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a b s t r a c t

Polyacrylamide/attapulgite (PAM/ATP) was prepared by the solution polymerization of acrylamide (AM)
onto �-methacryloxypropyl trimethoxy silane (KH-570)-modified attapulgite (ATP). PAM/ATP was char-
acterized using Fourier transform infrared (FTIR) and X-ray photoelectron spectroscopy (XPS). The effects
of contact time, adsorbent dosage, and pH of the initial solution on the adsorption capacities for Hg2+ were
eywords:
ttapulgite
olyacrylamide
ercury adsorption

inetics

investigated. The adsorption process was rapid; 88% of adsorption occurred within 5 min and equilibrium
was achieved at around 40 min. The equilibrium data fitted the Langmuir sorption isotherms well, and
the maximum adsorption capacity of Hg2+ onto PAM/ATP was found to be 192.5 mg g−1. The adsorption
kinetics of PAM/ATP fitted a pseudo-second-order kinetic model. Our results suggest that chemisorption
processes could be the rate-limiting steps in the process of Hg2+ adsorption. Hg2+ adsorbed onto PAM/ATP
could be effectively desorbed in hot acetic acid solution, and the adsorption capacity of the regenerated

main
sotherm adsorbents could still be

. Introduction

Mercury is one of the most toxic metals. Due to its toxicity and
ioaccumulation within the food chain, only extremely low levels of
g2+ are tolerated in the environment [1]. It is also well known that
g2+ has a very high tendency to bind to proteins, mainly causing
amage to the renal and nervous systems [2]. In order to moni-
or and prevent Hg2+ pollution, a number of different technologies,
uch as precipitation [3,4], biosorption [5], membrane filtration [6],
onic exchange [7] and solvent extraction [8], have been used for the
equestering of Hg2+ from wastewater. However, these techniques
re associated with problems such as excessive time requirements,
igh costs, inefficiency, and energy use.

Attapulgite (ATP, or palygorskite) is a kind of crystalline hydrated
agnesium aluminum silicate mineral. Its ideal structure was stud-

ed by Bradley in 1940 and is shown in Fig. 1 [9]. Presently, ATP
nd activated ATP, which is a natural, cheap, adsorbent clay min-
ral with exchangeable cations and reactive-OH groups on its
urface [10], have been intensively used as adsorbents for the
emoval of heavy metal ions and organic contaminants [11–16].

n order to enhance its adsorption capacity and selectivity, ATP
as recently been widely treated with some organic reagents, such
s 2,2-bis(hydroxymethyl)propionic acid [17], octodecyl trimethyl
mmonium chloride [18], and ammonium citrate tribasic [19].

∗ Corresponding author. Tel.: +86 517 83525021; fax: +86 517 83525028.
E-mail address: cyjzhao@yahoo.com (Y. Zhao).

304-3894/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2009.06.048
tained at 95% by the sixth cycle.
© 2009 Elsevier B.V. All rights reserved.

Polyacrylamide (PAM), a water-soluble polymer with large num-
bers of amide side groups, has been successfully grafted onto
the surfaces of various matrices as selective sorbents for the
removal of Hg2+ from aqueous solution [20–26]. The amide groups
on the flexible PAM graft chains should provide the opportunity
for rapid interaction with aqueous Hg2+ to form mercury-amide
linkages [21]. Nevertheless, the adsorption of Hg2+ onto polyacry-
lamide/attapulgite (PAM/ATP), which is PAM grafted on the surface
of �-methacryloxypropyl trimethoxy silane (KH-570)-modified ATP
by solution polymerization, is still scarcely used.

In this study, we prepared a new kind of PAM/ATP adsorbent
composite by solution polymerization. The coupling reagent KH-
570 was used to introduce ethylene groups onto the ATP surface, and
PAM was then grafted onto the KH-570-modified ATP. The effects
of contact time, adsorbent dosage, and pH of the initial solution on
the removal of Hg2+ were studied. The experimental equilibrium
adsorption data were analyzed using Langmuir isotherm models,
and the kinetics and the factors controlling the adsorption pro-
cess were investigated. The mechanisms of adsorption of Hg2+

onto PAM/ATP were identified by X-ray photoelectron spectroscopy
(XPS) analysis.

2. Materials and methods
2.1. Materials and reagents

The ATP was supplied by Jiangsu Xuyi Anhalt Non-
metallic Mining Ltd. with an average diameter of 200 mesh.

