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| The chromium(VI) ions present in the tannery waste was efficiently remove by using silver-alumina impregnated maghemite/magnetite
nanocomposites as adsorbents. The as-synthesized adsorbents were characterized by XRD, SEM-EDAX, HR-TEM and FT-IR techniques.

| The adsorption process was found to be pH, time, dosage of adsorbent and temperature dependent. The adsorption data appropriate well |

| with the pseudo-first-order kinetics, pseudo-second-order kinetics Langmuir and Freundlich isotherms. Among the two synthesized |

| nanoabsorbents, the silver-alumina impregnated magnetite (SAMG) nanocomposite was found to be most effective absorbent, and its |

| maximum chromium removal efficiency was achieved to be 98.81% within 2 h at a pH of 3.0 and at dosage of 0.5 g/L. |

|

Keywords: Adsorption, Cr(VI) ion, Tannery effluent, Nanocomposites, Maghemite, Magnetite, Silver alumina magnetite. |

INTRODUCTION However, tanning production in the Tamilnadu district of
Vellore, India contributes to increased water and land chromium
pollution. Chromium can exist in both its trivalent and hexa-
valent forms in water. The second form, however, is especially
hazardous since it can cause cancer and genetic issues. People
who consume chrome-polluted water are all at risk for gastric
abdominal discomfort, epigastric discomfort, biliousness,
vomiting, severe diarrhoea, skin degradation, respiratory system
problems and lung cancer [22]. In addition to colour, TDS,
suspended solids, ammonia, phenols, chlorides and other lourd
metals, wastewater produced from these industries also has
significantly enhanced concentrations of properties such as
colour [23]. Wastewater deposited has usually polluted the
surface water and groundwater and increased water overflow
is also infected by soil owing to wastewater discharges.
Adsorption is an easy and economy way of removing heavy
metals from any aqueous solution. The main benefits of the
adsorption method are that single or multiple ions are available
in an aqueous solution that is bound to a rigid porous surface
and could be projected independently and quantitatviely. Other
advantages include low cost, high metal removal efficiency
from diluty solutions, minimization of chemical sludge, no
additional necessity of nutrients and absorbant redevelopment

Activated sludge technology is widely used in sewage waste-
water treatment and increases sludge output, which is difficult
to manage economically and environmentally [1-5]. In addi-
tion, the conventional treatment techniques have difficulties
in terms of process efficiency, time and operating costs. New
methods for developing affordable, consumer-friendly, robust,
and effective solutions are urgently required due to the global
significance of sewage water management and growing demand
for water. Based on this assumption, nanotechnology and more
specifically magnetic iron oxide nanoparticles (MION), with
their large surface-to-volume ratio and magnetic properties,
could be one of the best ways to deal with waste [6-10]. Further-
more, it is known that functionalized magnetic nanoparticles
exhibit innovative and substantial physico-chemical features,
including size, surface charge and particular cooperation with
the complex contaminants in wastewater [11-15]. Furthermore,
before using nanoparticles on a large scale to treat wastewater
or releasing them into the environment, it is critical to assess
their toxicity. Although post-treatment solids segregation is the
primary drawback of water decontamination using nanoscale
materials, the use of magnetically active nanoparticles provides
an advantageous and demanding alternative [16-21].
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and metal retrieval potential [24,25]. Concurrently, suitable
magnetic separation topologies are available as a means of
enabling and integrating the direct nanoparticle dispersion
[26,27]. Compared to traditional column-bed filtration, this
method is expected to maximize the surface area of each
particle and increase the amount of water that can be taken in
by using simple and low-energy equipment.

The development of nanoparticles composed of magnetized
phases, whether it is for direct usage as actvie phases or indirect
use as a support in the removal of pollutants is of great interest.
This investigation focuses on the rapid treatment of tannery
wastewaters with the aim of maximum removal of Cr(VI) and
other contaminants present in tannery effluent using two diffe-
rent magnetized phases nanocomposites viz. maghemite (BMH),
magnetite (BMG), silver alumina magnetite (SAMG) and silver
alumina maghemite nanocomposite (SAMH) that have been
synthesized. Adsorption studies using different nanocomposites
as effective adsorbents were determined in order to determine
the impact of various experimental parameters.

