¢ Desalination and Water Treatment
www.deswater.com

0 doi:10.5004/dwt.2018.23026

131 (2018) 252-260
November

Adsorption of Ag(I) in aqueous solution by polyamidoamine dendrimers

functionalized magnetic graphene oxide

Ying-Xia Ma* Ya-Lan Kou, Dan Xing, Peng-Sheng Jin, Wen-Jie Shao

State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, School of Materials Science & Engineering,
Lanzhou University of Technology, Lanzhou 730050, P.R. China, email: mayx2011818@163.com (Y.-X. Ma), kouyl930508@163.com (Y.-L. Kou),
xingdanxdxd@163.com (D. Xing), jps11080705@163.com (P.-S. Jing), shaowenjie0809@163.com (W.-]. Shao)

Received 24 January 2018; Accepted 18 August 2018

ABSTRACT

In this study, the adsorption property of 3.0 generations polyamidoamine dendrimer functionalized
magnetic graphene oxide (MGO-PAMAM-G3.0) for Ag(l) in aqueous solution was investigated by
batch experiments and magnetic separation technology. The adsorption mechanism was studied
by X-ray photoelectron spectroscopy (XPS), Fourier transform infrared spectroscopy (FT-IR) and N,
adsorption/desorption isotherm. The effect of the adsorption conditions, such as pH, initial Ag(I)
concentration, contact time and temperature on the adsorption property of MGO-PAMAM-G3.0 for
Ag(I) was explored. The equilibrium data were analyzed using the Henry, Langmuir, Freundlich and
Temkin isotherm models. The pseudo-first-order and pseudo-second-order adsorption kinetic mod-
els were employed to fit kinetics experimental data. The results showed that the main adsorption
mechanism of MGO-PAMAM-G3.0 for Ag(I) was the formation of N-metal ions chemical complex
and Ag(I) was reduced to element Ag in the adsorption process. The solution pH value had a major
impact on adsorption Ag(I) with optimal removal observed around pH = 4.0-6.0 and the MGO-
PAMAM-G3.0 was suitable for the adsorption low concentration Ag(I) from aqueous solution. The
experimental data were better fitting of the Langmuir isotherm model and the pseudo-second-order

equation, respectively.
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1. Introduction

Silver, as the most widely used noble metal, has been
applied in many industry fields such as electroplating, pho-
tography, coinage, ink formulation, mirroring, porcelain
and metal alloy industries due to their prominent thermal
and electrical conductivity, anti-bacterial and ornament
performance [1,2]. Silver ions (Ag(I)) are harmful pollut-
ants usually distributed in the lithosphere by their uses in
various several industrial products. However, these indus-
trial applications have generated wastewater containing
large amount of Ag(I). Ag(I) is usually accumulated in liv-
ing organisms (especially aquatic organisms) and causes
numerous diseases and disorders through food chain [3].
Depending on the above severe detriment, the Integrated
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Wastewater Discharge Standard of China classifies silver as
a primary pollutant, and its maximum discharge concen-
tration is 0.5 mg/L [4]. In order to achieve the wastewa-
ter containing silver discharge standard, various methods
have been used for Ag(I) removal from wastewater such as
membrane filtration, chemical precipitation, ion exchange,
solvent extraction and adsorption [5,6]. Adsorption method
is knew as a lower costs, higher separation efficiency and
ecofriendly treatment technique for the removal of various
toxic heavy metal ions even at low concentration. Many
adsorbents, such as activated carbon, resin, silica and chi-
tosan [7] have been developed for the removal of Ag(I) from
wastewater.