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:cyjzhao@yahoo.com
dx.doi.org/10.1016/j.jhazmat.2009.06.048
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AVATAR-360FT-IR spectrophotometer (USA) to elucidate the reac-
Fig. 1. Crystalline structure of ATP from (0 0 1) plane.

-Methacryloxypropyl trimethoxy silane (KH-570) was provided
y Nanjing Shuguang Chemical Group Co. Acrylamide (AM) was
rovided by Guoyao Group of Chemical Reagents Ltd. 2,2′-Azo-bis-

so-butyronitrile (AIBN) was provided by Shanghai Chemical Co.,
td. He Wei four test. All other chemicals used in this study were
f analytical grade. The Hg2+ aqueous solution was prepared with
g(NO3)2. Distilled water was used in all experiments.

.2. Polymerization of AM on ATP by solution polymerization

The coupling reagent KH-570 was used to introduce ethylene
roups onto the ATP surface before the graft polymerization was
nitiated with AIBN. The ethylene groups could then be used
o polymerize with AM. The preparation of PAM/ATP is shown
chematically in Scheme 1. The grafting process was as follows:
.0 mL distilled water and 3.0 g ATP (dried at 105 ◦C) were succes-
ively dispersed in 100 mL toluene, and 3.0 mL KH-570 was then
dded and dissolved with the help of ultrasonic agitation for 40 min
n a 250 mL flask. The mixture was then refluxed with electromag-
etic stirring at 45–50 ◦C for 4 h. Finally, the ATP immobilized on the
H-570 was separated by filtration and rinsed, first with toluene
nd ethanol, and then washed thoroughly with distilled water. The
H-570-modified ATP was dried in a desiccator at 105 ◦C.

KH-570-modified ATP (2.0 g) was added to a 250-mL Wolff bottle
ontaining 100 mL of the toluene solution and stirred at room tem-

erature. Then 0.6 g AM and 0.06 g AIBN were successively added.
he mixture was then refluxed with stirring at 80 ◦C for 6 h under
2 atmosphere. Finally, the resulting PAM/ATP was separated and
ashed with toluene, ethanol, and distilled water in sequence,

Scheme 1. The preparation p
aterials 171 (2009) 640–646 641

dried in a desiccator at 105 ◦C, and then stored in the desiccator
for subsequent analyses or adsorption experiments.

2.3. Metal adsorption experiments

All the adsorption experiments were carried out in 250-mL
iodine flasks by adding a given amount of PAM/ATP to 40 mL of
aqueous Hg2+ solution and shaking in a shaking thermostatic bath
(SHZ-B, China) at 170 rpm at 30 ◦C, for a given time. Hg2+ solu-
tion was prepared using Hg(NO3)2. Adsorption isotherms and the
effects of the initial concentration were studied in the range of
100–900 ppm. The effects of adsorbent mass were studied in the
range of 0.05–0.9 g. The effects of pH were studied in the range of
0.99–6.5, with 0.1 M HNO3 and NaOH used as pH controls. Kinet-
ics and the effects of contact time on adsorption were determined
in the range of 5–120 min. After adsorption, the solid and liquid
phases were separated by centrifugation at 2000 rpm for 15 min. All
of the initial and final Hg2+ concentrations in the solution samples
were determined using inductively coupled plasma optical emis-
sion spectroscopy (ICP-OES, PE 2000DV). The degree of adsorption
was calculated based on the differences between the aqueous Hg2+

concentration before and after adsorption, according to the follow-
ing equation:

Q = CiVi − CfVf

m
(1)

where Q is the metal uptake capacity (mg g−1), Ci is the initial metal
concentration (mg L−1), Vi is the initial volume (L), Cf is the final
metal concentration (mg L−1), Vf is the final volume (L) and m is the
dry weight of the PAM/ATP added into the flask.

2.4. Regeneration of the sorbent

After the adsorption experiments, the Hg2+-loaded samples
(0.15 g) were left in contact with 40 mL 80% acetic acid and shaken
in an orbital shaker, operated at 60 ◦C for 30 min. After adsorption,
the solid and liquid phases were separated by centrifugation at
2000 rpm for 15 min. All of the initial and final Hg2+ concentrations
in the solution samples were determined by ICP-OES. To determine
the reusability of the PAM/ATP, consecutive adsorption–desorption
cycles were repeated six times under the same conditions.