EXPERIMENTAL

In order to synthesize nanoparticles, the chemical reagents
and chemicals were purchased from Sigma-Aldrich, India and
used as received. For absorbance measurements, Shimadzu
(DTG 60 H) (UV-Vis) spectrophotometer with a 1 cm quartz
cell was used. A pH metre from EuTech was used to determine
the pH of the solution.

Synthesis of silver alumina nanoparticles: Silver-alumina
nanoparticles were prepared through chemical reduction. In
most experiments, 500 mL of 1 x 10° M AgNO; was allowed to
boil followed by the addition of 5 mL of trisodium citrate grad-
ually. The colour of the solution did not alter until after it had
been heated for 2 h to a pale yellow and then cool to room
temperature. In order to facilitate the saturated adsorption of
nanoparticles to a dry-cleaned and dried surface, 5 g of alumina
were soaked, agitated and stored for 6 h.

Synthesis of maghemite nanoparticles (BMH): The
mixed maghemite was synthesized using the conventional
chemical co-precipitation method. The solution was bubbled
for 20 min with N, gas followed by the addition of 0.4 mol of
FeCl3-6H,0O and 0.2 mol of FeCl,-4H,0. The pH was then
adjusted to 10 by adding 50 mL of 4 mol L' NHj solution.
The solution was heated at 85 °C for 40 min. The formed black
nanoparticles were eliminated by an external magnetic field
and neutralized by ultrapure water. The obtained nanoparticles
were baked for 1 h at 300 °C to generate the magnet iron oxide
nanoparticles with a reddish-brown colour.

Synthesis of silver alumina maghemite nanocomposite
(SAMH): Maghemite nanoparticles (BMH, 5 g) was mixed
with 5 g of silver alumina nanoparticles to obtain a finely grain
silver alumina maghemite nanocomposite material.

Synthesis of magnetite nanocomposite (BMG): Magnetite
nanocomposite was prepared by a sol-gel technique. A brown
gel was obtained by dissolving 0.04 mol ferric nitrate in 25 mL
of ethylene glycol using a magnetic stirrer for 2.25 h at 60 °C
and then dried at 250 °C in an oven for 2 h. After drying, the
xerogel was heated at temperatures between 300 and 350 °C.

Synthesis of silver alumina magnetite nanocomposite
(SAMG): Magnetite nanocomposite (BMG, 5 g) was prepared
mixed thoroughly with 5 g of silver alumina nanoparticles to
obtain a finely grain silver alumina magnetite nanocomposite
material.

Preparation of tannery effluent by digestion: In a beaker,
50 mL of effluent and 15 mL of conc. HNO; were mixed thoro-
ughly and then concentrate the solution at 60-75 °C to reduce
its contents to half its volume followed by the addition of 7.5
mL of HCIO, dropwise with constant stirring and heated again
for 2 h at the same temperature. The sample was then diluted
with the same quantity of solution with distilled water. The
digested sample concentration was then measured by AAS.

RESULTS AND DISCUSSION

FT-IR studies

In maghemite nanoparticles, the band at 3500-3000 cm'™
which is the attributed due to the hydroxyl groups (OH str. ),
whereas the peaks at 1764 and 1633 cm™, which are due to the
fundamental and overtone O-H stretching vibrations of hydroxyl
groups of BMH and SAMH nanocomposites, respectively.
Additionally, the band at 603-430 cm™ appears due to the metal-
oxide (Fe-O) stretching bands (Fig. 1a-b).

The characteristic bands at 3425 and 3417 cm™ correspond
to the hydroxyl groups (OH str) of BMG and SAMG, respec-
tively (Fig. lc-d). In the region at 1680-1625 cm™ (in BMG)
and 1638-1618 cm™ (in SAMG) were due to the fundamental
and overtone O-H stretching vibrations. Another peak appears
at 551-460 cm™ region correspond to the Fe-O bond, while in
case of silver alumina magnetite nanocomposite, this peak
appeared at 538-463 cm''.

