturated
adsorption capacities of PS-DEG-3-AP and PS-TEG-3-AP for Ag(I) were (0.21 and 0.30) mmol 3 g

�1 at pH 4, respectively. The results
showed that the adsorption processes were governed by film diffusion and followed the pseudo second-order model well. The Langmuir
model was better than the Freundlichmodel to describe the isotherm process. The E values obtained from theD�Rmodel indicated that
the adsorption of Ag(I) ions onto the resins occurred by chemical ion exchange. The adsorption mechanism of the resins for Ag(I) was
confirmed byX-ray photoelectron spectroscopy (XPS). TheXPS results clarified that not only 3-aminopyridine but also S atoms existed in
the spacer arm that could take part in the coordinationwith Ag(I). Five adsorption�desorption cycles were conducted for the reuse of the
resins. The results indicated that these two resins were suitable for reuse without considerable change in adsorption capacity.

1. INTRODUCTION

Silver is widely used in medicine, the disinfection of water,
photography, electronic devices, mirrors, alloys, cloud seeding, and
jewelry owing to its resistance to corrosion andmarked antibacterial
properties. Recently, the increasing use of silver and silver com-
pounds has resulted in an increased silver content in environmental
samples.1�3 Silver can also enter into the environment via industrial
water because it often occurs as an impurity in copper, zinc, arsenic,
and antimony industries, and silver has been recognized as a toxic
element tomicroorganisms or larval forms of aquatic animals.4 Silver
also might pose a potential risk as a water pollutant because of the
lack of recycling of mined silver.5 Thus, the removal and recovery of
silver from wastewater is very critical. Numerous processes include
chemical precipitation, ion exchange, and solvent extraction; bio-
sorption and adsorption have been used for the removal of heavy
metal ions from aqueous solution.6�9 Among these, adsorption
using chelating resins is found to be one of the most efficient
methods for the removal and recovery of silver.10�13

In general, the adsorption selectivity of chelating resins has
been reported to be dependent mainly on the chelate forming
properties of functional groups chemically bonded on supports such
as silica gel, cellulose, and macroporous copolymers. Thus, the
functional groups play an important role in the adsorption capacity,
effectiveness, and selectivity of the chelating resins.14�16 Recently, it
has been proved that chelating resins containing heterocyclic
functional groups such as pyridine, imidazole, thiazole, and so forth
possess excellent adsorption and selectivity properties formetal ions,
especially for noble metal ions.17�20 Among the above-mentioned
heterocyclic functional groups, aminopyridine is one of the common
functional groups used to prepare chelating resins.21,22

When chelating resins are used in aqueous solutions to remove
and recover metal ions, hydrophilic resins are preferred to

hydrophobic systems. Often, the hydrophobicity of the resin make
it difficult for metal ions to swell in water and to diffuse into the
interior of chelating resins, which limits the coordination of func-
tional groups with metal ions.23 To overcome this problem, many
attempts have beenmade to improve the hydrophilicity of chelating
resins by introducing hydrophilic spacer arms between the func-
tional group and the polymeric matrix. It has been demonstrated
that the introduction of the hydrophilic spacer arms can enhance the
hydrophilicity of the polymeric ligands and increase the adsorption
capacity and the adsorption rate of the chelating resins.24�26

In our previous paper,27 two novel chelating resins containing
3-aminopyridine and hydrophilic spacer arms of ethylene oxide
and ethylene sulfide, which were denoted as PS-DEG-3-AP and PS-
TEG-3-AP (see Scheme 1), were synthesized and characterized. Our
preliminary experimental results showed that the resins exhibited
higher affinities forHg(II) andAg(I). As subsequentwork, the objec-
tive of the present work is to investigate the adsorption equilibrium,
kinetics, thermodynamics, and mechanism of the resins for Ag(I) in
aqueous solution. The regeneration of the resins for Ag(I) was also
investigated.