Graphene oxide (GO) is a kind of graphene-based mate-
rial which is an ideal adsorbent due to its large specific
surface areas and abundant oxygen-containing functional
groups including hydroxyl, carboxyl and epoxy groups
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[8,9]. However, it is difficult to separate GO from aqueous
solution on account of the well dispersity in water. Since
magnetic separation has been considered as an effective
method for solid liquid phase separation, Fe,O, nanoparti-
cles have been widely applied as adsorbents for the removal
of contaminants from wastewater because of the simple and
facile preparation process, high specific surface areas, rela-
tively low cost, high adsorption capacity and easy manip-
ulation by external magnetic field [10]. On the other hand,
dendrimers are a type of hyper-branched polymers which
are monodisperse macromolecules. Dendrimers have
unique structures, including large number of surface func-
tional groups, enormous specific surface areas in relation to
volume, the presence of internal cavities and high degree
of geometrical symmetry. Amine-terminated PAMAM den-
drimers exhibit a high binding affinity for metal ions due
to the coordination effect between tertiary amine, second-
ary amine and outer amino terminal of PAMAM and metal
ions [11]. The supported materials decorated dendrimers
used as adsorbents have recently received great attention.
For example, silica-gel supported PAMAM dendrimers had
been developed as an adsorbent for the adsorption of heavy
metals such as Hg(Il) and Co(Il) [12,13]. The mesoporous
silica (SBA-3, MCM-41, SBA-15 and MCM-48) supported
PAMAM dendrimers is a kind of promising adsorbent,
because of high level and uniform pore structure, pore vol-
ume, thermal and mechanical stability and versatility [14].
The PAMAM dendrimers functionalized various CNTs
nanocomposites were prepared and applied for heavy
metal ions (nickel, zinc, arsenic, cobalt) adsorption from
industrial wastewater [15].

Considering the unique properties of GO, Fe0,
nanoparticles as well as dendrimers, in our previous work
[16], different generations of polyamidoamine dendrimers
functionalized magnetic graphene oxide (MGO-PAMAM)
were synthesized via step by step growth chemical graft
approach and magnetic separation technology. The adsorp-
tion properties of the synthesized samples for Hg(Il) in
aqueous solution were investigated by batch experiments.
The results showed that the MGO-PAMAM with genera-
tion 3.0 of dendrimers (MGO-PAMAM-G3.0) had the maxi-
mum adsorption capacity of 113.71 mg-g™".

In order to determine the adsorption behavior and eval-
uate the feasibility for Ag(I) removal from aqueous solu-
tion, the effects of solution pH, initial Ag(I) concentration,
contact time and temperature on the adsorption capacity
of MGO-PAMAM-G3.0 were studied by batch experiments
and magnetic separation technology in this work. In com-
parison to other adsorbents, the MGO-PAMAM-G3.0 has
better biocompatibility, more adsorption sites for contam-
inant and easier separation by external magnetic field. It is
worth mentioned that Ag(I) was reduced to element Ag in
the adsorption process.

2. Experimental
2.1. Materials

Natural flake graphite (NFG) 60 BS mesh, with the
purity of 99 wt% was supplied by Shandong Qingdao
Tianhe Graphite Company (China). GO was prepared from
NFG by the modified Hummers method [17]. Ethylenedi-

amine (EDA), methyl acrylate (MA) and ethanediol were
purchased from Tianjin Fuyu Chemical Co., Ltd. (China).
Iron chloride hexahydrate (FeCl,-6H,0), anhydrous sodium
acetate (CH,COONa), silver nitrate (AgNO,), potassium
persulfate (K,S,0,) and potassium periodate (KIO,) were
purchased from Sinopharm Chemical Reagent Co., Ltd.
(China). Nitric acid and sodium hydroxide (NaOH) were
purchased from Tianjin Damao Chemical Co., Ltd. (China).
MA was vacuum distilled in the rotary evaporation appa-
ratus just before use. All of the other reagents are analytical
grade and used as received without further purification.