XRD studies

A X-ray diffraction was used to analyze the crystal structure
of synthesized maghemite nanoparticles (BHM) and its silver
alumina nanocomposite (SAMH). In the X-ray diffraction
pattern of maghemite nanoparticles and silver alumina maghe-
mite nanocomposite, the sharp peaks and broad diffraction
points were observed as 20 31.83°and 31.75°, respectively (Fig.
2a-b). The typical grain size of maghemite nanoparticles and
silver alumina maghemite (SAMH) nanocomposite was found
to be 15 nm and 10 nm, respectively.

In case of BMG and SAMG adsorbents, the magnetite nano-
particles and silver alumina magnetite nanocomposite, the
sharp peaks and broad diffraction points were observed as 20
35.66° and 35.68°, respectively (Fig. 2c-d). In a similar manner,
it was found that the usual grain size of magnetite nanoparticles
(BMGQG) and silver alumina magnetite (SAMG) nanocomposite
had been 12 nm and 7 nm, respectively.

SEM studies

From the SEM images (Fig. 3a-b), it was observed that the
synthesized magnetite nanoparticles were of non-uniform size
and shape, while the SEM image of silver alumina magnetite
(SAMH) nanocomposite indicated that the material is agglo-
merated. The EDAX analysis showed that the synthesized nano-
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Fig. 1. FT-IR spectra of (a) maghemite nanoparticles (BMH); (b) silver alumina impregnated maghemite nanocomposite (SAMH); (c)
magnetite nanoparticles (BMG) and (d) silver-alumina impregnated magnetite nanocomposite (SAMG)
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Fig. 2. XRD spectra of (a) maghemite nanoparticles (BMH); (b) silver alumina impregnated maghemite nanocomposite (SAMH); (c) magnetite
nanoparticles (BMG) and (d) silver-alumina impregnated magnetite nanocomposite (SAMG)

composite consists of only iron and oxygen. The nanocomposite
(BMH) had 45.60% iron and 31.11% oxygen by mass. Other
impurities such as sodium and chloride were also identified (Fig.
3c), which might be due to the insufficient washing during the

synthesis. The EDAX displays the spectrum of silver alumina
magnetite (SAMG), which comprises silver, iron, aluminium
and oxygen having the weight proportion of 2.04, 3.04, 46.85
and 47.98% (Table-1).
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Fig. 3. SEM-EDAX images of (a) maghemite nanoparticles (BMH); (b) silver alumina impregnated maghemite nanocomposite (SAMH); (c)
magnetite nanoparticles (BMG) and (d) silver-alumina impregnated magnetite nanocomposite (SAMG)

TABLE-1
ELEMENTAL COMPOSITION DATA OF MAGNETITE
NANOPARTICLES AND SILVER ALUMINA
MAGNETITE (SAMG) NANOCOMPOSITE

BMG SAMG

Mass Atom Mass Atom

Element (%) (%) Element (%) (%)
(0] 20.23 46.76 O 50.34 64.54

Fe 79.77 53.24 Ag 2.32 0.44
Al 44.88 34.12

Fe 2.47 0.91

Total 100 100 Total 100 100

In case of BMG nanocomposite, the magnetite nano-
particles were of non-uniform size and shape (Fig. 3c). The SEM
image of synthesized magnetite nanoparticles matched well
to those reported in the previous literature [28]. However, silver
alumina magnetite (SAMG) nanocomposites were agglom-
erated in nature (Fig. 3d). The EDX results revealed that only
iron and oxygen are present in the synthesized magnetite nano-
particles and the concentration of iron was 79.77%while that
of oxygen was 20.23%. In case of SAMG nanocomposite, the
EDX results revealed the presence of silver, iron, aluminum
and oxygen having the mass percentage of 2.32%, 2.47%,
44.8% and 50.34%, repectively.

TEM studies

The synthesized BMH nanoparticles displayed a spherical
and hexagonal shapes. The BMH nanocomposite particles have
been finely separated and thoroughly distributed as observed
in Fig. 4a. In case of SAMH, a nanocomposite reveals the form-
ation of nanorods (Fig. 4b). The maghemite and silver alumina
maghemite nanocomposites have particle sizes of around 29
nm and 18 nm, respectively.