2. EXPERIMENTAL SECTION

2.1.Materials. PS-DEG-3-AP and PS-TEG-3-AP were used as
materials (see Scheme 1). Their synthesis and characterization
were reported in our previous work.27 All chemical reagents used
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in this study were of analytical grade and used without further
purification. The Ag(I) stock solution (0.1 mol 3L

�1) was prepared
by dissolving appropriate amounts of analytical grade nitrate in
distilledwater and further diluted prior to use. Buffer solutions of pH
1.0 to 6.0 were prepared by addition of dilute nitric acid or liquid
ammonia to 0.1 mol 3L

�1 ammonium acetate solution.
2.2. Instruments. A pH meter (Mettler-Toledo, LE438 pH,

China) was used for the measurement of pH values. The concen-
trations of metal ions were measured on a GBC-932 atomic absorp-
tion spectrophotometer (AAS) (Victoria, Australia), equipped with
an air-acetylene flame. X-ray photoelectron spectroscopy (XPS)
spectra were collected on a PHI 1600ESCA system (Perkin-Elmer
Co.). Test conditions were as follows: Mg KR (1253.6 eV), power
200.0 W, resolution 187.85 Ev.
2.3. Adsorption Procedures. 2.3.1. Effect of pH on Adsorp-

tion. Adsorption capacities of the resins at different pH values
were determined by batch tests according to the typical procedure:
30 mg of the resin was added to a mixture of 19 mL of a 0.1 M
ammonium acetate buffer solution at definite pH values and 1mLof
a 0.1 M aqueous solution of Ag(I) in a 100 mL glass bottle with a
stopper. After being shaken at 298 K for 24 h, the solution was
separated from the resin. The concentration of metal ions in the
solution was determined by the AAS. The adsorption capacity was
calculated according to eq 1.

Q ¼ ðC0 � CÞV
W

ð1Þ

where Q is the adsorption capacity (mmol 3 g
�1); C0 and C are the

initial concentration and the concentration at any time t, respec-
tively, of metal ion in solution (mmol 3mL

�1); V is the solution
volume (mL); and W is the dry weight of resins (g). Each deter-
mination in the adsorption procedure was repeated three times, and
the results are given as average values. Error bars are also indicated
wherever necessary.
2.3.2. Adsorption Kinetics. To obtain the data of adsorption

kinetics, 30mg of the resin was added to 20.0mL of 0.005mol 3L
�1

metal ion solution (pH 4.0). The mixture was shaken continuously
in a thermostat-cum-shaking assembly at a predetermined tempera-
ture. Aliquots of 1 mL solution were withdrawn at predetermined
intervals, and the concentration of Ag(I) in the solution was
determined by the AAS. The amount of Ag(I) sorbed on the resin
was calculated from the difference between amounts of Ag(I) in the
solution and the starting solution according to eq 1.
2.3.3. Adsorption Isotherms. The isothermal adsorption was

also investigated by batch tests. A typical procedure was as follows: a
series of 100 mL test tubes were employed. Each test tube was filled
with 30 mg of the resin and 20 mL of Ag(I) of varying concentra-
tions and adjusted to pH 4 and the desired temperature. After a
shaking time of 24 h, the solution was separated from the adsorbent,
and the residual concentration of Ag(I) was also determined by the
AAS. The adsorption capacities were calculated also according to
eq 1, where C is the equilibrium concentration of Ag(I) in solution.

2.3.4. Regeneration of the Resins. To assess the reusability of PS-
DEG-3-AP and PS-TEG-3-AP, consecutive adsorption�desorption
cycles were repeated five times using the same resin. A solution of 3%
thiourea in 0.1 mol 3L

�1 HNO3 was employed as the desorption
agent. The Ag(I)-loaded PS-DEG-3-AP or PS-TEG-3-APwas placed
in this medium, and then the mixtures were shaken for 60 min at
room temperature (primary experiments indicated that Ag(I) ad-
sorbed on the resin was almost desorbed completely when the
contact time of Ag(I)-loaded PS-DEG-3-AP or PS-TEG-3-AP with
this medium was about 40 min). The final concentration of Ag(I) in
the aqueous phase was determined by the AAS. After determination
of the metal content, the resin was washed with excess of the base
solution and distilled water to reuse for the next experiment.

3. RESULTS AND DISCUSSION

3.1. Effect of pH on Adsorption. The pH value is a critical
parameter in the adsorption process. It not only affects the electronic
status of the functional groups butmay also alter the speciation of the
metal ions in the solution.28 The effect of pHon the adsorption of the
resins for Ag(I) was investigated within the pH range of 1 to 6 at 298
K. Figure 1 shows the changes of Ag(I) adsorption on the resins with
varying pHvalues.With pH1 to4, the adsorption capacities increased
with the increase of the pH value in the solution. This is probably
because theNatoms in 3-aminopyridine could easily be protonized at
lower pH conditions and thus lose coordination ability. Also, the
experiments showed that at higher pH conditions (> 4), the
adsorption capacities decreased with the increasing pH value. Similar
experimental phenomena have also been reported in the literature.1,11

