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ABSTRACT

The CdO and modified CdO nanoparticles were synthesized using hydrothermal method.
The absorption spectra, crystal phase, surface morphology, particle size, and surface area of
CdO and modified CdO nanoparticles were studied by UV-DRS, FT-IR, XRD, SEM, TEM,
TGA, PL, and BET surface area analysis. The present paper reports adsorption technique
for the removal of chromium (VI) using CdO and modified CdO nanoparticles. The operat-
ing variables such as adsorbent dose, nature of adsorbent, adsorbate concentration, contact
time, and pH were optimized. The technique was found to be highly useful and cost effec-
tive for removal of chromium (VI). The Langmuir and Freundlich models were evaluated
using the experimental data and result showed that the Freundlich isotherm fit better than

the Langmuir isotherm.

Keywords: Hydrothermal synthesis; CdO nanoparticles; Modified CdO nanoparticles;

Adsorption; Chromium (VI)

1. Introduction

Cadmium oxide nanomaterial is an II-VI n-type of
semiconductor with a direct band gap of 2.5 eV [1] and
1.98 eV an indirect band gap [2]. The physical and
chemical properties of CdO nanoparticles are relative to
its stoichiometry as well as particle size, shape which
depend on its preparation methods and condition [3].
Cadmium oxide nanoparticles have been synthesized
by several methods [4-11]. The physical and chemical
properties of cadmium oxide nanomaterials were
improved by modifying the synthesis methods [12].
Hydrothermal method found to be a beneficial
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technique to prepare various nanostructures among the
other methods [13]. Cadmium oxide nanoparticles have
interesting properties such as large band gap, low elec-
trical resistivity, and high transmission in the visible
region. A cadmium oxide nanoparticles have distin-
guished properties [14] so is widely used as transparent
conductive oxide in optoelectronic devices [15], nonlin-
ear materials, and catalysts [16]. The modified CdO
nanoparticles are used as sensor for the study of bio-
logically active compounds [17]. Cadmium oxide
nanomaterials have been reported as an antibacterial
agent [18]. Cadmium oxide nanoparticles are nontoxic,
chemically stable under high temperature, and capable
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of photocatalytic oxidation [19]. The cadmium oxide
nanocrystalline material is also used as catalyst in
organic transformation like acylation of alcohols, phe-
nols, and amines [20]. Recently, the removal of heavy
metal using nanomaterial has been focused due to its
high surface area [21,22].

The chromium (VI) was removed using walnut
hull [23], hazelnut and almond shell [24], agaricus bis-
porus [25], lignin-based resin [26], acidic chloride
media using solvent impregnated resin [27], low-cost
dolomite [28], marine isolates of yarrowia lipolytica
[29], amine functionalized natural and acid activated
sepiolites [30], chitosan and single/multi-walled car-
bon nanotubes [31], polyacrylonitrile/polypyrrole
core/shell nanofiber [32], biochars obtained during
biomass pyrolysis [33], thiocarbamoyl chitosan [34],
diethylene triamine-grafted glycidyl methacrylate-
based copolymers [35], nanosized metal oxides [36],
amine cross-linked wheat straw [37], low-cost fertilizer
industry waste material [38], chrysophyllum albidum
(sapotaceae) seed shells [39], activated carbon [40],
synthetic adsorbents [41], Lewatit-anion exchange
resins [42], ion exchange resins [43], natural adsor-
bents [44], nanosized ferric oxyhydroxide-loaded
anion exchanger [45], green coconut shell [46], porous
a-Fe;O3/Fe;04/C  [47],  alginate-montmorillonite/
polyaniline nanocomposites [48], magnetic graphene
oxide nanocomposites [49], and tunisian clay [50].

Chromium (VI) is harmful even in small intake
quantity whereas chromium (III) is considered essen-
tial for good health in moderate intake and an essen-
tial nutrient [51]. If chromium concentrations are high
then it causes stomach ulcers, immunological effects,
dizziness, headache, weakness, dermal disease, dam-
age to lung and carcinogenic disease [52]. The com-
pounds of chromium are known to be harmful to
human health, the maximum level permitted in waste
water is 5 ppm for trivalent chromium and 0.05 ppm
for hexavalent chromium [53,54]. Chromium (VI) will
penetrate the skin 10,000 times faster than chromium
(II) which causes dermal disease and damage to lung.
While combustion of coal and oil also release large
quantities of “chromium” into the environment. There-
fore, it is necessary to remove chromium (VI) from
wastewater.

