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ABSTRACT

A new nanoporous 1,2-diaminocyclohexane-functionalized SBA-15 (Dach@SBA-15) silica
sorbent was prepared. The structure and physicochemical properties of the material were
characterized by elemental analysis, X-ray diffraction, transmission electron microscopy
(TEM), scanning electron microscopy, FT-IR spectroscopy, nitrogen adsorption-desorption
isotherms and thermogravimetric analysis. TEM image clearly showed the sheet-like struc-
ture of Dach@SBA-15. The organic functional groups were successfully grafted onto the
SBA-15 surface and the ordering of the support was not affected by the chemical modifica-
tion. The Dach@SBA-15was used as a sorbent for removal of Cu(Il) and Ni(Il) from aqueous
solution. Experimental parameters like effect of pH, contact time and metal ion concentra-
tion were studied and optimized. The adsorption isotherm data fitted well to Langmuir iso-
therm model and the monolayer adsorption capacity values for Cu(Il) was 90.09 and for Ni
(I) was 84.03 mg/g at 303 K. The experimental kinetic data fitted very well to the pseudo-
second-order model. The Dach@SBA-15 could be used as a sorbent for removal of Cu(Il)

and Ni(Il) from aqueous medium.
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1. Introduction

Heavy metal contamination of water resources has
become an environmental concern in both developing
and developed countries. The massive urbanization
and industrial growth are the major causes for the
presence of heavy metals in different segments of the
environment, air, water, soil and biosphere [1]. The
industrial effluents which contain different derivatives
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of heavy metals, such as arsenic, copper, cadmium,
chromium, nickel, lead, mercury and zinc, which are
persistent and non-biodegradable, are continuously
discharged into the environment producing significant
effects on aquatic environment [2-5]. Among the
heavy metals, nickel and copper are especially toxic to
living organisms. Several industrial activities like min-
eral processing, electroplating, production of paints
and batteries, manufacturing of sulphate, porcelain
enamelling, electric boards/circuits manufacturing
industries as well as agriculture sector including
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fertilizers, pesticides are responsible for generating
wastewater containing nickel and copper ions [6].
World Health Organization has recommended a maxi-
mum acceptable limit of 0.02mg/L for Ni(Il) and
1.5mg/L for Cu(ll) in drinking water [7]. The Ni(Il)
and Cu(ll) cause asthma, lung cancer, renal and hep-
atic damage, severe mucosal irritation, wide spread
capillary damage, gastrointestinal irritation and possi-
bly necrotic changes in kidney and liver [8].

Removal of heavy metals from water and wastewa-
ter has become a major challenge for scientists. Vari-
ous methods used for the removal of heavy metal ions
from wastewater include precipitation, ion exchange,
reverse osmosis, membrane filtration, flotation, solvent
extraction and coagulation [9-14]. However, these
techniques are not economically viable due to higher
maintenance and operational costs. Moreover, adsorp-
tion technology is most promising low expensive and
environmentally benign in the removal of toxic heavy
metal ions from wastewater [15]. Recently, application
of various adsorbents like activated carbon nanotubes
[16], zeolites [17], resins [18], clays [19], biomaterials
[20], rice husk ash and neem bark [21], grape stalk
wastes [22] and nanoporous silica [23] in removal of
heavy metals has been studied. Among these mate-
rials, nanoporous silica functionalized with various
organic materials is increasingly utilized as an adsor-
bent because of its high selectivity and chemical stabil-
ity for heavy metal ions adsorption [24]. The
nanoporous SBA-15 sorbents are useful in removal of
heavy metal ions from environmental samples [25].
The adsorption capacity and selectivity of nanoporous
SBA-15 sorbents mainly depend on the surface modi-
fication of material by organic functionalization con-
sisting of oxygen, nitrogen and sulphur atoms that
can act as coordinate sites for metal ions [26,27].

