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ABSTRACT

We developed a facile strategy for preparation of heteropoly metalate/
graphene oxide nanocomposite as a new ion exchanger for cadmium
ion removal from aqueous solution. The synthesized nanocomposite was
characterized by X-ray powder diffraction (XRD), UV-Vis spectroscopy,
FT-IR spectroscopy and Raman spectroscopy. Our findings indicated
that the combination of heteropoly metalate nanoparticles with graphene
oxide results in an excellent performance for cadmium ions removal of
aqueous solution. The experimental data demonstrated that the adsorption
isotherm fitted well by Langmuir model with maximum sorption capacity
of 47.85 mg/g. The removal behavior of this compound was evaluated by
various parameters such as contact time, concentration of metal ion, pH
of solution and temperature. In addition, the effect of interfering cations
on the cadmium adsorption is investigated. Dubinin-Radushkevich
model represented physical sorption occurred as bold mechanism that
is confirmed by thermodynamic parameters. Also, the obtained data of
the recycling experiment presented excellent stability after 4 consecutive
cycles. This study indicated heteropoly metalate supported graphene oxide
with good performance for removal of cadmium can be used for treating
polluted solution by other heavy metal.
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INTRODUCTION

Water contamination by heavy metals has
become a serious subject of worldwide concerns.
Discharge of these heavy metals from various
sources like mining, Ni—Cd batteries, oil refineries,
smelting operations and pigments quickly are
increasing in the recent years [1]. So, the removal
of these toxic pollutions from aqueous waste
is nowadays considered as a hot issues being
investigated. Cadmium (Cd) as a component of
heavy metals group attracted notable attention
due to high toxicity, tendency to accumulation
in liver and kidney [2], non-biodegradable and
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also has bad effects on ecosystem [3,4]. The
World Health Organization (WHO) is considered
cadmium as one of the most dangerous heavy
metals and a drastic human carcinogen [5].
Several methods such as chemical precipitation,
reverse osmosis and solvent extraction [6, 7] are
employed for treatment of polluted solution.
However, these methods are unsuitable due to
incomplete removal of the heavy metal and so
additional treatment is required. Other methods
such as ultrafiltration and electrochemical
deposition are used in developed industrial but
high cost and complexity of process limited their
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usage [8]. Many of research studies is introduced
ion exchange as an effective method for treating
contaminated solution, particularly ion exchange
process by inorganic materials that have in nurture
ion exchange properties like heteropoly acids
(HPAs). HPAs nanoparticles are made of particular
combination of hydrogen and oxygen with
certain metals and non-metals. Nowadays, Keggin
structure of HPAs ( with overall formula [XM_,0, ]
", where X is the heteroatom (eg P*, Si**, or
B**) and M is the addenda atom (most common
are molybdenum and tungsten)) is attracted more
attention in this area. Potential acidic properties is
one of the excellent properties of keggin structure
that it enable as ion exchanger to remove metals
ion [9,10]. This ability comes back to the interaction
of metal ions in solution with an oxygen end-atom
and a release of exchangeable protons in the HPAs
structure. So they can act as cation- exchange
materials. However, low surface area and high
solubility in aqueous media limited its usage as
ion exchanger. The formation of salt of these
compounds leads to increase their surface area
and insolubility in aqueous solution. Siddiqui et al.
reported the synthesis of Zirconium (IV) tungsto
iodo phosphate and used it for the separation
of Pb* from other metal ions [11]. Mittal et al.
synthesized zirconium antimono phosphate and
zirconium phosphor tungstate as inorganic ion
exchanger and reported that these have good ion
exchange capacity for Fe?*, Fe**, Pb?" and Ba?*[12].
However, their separation and filtration even
under conditions of high speed centrifugation
still is confined their practical applications.
Recently, many researches focused on fabrication
of nanocomposite by inserting the nanoparticles
on the various supports such as silica [13], multi
walled carbon [14] and carbon nanotubes [15]
that is an important study for the exploration of
their properties and applications. Graphene oxide
(Go) with layer structure is the most attractive
and the newest member of carbon family that
has various functional groups such as carboxyl,
hydroxyl and epoxy. Layer structure and also
presence of different functional groups introduced
it as desirable support. Composites of decorated
Go sheets by nanoparticles with oxidative and
acidic properties such as HPAs are developed [16,
17]. As an evident point from the literature, the
immobilization of HPAs on the graphene based
surfaces produces new nanocomposite materials
which have potential importance in the areas
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such as optics, electronics, catalysis and sensors
[18-20]. Anyway, there is a little evaluation of
heteropoly metalate supported graphene oxide.
In the present study, tin (IV) molybdo tangsto
phosphate, donated as TMTP, supported Go was
prepared via a simple strategy and in the first
time, its application for removal of Cd ions was
studied. Finally adsorption experiments directed
to examine effective parameters such as metal ion
concentration, pH of solution, temperature and
presence of alkaline metal ions.