In the present study, the removal of chromium
(VD) by the synthesized CdO and modified CdO
nanoparticles was investigated. The removal of chro-
mium (VI) from aqueous solution at different pH,
amount of CdO or modified CdO nanoparticles,
contact time, and different initial concentration of
chromium (VI) was studied.
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2. Materials and methods
2.1. Synthesis of CdO nanoparticles

The CdO nanoparticles were synthesized by
hydrothermal method [55] in which cadmium chloride
(1.0 mmol), methanol (0.1 mmol), and triton X-100
(1.0 mmol) was homogenized properly in a round bot-
tom flask. In this reaction mixture, sodium hydroxide
(0.1 M) was slowly added and the reaction mixture
was stirred for 2 h at room temperature. The reaction
mixture was filtered with Gooch crucible and
nanocrystalline cadmium oxide obtained was washed
with distilled water. The cadmium oxide was dried in
oven at 110°C and further calcinized at 400°C for 4 h.

2.2. Synthesis of modified CdO nanoparticles

The synthesized cadmium oxide nanoparticles
were used as precursor material and cesium nitrate as
dopant for the synthesis of Cs-doped CdO nanoparti-
cles. Initially, cadmium oxide (1.0 mol) nanoparticles
were mixed with 3 and 7% cesium nitrate solution
along with sodium hydroxide (2.0 M). The slurry
obtained was stirred well and transferred into Teflon
autoclave and kept in oven at 110°C for 20 h. The pre-
cipitate obtained was vacuum filtered, washed with
distilled water for the removal of soluble impurities,
and dried at 110°C for 2 h. This precipitate was cal-
cinized at 400°C for 2 h and used for characterization.
The synthesized CdO and modified CdO nanoparticles
were used for the removal of chromium (VI) from
aqueous solution.

The potassium dichromate (Loba Chemie, 99.5%),
sulfuric acid (Loba Chemie, 91%), and sodium hydrox-
ide (Sigma Aldrich, 98.5%) were used for the study.
Potassium chromate was used as a heavy metal source
of chromium (VI), synthesized CdO, modified CdO
nanoparticles were used in this investigation. The
desired pH of the solution was maintained by the use
of previously standardized sulfuric acid (2.0 M) and
sodium hydroxide solution (2.0 M). The progress of
removal of chromium (VI) was followed by measuring
absorbance using UV-visible spectrophotometer.

2.3. Removal of chromium (VI)

For removal of chromium (VI), 50 ml of chromium
(VI) solution and the adsorbents (CdO or modified CdO
nanoparticles) were taken in a beaker. The chromium
solutions were mixed properly and the absorbance of
chromium solution was recorded at 435 nm using
UV-visible spectrophotometer. The removal of



9778

chromium (VI) was evaluated at different pH, different
initial concentrations of chromium, contact time, and
various amount of CdO and modified CdO nanoparti-
cles as adsorbent.

3. Results and discussion

3.1. Characterization of CdO and modified CdO
nanoparticles

3.1.1. UV-DRS analysis

The UV-DRS spectra of the CdO, 3 and 7% Cs
doped CdO nanoparticles are shown in Fig. 1. The
spectra show broadband at 340, 346, and 353 nm for
CdO, 3 and 7% Cs doped CdO nanoparticles, respec-
tively. The blue shift observed as compared to bulk
CdO is due to quantum confinement effects. With
increase in the amount of the dopant, the band posi-
tion shifted to higher wavelength side. The band gap
energies of the synthesized CdO, 3 and 7% Cs-doped
CdO nanoparticles are 3.64, 3.58, and 3.52 eV, respec-
tively. The shifting of band is arising due to doping of
Cs in CdO nanoparticles.

3.1.2. FT-IR analysis

Fig. 2 depicts FT-IR spectra for the synthesized
CdO, 3 and 7% Cs-doped CdO nanoparticles in KBr
matrix. The absorption bands at 3,523 cm™" are attribu-
ted to the stretching vibration of the -OH group due
to small amount of water adsorbed on the surface of
CdO nanoparticles [56]. The strong broad absorption
band at about 1,408 cm™' is due to the asymmetric
stretching vibrations of water molecule [57]. The broad
absorption band at 858 cm™' shows the presence of
Cd-O bond [58]. The FT-IR spectra shows absorption
band at 501 cm™ also confirms the presence of Cd-O
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Fig. 1. UV-DRS spectra of synthesized CdO, 3 and 7%
Cs-doped CdO nanoparticles.
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Fig. 2. FT-IR spectra of synthesized CdO, 3 and 7%
Cs-doped CdO nanoparticles.