In the present study, we have synthesized a hybrid
sorbent by functionalizing a nanoporous SBA-15 with
1,2-diaminocyclohexane (Dach@SBA-15). The sorbent
was characterized by elemental analysis, X-ray diffrac-
tion (XRD),transmission electron microscopy (TEM),
scanning electron microscopy (SEM), FT-IR spec-
troscopy, nitrogen adsorption-desorption isotherms
and thermogravimetric analysis (TGA). The 1,2-di-
aminocyclohexane-functionalized SBA-15 was used as
adsorbent for the removal of heavy metal ions, Cu(Il)
and Ni(l) from aqueous medium. The experimental
factors such as pH, concentration of initial metal ion,
contact time and adsorbent dose were studied in order
to optimize the experimental conditions for application
of Dach@SBA-15 as sorbent in removal of Cu(Il) and Ni
(I) from aqueous medium. The adsorption isotherm
data were analysed using Langmuir and Freundlich
models and found that the data were fitted well to
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Langmuir isotherm model and the monolayer adsorp-
tion capacity values were found to be 90.09 for Cu(Il)
and 84.03 mg/g for Ni(Il) at 303 K. The experimental
kinetic data fitted very well with the pseudo-second-
order model.

2. Experimental
2.1. Chemicals

Poly (ethylene glycol)block-poly (propylene glycol)
block-poly  (ethylene  glycol)  (pluronic  P123
EO»PO70EO,0, Mw =5,800), TEOS (tetra ethylorthosili-
cate), 3-chloropropyltrimethoxy silane and 1,2-di-
aminocyclohexane were purchased from Aldrich.
Copper sulphate, nickel chloride hexa hydrate,
dichloromethane (DCM) hydrochloride acid 35% and
nitric acid were used in the studies. ACS reagent
grade HCl, NaOH and buffer solutions (E. Merck)
were used to adjust the solution pH. The dry reagent
grade solvents were obtained from Merck (India) and
further dried according to standard methods before
use. Millipore water was used in all experiments.

2.2. Synthesis of SBA-15

A total of 44 g of tri block copolymer was dis-
persed in 40 mL distilled water and stirred for 2 h.
The resultant solution was added to 120 g of 2 M HCI
with stirring for 2 h. To this, 9.0 g of TEOS was added
drop wise at room temperature with stirring for 24 h.
The resulted mixture was subjected to hydrothermal
treatment at 100°C for 48 h under static condition. The
solid obtained was filtered, washed with distilled
water and dried in hot air oven at 60°C for 12 h. The
product was calcinated at 550°C for 8 h in air to
remove the template completely.

2.3. Synthesis of nanoporous silica SBA-15
Diaminocyclohexane derivative

One gram of SBA-15 was dissolved in 50 mL of
toluene and to it 0.6 g 3-chloro propyl tri methoxy
silane was added with stirring the reaction mixture at
90°C for 24 h in N, atmosphere. The solid was filtered,
washed with DCM and dried in oven at 60°C for 12 h.
The obtained compound was subjected to soxhlet
extraction to remove the unreacted compounds. The
product was dissolved in 100 mL of toluene and to it
1,2-diaminocyclohexane was added and refluxed for
24 h. The final product, diaminocyclohexane SBA-15
was collected after removal of solvent through filtra-
tion and drying in hot air oven at 60°C for 12 h. The
schematic mechanism of preparation of diaminocyclo-
hexane SBA-15 is shown in Fig. 1.
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Fig. 1. Preparation of 1,2-diaminocyclohexane SBA-15.