2.2. Adsorbents preparation

MGO-PAMAM-G3.0 adsorbents were synthesized via
step by step growth chemical grafting approach and mag-
netic separation technology according to our previous
report [16]. Firstly, amino functionalized magnetic graphene
oxide (MGO-NH,) were obtained by one-pot solvother-
mal method using GO as carrier, FeCl,-6H,O as precursor,
ethanediol as surfactant and reductant, sodium acetate as
stabilizer, EDA as modifier and reductant in Teflon-lined
stainless steel autoclave at 200°C for 8 h. Then, using the dry
MGO-NH, as carrier, MA and EDA as functional monomers,
MGO-PAMAM samples were prepared by Michael addi-
tion reaction and amidation condensation reaction under
mechanical stirring at room temperature and N, protection
environment. With the increasing of generation number,
the amount of MA, EDA and the reaction time need to be
increased to make the reaction process completely.

2.3. Characterization

Fourier transform infrared spectroscopy (FI-IR) of
the samples recorded with a Nexus 670 (Thermo Electron
Corporation, United States). The N, adsorption/desorp-
tion isotherm was performed by the Micromeritics ASAP
2020 (United States), and the specific surface area of sam-
ple was calculated by the Brunauer-Emmett-Teller (BET)
method and the pore size distribution obtained from the
Barret-Joner-Halenda (BJH) method. The X-ray photoelec-
tron spectroscopy (XPS, Thermo Electron Corporation,
United States) analysis carried out to detect the constituent
elements of adsorbents before and after adsorption. Zeta
potential was measured in a Malvern Zetasizer by dispers-
ing the sorbent in distilled water with different pH val-
ues. The concentrations of Ag(l) in aqueous solution were
determined using a UV-752N UV-vis spectrophotometer
(Shanghai Precision Scientific Instrument Co., Ltd, China)
by monitoring the absorbance at 365 nm at the presence of
potassium periodate and potassium persulfate. The pH of
solution was determined using a PHS-3C pH meter (Shang-
hai Leici Instrument Factory, China). The adsorption envi-
ronment needed for the samples was provided by constant
temperature oscillator of HZQ-211C (Shanghai Yiheng
Technical Co., Ltd, China).

2.4. Adsorption experiments

Adsorption Ag(I) on MGO-PAMAM-G3.0 were carried
out with typical batch experiments. All experiments were
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performed in 250 mL conical flask containing 50 mL Ag(I)
solution at 120 rpm and 298 K in a thermostat oscillator,
after a desired period of adsorption, the adsorbent was
removed out by a magnetic field and the Ag(I) content in
the residual solution was measured by UV-vis spectropho-
tometer at 365 nm. The stock solution of Ag(I) (1,000 mg-L™)
was prepared by dissolving a certain amount of AgNO, in
distilled water. Working solutions were prepared by dilu-
tion of the stock solution to the desired concentration using
distilled water. The adsorption parameters, including ini-
tial Ag(I) concentrations (10-80 mg-L™), initial pH (1.0-7.0),
contact time (15-2880 min) and temperature (278-318 K)
were investigated. The desired pH was obtained using
HNO, and NaOH. Adsorption kinetic and isotherm exper-
iments were conducted under the optimal adsorption con-
ditions. The adsorption capacity and removal efficiency of
Ag(I) onto the MGO-PAMAM-G3.0 were calculated using
Egs. (1) and (2), respectively [18]:

(G, -C)v
Q="—1r— @)
(C,—C)x100
R(%)="———— @)

where Q (mg-g™) is the adsorption capacity of Ag(I), R(%) is
the removal efficiency, C, and C (mg-L™) are the initial and
residual concentration of Ag(I) in aqueous solution, respec-
tively. V (L) is the volume of Ag(I) solution and M (g) is the
mass of adsorbent used.