bond [59] and frequency at 1,000 cm™'

gen stretching. The absorption band at 501 cm™
becomes broad due to the presence of cesium ion in
CdO nanoparticles.

is due to oxy-
1

3.1.3. X-ray diffraction (XRD) analysis

Fig. 3 shows XRD pattern of synthesized CdO, 3
and 7% Cs-doped CdO nanoparticles. The diffraction
peaks indicate the nanocrystalline nature of synthe-
sized CdO and peaks at 260 values of 154, 17.2, 294,
31.06, 35.08, 38.7, 39.5, and 43.06 corresponds to the
reflection from 111, 200, 311, 222, 400, 331, 420, and
422 crystal planes. The XRD pattern is in agreement
with cubic structure of CdO nanoparticles (JCPDS
card No. 02-1102) indicated the formation of cadmium
oxide phase. Sharp diffraction peak indicates good
crystallinity of CdO nanoparticles and XRD patterns
show obvious size broadening effects due to small
crystallite size. It can be found that cesium doping do
not change crystalline structure of CdO nanoparticles.
The particle size is found to be 47, 44, and 41 nm for
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Fig. 3. XRD pattern of synthesized CdO, 3 and 7%
Cs-doped CdO nanoparticles.
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CdO, 3% Cs-doped CdO, and 7% Cs-doped CdO
nanoparticles [60]. In comparison with pure CdO
nanoparticles, the cesium-encapsulated CdO has rela-
tively small particle size indicating that the doping
can improve the morphology and retard the grain
growth of CdO nanoparticles.

3.1.4. SEM and EDAX analysis

The SEM images along with EDAX of synthesized
CdO, 3 and 7% Cs-doped CdO samples are presented
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by Fig. 4. The morphology of the CdO nanoparticles is
cubic in nature with agglomerates while 3 and 7%
Cs-doped CdO nanoparticles show rod-like structure
along with cubic morphology. The average particle
size varies in the range of 4741 nm as measured
using the XRD patterns. Strong peaks of Cd and O are
found in the EDAX spectrum and also definite amount
of cesium indicate that cesium ion has doped into
CdO nanoparticles. The EDAX spectrum shows that
298 and 6.93% of cesium ion is present in the
Cs-doped CdO nanoparticles which indicate the
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Fig. 4. SEM and EDAX of (a) synthesized CdO, (b) 3% Cs-doped CdO, and ¢) 7% Cs doped CdO nanoparticles.
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doping of cesium ion into the nanocrystalline CdO
material. The slight decrease in the amount of cesium
in Cs-doped CdO nanoparticles is due to the washing.

3.1.5. TEM and SAED analysis

The size and morphological information of the
sample was investigated by TEM with SAED analysis
and are depicted in Fig. 5. The TEM image of CdO
nanoparticles shows the cubic structure, while 3% or
7% Cs-doped CdO nanoparticles show rod-like struc-
ture along with cubic morphology. Moreover, the
particle size of the synthesized CdO nanoparticles
obtained from TEM analysis is similar to those esti-
mated from Debye- Scherrer’s equation [60] and in
the range of 47-41 nm. The dark spot in the TEM
image can be alluded to the synthesized CdO, 3 and
7% Cs-doped CdO nanoparticles as SAED pattern
associated with such spot reveals the occurrence of
CdO, 3 and 7% Cs-doped CdO nanoparticles in total

(a)

Fig. 5. TEM and SAED of (a) synthesized CdO, (b) 3%
Cs-doped CdO, and ¢) 7% Cs doped CdO nanoparticles.
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agreement with the XRD data. The SAED pattern of
CdO, 3 and 7% Cs-doped CdO nanoparticles show
similar d-values as obtained from XRD data.

3.1.6. Thermogravimetric analysis (TGA)

Fig. 6 illustrates the curve of TGA of the CdO
nanoparticles. TGA curve shows the decomposition of
CdO nanoparticles is performed in a two-step pattern
of the weight loss. The first weight loss of 2.743% is
observed in the range of temperature between 279.23
and 314.84°C, which can be related to decomposition
of adsorbed water molecules. The second weight loss
of 1.947% is observed in the temperature range
314.84-374.90°C can be associated with decomposition
of the organic contents in the precursor. It was found
that the weight loss terminates at 400°C and stable in
400-500°C, so this temperature was determined as the
calcinations temperature of the intermediate molecules
and reaching the CdO phase.