MATERIALS AND METHODS
Materials

All of the materials were used in this research
work purchased from Merck and Aldrich without
further purification.

Characterization

FT-IR analyses of materials were performed using
a Shimadzu-8400S spectrometer in the range of
400-4000cm™. The crystalline structure of products
were recorded by powder X-ray diffraction (XRD)
on philips X-pert X-ray diffractometer using Cu
Ka radiation (wavelength, A = 1.5418 °A). The
morphology of various samples was obtained
with scanning electron microscopy (SEM, Philips
XL-300 instrument). Inductively Coupled Plasma
(ICP, Varian vista-PRO) was employed to evaluate
the cadmium value. The Raman spectra of
samples were recorded by the Almega Thermo
Nicolet Dispersive Raman Spectrometer (Laser
second harmonic @532 nm of a Nd: YLF laser).
UV-Vis spectra were achieved with Shimadzu-
UV-2550-8030 spectrophotometer in the range of
200-800 nm at room temperature.

Preparation of H, [PMo,W.,0, ] particles

HPAs with general formula H, [PMo,W,O, |. nH,O,
were synthesized via the procedure of Huixiong
[21]. Briefly, Na,HPO, (2.23 gr) and desired
amount of sodium molybdate were dissolved in
distilled water. So, the solution was stirred at 90
°C. After being stirred for 30 min, aqueous solution
of Na,WO0,. 2H,0 was added to the above heated
solution. Subsequently, aqueous sulfuric acid
solution was added dropwise until the solution pH
value reached 1.5-2. In the following, the mixture
was heated at 90 °C and then final product was
extracted by diethyl ether and following was
recrystallized. ICP analysis indicated that the
atomic ratio of P/Mo/W were: 1/ 3.86/ 7.69 that
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this product, 4-molybdo-8-tangsto phosphoric
acid, is symbolized as MTP.

Preparation of TVITP/Go composites

Go was prepared by a modified procedure
according to the literature [22]. TMTP supported
Go, donated as TMTP/Go, was synthesized as
follows: First, 1gr Go was dispersed in 40 ml water.
So 3 gr MTP added to it and was stirred at 300
°C until the solvent was completely volatilized.
Subsequently, the collected precipitate was
calcined at 300 °C for 3 h. Acidic solution of SnCl,.
5H,0 (0.31 gr SnCl,-5H,0 dissolved in 10 ml HCl)
was added to above precipitate and was stirred at
the room temperature. The sample was filtered and
washed with distilled water and ethanol and dried
in an oven at 60 °C for 18 h. ICP elemental analysis
indicated that 20% of TMTP species was loaded on
the Go support that indicated as 20%TMTP/Go.
This procedure was used for preparation of other
loading of TMTP on the support.