3. Results and discussion
3.1. Adsorption of Ag(I)
3.1.1. Effect of pH

The pH of the solution has been reported as a key con-
dition that affects the adsorption property of adsorbent for
heavy metal ions from aqueous solution [19]. The effect
of solution pH on the adsorption of Ag(l) onto MGO-
PAMAM-G3.0 was investigated in a wide range of 1.0-7.0
pH values and the results are presented in Fig. 1. It can
be observed that the adsorption capacity of Ag(I) had lit-
tle contribution in the pH range of 1.0-3.0. However, the
adsorption capacity increased enormously with increas-
ing in the pH range of 3.0-6.0, then reached a plateau
value with pH range of 6.0-7.0. The above results could be
explained by considering the H* competition for adsorption
sites and the zero point of charge (pH,_ ) of the adsorbent.
The pHZpC was 6.2 for MGO-PAMAM-G3.0 presented in Fig.
1. We could see that the surface of MGO-PAMAM-G3.0 was
positively charged when pH lower than 6.2. At lower pH
values (1.0-3.0), most amine groups, which including ter-
tiary amine, primary amine and -NH,, were converted to
protonated form lead to the number of negatively charged
surface sites decreased and positively charged surface sites
increased. The adsorption of MGO-PAMAM-G3.0 for Ag(I)
was hampered by strong electrostatic repulsion, resulting to
the lower adsorption capacity. Additionally, lower adsorp-
tion capacity of MGO-PAMAM-G3.0 for Ag(I) at acidic pH
was due to the existence of a large number of H* compet-

70
60
40 §
-
=
20 3
-
o
=
=
B
20<
1 1 1 1 1 1 1 _40

Fig. 1. Effect of solution pH on adsorption of MGO-PAMAM-G3.0
for Ag(I) (C,=50mg-L", T=298K, t =12 h, M = 25 mg) and Zeta
potentials of MGO-PAMAM-G3.0.
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Fig. 2. Effect of initial concentration on adsorption of MGO-
PAMAM-G3.0 for Ag(I) (T =298 K, t=12h, pH = 6.0, M = 25 mg).

ing with Ag(I) for the adsorption sites. With increasing of
pH, the effect of H* on the adsorption could be ignored due
to the concentration of H* decreased. Moreover, the elec-
trostatic repulsion between Ag(I) and MGO-PAMAM-G3.0
reduced for deprotonation, making the adsorbents showed
higher adsorption capacity for Ag(I). At the pH increased to
7.0 or higher, Ag(I) would combine with OH"and form pre-
cipitation, which is not desirable to the following research
of adsorption process.

3.1.2. Effect of initial Ag(I) concentration

The effect of the initial Ag(I) concentration on the
adsorption of MGO-PAMAM-G3.0 for Ag(I) was investi-
gated. As shown in Fig. 2, the adsorption capacity increased
obviously with increasing of initial concentration within 40
mg-L™ and then tended to dynamic equilibrium. This was
due to the increase of active sites on the adsorbent and the
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greater driving force by a higher concentration gradient
pressure. With the initial concentration continuing increase,
the adsorption capacity did not significantly improve due
to the saturation of the adsorbent surface with Ag(I). The
maximum adsorption capacity of MGO-PAMAM-G3.0
for Ag(I) was 52.06 mg-g™'. When the initial Ag(I) concen-
tration was lower than 10 mg-L7, the removal efficiency
could be higher than 90%, indicating that the low concen-
tration of Ag(I) solution was beneficial to the adsorption of
MGO-PAMAM-G3.0. Compared the maximum adsorption
capacities of MGO-PAMAM-G3.0 with other GO-based
adsorbents (Table 1), we can see that the adsorption capac-
ity of MGO-PAMAM-G3.0 for heavy metal ions is higher
than previous reported adsorbents [20-23].

3.1.3. Effect of contact time

Contact time is one of the important parameters for
successful use of adsorbent in practical application. Fig. 3
shows the effect of contact time on the adsorption of Ag(I)
onto MGO-PAMAM-G3.0. The result indicated that the
adsorption capacity increased rapidly within the first 240
min and slowed down gradually with approaching equilib-
rium at 720 min.

3.1.4. Effect of temperature

Effect of the temperature on adsorption of MGO-
PAMAM-G3.0 for Ag(I) is shown in Fig. 4. The adsorption
capacity of MGO-PAMAM-G3.0 for Ag(l) increased signifi-
cantly with an increase of temperature, then the adsorption
capacity increased slowly from 298 K to 318 K, indicating
that the higher temperature was beneficial to the adsorption
of MGO-PAMAM-G3.0 for Ag(l) .