3.1.7. Photoluminescence analysis (PL)

The PL spectrum of the CdO nanoparticles shows
blue shift in relation to the bulk and the band gap (bulk
CdO, 538 nm) is shown by Fig. 7. The emission wave-
length of the CdO nanoparticles is at ~563 nm
(E=2.2eV), dependent on the particle size (quantum
size effect) which is the band edge or near band edge
emission and considered due to transition between
valence and the conduction band. The relatively large
width of the emission band of the CdO nanoparticles is
due to the broad distribution of intraband states associ-
ated with different trapping sites. The blue shift in the
excitation absorption reflects the correspondingly
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Fig. 6. TGA curve of synthesized CdO nanoparticles.
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Fig. 7. Photoluminescence spectrum of synthesized CdO
nanoparticles.

gradual removal of the initial trap and surface states
during the crystallization process of nanoparticles. By
controlling the morphology, the optical property of
CdO nanostructures can be tunable which will be useful
for the photodegradation applications.

3.1.8. BET surface area analysis

The BET surface area measurement curves for syn-
thesized CdO, 3 and 7% Cs-doped CdO nanoparticles
are shown in Fig. 8(a)-(c). The N, adsorption-desorp-
tion isotherms and BJH pore size distribution of CdO
nanoparticles reveals that the sample has typical IV N,
adsorption-desorption isotherms with H; hysteresis
and has a narrow pore diameter range. Based on the N,
adsorption—desorption isotherms the specific surface
area (Sggr) of CdO nanoparticles is 29.71 m?/ g, the
average pore volume (Vp) and pore diameter (d,) were
0.04630 cc/g and 24.87 A, respectively. In 3 and 7%
Cs-doped CdO nanoparticles, the specific surface area
(Sggr) obtained from BET method is 36.27 and
57.13 m?/g, the average pore volume (Vp) and pore
diameter (dp) were 0.04832cc/g, 0.05769 cc/g, and
3092 A, 31.09 A, respectively. The modified CdO
nanoparticles have large surface area, average pore vol-
ume, and pore diameter than pure CdO nanoparticles.

3.2. Removal of chromium (VI)

Adsorption process assisted by CdO and modified
CdO nanoparticles depend on various parameters like
initial concentration of chromium (VI), concentration
and nature of the adsorbent, pH, contact time, and
temperature [61]. The absorbance of the chromium
(VD) solution was measured before and after removal
using UV-visible spectrophotometer. From the respec-
tive absorbance, percentage removal of chromium was
calculated using the equation,

9781
(a) 35 0.08
_ = E 006
KL
5; 21 s
S —
3 = 0.04
: 14 )
£ =
2 4 > 0.02
§ [=]
0 — 04 v v v .
0 02 04 06 08 1 0 50 100 150 200

Relative pressure (P/Po) Pore diameter (A")

G

0.08 4

35 94
E
7 ] S0 0.06 1
]
o0
9 21 4 ;
S En 0.04 1
2 £
= > ]
§ 7 A 0.02
0 T T T T \ 0 r r r "
0 02 04 06 08 1 0 50 100 150 200
Relative pressure (P/Po) Pore diameter (A°)
(€) 40 1 0.1 7
~ g 0.08 1
g 3
3 E 006 1
) —_
3 B 004
2 0.
£ g
2 & 0021
0

0 50 100 150 200
Pore diameter (A")

Fig. 8. BET surface area and pore size of (a) synthesized
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nanoparticles.

Co — Ce
Co

Removal (%) = x 100 (1

where C, is the initial concentration of chromium (VI)
and C, is the equilibrium concentration of chromium
(VD).

3.2.1. Effect of pH

The removal of chromium (VI) was carried out in
pH range 1.0-6.0 using adsorbent CdO and modified
CdO nanoparticles (0.200 g/50 ml) keeping chromium
(VD) concentration constant as 200 mg/1 (Fig. 9(a)). The
adsorption of chromium (VI) was not significant at pH
values more than pH 6.0 [62]. The pH of the chro-
mium (VI) solution was adjusted using sulfuric acid
(2.0M) and sodium hydroxide (2.0 M). The rate of
removal of chromium (VI) increases with increasing
pH up to 3.0 and above this it shows decrease in the
rate of removal of chromium (VI). The maximum
removal of chromium (VI) occurs at pH 3.0. The influ-
ence of pH of the initial solution on the chromium
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Fig. 9. Removal of chromium (a) effect of pH, (b) effect of chromium concentration, (c) effect of nature and amount of

adsorbent, and (d) effect of contact time.