Adsorption experiment

Batch technique was employed to determine
the adsorption capacities of Cd ions. For this
purpose, 0.1 gr of adsorbent was mixed in a 20
mL of preselected concentration of metal ion
solution. The mixture was continuously shaken
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Fig. 1. SEM images of Go (a), TMTP/Go nanocomposite (b), TEM images of TMTP/Go nanocomposite (c,d)

by the mechanical shaker at 150 rpm and 25 ¢C.
The desired pH of the solution was adjusted using
negligible volumes of 0.1 M nitric acid and sodium
hydroxide solution. At the end of adsorption
experiments, the solid phase was collected by
centrifuged at 6000 rpm for 10 min and the
residual concentration of Cdin aqueous solution
was determined by ICP-OES elemental analysis.
Also the effect of different conditions such as pH,
contact time, concentration of metal ions and
temperature of solutions on adsorption efficiency
were investigated. In order to examine influence
of interfering cations containing Ca** and Mg
on adsorption process, Cd solution with initial
concentration 200 ppm was added to various
concentration of interfering cations ( 80, 160 and
240 ppm). The equilibrium adsorption capacity
was calculated according to Eq. 1

(Co —Ce)v
- w
where C; and C_ are the initial and equilibrium
concentration of the metal ions (mg. L), v is the

volume of the liquid phase (ml) and W is the mass
of the adsorbent (gr).

(1)

qe

RESULTS AND DISCUSSION
Adsorbent characterization
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The morphology and texture of produced
samples were investigated by SEM and TEM
analysis. As seen in Fig.1a, the smooth and silk-like
sheets were observed for Go sample. It is found
from Fig.1b and TEM images in Fig. 1c , d that
surfaces of supports (Go) were randomly covered
by lots of TMTP nanoparticles which suggesting a
strong interaction between TMTP nanoparticles
and Go. The purity phase of synthesized products
examined with XRD analyses as shown in Fig. 2.
The diffraction peak at 26= 8.9° correspond to the
(001) reflection of Go (Fig. 2a) [23]. As shown in
fig. 2b, XRD patterns of MTP sample are in good
agreement with its reported patterns in previous
study indicating phase purity and good crystalline
of it [21]. In the long-range ordered XRD pattern of
TMTP/Go (Fig. 2c) the absence of any diffraction
peaks related to TMTP in composite diagram
implies the high dispersion of TMTP on the Go
support [24]. The FT-IR spectrum of Go (Fig. 3a)
indicated peaks at 1056 cm-!, 1226 cm?, 1622
cm™ and 1732 cm™ that correspond to alkoxy C—
OH stretching vibrations, epoxy C—O—C stretching
vibrations, aromatic C—C stretching vibrations
and C=0Ostretchingvibrations of the -COOH groups,
respectively [25]. The broad peak corresponded to
the hydroxyl groups and the adsorbed water on
surface is located at 3381 cm™[26]. Fig. 3b showed
four characteristic peaks belonging to MTP at 1051

cm*(v ), 951 cm™(v__), 877 cm™ (v, ...) and
741 cm™ (v, o) [21]. FT-IR spectra of TMTP/
Go demonstrated that the structure of TMTP is
remained in composition sample (Fig. 3c) and
confirmed the presence of both Go and TMTP in
the nanocomposite. TMTP interact with functional
groups such as carbonyl, carboxyl and other group
of Go. Especially, in aqueous solution the carboxyl
group is weakly acidic but when it is bonded with
TMTP that have a lower pH value; it alters to a
weak base by changing to a positive charge. So,
electrostatic bonding between positively charged
carboxyl groups and negatively charged TMTP
anions improved interaction TMTP with surface of
Go [27].In comparing between the Go and TMTP/
Go spectra, red shift of C=0 peak was observed
from 955 cm™ to 941 cm™ that this may be referred
to electrostatic bonding between TMTP and Go.
UV-Vis spectroscopy was applied to evaluate the
ligand-to-metal charge transfer (LMCT) band of the
pure MTP in 200-800 nm regions. The adsorption
edge MTP was measured using the first derivative
of the absorption spectrum. The calculated band
gap (Fig. 4a) in the case of the pure MTP is 2.25 eV
(edge wavelength 551 nm). This value shifted to
2.88 eV for TMTP/Go sample. This shift in the band
gap clearly associated with the changed energy
levels of MTP owing to electron transfer from
MTP to Go [28]. These results were supported by
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Fig. 2. XRD pattern of Go (a), MTP (b) and TMTP/Go (c) nanocomposite
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Fig. 3. FT-IR spectra of Go (a), MTP (b) and TMTP/Go (b) nanocomposite
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Fig. 4. UV-Vis spectra of MTP and TMTP/Go nanocomposite (a), Raman spectra of Go and TMTP/Go nanocomposite (b)