2.4. Instruments

Powder XRD of the materials was recorded using a
PANalytical X"pert Pro dual goniometer diffractometer.
A proportional counter detector was used for low-angle
experiments. The radiation used was Cu Ka (1.5418 A)
with a Ni filter and the data collection was carried out
using a flat holder in Bragg-Brentano geometry (0.5°-5%
0.2°min""). N, adsorption-desorption isotherms and
pore size distributions were determined using a Micro-
metrics ASAP 2020 instrument and Autosorb 1C
Quanta chrome (USA). HRTEM analysis of the samples
was carried out using JEOL JEM-3010 and Tecnai
(Model F30) microscopes operating at 300 kV. The tex-
tual structure of material was studied using a dual-
beam scanning electron microscope (FEI, model Quanta
200 3D) operating at 30 kV. Infrared spectra of samples
were recorded using a Perkin-Elmer (Spectrum one)
FTIR spectrophotometer. For FTIR studies, the liquid
samples or dilute solution of the solid samples in THF
were spread over KBr pellets and their spectra were
recorded. IR spectra were recorded in the range of
4,000-400 cm™!. Thermal analysis (TGA-DTA) of the
samples was carried out using a Pyris Diamond TGA
analyzer with a heating rate of 10°C min~' under air
atmosphere. An Elico (LI-129) pH meter was used for
pH measurements. The pH meter was calibrated using
standard buffer solutions of pH 4.0, 7.0 and 9.2. The
concentration of metal ions was determined using
atomic absorption spectrometer (AA 6300, Shimadzu,
Japan).

2.5. Batch adsorption experiments

Batch adsorption studies were performed by taking
50 mL of metal solution (pH 6.0) in a 100-mL flask
and by adding 50 mg of Dach@SBA-15. The sealed
flask was shaken at a speed of 300 rpm at temperature
of 303 K by placing in a shaking incubator. After 3 h

of shaking, adsorbent was separated by (filtering
through an ash less filter paper and the concentration
of metal ions in solution was analysed by AAS. The
influence of pH on Cu(ll) and Ni(I) adsorption was
studied by equilibrating the suspensions in solutions
of different pH in the range of 2.0-7.0. The effect of
contact time on adsorption of metal ions onto
Dach@SBA-15 was studied by varying the contact time
of suspensions from 5 to 70 min. For the adsorption
isotherm studies, the initial metal ion concentration
was varied over the range of 50-150 mg/L. The con-
centration of Dach@SBA-15 was varied between 50
and 150 mg in order to determine the required sor-
bate-sorbent ratio for optimum adsorption. The
amount of metal ion sorbed onto the Dach@SBA-15,
de, was computed by the following equation:

where g. (mg/g) is the equilibrium adsorption capac-
ity of Cu(l) and Ni(Il). C; and C. were initial and
equilibrium concentrations (mg/L) of Cu(ll) and Ni
(II), respectively, M is the adsorbent dosage (mg) and
V is the volume of the solution. The adsorption
percentage was computed using the formula:

(Ci — Ce}

100
c

Adsorption (%) = (2)

3. Results and discussions
3.1. FT-IR analysis

FT-IR studies were used for characterizing the syn-
thesized SBA-15 and assessing the anchoring of Dach
onto the surface of SBA-15 and also for understanding
the existence of surface functional groups which are
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Fig. 2. FT-IR spectra of (a) calcinated SBA-15 (b)

Dach@SBA-15 and (c) metal-chelated Dach@SBA-15.

responsible for metal ion binding. Fig. 2 represents the
FT-IR spectra of SBA-15(2a), Dach@SBA-15 (2b) and
metal-loaded Dach@SBA-15 (2¢). In spectra of SBA-15,
a broad band in the region of 3,450 cm™' can be
assigned to vibrational mode of silanol group (Si-OH)
[28]. The band at 960 cm ™' is due to the Si-O stretch-
ing vibrations of Si-OH groups. The FT-IR spectra of
Dach@SBA-15 (Fig. 2(b)) shows bands at 3,382 and
2,936 cm™' which are due to the stretching mode of
N-H and C-H groups, respectively. The band at
1,511 cm™! represents the scissoring mode of NH,. The
deformation of CH,-CHj; was confirmed by the bands
at 1,469 and 1,209 cm™'. The C-N bands appeared at
1,092 and 1,209 cm ™' and the NH, and N-H wagging
bands appeared between 660 and 900 cm ™" [29]. From
spectra of Dach@SBA-15 (Fig. 2(b)) and metal-loaded
Dach@SBA-15 (Fig. 2(c)), it is clear that band of N-H
appeared at 3382cm™' in Fig. 2(b) is shifted to
3,320 cm ™' in Fig. 2(c), indicating the chelation of NH
group to the metal ion.