(VD) adsorption is explained by the ionic state of the
functional groups from CdO and modified CdO
nanoparticles involved in metal binding as well as by
the occurrence of the hydrated cation [Cr(VI)] as a
predominant ionic species [63,64]. At low pH, the
competition between the H" ions and chromium (VI)
ions for the adsorption sites of CdO and modified
CdO nanoparticles causes low adsorption. By increas-
ing initial pH, the dissociation degree of the hydroxyl
groups and the negative charge density on the CdO
and modified CdO nanoparticles surface are increas-
ing resulting in a higher adsorption ratio by the elec-
trostatic interaction with cation. After the optimum
pH, the negative charge density goes on increasing
due to which decrease in adsorption of chromium.

3.2.2. Effect of concentration of chromium (VI)

The removal of chromium (VI) was carried out with
100-350 mg/1 initial concentration of chromium (VI)
using different adsorbent such as CdO and Cs-doped
CdO nanoparticles with amount of 0.200 g/50 ml and
at pH 3.0 (Fig. 9(b)). The rate of removal of chromium
(VD) is more up to 200 mg/1 and further increase in
concentration of chromium (VI) the rate of removal of
chromium (VI) decreases. During the increase in initial
concentration of chromium (VI), the surface area of
CdO and Cs-doped CdO nanoparticles available for the

adsorption is not sufficient therefore, the rate of
removal of chromium decreases with increase in
concentration of chromium (VI). In previous work
[25,42,45] smaller amount of chromium has been
removed (VI), while in present work maximum
removal of chromium has been achieved with initial
concentration 200 mg/L

3.2.3. Effect of amount of CdO nanoparticles

The amount of adsorbent affects the rate of
removal of chromium (VI) hence different amounts of
CdO and modified CdO nanoparticles were used for
the removal of chromium (VI) (Fig. 9(c)). The result
shows that the rate of removal of chromium (VI)
increases with increase in the amount of CdO and
Cs-doped CdO nanoparticles but it remains constant
after a 0.200 g/50 ml amount. This may be due to that,
as the amount of CdO and modified CdO nanoparti-
cles was increased, the exposed surface area also
increases but after certain limit with the increase in
CdO and modified CdO nanoparticles, there will be
no increase in the exposed surface area of the adsor-
bent. It may be considered like a saturation point, the
increase in the amount of CdO and modified CdO
nanoparticles after this saturation point will only
increase the thickness of the layer at the bottom of the
reaction vessel. The removal efficiency is directly
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related to the number of active sites available. After
certain amount of adsorbent, the maximum adsorption
sets hence the amount of ions bound to the adsorbent
and the free ions remains constant even with further
addition of the adsorbent. In earlier reported work
[24,25], large amount of adsorbent has been required
to remove the chromium from the solution; however
in present work, 0.200 g/50 ml of adsorbent has been
sufficient to remove maximum chromium (VI) from
aqueous solution.

3.2.4. Effect of nature of CdO nanoparticles

Adsorption phenomenon was carried out with
adsorbent such as CdO and Cs-doped CdO with
chromium (VI) concentration solution 200 mg/1 to
study the nature of adsorbent on removal of chro-
mium (VI). The removal of chromium (VI) was more
with Cs-doped CdO nanoparticles than undoped
CdO nanoparticles (Fig. 9(c)). The Cs-doped CdO
nanoparticles have large surface area as compared to
undoped CdO nanoparticles; therefore, Cs-doped CdO
nanoparticles are more effective as compared to
undoped CdO nanoparticles. In semiconductor—elec-
trolyte interface with light energy greater than the
semiconductor band gap, electron-hole pairs (e”/h™)
are formed in the conduction and the valence band of
the semiconductor, respectively [65]. These charge
carriers which migrate to the semiconductor surfaces
are capable of reducing or oxidizing species in solu-
tion having suitable redox potential. As compared to
previous work [24], 97% of chromium has been
removed from aqueous solution using CdO and modi-
fied CdO nanoparticles.