The problem arises in part from the coordination bonding resulting
from the S atom present in the spacer arms. It is understandable that
the concentration of nitrate ion decreases with the increase of pH.
Because of the existence of the equilibrium equation among Ag(I),
the S atom, and nitrate ion, the adsorption capacities of the resins for
Ag(I) decrease with decreasing concentration of NO3

� in the
metallic solution.29 On the other hand, the maximum adsorption
capacities of PS-DEG-3-AP and PS-TEG-3-AP for Ag(I) were (0.20
and 0.30) mmol 3 g

�1, respectively. According to these results, the pH
in the solution would be kept at 4.0 in subsequent experiments. In
addition, one could note that the adsorption capacity of PS-TEG-3-
AP for Ag(I) was higher than that of PS-DEG-3-AP, which meant
that the adsorption capacity increased with the increase of the length
of the spacer arm. A reasonable explanation for this was that the
increase of spacer arm might increase both the flexibility of the
functional group and the hydrophilicity, whichwould be beneficial for
the functional group to coordinate with the metal ion.23

Scheme 1. Structure of PS-DEG-3-AP and PS-TEG-3-AP

Figure 1. Effect of pH on the adsorption of PS-DEG-3-AP (-9-) and
PS-TEG-3-AP (-b-) for Ag(I) (conc. of Ag(I): 0.005 mol 3 L

�1, pH 4.0,
resin: 30 mg).
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3.2. Adsorption Kinetics. Figure 2 shows the adsorption
kinetics of PS-DEG-3-AP and PS-TEG-3-AP for Ag(I) at different
temperatures. From Figure 2, it can be noted that the adsorption
equilibrium of PS-DEG-3-AP and PS-TEG-3-AP for Ag(I) was
obtained in 12 h. So the contact period was selected as 12 h in all
equilibrium tests. The temperature of solution affected the adsorption
capacities significantly, that was, the adsorption capacities increased
with the increasing of temperature. The reason for this could be
ascribed to the through swelling of the resins at higher temperature,
whichmade it easier for Ag(I) to diffuse into the interior of the resins
more easily.
The Boyd et al.30 and Reichenberg31 equations were applied to the

experimental data to clarify the adsorption kinetics of Ag(I) on the
resins. The data in Figure 2were analyzed by the following equations:

F ¼ 1� 6
π2
∑
¥

n � 1

1
n2

�Ditπ2n2

r02

" #
ð2Þ

or

F ¼ 1� 6
π2
∑
¥

n � 1

1
n2

exp½�n2Bt� ð3Þ

where F is the fractional attainment of equilibrium at time t and is
obtained by the expression

F ¼ Qt

Q0
ð4Þ

whereQt is the amount of adsorbate taken up at time t andQ0 is the
maximum equilibrium uptake and

B ¼ π2Di

r02
¼ time constant ð5Þ

whereDi is the effectivediffusion coefficient of the ion in the adsorbent
phase; r0 is the radius of the adsorbent particle, assumed to be
spherical; and n is an integer that defines the infinite series solution.

Bt values were obtained for each observed value of F from
Reichenberg's table,31 and the results are plotted in Figure 3. The
adsorption procedure of adsorbents for metal ions is considered
to take place through two mechanisms of film diffusion and particle
diffusion. The linearity test of Bt versus time plots was employed to
distinguish between film diffusion and particle diffusion controlled
adsorption. If the plot was a straight line passing through the origin,
the adsorption process should be dominated by the particle diffusion
mechanism, or else itmight be governed byfilmdiffusion.The linear
equations and coefficients of determination (R2) are given in
Table 1. Figure 3 shows that the four straight lines for each resin
under different temperatures did not pass through the origin,
indicating that the rate-controlling step is not particle diffusion,
but film diffusion.
The adsorption kinetics data of Ag(I) on the resins were also

performed by pseudo first-order and pseudo second-order
models given below as eqs 6 and 7, respectively.

logðQ0 �Q Þ ¼ log Q0 � k1
2:303

t ð6Þ

t
Q

¼ 1
k2Q0

2 þ
1
Q0

t ð7Þ

where k1 is the rate constant of pseudo first-order adsorption
(h�1); k2 is the rate constant of pseudo second-order adsorption

Figure 2. Adsorption capacities of Ag(I) versus time on PS-DEG-3-AP and
PS-TEG-3-AP at different temperatures (conc. of Ag(I): 0.005 mol 3L

�1; pH
4.0; resin: 30mg; temperatures: -9-, 308K; -b-, 298K; -2-, 288K; -1-, 278K).