2.5. Characterization

The structures of the ATP, KH-570-modified ATP, PAM/ATP,
AM and KH-570 were characterized using a Nicolet Corporation
tion mechanisms. XPS analyses were performed using an ESCALAB
250 spectrophotometer with an Al K� X-ray source (1486.6 eV of
photons). The binding energies (BEs) were calibrated by the C 1s
peak at 284.6 eV.

rocedure to PAM/ATP.
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Fig. 3. Typical wide-scan XPS spectra of (a) ATP; (b) KH-570-modified ATP; and (c)
PAM/ATP.

the fast reaction can be ascribed to the flexibility of the dangling

T
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ig. 2. FTIR spectra of (a) ATP; (b) KH-570-modified ATP; (c) PAM/ATP; (d) AM; and
e) KH-570

. Results and discussion

.1. Surface structure

.1.1. Infrared spectrum
Fig. 2 shows the FTIR spectra of ATP, KH-570-modified ATP,

AM/ATP, AM and KH-570. The new peaks at 1705 and 1455 cm−1

or KH-570-modified ATP (Fig. 2b) are usually representative of
he carboxyl group (–COO–) and C C group, suggesting that the
ilane coupling agent reacted successfully with the –OH groups
f ATP, which is also indicated in Scheme 1. Absorption peaks at
950 cm−1 in Fig. 2b and at 2959 cm−1 in Fig. 2c, correspond to
he –C–H stretching of KH-570 and AM. The peaks at 1604 and
190 cm−1 (Fig. 2c) correspond to the bending and stretching vibra-
ions of the –NH2 group, respectively. The peak for the carboxyl
roup at 1705 cm−1 in Fig. 2b for the KH-570-modified ATP is no
onger observed in the PAM/ATP spectrum, possibly due to cov-
rage of the surface with PAM. Moreover, the FTIR spectrum for
AM/ATP shows a major peak at 1671 cm−1 in Fig. 2c, correspond-
ng to the C O stretching vibration of the amide group (–CONH2)
27], indicating successful grafting of PAM on the surface of the
TP. Therefore, the FTIR spectra in Fig. 2 clearly support the surface
odification reactions illustrated in Scheme 1.

.1.2. XPS spectrum
To show that PAM can be successfully grafted onto the surfaces

f the ATP, XPS analyses were conducted to determine the surface
lement composition. The changes in surface C 1s, Si 2p, Al 2p, Fe 2p,
g 1s, O 1s and N 1s element contents were demonstrated by XPS

urface analyses of the ATP, KH-570-modified ATP, and PAM/ATP
Fig. 3 and Table 1). It can be clearly seen that the carbon content
ncreased from 15.02% to 51.54%. However, the oxygen, silicon, mag-

esium, iron and aluminum contents decreased. Moreover, a new
eak for N 1s at a BE of 399.61 eV became visible for PAM/ATP. These
esults confirm that PAM was successfully grafted onto the surface
f the KH-570-modified ATP via the mechanism shown in Scheme 1.

able 1
ata of element content from XPS full-scan spectra.

amples O 1s (%) C 1s (%) Si 2p (%)

TP 61.19 15.02 15.04
H-570-modified ATP 58.85 19.44 14.76
AM/ATP 35.53 51.54 6.36
Fig. 4. Effect of shaking time on adsorption of ATP(�) and PAM/ATP(�) for Hg2+ (con-
centration of initial solution 327.7 mg L−1, amount of PAM/ATP 0.15 g, pH of initial
suspension 4.40).

3.2. Adsorption of Hg2+ ions

3.2.1. Effect of contact time
Fig. 4 shows the removal of Hg2+ from aqueous solution by ATP

and PAM/ATP as a function of contact time. The adsorption of Hg2+

onto PAM/ATP was very rapid (Fig. 4) with an increase in contact
time from 0 to 5 min, and sorption equilibration was achieved by
40 min, followed by a constant adsorption rate with further shak-
ing time. This was due to the high complexation rate between
Hg2+ ions and reactive function groups on the surface of PAM/ATP.
According to studies on hard and soft metals, soft metal Hg forms
more stable bonds with nitrogen-containing (soft) ligands [28], and
PAM chains in the water [23]. It should be noted that adsorption is
not a diffusion-controlled process. At the same time, although the
adsorption of Hg2+ onto ATP is also very fast, the amount of Hg2+

adsorbed per unit weight of adsorbent is much smaller than onto

Mg 1s (%) Fe 2p (%) Al 2p (%) N 1s (%)

3.23 2.11 3.41 0
2.24 1.75 2.97 0
0.28 0.73 1.33 4.23
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reported in other studies [20,33].
The essential characteristic of the Langmuir equation can be

expressed in terms of a dimensionless constant separation factor
or equilibrium parameter RL, which was defined by McKay et al.
ig. 5. Effect of amount of adsorbent on adsorption of ATP(�) and PAM/ATP(�) for
g2+ (concentration of initial solution 327.7 mg L−1, contact time 40 min, pH of initial

uspension 4.40).