The synthesized maghemite nanoparticles (BMH) displays
the spherical shape and the matrix was also uniformly shaped
oval (Fig. 4c). Moreover, BMH nanoparticles in silver alumina
are finely dispersed as revealed in Fig. 4d. The particle size of

Fig. 4. HRTEM images of (a) maghemite nanoparticles (BMH); (b) silver
alumina impregnated maghemite nanocomposite (SAMH); (c)
magnetite nanoparticles (BMG) and (d) silver-alumina impregnated
magnetite nanocomposite (SAMG)

the magnetite nanocomposite and BMH incorporated silver
alumina nanocomposite were of 26 and 15 nm, respectively.

Optimization of the adsorption parameters

Effect of pH: For chromium(VI) adsorption from the
tannery effluent, pH is one of the most important parameters
because it controls the surface load, the amount of adsorption
and the type of adsorbent. In order to assess the effect of pH on
chromium(VI) sorption, batch experiments were conducted at
arange of pH values from 2 to 9. The maximal intake of Cr(VI)
was reached at maximum pH 2-3 and a higher pH, and the rate
of Cr(VI) removal was determined for SAMH and SAMG nano-
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composites at 90% and 92%, respectively. Fig. 5 shows the
results of the adsorption rate and Cr(VI) elimination at initial
concentration of (mg/L) at different pHs.
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Fig. 5. Influence of pH on chromium(VI) adsorption

Effect of adsorbent dose: The adsorption of Cr(VI) onto
an adsorbent was studied by changing the amount of adsorbent
from 0.1 to 0.5 g while keeping the initial pH (50 ppm/L) and
contact time constant (Fig. 6). The optimal removal of Cr(VI)
with 0.5 g of adsorbent was identified, which is attributed due
to the high availability of adsorption sites resulting from the
increase in effective surface area caused by the increasing dose
of adsorbents or the adsorbent aggregation. The number of
accessible adsorption sites reduces as sorbent concentration
increases, yet removal efficiency increases. It is reasonable to
expect that as the amount of adsorbent used increases, the
removal processes will become more effective.
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Fig. 6. Adsorption of chromium(VI): SAMH vs. SAMG

Effect of time: For increasing the contact time, an adsor-
ption of Cr(VI) was developed and achieves an equilibrium
after 100 min. Even though a greater volume for Cr(VI) could
be obtained, Fig. 7 demonstrates an increase in productivity
as contact time reduces, resulting in a more desirable complex
composite. An optimal period for full processing was 100 min,
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Fig. 7. Contact time on the adsorption of chromium(VI): SAMH vs. SAMG

91% (SAMH) and 91% (SAMG). To order to additional refine
certain factors, the touch period was found to correlate to the
adsorbent and adsorbent as the balancing time.

Effect of initial concentration: An adsorption studies
with specific chromium ion concentrations within the limit of
500, 250, 200, 100 and 50 ppm found that the percentage of
the elimination of Cr(VI) decreased, with the chromium ion
concentration increasing. The peak Cr(VI) ingestion in nano-
composite was obtained at the initial ion concentration of 0.5
mg/L, but decrease in the higher concentrations, leading to
enhancing binding site saturation. It is easy to observe a shift
when the solution concentration increases and more Cr(VI) is
delivered to the contact and adsorbed (Fig. 8).
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Fig. 8. Initial concentration effect on the adsorption of chromium(VI):
SAMH vs. SAMG

Kinetics studies: Using pseudo-first-order and pseudo-
second-order kinetics, the adsorption kinetics of chromium(VI)
on synthesized nanocomposites were examined [29,30].