Figure 3. Bt vs time plots at different temperatures of PS-DEG-3-AP
and PS-TEG-3-AP for Ag(I) (temperatures: -9-, 308 K; -b-, 298 K; -2-,
288 K; -1-, 278 K).

Table 1. Bt versus Time Linear Equations and Coefficients R
2

and Intercept Errors

resin T/K linear equation R2 intercept errors

PS-DEG-3-AP 308 Bt = 0.1787t � 0.2228 0.9007 0.0209
298 Bt = 0.2105t � 0.2781 0.9008 0.0247
288 Bt = 0.4098t � 0.6448 0.9202 0.0427
278 Bt = 0.1962t � 0.3424 0.9150 0.0216

PS-TEG-3-AP 308 Bt = 0.3749t � 0.3243 0.9895 0.0146
298 Bt = 0.2458t � 0.2255 0.9725 0.0156
288 Bt = 0.2116t � 0.1796 0.9811 0.0111
278 Bt = 0.1724t � 0.2472 0.9301 0.0179
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(g 3mmol
�1

3 h
�1); Q0 and Q are the adsorption amounts at

equilibrium and at time t, respectively (mmol 3 g
�1).

Both of the models were used to fit the kinetics curves, and the
results showed that the pseudo second-order model was more
suitable since the values of R2 could be regarded as a measure of
the goodness-of-fit of experimental data on the kinetic models.32

The straight lines of the pseudo second-order kinetic model are
shown in Figure 4. The corresponding parameters calculated
according to the models are tabulated in Table 2.
From Table 2, two conclusions could be obtained: (1) The

values of k2 of PS-TEG-3-AP for Ag(I) at the four temperatures
were higher than those of PS-DEG-3-AP. The results might
ascribe to the increase of ethylene oxide groups in the spacer
arms, which could increase the hydrophilicity, and then enhance
the adsorption rates. (2) For the same kind of resin, the values of
k2 of the resin for Ag(I) increased with an increase of tempera-
ture. This meant that the adsorption of PS-DEG-3-AP and PS-
TEG-3-AP for Ag(I) was an endothermic process and high
temperature was of benefit to the adsorption. These conclusions
are concordant with the results presented in Figure 2.

According to the Arrhenius equation:

ln k2 ¼ �Ea=RT þ ln A ð8Þ
where k2 is the constant of adsorption obtained from pseudo
second-order rate equations, A is the pre-exponential factor, R is
the gas constant, T is the temperature, and Ea is the apparent
activation energy of adsorption. Two straight lines were obtained
by plotting ln k2 against 1/T (see Figure 5). The apparent
activation energies of adsorption Ea calculated from the linear
slopes were (36.50 and 29.34) kJ 3mol�1 for PS-DEG-3-AP and
PS-TEG-3-AP, respectively. These low activation energies as
compared to these of typical chemical reactions of (65 to 250)
kJ 3mol�1 indicate that the adsorption of PS-DEG-3-AP and PS-
TEG-3-AP for Ag(I) was a facile procedure.
3.3. Adsorption Isotherms. The adsorption isotherms of

PS-DEG-3-AP and PS-TEG-3-AP for Ag(I) were investigated
at four different temperatures, and the data were analyzed with
theLangmuir (eq 9) andFreundlich (eq 10) equations, respectively.
Then, Figure 6 was obtained.

C
Q

¼ 1
bQ 0

þ C
Q0

ð9Þ

ln Q ¼ ln KF þ 1
n
ln C ð10Þ

where Q is the adsorption capacity (mmol 3 g
�1), C is the

equilibrium concentration of metal ions (mol 3 L
�1), Q0 is the

saturated adsorption capacity (mmol 3 g
�1), b is an empirical

parameter, n is the Freundlich constant, and KF is the binding

Figure 4. Pseudo second-order kinetic model of PS-DEG-3-AP and PS-
TEG-3-AP for Ag(I) (temperatures: -9-, 308 K; -b-, 298 K; -2-, 288 K; -
1-, 278 K).