AM/ATP, indicating that the PAM grafted onto the surface of ATP
an enhance the adsorption of Hg2+ ions.

.2.2. Effect of adsorbent dosage
The amount of adsorbent is an important parameter, because

his reflects the adsorption capacity of an adsorbent, for a given
nitial concentration of the adsorbate. Fig. 5 shows the amounts of
g2+ removal by ATP and PAM/ATP at various different adsorbent
osages. The Hg2+ uptake decreased with increasing amounts of ATP
nd PAM/ATP. On the other hand, the amounts of Hg2+ adsorbed per
nit weight of ATP or PAM/ATP, i.e., the adsorption efficiency of ATP
r PAM/ATP, decrease with increasing amount of ATP or PAM/ATP.

As shown in Fig. 5, the Hg2+ adsorbed per g of ATP/PAM
ecreased more rapidly than for ATP, with increasing adsorbent
osages. At the same time, the amount of Hg2+ adsorbed per unit
eight of PAM/ATP was greater than that for ATP at the same adsor-

ent dosage. These differences can be explained by the fact that
AM/ATP contains large numbers of adsorption sites (amide groups)
n its surface, while ATP does not. Hg2+ is assumed to be able to form
covalent bond with the amide group (i.e., amido-Hg) in solution
y replacing a hydrogen atom from the amide group [23]. Consid-
ring the cost and efficiency of wastewater treatment, 0.15 g was
sed as a suitable dosage for the rest of the batch experiments.

.2.3. Effect of pH of solution
The pH of the aqueous solution is an important parameter in

he adsorption process [29]. The influence of pH of the equilib-
ium suspension on adsorption capacity of Hg2+ using PAM/ATP
as therefore studied, within the pH range of 1.0–7.0 (Fig. 6). Pre-

ipitation of Hg2+ did not occur throughout the entire pH range, as
hown in Fig. 6 [30]. Adsorption of Hg2+ increased with increasing
quilibrium pH and reached almost maximum adsorption around
n equilibrium pH value of 6.4. In other words, the pH value of the
nitial suspension is 4.4. Adsorption was then maintained at about
he same level within the equilibrium pH range of 6.4–7.0. This also
uggests that PAM/ATP exhibited a low affinity for Hg2+ at initial
H < 2, and a higher affinity between initial pH 4.4 and 6.5. This
lso suggests that the Hg2+ linkage proceeds with deprotonation of
he amide groups [24]. Thus, increasing pH of the initial solution
avors Hg2+-amide linkage formation between the reactive groups
n the PAM/ATP and Hg2+. Hence, initial solutions with pH 4.4 were

sed in our experiments.

XPS spectra are widely used to identify the existence of a partic-
lar element in a material [31]. Fig. 7 shows typical XPS spectra for
AM/ATP before and after Hg2+ adsorption. Hg2+ is clearly present
n the surface of PAM/ATP after the Hg2+ adsorption experiment.
Fig. 6. Effect of pH of the equilibrium solution on adsorption of PAM/ATP for Hg2+

(uptake capacity: �; initial pH: �; concentration of initial solution 327.7 mg L−1;
contact time 40 min; amount of PAM/ATP 0.15 g).

3.2.4. Equilibrium adsorption of Hg2+

The adsorption capacity of PAM/ATP for Hg2+ was investigated
over a range of metal concentrations. The adsorption data can often
be modeled by the Langmuir isotherm equation [32] as:

qe = qmKLCe

1 + KLCe
(2)

in which qm is the maximum amount of adsorption (mg g−1), qe is
the equilibrium capacity of Hg2+ on the adsorbent (mg g−1), Ce is
the equilibrium concentration of Hg2+ in the solution (mg L−1), and
KL is the adsorption equilibrium constant (L mg−1). The experimen-
tal adsorption isotherm results for Hg2+ on PAM/ATP at pH 4.4 at
different initial Hg2+ concentrations are shown in Fig. 8. In general,
Hg2+ uptake by PAM/ATP increased with increasing initial Hg2+ con-
centrations. It also appears that the adsorption isotherm results for
PAM/ATP can be well described by the Langmuir equation. This may
be due to a homogeneous distribution of active sites on the PAM/ATP
surface. According to the equation, the maximum adsorption capac-
ity (qm) of Hg2+ on PAM/ATP was 192.5 mg g−1 (r2 = 0.991). Similar
findings for Hg2+ adsorption from aqueous solutions have been
Fig. 7. Typical XPS spectra of PAM/ATP: (I) before Hg2+ adsorption; (II) after Hg2+