Raman spectroscopy. Interaction between Go and
TMTP can be investigated by the changes of the
degree of disorder in crystalline structure carbon
materials using Raman spectroscopy. The Raman
spectrum of Go exhibited two peaks at 1360 cm
and 1650 cm™ which are attributed to existing
disorder in the carbon structure (D band) and E,g
mode of sp?bonds of carbon framework (G band)
respectively. The obtained I /I_ ratio for Go and
TMTP/Go are 0.94, 1.04 respectively (Fig. 4b). The
increased ratio indicated the anchoring of TMTP
onto Go resulted in increased defect of the sp?
domain which can be assumed as a good evidence
for successful formation TMTP/Go.

Adsorption tests
Effect of amount of loading on removal efficiency

J Nanostruct 7(3): 223-235, Summer 2017

The dependence of Cd?* removal to the presence
of TMTP /Go composite shown in Fig. 5. It is clear
that only 27% of Cd*? removed by pure Go. When
TMTP/Go is used as adsorbent, removal efficiency
was enhanced with theincrease of loadingamount.
The efficiency reaches the maximum when the
TMTP loading increase up to 30%. The fall of
removal efficiency with the further increasing of
loading was corresponded to aggregation of TMTP
species on surface of TMTP/Go composite.

Effect of pH solution

The initial pH of solution plays important role
in determining adsorption nature of adsorbent.
The different cadmium species exist in aqueous
solution such as Cd*, Cd(OH)*, Cd(Il)(OH),
, Cd(OH),(s), [Cd(OH),Jand [Cd(OH),]* that
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Fig. 6. The surface charge versus pH for 30%TMTP/Go nanocomposite (a), The effect of pH solution on the Cd2+ removal efficiency

concentration of each of them depends on pH
of solution. Cd*? is dominant species at pH 8
[29]. Hence, the considered value range of pH is
adjusted between 2-8. Results of Zeta potential
for 30%TMTP/Go nanocomposite demonstrated in
Fig. 6a. It is seen, this nanocomposite is negatively
charged at the entire mentioned range pH (2pH8).
As shown in Fig. 6b, the removal of metal ion
increases along with increasing the pH from 2 until
8. In the lower values of pH, competition of Cd?*
ions with H" or H,O* for adsorption on negative
surface adsorbent increase and so decrease of
Cd removal is expected. For a higher pH, it is seen
that adsorption efficiency is reached to maximum
value at pH=8 that attributed to decline of protons
concentration resulting enhancement of Cd?*
removal.
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(b)

Effect of contact time

In particular, adsorption kinetics is important
character for fast treatment water. The
adsorption of Cd*2 from aqueous solution at initial
concentration of 10 ppm on the adsorbent as a
function of contact time is represented in Fig.
7a. As shown, the adsorption process is rapid
within the first 60 min and reached equilibrium
within 180 min. The initial rapid adsorption can be
ascribed to expanded access to active sites due to
plane layer structure of Go unlike other supports
such as SBA-15 or carbon nanotube that lead easy
migrate of Cd*? ions to the external active site of
TMTP/Go nanocomposite and Subsequently, the
slow diffusion rate of Cd*? ions into the internal
site of adsorbent.