3.1.5. Adsorption kinetics

Kinetic models can be helpful to understand the mech-
anism of metal ions adsorption and evaluate property of
the adsorbents. In order to further investigate the kinetic
adsorption mechanism, the pseudo-first-order equation
and pseudo-second-order equation, as shown in Egs. (3)
and (4), respectively, were employed to interpret the kinetic
[24,25].

In(Q,-Q,)=InQ, -kt 3)
t_1 .t )
Qt kZQez Qe

where Q_(mg-g™) and Q, (mg-g™') are the adsorption capacity
of Ag(I) adsorbed at equilibrium and at time ¢ (min), respec-
tively, ¢ is the contact time, k, (min™) and k, (g-min"-mg™) are
the pseudo-first-order and pseudo-second-order rate con-
stant, respectively.

The linear fitting results of the kinetic data shown in
Fig. 5 and the corresponding adsorption kinetic model rate
constants listed in Table 2. As shown in Fig. 5 and Table 2,
the pseudo-second-order kinetic model (R*= 0.9996) gave
a satisfactory fit to the experimental data compared to
pseudo-first-order kinetic model (R*= 0.9705) for adsorp-

Table 1
Adsorption capacities of GO-based adsorbents

Adsorbents Adsorbed heavy Q_ References
metal ions (mg-g™)
GO-Ss Cu(II) 32.12 [20]
Cd(In) 46.28
NdA(IIT) 38.17
mGO/beads Cr(VI) 1.90 [21]
GO-PER Y(III) 32.38 [22]
Nd(III) 49.88
GO-G Ni(II) 36.63 [23]
MGO-PAMAM-G3.0 Ag(I) 52.06 This work
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Fig. 3. Effect of contact time on adsorption of MGO-PAMAM-G3.0
for Ag(I) (C,=40 mg-L™, T =298 K, pH = 6.0, M = 25 mg).
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Fig. 4. Effect of temperature on adsorption of MGO-PAMAM-G3.0
for Ag(I) (C,= 40 mg-L, t =12 h, pH = 6.0, M = 25 mg).
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Fig. 5. Pseudo-first-order (a) and pseudo-second-order (b) kinetics of adsorption Ag(I) onto MGO-PAMAM-G3.0 (C;= 40 mg-L, T

=298 K, pH = 6.0).

Table 2

Constants and correlation coefficients for the kinetic models of adsorption Ag(I) onto MGO-PAMAM-G3.0

Kinetic model Parameter R? Equation
Pseudo-first-order k,(min™") 0.0039 0.9705 In(Q_~Q, = 3.2001 - 0.0039¢
Qe (M-8 24.54
Qe erp (Mg 46.78
Pseudo-second-order k,(g:min™-mg™) 0.0005 09996  t/Q,=0.0210¢ + 0.9321
Qe (Mg-g™) 47.62
Qe,exp (mg-g™) 46.78

tion Ag(I) by MGO-PAMAM-G3.0, demonstrating that rate
determining step of the adsorption process was mainly
controlled by the chemical adsorption.

3.1.6. Adsorption isotherm

In order to well understand the adsorption behaviors,
four isotherm equations were employed to analyze the
adsorption isotherm data including the Henry, Langmuir,
Freundlich and Temkin equations, which are expressed by
Egs. (5)—(8), respectively [26,27]:

Qe = KHCc (5)
c__1 . ¢ ©)
Qc KLQmax Qmax
1
InQ, =—InC, +1InK; (7)
n
Q, =ElnC3 +ElnAT (8)
by br

where C_(mg-L™) is the equilibrium concentration of Ag(I)
in solution. Q__ (mg-g™) is the maximum adsorption capac-
ity. K, (L-g"), K, (L'mg™") and K (mg-g™') are the Henry,

Langmuir and Freundlich constants, respectively. n is the
Freundlich exponent related to adsorption intensity, RT /b,
is related to the adsorption heat. A is the equilibrium con-
stant corresponding to the maximum binding energy.