Table 2. Kinetic Parameters of PS-DEG-3-AP and PS-TEG-3-AP for Ag(I) at Different Temperatures

resin T/K

pseudo first-order model pseudo second-order model

k1 Q0

R2
k2 Q0

R2(h�1) (mmol 3 g
�1) (g 3mmol�1

3 h
�1) (mmol 3 g

�1)

PS-DEG-3-AP 308 0.21 0.20 0.9346 0.79 0.26 0.9632

298 0.29 0.26 0.8756 0.39 0.33 0.9839

288 0.28 0.27 0.8727 0.34 0.31 0.9609

278 0.21 0.17 0.9216 0.15 0.35 0.9694

PS-TEG-3-AP 308 0.45 0.39 0.9779 0.92 0.41 0.9933

298 0.47 0.48 0.8027 0.70 0.43 0.9924

288 0.24 0.26 0.6870 0.36 0.32 0.9546

278 0.27 0.42 0.7430 0.29 0.28 0.9821

Figure 5. ln k2 vs 1/T plots for the adsorption of PS-DEG-3-AP (-9-)
and PS-TEG-3-AP (-b-) for Ag(I).
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energy constant reflecting the affinity of the resin onto
metal ions.
As is well-known, the basic assumption of the Langmuir theory

is that the adsorption takes place at specific homogeneous sites
within the adsorbent. On the other hand, the Freundlich model
assumes that the adsorption occurs on a heterogeneous surface.33

The parameters for the two isotherms obtained from experi-
mental data were presented in Table 3. The coefficients of
determination (R2) fitted with the Langmuir model were higher
than those obtained from the Freundlich model, indicating that
the adsorption of Ag(I) on PS-DEG-3-AP and PS-TEG-3-AP
fitted better the Langmuir model.
The Dubinin�Radushkevich (D-R) isotherm model was also

applied to the equilibrium data to determine the nature of
adsorption processes as physical or chemical.34 The linear
presentation of the D-R isotherm equation35 is expressed by

ln Qe ¼ ln Qm � βε2 ð11Þ

whereQe is the amount ofmetal ions adsorbed on per unit weight
of resin (mol 3 g

�1), Qm is the maximum adsorption capacity

(mol 3 g
�1), β is the activity coefficient related to the adsorp-

tion mean free energy (mol2 3 J
�2), and ε is the Polanyi potential

(ε = RT ln(1 þ 1/Ce)).
The mean free energy (E; kJ 3mol�1) is calculated by using the

β value:

E ¼ 1ffiffiffiffiffi
2β

p ð12Þ

The E value gives information about the adsorption mechanism,
physical or chemical. If it lies between (8 and 16) kJ 3mol�1,
the adsorption process takes place chemically, while at E <
8 kJ 3mol�1, the adsorption process proceeds physically. Figure 7
and Table 4 show the results and the corresponding parameters
in the D-R model of the resins for Ag(I). The E values of PS-
DEG-3-AP and PS-TEG-3-AP for Ag(I) at the four temperatures
were in the range of (8.34 to 10.01) kJ 3mol�1. These results
implied that the adsorption processes of Ag(I) onto PS-DEG-
3-AP and PS-TEG-3-APmight proceed by a chemical ion-exchange
mechanism.
3.4. Adsorption Mechanism of Resins for Ag(I). On the

basis of the above-mentioned conclusion, XPS was employed to

Figure 6. Langmuir isotherms of PS-DEG-3-AP and PS-TEG-3-AP for
Ag(I) (temperatures: -9-, 308 K; -b-, 298 K; -2-, 288 K; -1-, 278 K).

Table 3. Parameters in the Langmuir and Freundlich Equations of PS-DEG-3-AP and PS-TEG-3-AP for Ag(I)

resin

Langmuir parameters Freundlich parameters

T Q0 b

RL
2 n KF RF

2

K (mmol 3 g
�1) ( 3 10

�3)

PS-DEG-3-AP 308 0.28 8.7874 0.9969 2.01 3.5717 0.9804

298 0.22 15.997 0.9970 2.40 2.1106 0.9302

288 0.22 7.3692 0.9940 1.78 3.8979 0.9557

278 0.21 8.1694 0.9949 1.97 2.7164 0.9786

PS-TEG-3-AP 308 0.51 3.9890 0.9929 1.50 12.834 0.9919

298 0.35 7.2473 0.9991 1.78 6.1944 0.9667

288 0.24 7.8963 0.9963 1.91 3.4843 0.9750

278 0.13 15.6138 0.9928 2.22 1.6056 0.8717

Figure 7. D-R isotherms of PS-DEG-3-AP and PS-TEG-3-AP for Ag(I)
(temperatures: -9-, 308 K; -b-, 298 K; -2-, 288 K; -1-, 278 K).
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confirm the adsorption mechanism of PS-DEG-3-AP and PS-
TEG-3-AP for Ag(I) (see Figure 8).36 Table 5 shows the XPS
data of the resins before and after adsorption of Ag(I). It can seen
that the N1s binding energies of PS-DEG-3-AP and PS-TEG-
3-AP increased from (399.85 to 401.13 and 399.96 to 401.18) eV,