In the present work, three models of kinetic
reaction including pseudo-first-order, pseudo-

J Nanostruct 7(3): 223-235, Summer 2017
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Fig. 7. Adsorption kinetic of 30%TMPT/Go composite (a), pseudo-first-order linear plot (b), pseudo-second-order linear plot (c),
Intraparticle diffusion kinetic plot for adsorption Cd2+ ion (d)

second-order and intraparticle diffusion model
were used to test the fitness of the experimental
data and evolution of the adsorption rate of Cd*?
ions in various steps. The linearized forms of these
semi-empirical kinetic models relation are shown
as follow, respectively [30, 31];

ky
_ — - 2
t 1 1
— = +—t €)
9 k29 qe.
CIt = kdtl/z + c (4)

Where q_ (mg/g) and q, (mg/g) are the sorption

amounts per unit mass at equilibrium and at
time t; k, is the pseudo-first-order rate constant,
k, is pseudo-second-order rate constant, k, is
diffusion rate constant and c is the intercept that
corresponded to the thickness of the boundary
layer. The fitting parameters and the correlation
factors (R?) of the pseudo-first-order and pseudo-
second-order kinetic models are depicted in Fig.
7b, c and Table 1. The high correlation factor and
good accordance between the experimental q_
value and calculated value of pseudo-second-
order kinetic model indicated that the adsorption
dynamics obey pseudo-second-order model (R*=
0.9945).

For the better identify of diffusion mechanism,
the Weber—Morris intraparticle diffusion model

Table 1. kinetic adsorption parameters of pseudo-first-order and pseudo-second-order models

Pseudo-first-order

Pseudo-second-order

Concentration
(mg. L") q.5P(mg/g) Ki (1/min)  qa (mg/g) R? K: (g/mg min) qe (mg/g) R?
10 3.89 0.2 34 0.9828 7.8%10° 4.35 0.9945

Table 2. Intraparticle diffusion parameters for Cd2+ adsorption by 30%TMPT/Go nanocomposite

Concentration
(mg.L™)

Stirring
rate(rpm)

Ka (mg/g.min"?) C (mg/g) R?

10 150

0.1398

2.026 0.9977

J Nanostruct 7(3): 223-235, Summer 2017
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was then used [32]. This model can be ascribed
the mass transfer steps in the Cd*? ions adsorption
onto adsorbent. The plots of g, versus t*/* (Fig. 7d) in
the range of the studied adsorption give nonlinear
curve and did not pass through the origin (C#0)
that described intraparticle diffusion was not the
only rate-controlling step. The initial portion can
be assigned to the boundary layer diffusion (film
diffusion) and the second portion with lower slop
reflected to the slow adsorption step where the
intraparticle diffusion is involved in adsorption
process but not the only rate controlling step
(fig. 7d, Table 2). The initial portion with larger
slop has a faster rate than second portion. This
rapid rate is due to the significant availability to
active adsorption sites on sheets of Go and on
the other hand, the lower slope of second portion
resulted a low adsorption rate owing to decreased
concentration of ion is spent long time to diffuse.

Effect of the initial metal ion concentration

Fig. 8 shows the adsorption isotherm of Cd*?
ions by 30%TMTP/Go nanocomposite at the initial
concentration range of 10-200 mg. L™*. Adsorption
isotherm can represent the significant parameters
for designing a favorable adsorption system. The
isotherm data were simulated to the Langmiur
(Fig. 8b), Freundlich (Fig. 8c) and Dubinin—
Radushkevich (D-R) models (Fig. 8d).

The obtained parameters of these models can
be employed to evaluation of surface properties
and affinity of the adsorbent toward metal ions.
The Langmuir model assumes that metal ions are

adsorbed as monolayer coverage without any
interaction between adsorbed species [33]. The
linear form of this model is shown in the following
relation;

1 G )
ge bQo Qo

where Q, (mg. g') is the required amount
of metal to form a monolayer and b

(L. mg?) is the constant that referred to energy
of adsorption. The equilibrium parameter
or separation factor (R) is other important
parameters that obtained of Langmuir plot by the
following equation;

1

= (6)
1+ bC,

R,

where C, (mg. L') is the highest initial
concentration in the solution. The R reflect the
type of isotherm to be favorable (0 < R < 1) or
unfavorable (R >1).