3.2. Low-angle XRD and SEM analysis

Fig. 3(a) and (b) shows the low-angle XRD patterns
of the calcinated SBA-15 and Dach@SBA-15 sorbent.
The hexagonal structure of the compounds was indi-
cated with characteristic of three peaks (100) (110) and
(200). In the spectra of Dach@SBA-15, the intensity of
peaks is decreased, which may be due to the attach-
ment of organic functional groups in the nanoporous
channels that reduced the scattering power of the
nanoporous silicate wall. Fig. 4 shows the SEM images
of calcinated SBA-15 and Dach@SBA-15 which
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Fig. 3. XRD of (a) calcinated SBA-15 and (b) Dach@SBA-15.

indicate the well-distributed hexagonal particles
arranged into rope-like sheet structure. The above
results confirm the hexagonal and rope-like sheet
structures to SBA-15 and Dach@SBA-15.

3.3. TEM analysis

The TEM and HRTEM studies of calcinated SBA-15
and Dach@SBA-15 were carried out to understand the
structure and size of the prepared particles. TEM
images of calcinated SBA-15 (Fig. 5(a)) and Dach@SBA-
15 nanosheets (Fig. 5(c)) indicate the average diameter
as 280 nm and length as above 650 nm for both the
compounds. TEM image of Dach@SBA-15 (Fig. 5(c))
indicates that the nanosheet was slight changed because
of interlinking of Dach ligands onto the surface of
SBA-15. The HRTEM images of calcinated SBA-15
(Fig. 5(b)) and Dach@SBA-15 nanosheets (Fig. 5(d))
show that the compounds have porous structures.

3.4. TGA/DTA and elemental analysis

The thermal studies (TGA) of nanoporous silica
were recorded in air atmosphere at heating rate of
10°C/m from 30 to 1,000°C. The TGA curves (Fig. 6)
show that a degradation process occurred between 33
and 993°C with a total weight loss of about 54%. The
data show three stages associated with the evapora-
tion of excess H>O molecules up to 100°C (stage I),
loss of organic groups on SBA-15 (stage II) and the
remaining inorganic matter (stage III). The organic
content can be determined from the difference in
weight loss between 100 and 700°C. The organic
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Fig. 4. SEM image of (a) calcinated SBA-15 and (b) Dach@SBA-15.

content in Dach@SBA-15 calculated for the hybrid
material is relatively high (13.2 wt.%) which agrees
with the value calculated by weight loss from TGA
curves. Elemental analysis data of the Dach@SBA-15
(Table 1) indicates that the carbon and hydrogen con-
tents increased on surface modification indicating the
anchoring of organic functional groups onto SBA-15.

3.5. N, adsorption—desorption isotherms

The nitrogen adsorption-desorption isotherms of
SBA-15 and Dach@SBA-15 (Fig. 7) displayed charac-
teristic type IV isotherms (hysteresis) indicating the
nanoporous structures which were not disturbed even
after surface modification. The surface area and the
pore size were calculated by BET and BJH methods
and results are summarized in Table 2. As expected,
the surface area, pore size and pore volume of SBA-15
were decreased on surface modification.