The fitting results obtained from these four adsorption
models are shown in Fig. 6 and the calculated parame-
ters are presented in Table 3. As can be seen in Fig. 6 and
Table 3, the correlation coefficients (R?) obtained from Lang-
muir model was higher than other three models, showing
that the Langmuir model was more suitable to describe the
adsorption isotherms. The maximum adsorption capacity
(54.95 mg-g™) calculated from Langmuir model was closer
to the experimental result (52.06 mg-g™'). These results indi-
cated that the adsorption of Ag(I) onto the surface of MGO-
PAMAMS-G3.0 took place by monolayer adsorption without
any interaction between adsorbed ions, in other words, all
the adsorption sites had equal adsorbate affinity and that
the adsorption at one site did not affect the adsorption at an
adjacent site [28].

3.2. Adsorption mechanism

The surface composition and the change of func-
tional groups of the MGO-PAMAM-G3.0 before and after
adsorption Ag(I) were analyzed by XPS. The XPS spec-
tra of MGO-PAMAM-G3.0 before and after adsorption
Ag(I) are presented in Fig. 7. The survey scan XPS spectra
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Fig. 6. Henry (a), Langmuir (b), Freundlich (c) and Temkin (d) adsorption isotherms of adsorption Ag(I) ontoMGO-PAMAM-G3.0

(T=298K,t=12h, pH = 6.0).

Table 3
Adsorption isotherm parameters of adsorption Ag(I) onto MGO-PAMAM-G3.0
Adsorption isotherm Parameter R? Equation
Henry K, (L-gh) 0.5304 0.6796 Q,=0.5304C,
Langmuir K, (L'mg™) 0.3363 0.9984 C./Q,=0.0189C_+ 0.0562
Q... (mg-g™) 5291
Freundlich K. (mg-g™) 20.4381 0.9593 InQ_ = 0.2564InC_ + 3.0174
n 3.9002
Temkin . 4.6711 0.9899 Q.= 0.5304InC_+29.4813
AL 1.6996

(Fig. 7a) of MGO-PAMAM-G3.0 before and after adsorp-
tion Ag(I) showed characteristic peaks of C 1s, O 1s, N 1s
and Fe 2p. After adsorption Ag(I), a new peak for Ag 3d
was observed at about 368 eV, suggesting the successful
adsorption of Ag(I) on the surface of MGO-PAMAM-G3.0.
Fig. 7b showed the high-resolution Ag 3d spectra, a pair
of doublet-peaks assigned to Ag 3d, , and Ag 3d,,, with
binding energies at 374.2 eV and 368.2 eV, respectively,
which was in accordance with silver in the Ag® oxidation
state [3]. It suggested that Ag(I) adsorbed on the surface of

MGO-PAMAM-G3.0 was reduced to elemental silver. The
high-resolution C 1s spectra of MGO-PAMAM-G3.0 (Fig.
7¢) could be divided into three peaks at 284.6 eV, 285.3 eV
and 288.0 eV, belonging to the C-C, C-O/C-N and O=C-N
species [29]. After adsorption Ag(I), the high-resolution C
1s spectra (Fig. 7d) didn’t showany significant changes,
indicating the existence form of C element remained the
same for MGO-PAMAM-G3.0 before and after adsorp-
tion Ag(I). The characteristic peaks of the high-resolution
O 1s spectra (Fig. 7e) appeared at 529.8 eV (O-Fe), 531.3
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Fig. 7. The survey scan XPS spectra (a) and high-resolution scan XPS spectra of Ag 3d (b), C 1s (c, d), O 1s (e, f) and N 1s (g, h) of
MGO-PAMAM-G3.0 before and after adsorption of Ag(I).
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Fig. 8. FT-IR spectra of MGO-PAMAM-G3.0 before (a) and after
(b) adsorption Ag(I).