The Freundlich model assumes multilayer
adsorption onto heterogeneous surface [34]. The
linearized form of this equation is represented as;

1
logq. = logks + Elogce @)

where k. isthe Freundlich constant related to
the multilayer adsorption of the adsorbent and n is
linearity index related to the adsorption intensity.
The Dubinin—Radushkevich (D-R) isotherm

60 b
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Fig. 8. Adsorption isotherm of 30%TMPT/Go composite (a), linear Langmuir plot (b) linear Freundlich plot (c), linear Dubin- Radu-
shkevich plot (d)
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Table 3. Langmuir and Freundlich parameters for adsorption of Cd2+ by 30%TMPT/Go nanocomposite

Metal ion Langmuir Freundlich
Qm(mg/g) b (/mg) R? RL K n R?
Cd 47.85 0.14 098 042 5.45 1.54 0.97

Table 4. The Dubin- Radushkevich parameters for adsorption of Cd2+ by 30%TMPT/Go nanocomposite

Co(mg. L) T(K)

E(kJ. molY) R?

10 297

1.9 0.994

model is usually applied to determine the type
sorption process (chemical or physical sorption)
which were expressed in the following equation;

In(q.) = Inqpg — Bpge® (®)

where g, is the monolayer capacity (mmol. g*),
B, (mol*. J?) is referred to adsorption energy and
€ is the Polanyi potential which is calculated by;

e =RTIn (1 + i) Q)
Ce

where R is the gas universal constant (8.314 J.
mol.? K?') and T is the absolute temperature (K).
The value of E (kJ. mol?) is mainly parameters of
(D—R) equation for estimation the type of sorption
process. This parameter can be obtained according
to the below equation [34]:

Fo_ (10)

V2Bpr

If value of E was less than 8 k. mol?, the physical
sorption mainly will occur and if value of E was 8-16
kJ. mol* the chemical sorption will be expected.
The fitted results investigated in this work are
tabulated in Table 3 and 4.

As can be seen in Table 3, The sorption isotherm

of Cd*2 could be fitted better by Langmuir than
Freundlich model with high correlation coefficient
values (R? > 0.98) that is described Cd** ion is
adsorbed as a monolayer coverage onto specific
sites of 30%TMTP/Go composite. Also, q_ of this
composite measured from the Langmuir isotherm
is 47.85 mg/g. It can be seen from Table 3, the
value of R is 0.42, implied favorable adsorption as
it places in 0 to 1 range. It is also seen, the value
of n (1.54) is lied between 1 and 10, resulted that
the sorption is favorable under desired condition.

The values of E were between 1 and 8 (Table 4)
indicating that physical attraction can be affected
on Cd* ions sorption. Table 5 revealed some
adsorption capacity by different adsorbents that
reported previously. As can be seen, TMTP/Go
nanocomposite with desirable adsorption capacity
has excellent adsorption performance.
Adsorption thermodynamics

The relations among temperature and Cd?* ions
adsorption described by the following formulas:

AG=AH'-TAS® (11)
AS®  AH°

= (12)
InKc R BT

where the AG’ is the change in Gibbs free energy

Table 5. Comparison of adsorption capacity of Cd2+ by various adsorbent

Adsorbent Qu(mg/g) Reference
Oak wood char 0.37 [36]
Dodecylamine-41A 41.59 [37]
SH-HMS 14.61 [38]
Buffalo weed biochar 11.63 [39]
Dairy manure biochar 32.03 [40]
Rice straw biochar 34.13 [41]
Activated silica gel Modified with 1,2- 19.60 [42]
ethylenediamine
Chrysotile nanotubes 39.23 [43]
tetraethoxy orthosilan xerogel 35.71 [44]
IpomoeaBiochar 41.67-72.43 [45]
30%TMT/Go composite 47.85 This study

J Nanostruct 7(3): 223-235, Summer 2017
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Fig. 9. The plot of InkC versus 1/T, the effect of temperature on adsorption of Cd** ion

Table 6. Thermodynamic parameters for Cd** adsorption in various temperatures

. AG® AH? AS® R
Co(mg. L) TK) (kJ.mol") (kJ.mol") (@.k".mol") R
308 8.76
10 318 6.72 -71.69 20430 0.9539
328 -4.68
338 2.63

(J. mol?), the values of AH’ is the change in the
enthalpy (J. mol?) and AS° is the change in the
entropy (J. mol.” K*). The equilibrium constant (k )
is determined from the metal ion concentration
in the adsorbent (C) and the solution (C)
respectively.