3.2.5. Effect of contact time

The effect of the contact time for the removal of
chromium (VI) from the aqueous solution using CdO
or modified CdO nanoparticles was analyzed under
keeping the initial concentration 200 mg/1 of chro-
mium (VD), pH 3.0, and adsorbents 0.200 g/50 ml as
constant. The removal of chromium was studied at
different time intervals. The percent of removal
increases with time and attains equilibrium at 60 min
(Fig. 9(d)). However, it remains constant after an equi-
librium time of 60 min, which indicates that the
adsorption tends toward saturation.

3.2.6. Determination of zero point charge (ZPC)

The adsorption of chromium by CdO and modified
CdO nanoparticles (0.200 g/50 ml) was carried out up
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to 48 h for the investigation of ZPC of CdO and modi-
fied CdO nanoparticles [66]. The values of the initial
and final pH were plotted at 24 and 48 h time inter-
vals for the CdO and modified CdO nanoparticles
(Fig. 10). The point at which initial pH and final pH is
equal gives ZPC for CdO and modified CdO
nanoparticles (Table 1). The ZPC for CdO and
modified CdO nanoparticles are 6.00.

3.2.7. Maximum removal of chromium (V1)

The adsorption characteristics of CdO and modi-
fied CdO nanoparticles have been studied with respect
to pH, initial concentration of chromium (VI), amount
of adsorbent, and nature of adsorbent. The maximum
removal of chromium (VI) was found to be at pH 3.0.
An initial concentration of chromium (VI) was also
affect the removal efficiency and maximum removal
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Fig. 10. Zero point charge of (a) CdO, (b) 3% Cs-doped
CdO, and (c) 7% Cs doped CdO.
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Table 1

Zero point charge of CdO and modified CdO nanoparticles

Final pH

Adsorbent Amount (g) Initial pH After 24 h After 48 h

Cdo 0.200 2.02 2.70 2.77
0.200 4.01 5.01 4.78
0.200 6.00 6.03 5.98
0.200 7.98 7.95 7.77
0.200 9.99 9.05 8.35
0.200 12.00 10.28 9.66

3% Cs—CdO 0.200 2.00 2.24 2.16
0.200 4.01 5.35 5.36
0.200 5.99 6.01 6.02
0.200 8.00 8.12 8.07
0.200 10.01 9.45 9.05
0.200 11.98 10.89 10.16

7% Cs-CdO 0.200 2.00 3.63 4.63
0.200 4.01 5.53 5.39
0.200 6.03 6.06 6.00
0.200 7.98 8.28 7.95
0.200 9.99 9.48 8.94
0.200 12.00 10.40 10.02

occurs at 200 mg/1 concentration of chromium. The
removal efficiency was related to the amount of adsor-
bent and 0.200 g/50 ml amount of CdO or modified
CdO nanoparticles was sufficient for the maximum
removal. The modified CdO nanoparticles have more
removal efficiency towards chromium (VD) due to its
high surface area (Table 2).

3.2.8. Removal of the chromium (VI) from wastewater

The chromium (VI) was removed from treated
wastewater using CdO and modified CdO nanoparti-
cles (0.200 g/50 ml, pH 3.0). The removal of chromium
(VD) was tested by measuring absorbance of wastewa-
ter using UV-visible spectrophotometer. Concentration
of chromium (VI) in the treated waste water before
and after was also determined by Atomic Absorption
Spectrometry (Chemito AA203) an air-acetylene bur-
ner. The result shows that 93% of chromium was
removed from treated wastewater with modified CdO
nanoparticles (Table 3).

Table 2
Parameters for the maximum removal of chromium (VI)

3.3. Adsorption isotherm

The synthesized nanoparticles CdO and modified
CdO are considered to have significant capability to
adsorb heavy metals. From the study of adsorption at
different condition, the Langmuir and Freundlich
adsorption isotherm [67,68] parameters are to be
evaluated.

3.3.1. Langmuir isotherm

The validity of Langmuir adsorption isotherm is
tested by plotting C./(x/m) against C.. Where x = the
mass of solute adsorbed, m = mass of adsorbent, x/m =
the mass of solute adsorbed per unit mass of adsorbent,
and C, = the equilibrium concentration of the adsorbed
substance in the solution. The characteristic of
Langmuir isotherm model can be described by separa-
tion factor [64] as follows,

Ru=1/(1+b0C,) )

Sr. no Parameters Optimum value

1 pH 3.0

2 Initial concentration of Cr(VI) 200 mg/1

3 Amount of adsorbent 0.200 g/50 ml

4 Nature of adsorbent 7% Cs—CdO nanoparticles
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Table 3
Removal of chromium from treated waste water

Concentration of

Sr. no chromium (mg/1) Meter reading
1 00 00
2 10 19
3 20 40
4 30 61
5 40 80
6 50 100
7 Sample 1 89
8 Sample 2 11
9 Sample 3 08
10 Sample 4 06

Notes: Sample 1: Before removal of chromium.