adsorption.
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ig. 8. Hg2+ adsorption isotherms on PAM/ATP: experimental equilibrium uptakes
nd the Langmuir model fitting (pH of initial suspension 4.40, contact time 40 min,
mount of PAM/ATP 0.15 g).

34] as:

L = 1
(1 + KLC0)

(3)

here C0 is the highest initial metal concentration (mg L−1) and KL
s the same as above. The value of RL indicates the nature of the
dsorption process to be either unfavorable (RL > 1), linear (RL = 1),
avorable (0 < RL < 1) or irreversible (RL = 0).

In this study, the low value of RL (RL = 0.0371) indicates favorable
dsorption. Hence, the qm, KL and RL values indicate that PAM/ATP
xhibits good potential for the adsorption of Hg2+.

.2.5. Adsorption dynamics
In order to examine the mechanisms controlling Hg2+ adsorp-

ion on PAM/ATP, such as mass transfer and chemical reactions,
he experimental data were tested using pseudo-first-order and
seudo-second-order kinetic equations. The pseudo-first-order
inetic model was suggested by Lagergren [35] for the adsorption
f solid/liquid systems and its formula is given as:

og(qe − qt) = log qe − k1

2.303
t (4)

Eq. (4) can be transformed into nonlinear forms, which can be
sed to predict the adsorption equilibrium:

t = qe(1 − e−k1t) (5)

here qt is the amount of Hg2+ adsorbed at time t (mg g−1); qe is the
xperimental amount of Hg2+ adsorbed at equilibrium (mg g−1);
nd k1 (min−1) is the rate constant of the pseudo-first-order adsorp-
ion. The adsorption rate constant (k1) and correlation coefficient
r2) were calculated from the nonlinear plot of qt versus t (Fig. 9a).
he results are shown in Table 2. It can be seen from Fig. 9a that

he correlation coefficient for the pseudo-first-order kinetic model
as very high. However, there was a large difference in qe between

he experimental and calculated values, suggesting a poor fit for the
seudo-first-order kinetic model to the experiment data.

able 2
arameters of kinetic models of Hg2+ adsorption onto PAM/ATP.

seudo-first-order Pseudo-second-order

e (mg g−1) k1 (min−1) r2 qe (mg g−1) k2 (g mg−1 m

9.32 26.97 0.998 80.71 0.037
Fig. 9. The pseudo-first-order kinetics (a) and the pseudo-sencond-order kinetics
(b) for the adsorption of Hg2+ onto PAM/ATP.

The rate constant for pseudo-second-order adsorption could be
obtained from the following equation [36]:

t

qt
= 1

k2q2
e

+ t

qe
(6)

where qt is the amount of Hg2+ adsorbed at time t (mg g−1); qe is the
experimental amount of Hg2+ adsorbed at equilibrium (mg g−1);
and k2 (g mg−1 min−1) is the rate constant of the pseudo-second-
order adsorption. Fig. 9b presents the plot of (t/qt) versus t for
the adsorption of Hg2+ onto PAM/ATP. The k2, the calculated qe

value and the correlation coefficient r2 are given in Table 2. An
extremely high correlation coefficient (0.999) was obtained. More-
over, the calculated qe value also agrees with the experimental
data in the case of pseudo-second-order kinetics. This suggests that
the adsorption data are well represented by pseudo-second-order
kinetics. Pseudo-second-order adsorption has also been reported
for Hg2+ adsorption onto magnetically modified yeast cells [5].
These results also suggested that the pseudo-second-order mech-

anism is predominant and that the behavior over a whole range of
adsorptions is in agreement with chemical adsorption, which is the
rate-controlling step [37,38].

Intraparticle diffusion

in−1) r2 Ki (mg g−1 h−1/2) C (mg g−1) r2

0.999 0.3990 22.21 0.698
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ig. 10. XPS N 1s spectra of PAM/ATP: (a) before Hg2+ adsorption; and (b) after Hg2+

dsorption.