Pseudo-first-order: The equation represents the linearized
form of the pseudo-first-order Lagergren equation:

k
lo —q.)=1Io - ——t
2(q, —q,) =logq, (2'30 J (1)

where q. and q, are the quantity of Cr(VI) adsorption (mg/g)
at equilibrium and at time ‘t’ (min), and k; (min™) is the
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adsorption rate constant of the pseudo first-order. The linear
plots of log (q. — qu) versus t are shown in Fig. 9.
Pseudo-second-order: The linearized equation of the

pseudo-second-order rate can be represented as:

t 1 t

—_ — +—

ql que qe
where the concentrations of q. and q, are dye adsorbed (mg/g)
at the equilibrium and ‘t’ (min), respectively and k, (g mg”',
min™), there is no difficulty in assigning efficient q. since
g. and k; can be determined [30-32] from the slope and inter-
cept.

2

The values of K; may be computed from the linear slope
log plot (qe—q,) vs. t and K; can be obtained from the linear slope
plot t/q. versus t. The correlation coefficient (R?) and values of
ki, ks, g, are presented in Table-2. Pseudo-second order linear
plots produced greater R” values as compared to pseudo-first
order linear plots (Fig. 10). The pseudo-second order values
of g. (cal) were closer to g. (exp) than the pseudo-first order
values, which suggest that the pseudo-second-order model is
more effective [32-34].

Adsorption studies: Adsorption methods for removing
the heavy metal ions from aqueous solutions depend exten-
sively on the equilibrium isotherm throughout the design and

14 9
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Fig. 9. Pseudo-first-order adsorption curve of chromium(VI) using SAMH (a) and SAMG (b) nanocomposites
TABLE-2
LAGERGREN’S PSEUDO-FIRST-ORDER AND PSEUDO-SECOND-ORDER KINETIC MODELS FOR THE
ADSORPTION OF CHROMIUM(VI) ON SAMH AND SAMG NANOCOMPOSITES WERE COMPARED
Adsorbent Pseudo first order kinetic model Experimental value Pseudo-second order kinetic model
q. (mg/g) K, (min™) R’ q. (mg/g) q. (mg/g) K, (min™) R’
SAMH 1.548 0.2487 0.952 46.0 2.128 0.6734 0.988
SAMG 3.162 0.2510 0.992 44.5 1.303 5.122 0.998
2.5 25
@) (b)
2.0 2.0
1.5 15
g g
1.0 1.0
05- y = 0.0203x + 0.3285 y =0.0211x + 0.1155
' R’ = 0.9887 0.5 R’ =0.9988
0 T T T T U 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (min) Time (min)

Fig. 10. Pseudo-second-order adsorption curve of chromium(VI) using SAMH (a) and SAMG (b) nanocomposites
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TABLE-3
DISTRIBUTION DATA FOR THE ADSORBENT AND THE ADSORBATE OF SAMH AND SAMG NANOCOMPOSITES
SAMH SAMG
Initial concentration of Cr(VI) in 50 ppm 50 100 200 250 500 = = = =
Equalent adsorption in 0.5 g of sorbent (q.) 46 84 142 166 312 44.5 73 110 126
Amount of Cr(VI) left in solution (c,) 4 16 58 84 188 5.5 27 90 124
C/q, 0.086 0.190 0.408 0.506 0.602 0.1235 0.369 0.8181 0.984
adsorption processes. In this current work, two well-adsorption TABLE-5
process defined by Langmuir and Freundlich isotherms are BASED ON LANGMUIR ADSORPTION,
. .. . . R, VALUES (SAMH AND SAMG)
considered. The conditions for the adsorption studies of Cr(VI) -
using silver-alumina impregnated maghemite/magnetite nano- Adserivaii Concén_trauon B Cr(VI)_ (mg/L) R, value
composites are given in Table-3. mite] Ein:l
Langmuir isotherm: Langmuir’s equation defines the 15(?0 146 832(7)
monqlayer adsorption. This model is based on the idea that SAMH 200 53 0610
there is only one layer of solute adsorption at a constant temper- 250 84 0519
ature and a uniform adsorption energy. The linear form of 500 188 0.483
Langmuir isotherm may be represented as: 50 5.5 0.924
100 27 0.711
Co _BCq 1 ; SAMG 200 9 0.425
C. K, K, 3) 250 124 0.349
500 315 0.174
K
Cox = “)

where C. = The quantity of solute absorbed per unit of
adsorbent mass (mg/g); C.= the equilibrium solute concen-
tration in the bulk solution (mg/m?*); Cyi = The monolayer
adsorption capacity (mg/g) and K, = the sorption equilibrium
constant, are proportional to the adsorption free energy.