3.6. Effect of pH

The pH of solution is one of the most important
variables that influence metal ion adsorption. The
effect of pH on the removal of Cu(ll) and Ni(Il) ions
by Dach@SBA-15 was investigated by varying the pH
from 2.0 to 7.0 at 303 K. As shown in Fig. 8(a) and (b)
the percentage removal of Cu(ll) and Ni(Il) increased

with increase in pH from 2.0 to 6.0 and above that pH
the percentage removal decreased with an increase in
pH. Maximum removal (for Cu 98.1%, for Ni 96.8%)
for both the metal ions was observed at pH 6.0 with
an initial metal ion concentration of 50 mg/L.
Decrease in metal ion removal at higher pH (pH > 6)
may be because of the formation of hydroxyl ions of
metals. Lower pH of the solution can affect the surface
charge of Dach@SBA-15, which impact the adsorption
of metal ions on the surface of the Dach@SBA-15.
Nevertheless, at higher pH, electrostatic attraction
increases between the surface functional groups and
metal ions so it increases adsorption capacity.

3.7. Adsorption kinetics

Fig. 9(a) and (b) show the adsorption behaviour of
Cu(Il) and Ni(I) onto the Dach@SBA-15 at initial con-
centration of 50 mg/L, pH 6.0 at 303 K as a function
of contact time. The adsorption rate of the Cu(Il) and
Ni(II) onto Dach@SBA-15 was gradually increased and
reached equilibrium in 60 min. The pseudo-first-order
[30,31] and pseudo-second-order [32] kinetic models
were used to investigate the kinetics of removal of
metal ions by Dach@SBA-15.

The linear form of pseudo-first-order kinetic model
is described by the equation:
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Fig. 5. TEM and HRTEM images of (a) calcinated SBA-15 and (b) Dach@SBA-15.

k
log(qe — q¢) = logqe — (2.3103>t (3)

where k; (min~") is the pseudo-first-order rate constant
of adsorption, g. (mg/g) and g; (mg/g) are the amount
of the Cu(Il) and Ni(Il) adsorbed at equilibrium and at
time f. The pseudo-first-order kinetic constant were
determined from slope of the plot of log (7. — q¢) vs. t.
The R* value is very less suggesting that the adsorp-
tion of Cu(ll) and Ni(I) ions does not follow pseudo-
first-order kinetic model (Data were not shown). The
kinetic data were further analysed using pseudo-sec-
ond-order kinetic model. The linearized form of the
equation is represented as:

t 1 1
=m0 @

where k, (g/mg/min) is the pseudo-second-order rate
constant, g. (mg/g) and g; (mg/g) are the amount of
the Cu(I) and Ni(Il) adsorbed at equilibrium and at
time t. The values of k, and g, can be calculated from
the slope and intercept of a plot of t/g; vs. t. From the
removal kinetics shown in Fig. 10(a) and (b), the slope
show good linearity with the correlation coefficient
value (R®) of 0.9999 for Cu(I) and 0.9999 for Ni(Il)
indicating that the removal kinetics follow the pseudo-
second-order model. The corresponding parameters of
the pseudo-second-order kinetics are listed in Table 3.
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Fig. 6. TGA/DTA of Dach@SBA-15 nanoporous silica.
Table 1
(1) SBA-15-Cl and (2) modified organic functional group Dach@SBA-15
S.No Compound % Carbon % Nitrogen % Hydrogen % Sulphur
1 SBA-15-Cl 4.63 - 1.10 -
2 Dach@SBA-15 14.18 3.27 3.16 -
The adsorption system obeyed the pseudo-second-
L - . . C. C. 1
order kinetics for the entire adsorption period and ——==4 (5)
thus supported the assumption of adsorption was a fe  fm qmb

chemisorptions process [33].

