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ABSTRACT

The current research aimed for the fabrication of the cerium oxide nanoparticles using precipita-
tion method and the as-fabricated sample was annealed at 400°C for 2 h. The fabricated sample
was investigated using thermogravimetric analysis-differential thermal analysis, Fourier transform
infrared, X-ray diffraction (XRD), field emission scanning electron microscopy, and high-resolution
transmission electron microscopy. The extracted data from XRD showed that the annealed cerium
oxide is in the nano-sized. The determined crystallite size equals 4.75 nm. The adsorption factors
of naphthol green B dye (NGB) over the calcined CeO, were studied using a batch method. The
adsorption capacity of the NGB dye over the fabricated CeO, nanoparticles (CEP4 sample) reaches
41 mg/g. Additionally, Langmuir adsorption isotherm and the pseudo-first-order kinetic models
have utilized for the explanation of the adsorption process. Besides, the determined thermodynam-
ics factors of the separation process showed spontaneous, physisorption, and endothermic process.

Keywords: Precipitation method; Cerium oxide nanoparticle; Adsorption; Morphology; Naphthol

green B dye

1. Introduction

Water pollution is a relative concept where there is
impure water according to its physical and chemical prop-
erties. Pure water can be contaminated using various pol-
lutants such as heavy metals, organic dyes, pathogenic
microbial materials, Pesticides, etc. Contaminated water
that acts as a threat to human and it can’t use in the field of
industry. For example, a certain kind of mineral-free water
can utilize in the electricity field. On the opposite side, the
contaminated water with minerals and heavy elements, can’t
use because it corrodes the boiler in this industrial activity
[1]. Organic pigments are the main source of environmen-
tal contamination of the pure water from textile, paper
industries [2]. Dyes considered higher stable and complex
to biodegrade because they usually are a difficult synthetic
and complicated structure [3]. Dyes separated from waste-
water by employing various advanced techniques [4] like
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adsorption, catalytic photodegradation, oxidation, flotation,
coagulation, cloud-point extraction, electrodialysis, etc.
Adsorption technique is a highly efficient separation process
which is considered to be superior to water treatment other
technologies. Adsorption technique characterized by many
advantage points such as low cost, simplicity of setup and
design, ease of operation, and sensitivity to different poi-
sonous substances [5]. Naphthol Green B dye is an example
of the common types of anionic dying for the pigmentation
of various materials like wood, silk, cotton, etc. Naphthol
Green B dye can produce some dangerous outcome in
humans such as an increase in heart rate, shock, cyanosis,
etc. Thus, the extraction of naphthol green B dye is very
significant from different sources of wastewater because of
its toxicity to living beings on our planet [5].

In the last three decades, many advanced types of nano-
materials have been developed and fabricated in different
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shapes and sizes. The synthesized nanomaterials utilized
in numerous applications [6-10]. Between these nanoma-
terials, cerium oxide is one example of simple oxide with
the chemical formula (CeO,) [11]. CeO, is an example of the
common reactive rare earth element oxides with a cubic
fluorite-structured. The crystallographic structure does not
change with the raising of the temperature to be more than
2,700°C (its melting point) [12,13]. In the cerium oxide struc-
ture, each Ce position is enclosed between eight oxygen
sites in FCC arrangement and each oxygen position has a
tetrahedron cerium site [14,15]. Cerium oxide nanoparticles
interested extensive attention according to its important
and unique characteristics such as UV absorbing ability,
high thermal stability facile electrical conductivity, and
diffusivity, high hardness, specific chemical reactivity, abil-
ity to store, and transport oxygen as large oxygen storage
capacity. Because of these properties, it has been utilized for
different classes of high-level applications like glass polish-
ing material, buffer layers with a silicon wafer, gates for the
metal-oxide-semiconductor device, solar cells, free radical
scavenger, removal soot from diesel engine exhaust, sep-
aration of some organic materials from wastewater, water
splitting for the fabrication of hydrogen gas, catalytic pho-
todegradation under sunlight irradiation to many organic
compounds, protective of primary cells from the detrimen-
tal effects of radiation therapy, and gas sensor [14].

CeO, nano-adsorbent fabricated by utilizing different
methods like co-precipitation [16-18], sol-gel process [19-21],
hydrothermal synthesis [22,23], reverse micellar synthesis
[24,25], sonochemical synthesis [26,27], electrochemical syn-
thesis [28,29], combustion synthesis [30], laser ablation [31],
template [32], precursor thermal decomposition, and other
methods [33]. In this paper, CeO, nanoparticles were fabri-
cated by using a precipitation method because it is very sim-
ple, easy to set up and low cost. The fabricated cerium oxide
nanoparticles (CEP4 sample) were applied for the removal
and separation of naphthol green B dye (NGB) from aqueous
solution. Also, the kinetics, thermodynamic and adsorption
isotherm of naphthol green B dye (NGB) were investigated.