eV (0O=C) and 533.1 eV(O-C/C-O-C) [30]. After adsorp-
tion Ag(I), the peak position of Ols (Fig. 7f) almost did
not change as well, indicating that the O element was not
involved in the adsorption process. The high-resolution N
1s spectra of MGO-PAMAM-G3.0 before adsorption Ag(I)
(Fig. 7g) shows two peaks appeared at binding energies
of 399.8 eV and 401.1 eV were attributed to amines -NH,
and amide bonds N-C=O/NH,*, respectively [31]. After
adsorption Ag(I) (Fig. 7h), the two peaks were shifted to
a lower binding energy due to the coordination interac-
tion between amine groups and Ag(I). This phenomenon
could be attributed to the formation of NH,-Ag chemical
complex, then nitrogen atom of NH,-Ag chemical com-
plex acquired electron via electron transport, resulting in
increase in the density of its electron cloud. On the con-
trary, the Ag(I) became element silver as its lost electrons.

Fig. 8 shows the FT-IR spectra of MGO-PAMAM-G3.0
before (a) and after (b) adsorption Ag(I). The broad and
strong band, ranging from 3200 cm™ to 3600 cm™, was
formed by the overlapping of the N-H bond of the amino
groups and the O-H bond of the hydroxyl groups. The
peaks at 2925 cm™ and 2852 cm™ could be ascribed to the
C-H asymmetric and symmetric vibration of the -CH,
groups. The peaks at 1563 cm™ and 1180 cm™ attributed
to amide II (a combination peak of N-H bending and C-N
stretching vibration) and C-N stretching vibration of ter-
tiary amine, respectively [32]. The appearance of the peak
around 1726 cm™ was ascribed to the C=0O stretching vibra-
tion of the amide in the MGO-PAMAM-G3.0. The peak at
582 cm™ could be assigned to Fe-O stretching vibration of
Fe,O,. Compared to Fig. 8a, in Fig. 8b the sharp and strong
peak at 1563 cm™ shifted to 1475 cm™ and the peak intensity
became weak. This phenomenon could be attributed to con-
vert primary amine into secondary amine or tertiary amine
due to interacting with -NH, and Ag(I).

The N, adsorption/desorption isotherms of MGO-
PAMAM-G3.0 before (a) and after (b) adsorption Ag(I) are
shown in Fig. 9. From Fig. 9 we can see that the isotherm
curves of MGO-PAMAM-G3.0 show type-IV isotherm
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Fig.9.N, adsorption/desorption isotherms of MGO-PAMAM-G3.0
before (a) and after (b) adsorption Ag(I).

according to IUPAC classification, indicating the existence
of mesoporous structures of samples. Calculating from the
desorption branch of the nitrogen isotherm with BJH model,
the specific surface area and the pore volume of MGO-
PAMAM-G3.0 were 40.93 m*g™ and 0.110 cm®g™', respec-
tively. This might be the gaps caused by Fe,O, nanoparticles,
PAMAM and GO sheets. After adsorption Ag(I), the specific
surface area and the pore volume of sample decreased to
35.43 m>-g~' and 0.108 cm® g™, respectively.

4. Conclusions

The MGO-PAMAM-G3.0 were successfully used as
adsorbent for the removal low concentration of Ag(I) from
aqueous solution by magnetic separation technology at pH
in a range from 4.0 to 6.0, and higher temperature was ben-
eficial to the adsorption of MGO-PAMAM-G3.0 for Ag(I) in
aqueous solution.

Ag(I) was reduced to element Ag in the adsorption pro-
cess of MGO-PAMAM-G3.0.

The adsorption process of MGO-PAMAM-G3.0 for
Ag(I) was well described by the pseudo-second-order
kinetics model and the Langmuir isotherm model, which
revealed that the adsorption process was mainly considered
as a monolayer chemical adsorption.
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