3.8. Adsorption isotherm

To evaluate the maximum adsorption capacity of
adsorbent and the equilibrium adsorption of Ni(Il)
and Cu(l) onto Dach@SBA-15, the adsorption data
were analysed by the Langmuir and Freundlich iso-
therm models. The Langmuir equation can be
expressed by the linearized form:

where g. is the equilibrium adsorption capacity of
metal ion concentration onto the adsorbent (mg/g), Ce
is the equilibrium metal ion concentration in the solu-
tion (mg/L), gm is the maximum capacity of adsorbent
(mg/g) and b (L/mg) is the equilibrium constant relat-
ing to the sorption energy. Fig. 11(a) and (b) shows
that the experimental data fits the Langmuir adsorp-
tion isotherm well with maximum adsorption capacity
of 90.09 and 84.03mg/g for Cu(ll) and Ni(Il)
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Fig. 7. (a, b) Nitrogen adsorption—desorption isotherms of calcinated SBA-15 and Dach@SBA-15.

Table 2

Calcinated SBA-15 and modified SBA-15 for the surface area, pore volume and pore radius

Pore radius (A)

Materials Surface area (m/g) Pore volume (cc/g)
SBA-15 607.488 1.024 32.731
Dach@SBA-15 394.506 0.662 28.037
@ (b)
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Fig. 8. (a, b) Effect of pH on the adsorption of Cu(ll) and Ni(II) by Dach@SBA-15 at different initial concentrations (initial
concentrations of Cu(ll) and Ni(II): 50, 100, 150 mg/L, material dosage: 0.5 g/L, solution volume: 50 m/L, time: 120 min,
temperature: 303 K).
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respectively. The correlation coefficients and equilib-
rium constants are summarized in Table 4. In addi-
tion, another parameter in the Langmuir adsorption
isotherm, a dimensionless factor (R;) is described by
the following equation.

0.0 - T T T T ¥ T 5 T
40 60 80
C,(mg/L)

T 1
100 120

15405

1
1+ bC;

Ry = (6)

where C; (mg/g) is initial metal concentration, b
(L/mg) is the Langmuir constant. For favourable sorp-
tion, 0 <Rp<1; for unfavourable sorption, Ry >1; for
irreversible sorption Ry <0; for linear sorption, R; <1.
In this study, the Ry values are 0.0467 and 0.0647,
which lies between 0 and 1. This indicates that the
adsorption of Cu(ll) and Ni(Il) onto Dach@SBA-15 is
favourable. The Freundlich isotherm is applicable for
modelling the adsorption of metal ions on heteroge-
neous surfaces and the linearized form of isotherm is
expressed as:

log g. = logks + %log C. 7)

where K¢ (mg/g) and “n” are the Freundlich isotherm
constants that represents the adsorption and the inten-
sity of adsorbents, Fig. 12(a) and (b) shows the linear
plot of Freundlich isotherms of Cu(Il) and Ni(II) onto
Dach@SBA-15 at 303 K. The fitted constants for the

(b) 1.4

0.0 < T T T T T T T T
40 60 80
C,(mg/L)

T
100 120

Fig. 10. (a, b) Linear plot of Langmuir isotherm of Cu(Il) and Ni(Il) onto Dach@SBA-15 silica.

Table 3

Kinetic parameters of pseudo-second-order models for the adsorption of Cu(Il) and Ni(Il) on Dach@SBA-15 silica sorbent

Pseudo-second-order

Jeexp (MG/8) k, (g/mg/min) fecal (N/Q) R?
Cu(I) 48.79 0.0094 49.75 0.9999
NidI) 48.20 0.0073 49.50 0.9999




15406

B. Sreenu et al. | Desalination and Water Treatment 57 (2016) 15397-15409

(a)20 (b) 20
- o
1.9 4 . 1.9
¢
g: 1.8 ; 1.8
1.7 4 1.7
-0.5 U.IU 0?5 l,llf} 115 2?0 -0.5 0?0 ‘ U,IS ].IU ITS Z,IU
log C, log C,
Fig. 11. (a, b) Linear plot of Freundlich isotherm of Cu(Il) and Ni(II) onto Dach@SBA-15 silica.
Table 4
Langmuir and Freundlich isotherm constants
Langmuir Freundlich
Im (mg/g) b (L/mg) R? ke (mg/g) n R?
Cu(I) 90.09 0.2890 0.9981 49.4652 8.4104 0.9884
Ni(ID 84.03 0.4075 0.9982 45.1128 7.1073 0.9746