respectively, after the adsorption of Ag(I), meaning that Nwas an
electron donor. The binding energies of S2p in the resins of PS-
DEG-3-AP and PS-TEG-3-AP increased by (0.35 and 0.70) eV,
respectively, after adsorption, showing that S atoms existed in the
spacer arms were also involved in coordinating with Ag(I).

Table 4. Parameters in the D-R Model of PS-DEG-3-AP and PS-TEG-3-AP for Ag(I)

resin T/K linear equation R2
Qm E

(mmol 3 g
�1) (kJ 3mol

�1)

PS-DEG-3-AP 308 y = �5.26 3 10
�9x � 7.39 0.9837 0.62 9.75

298 y = �4.99 3 10
�9x � 7.54 0.9601 0.53 10.01

288 y = �7.19 3 10
�9x � 7.40 0.9753 0.61 8.34

278 y = �6.96 3 10
�9x � 7.60 0.9919 0.50 8.48

PS-TEG-3-AP 308 y = �7.10 3 10
�9x � 6.69 0.9960 1.24 8.39

298 y = �6.69 3 10
�9x � 6.95 0.9866 0.96 8.65

288 y = �6.67 3 10
�9x � 7.40 0.9883 0.61 8.66

278 y = �6.30 3 10
�9x � 7.90 0.9130 0.37 8.91

Figure 8. XPS spectra of PS-DEG-3-AP and PS-TEG-3-AP before and after adsorption for Ag(I).
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Meanwhile, the decreasing values of the binding energies of Ag3d
after the adsorption for PS-DEG-3-AP and PS-TEG-3-AP were
(6.97 and 6.08) eV, respectively, indicating that Ag atoms were
an electron acceptor. From the XPS results it also could be seen
that there were little changes in the O1s binding energies of PS-
DEG-3-AP and PS-TEG-3-AP after the adsorption of Ag(I). This
meant that O atoms did not take part in the coordination with
Ag(I) and the existence of it in spacer arms only increased the
hydrophilicity of PS-DEG-3-AP and PS-TEG-3-AP.
3.5. Regeneration and Desorption Efficiency. The regen-

eration of the adsorbent is one of the key factors in assessing its
potential for commercial applications. Four kinds of desorption
agents such as 0.5 mol 3 L

�1 HNO3, 1 % thiourea in 0.5 mol 3 L
�1

HNO3, 3 % thiourea in 0.5 mol 3 L
�1 HNO3, and 3 % thiourea

were chosen as eluents in the desorption of Ag(I) adsorbed in the
resins. The 3 % thiourea in 0.5 mol 3 L

�1 HNO3 solution was
selected as the desorption agent for Ag(I) due to attaining the
best regeneration using this solution. The adsorption capacities
of the five adsorption�desorption cycles are shown in Figure 9.
The adsorption capacities had a slight decrease after five con-
secutive adsorption�desorption cycles. This might be due to the
ignorable partial plug of pore canals during the adsorption�
desorption process. These results indicated that the resins were
suitable for repeated use without considerable change in adsorp-
tion capacity.

4. CONCLUSIONS

This study focused on the adsorption of Ag(I) from aqueous
solution using two novel chelating resins with 3-aminopyridine
and hydrophilic spacer arms. The adsorption capacities of

PS-DEG-3-AP and PS-TEG-3-AP were (0.21 and 0.30) mmol 3 g
�1

at pH 4, respectively. The kinetic data indicated that the adsorption
processes were governed by film diffusion and followed the pseudo
second-order model well. The Langmuir model was better than the
Freundlich model to describe the isotherm process. The E values
obtained from the D-Rmodel indicated that the adsorption of Ag(I)
onto the resins took place by chemical ion exchange. TheXPS results
suggested that not only 3-aminopyridine but also S atoms existed in
the spacer arms could take part in the coordination with Ag(I). The
resins could be regenerated by 3 % thiourea in 0.1 M HNO3 with
higher effectiveness. Five adsorption�desorption cycles demon-
strated that the resins could be used repeatedly without considerable
change in adsorption capacity.
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