To analyze the applicability of Langmuir isotherm for
adsorption of SAMH nanocomposite, the significance of K and
Chuax 1s 1llustrated with a linear plot of C./q. against C.. Table-
4 displays the values of Cuax, Ki and R?. The separation factor
(Re < 1) value for Cr(VI) on to SAMH and designates that
adsorption in this study was satisfactory (Table-5).

TABLE-4
ADSORPTION ISOTHERM CONSTANTS CONSTANT, C,,,,
AND CORRELATION COEFFICIENTS SAMH AND SAMG

Adsorbent K (dm*/g)  b(dm¥g) C,. (mg/g) R?
SAMH 5.813 0.0116 500.11 0.818
SAMG 3.952 0.0158 250.12 0.957

Freundlich isotherm: According to the Freundlich
model, adsorption at the surface is not the rate-limiting phase
because the energies of adsorbent sites vary exponentially. The
Freundlich isotherm is based on the fact that heat doesn’t spread
out in the same way when it moves from the atmosphere to a
surface made of different materials. The Freundlich isotherm
can be represented as:

where K;is the adsorption capacity per unit concentration (L/g)
and 1/n is the adsorption intensity. The 1/n values show whether
an isotherm is irreversible (1/n = 0), favourable (0 < 1/n < 1)),
or unfavourable (1/n > 1) based on its reversibility. An equation
can be rearranged into a linear form, which can be represented
as follows:

(6)

where C. is the equilibrium concentration (mg/m®) and q_ is
the amount adsorbed per unit mass of adsorbent (mg/g). When
In g. was plotted against In C,, a straight line was obtained,
which shows that Cr(VI) binds well according to the Freundlich
isotherm. The applicability of the Freundlich model for adsor-
ption on SAMH and SAMG nanocomposite adsorbents, a
linear plot of log q. vs. log C. was constructed and Table-6
displays the values for Ky, n and R..

The value of n, ranging between 1-10, suggests that the adsor-
ption is beneficial. The numerical value of 1/n < 1 implies the
adsorption efficiency at lower equilibrium rates is only reduced
slightly. This isotherm does not estimate the adsorbent’s satur-
ation. Therefore, the statistical projections of infinite surface
penetration suggest the multilayer surface adsorption. The
findings of the present study reveal that the Freundlich model
has more R? than the Langmuir model, thus in present case,
the adsorption results suit the Freundlich isotherm very well.
As shown by the R, value, The Cr(VI) adsorption was effective

logq, =logK, +llogCe
n

_ 1/n . .
q. =K,C, ®) in this study.
TABLE-6
COMPARISON BETWEEN LANGMUIR ISOTHERM AND FREUNDLICH ISOTHERM FOR Cr(VI) ADSORPTION ON SAMH AND SAMG
Adsorbent Langmuir constants Freundlich constants
K, (dm’/g) B (dm*/g) Ca (Mg/g) R? K; (dm*/g) n (dm?g) R?
SAMH 5.813 0.0116 500.11 0.818 4.025 2.114 0.980
SAMG 3.952 0.0158 250.12 0.957 3.018 2.873 0.995
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Conclusion

Two newly synthesized nanocomposite adsorbents silver
alumina maghemite (SAMH) and silver alumina magnetite
(SAMG) were found to be effective for the removal of Cr(VI)
from tannery effluent which is attributed due to their high
adsorption efficiency, large surface area and microporous
structure. The results showed that at the optimum conditions
of adsorbent dose of 0.5 g/L, contact period of 120 min, and
pH = 3, the maximum 98.81% removal efficiency of Cr(VI)
was achieved from the tannery effluent. The adsorption data
suitable with the pseudo-first-order kinetics, pseudo-second-
order kinetics Langmuir and Freundlich isotherm equation.
The adsorption ability increased with the increasing contact
time, amount of adsorbent and low pH.
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