Freundlich isotherm model, K; “n” and correlation
coefficient (R?) are calculated from the intercept and
slope of the plot and are presented in Table 4. The val-
ues of n > 1 represent favourable adsorption condition
[34,35] and the “n” values for Cu(l) is 8.41 and for Ni
(I) is 7.11. These values suggest that the Dach@SBA-15
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is a good sorbent for the adsorption of Cu(ll) and Ni
(I) ions. The adsorption data fit well to Langmuir
model and have similar correlation coefficients. This
may be attributed to a good anchoring of Dach on
SBA-15 nanoporous silica, and the uniform distribution
of active sites for metal ion adsorption with monolayer

(b)
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Fig. 12. (a, b) Pseudo second-order adsorption kinetics of Cu(Il) and Ni(Il) onto Dach@SBA-15 silica.
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Table 5
Comparison of adsorption capacities with different adsorbents
Type of adsorbents Capacity (mg/g) Refs.
EDTA modified SBA-15 13.2 [36]
Magnetic hydrogels 126.40 [37]
Multiwall carbon nanotubes/Fe;O4-NH, 75.02 [38]
Aminopropyl MCM-41 30.5 [39]
Mercacaptopropyl -functionalized porous silica 13 [40]
Dach@SBA-15 silica sorbent 84-90 This work

100 %
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Desorption (%)

40

20

0 T T T T T T
1.5 2.0 2.5 3.0 3.5 4.0
pH

Fig. 13. Desorption of Cu(Il) and Ni(Il) with HCI at
different pH.

coverage. The adsorption capacity values of
Dach@SBA-15 for Cu(Il) and Ni(Il) from Langmuir iso-
therm model were compared with that of various
adsorbents and are given in Table 5.

3.9. Desorption and reusability

Due to the economic efficiency and environmental
sustainability, it is essential for regeneration and reuse
of an adsorbent. From the pH study, the adsorption
percentage for Cu(ll) and Ni(Il) was lower at lower
pH. Hence, acidic medium is expected to be a feasible
approach for the regeneration of Cu(ll)- and Ni(Il)-
loaded Dach@SBA-15. Thus, dilute HCI solutions of
different pH were used to study the desorption of
metal ions from Dach@SBA-15 and results are pre-
sented in Fig. 13. It was found that the desorption per-
centage values were 99.52, 92.70, 87.00 and 85.68%
with HCI solutions of pH 1.5, 2.0, 3.0 and 4.0, respec-
tively. At lower pH, higher desorption was observed
because of the sufficiently high hydrogen ion

concentration, which led to the strong competitive
adsorption. The results indicate that the Dach@SBA-15
can be reused for removal of Cu(Il) and Ni(II).

4. Conclusion

A new hybrid sorbent, Dach@SBA-15 was pre-
pared, characterized and used for the removal Cu(ll)
and Ni(Il) from aqueous media. The surface of the sil-
ica was modified by anchoring with 1,2-diaminocyclo-
hexane onto SBA-15. TEM image shows that
SBA-15and Dach@SBA-15 contain sheet-like structure.
Nanoporous property of the sorbent was confirmed by
XRD analysis and FT-IR results revealed the surface
functional groups of Dach@SBA-15. The maximum
adsorption of Cu(ll) and Ni(Il) onto Dach@SBA-15
was observed at pH 6.0 with maximum adsorption
capacity values of 90.09 for Cu(ll) and 84.03 mg/g for
Ni(I) at 303 K. Desorption studies with HCI revealed
that Dach@SBA-15 can be regenerated by treatment
with HCI and can be reused as the sorbent for several
cycles.
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