K, =-% (13)

The effect of temperature on the adsorption of
Cd* is indicated in Fig. 9 by linear plot of Ink_vs.
1/T. As can be seen in Table 6, the negative AG’
at all temperature demonstrate spontaneously
nature of this adsorption process and exothermic
behavior suggested by obtained negative value of
AH’ for this process.
Generally,if0<AG<-20KJ/mol, physical adsorption
is dominant and it changes to more negative
values than -40 KJ/mol for chemical adsorption
[46]. The obtained AG’ in all temperatures are
between 0 and -20 KJ/mol that referred to physical
adsorption and in accordance with gained result
of Dubinin—Radushkevich model. The negative
values of AS® represented decreased randomness
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in solid/solution interface that maybe implies
the liberation of two H*along with Cd*? ions
adsorption on adsorbent and following capturing
of H* by various functional groups on the surface
of adsorbent.

Effect of Ca** and Mg?*

The effect of Ca** and Mg?* cations on adsorption
process as interfering cations is investigated.
Adsorption capacity is decreased to 43.89 and
44.92 mg/g with presence 80 ppm of Ca?* and Mg**
ions (initial concentration of Cd?*fixed at 200 ppm).
The reduction of adsorption capacity is reached
to 34.28 and 37.18 mg/g when concentration of
interfering cations is 240 ppm. As observed in Fig.
10, the inhibiting impact of Ca? is greater than
Mg?*. The greater effect of Ca?* on Cd?* adsorption
is because of more similar ion radii of Ca®* with
Cd?*than Mg?* (ion radius are 0.99, 0.97 and 0.65

°A for Ca** with Cd**and Mg?* respectively). On the
other hand, Ca* can form complexes with water
molecules, Ca**-(H,0) , that covering surface of
adsorbent which resulting decreased availability of
active sites on the adsorbent. It can be expected,
Ca*-(H,0)_ with larger radius than Mg*-(H,0) _has
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bigger steric hindrance and so its negative effect
on adsorption is stronger [47]. Since concentration
of Ca? and Mg?* in fresh water is approximately
between 10-80 ppm, so the presence of these
cations with these levels of concentration have

not significant effect on Cd?** adsorption.

Reusability
Reusability is considered a particular parameter
for evaluation the economy and applicability of

100 5
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[
=
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Fig. 11. Adsorbent recycled runs versus removal efficiency of Cd**ion
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adsorbents. Desorption of Cd*? was carried out by
desorbing solution containing water and 0.01M
HCl. As seen in Fig. 11, adsorption efficiency
slightly decreased from 100% to 93% after four
cycles at the same condition indicating a good
reusability of the adsorbent.

CONCLUSION

We have successfully synthesized a TMTP/Go
nanocomposite through easy fabrication method
in an aqueous solution. The electron transfer and
electrostatic interaction proposed as two kind of
interactions between Go and TMTP. The FT-IR, UV-
Vis and Raman spectroscopy confirmed interaction
between Go and TMTP. The enhanced removal of
Cd*? obtained by 30%TMTP/Go nanocomposite
compared with pure Go. Isothermal data of Cd*?
adsorption on 30%TMTP/Go can be fitted by
Langmuir isotherm and also, kinetic analysis can
be described by pseudo-second-order model.
Thermodynamic data demonstrated that the
adsorption capacity decreased with increasing the
temperature resulting the exothermic behavior of
adsorption process. This ability to remove Cd*2ions
metal from solution indicates the high potential
of TMTP/Go nanocomposite for cleaning the
environment and industrial waste effluents from
heavy metal ions and this preparation procedure
can be considered for synthesis of the other salt of
heteropoly metalate/Go nanocomposite.
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