In addition, the kinetic data can also be analyzed by an intra-
article diffusion kinetics model, formulated as [39]:

t = kit
1/2 + C (7)

here ki (mg g−1 h−1/2) is the intraparticle diffusion rate constant
nd C (mg g−1) is a constant. The values ki, C and correlation coef-
cient r2 calculated from the plot of qt versus t1/2 are shown in
able 2. It can be seen clearly from Table 2 that the correlation
oefficient (r2 = 0.698) for intraparticle diffusion is lower than those
or the pseudo-first-order and pseudo-second-order models. This
ndicates that the intraparticle diffusion model does not explain the
xperimental data. In addition, it is necessary to note that the inter-
ept (C) as proposed by Eq. (7) was not zero, but was a large value
22.21 mg g−1), indicating that intraparticle diffusion is unlikely to
e the controlling factor in determining the kinetics of the process
40].

The above results suggest that Hg2+ adsorption onto PAM/ATP
as mainly dependent on chemical adsorption mechanisms (Eq.

8) or Eq. (9)), along with a contribution from cation exchange
echanisms (Eq. (10)).

(8)
(9)
Fig. 11. Regeneration studies of PAM/ATP after six cycles.

ClayMn+ + Hg2+ ↔ ClayHg2+ + Mn+ (M = Na, K, Ca, Mg, etc.) (10)

3.3. Mechanism of adsorption

To provide evidence for the adsorption mechanism, XPS analyses
were conducted for PAM/ATP before and after Hg2+ adsorption at pH
4.4. Fig. 10 shows the typical N 1s XPS spectra of PAM/ATP with and
without adsorbed Hg2+. Before Hg2+ adsorption, there is only one
peak in the N 1s spectrum at a BE of about 399.61 eV (Fig. 10a). This
peak can be attributed to the nitrogen atoms in the amide groups
in the grafted PAM. After Hg2+ adsorption, however, three peaks
appeared in the N 1s spectrum (Fig. 10b). The new peak at a BE of
401.74 eV may be due to the formation of metal–NH2 complexes
for Hg2+, but the intensity of this peak was very small, indicating
that the amount of metal–NH2 complex, if present, is very lim-
ited. The intensity of the new peak at a BE of 398.79 eV, however,
was very strong, indicating that many nitrogen atoms existed in a
more reduced state on the surface of PAM/ATP because of the metal
adsorption. This was caused by the formation of a covalent bond of
amido-Hg, in which Hg2+ shared electrons with the nitrogen atom
in the O C NH2 group, and as a consequence, the electron cloud
density of the nitrogen atom was increased, resulting in a lower BE
peak. The XPS results thus provide evidence to support an adsorp-
tion mechanism of covalent bonds formed between Hg2+ and amide
groups.

3.4. Regeneration

We also studied the regeneration of the adsorbed Hg2+ ions from
the PAM/ATP in a batch experimental set-up. We used hot acetic
acid for extraction of the sorbed Hg2+-loaded samples for 30 min.
After washing with excess water, the adsorbents were available
for re-use. The Hg2+ adsorption capacity of PAM/ATP is illustrated
in Fig. 11 and was barely affected after six cycles. The adsorption
capacity of the recycled the PAM/ATP was maintained at 95% by the
sixth cycle. These results indicate that PAM/ATP is suitable for the
enhanced removal of Hg2+ from wastewater.

4. Conclusions

PAM can be successfully grafted onto KH-570-modified ATP
using the solution polymerization method, for enhanced removal

2+ 2+
of Hg from aqueous solution. The adsorption capacity of Hg
onto the PAM/ATP increases with increasing contact time and pH of
the initial suspension, but decreases with adsorbent dosage. More-
over, the amount of Hg2+ adsorbed per unit weight of ATP is less
than that for PAM/ATP at pH 4.40. The results also showed that
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AM/ATP adsorbed Hg2+ very rapidly. The equilibrium data fitted
he Langmuir sorption isotherm well, and the maximum adsorp-
ion capacity of Hg2+ onto PAM/ATP was 192.5 mg g−1. The kinetics
f Hg2+ adsorption onto PAM/ATP was based on the assumption
f a pseudo-second-order mechanism, which is an important pro-
ess in chemisorption. The higher adsorption capacity of PAM/ATP
ompared with ATP may be attributed to the ability of Hg2+ to
orm covalent bonds with the amide groups. Desorption was per-
ormed using hot acetic acid, and the regenerated adsorbents could
e reused with little loss of adsorption capacity.
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