Sample 2: After removal of chromium with CdO nanoparticles.
Sample 3: After removal of chromium with 3% Cs—CdO
nanoparticles.

Sample 4: After removal of chromium with 7% Cs—CdO
nanoparticles.

where b is the Langmuir constant (Fig. 10) and C, is
the initial concentration of chromium (VI) ion. The
adsorption process is thermodynamically unfavorable,
if Ry > 1, linear if Ry =1, thermodynamically favor-
able if 0 <Ry <1 and irreversible if Ry =0. In these
adsorption experiments, calculated R;, value is in the
range 0.0204-0.0311, therefore the adsorption process
is thermodynamically favorable. The adsorption capac-
ity of 7% Cs doped CdO nanoparticles is more to that
of CdO nanoparticles which is due to the surface
area of 7% Cs-doped CdO nanoparticles is more than
that of undoped CdO nanoparticles.

3.3.2. Freundlich isotherm

The applicability of Freundlich adsorption iso-
therm is tested by plotting log (x/m) against log Ce.
Where x = the mass of solute adsorbed, m = mass of
adsorbent, x/m = the mass of solute adsorbed per unit
mass of adsorbent, and C. = the equilibrium concen-
tration of the adsorbed substance in the solution. The

Table 4

Langmuir and Freundlich adsorption isotherm parameters
Langmuir Freundlich
parameters parameters

Adsorbent b a R? n K¢ R?

Cdo 0.155 0.125 0950 1.865 0.034 0.980

3% Cs—CdO 0.199 0.136 0976 1.779 1.206 0.985

7% Cs—CdO 0239 0.164 0991 1.748 1.237 0.992
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Fig. 11. (a) Langmuir adsorption isotherm and (b)

Freundlich adsorption isotherm.

Freundlich isotherm constants (K¢ and n) calculated
from Fig. 11 and given in Table 4. The R? value for the
adsorption of chromium (VI) is obtained from Fig. 11,
fits for Freundlich isotherm very well. The “n” value
for adsorption of the chromium (VI) is greater than 1,
revealing that adsorption was a favorable process.

4. Conclusions

The present work reports the removal of chro-
mium (VI) using CdO and modified CdO nanoparti-
cles. The result indicates that, modified CdO
nanoparticles were more efficient than CdO nanoparti-
cles as adsorbent for removal of chromium (VI). The
maximum removal of chromium (VI) is 0.200 g/50 ml
amount of adsorbents in 60 min at pH 3.0. It was
found that Freundlich isotherm model was more
obeyed. The method was successfully applicable for
removal of chromium (VI) from wastewater samples.
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List of abbreviations

UV-DRS — ultra violet-visible reflectance
spectroscopy

FT-IR — Fourier Transform-Infra red spectroscopy

XRD — X-ray diffraction analysis

SEM — scanning electron microscopy

EDAX — energy dispersive X-ray spectroscopy

TEM — transmission electron microscopy

SAED — selected area electron diffraction
spectroscopy

TGA — thermogravimetric analysis

PL — photoluminescence analysis

BET — Brunauer-Emmett-Teller surface area
analysis

BJH — Barrett-Joyner-Halenda Analysis

ppm — part per million

M — molar

N — normal

mol — mole

mmol — millimole

mg/1 — milligrams per liter

g — gram

ZrC — zero point charge

SBET — specific surface area

V% — pore volume (m?/g)

m-/g — meter square per gram

dp — pore diameter (cc/g)

cc/g — cubic centimeter per gram

E — band gap energy (eV)

Co — initial concentration of chromium (mg/1)

Ce — equilibrium concentration of chromium
(mg/1)

K — Freundlich constant (mg/g)

n — Freundlich constants (mg/g)

b — Langmuir constant (mg/g)

a — Langmuir constant (mg/g)

R? — correlation coefficient

x — mass of solute

x/m — mass of solute adsorbed per unit mass of
adsorbent

Ry — separation factor
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