2. Experimental
2.1. Materials and reagents

Cerium sulfate tetrahydrate (Ce(SO,),-4H,0, 98.5%) and
naphthol green B dye (C,H ;FeN,Na,O .S, 99%) were pur-
chased from Sigma-Aldrich Chemical Company (Germany).
Nitric acid (HNO,, 69%) and ammonium hydroxide (NH,OH,
33%) were purchased from El Nasr Pharmaceutical Chemical
Company (Cairo, Egypt). All chemicals and reagents were
of analytical grade and utilized as received without any
purification. Freshly bi-distilled water was utilized through
all experiments. The chemical structure of the naphthol
green B dye is displayed in Fig. 1.

2.2. Preparation of cerium oxide nanoparticles via
precipitation method

0.01 mol of cerium sulfate tetrahydrate was dissolved
in 50 mL bi-distilled water. Cerium hydroxide was precip-
itated by ammonium hydroxide (NH,OH) until pH = 9.

NO
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Fig. 1. Chemical structure of naphthol green B dye (NGB).

The obtained pale white precipitate was washed for several
times and dried at 150°C for overnight (24 h), producing a
pale-yellow powder (CEP sample). The obtained powder
annealed at 400°C for 2 h and the crystalline CeO, nanopar-
ticles (CEP4 sample) synthesized. The steps of the fabrica-
tion of CeO, nanoparticles are represented in a flowchart as
shown in Fig. 2.

2.3. Characterization

The obtained phase of the as-fabricated (CEP sample)
and annealed (CEP4 sample) cerium oxide was identified
by measuring the X-ray diffraction (XRD) pattern anal-
ysis, 18 KW diffractometer (Bruker; model D 8 advance,
USA) with monochromatic Cu-Ka radiation, 1.54178 (A)
in the angular range of 10°-80° with step size 0.02° (20)
and scan step time 0.4 (s) and it was carried out at Central
Metallurgical R&D Institute, Cairo, Egypt. The thermal anal-
ysis (thermogravimetric analysis (TGA), differential thermal
analysis (DTA), and derivative thermogravimetry (DTG))
are used to test the as-fabricated products (CEP sample) and
performed under air gas atmosphere using a thermal ana-
lyzer instrument (Shimadzu; model TA-60WS, Japan) with
a heating rate of 10°C/min from 30°C to 800°C and it was

Ce(S0,), solution

1. NH,OH, pH =9
€ :

2. Washing

pale white precipitate
Dry at 150 °C overnight
—
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l(— Calcination at 400 °C/ 2 h.

Crystalline CeO,
nanopaticles

Fig. 2. Flow short of the preparation of cerium oxide using
precipitation method.
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performed at Egyptian Petroleum Research Institute, (Cairo,
Egypt). The morphology of the calcined product (CEP4
sample) was studied using field emission scanning electron
microscopy (FESEM, JEOL JSM-6390, USA). The (FE-SEM)
and gold coating process by using EMITECH K550X sputter
coater, England and it was performed at central laborato-
ries, Egyptian Mineral Resources Authority, Cairo, Egypt.
The morphology and particle size of the annealed cerium
oxide (CEP4 sample) were confirmed using high-resolution
transmission electron microscopy (HR-TEM) (model Tecnai
G20, FEI, Netherland) at an electron voltage of 200 kV and
it was carried out at Egyptian Petroleum Research Institute,
Cairo, Egypt. The as-fabricated (CEP sample) and annealed
(CEP4 sample) cerium oxide were measured using Fourier-
transform infrared (FTIR) spectrometer (Thermo Scientific;
model Nicolet iS10, Germany) from 4,000 to 400 cm™. It was
performed at Chemistry Department, Faculty of Science,
Mansoura University. The adsorption processes were tested
using a Jasco UV-vis spectrophotometer (Jasco; model V 670,
Japan) and it was carried at Chemistry Department, Faculty
of Science, Benha University.
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3. Result and discussion
3.1. Thermal analysis

TGA, DTA, and DTG curves of thermal analysis were
recorded for as-fabricated cerium hydroxide (CEP sample)
as to be visible in Fig. 3I. It also described the decomposi-
tion steps of the CEP sample which synthesized by the pre-
cipitation method. The decomposition of the CEP sample
occurs in two steps as visible in the TGA curve. 16.25% was
the total weight loss percentage from the CEP sample from
30°C to 500°C. In the first decomposition step, the adsorbed
volatile molecules were separated and the removal from the
CEP sample and the weight loss percentage found to be 8.5%
in between 30°C and 200°C. The second decomposition step
appeared in between 200°C and 500°C and the weight loss
equals 7.75%. This step explains the decomposition of the
CEP sample plus the evolution of the gases and the fabri-
cation of cerium oxide nanoparticles. DTA curve exhibited
an endothermic peak at 35°C and the volatile molecules
separated from the surface of the CEP sample. Besides, the
broad exothermic band observed in between 200°C and
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Fig. 3. Thermal analysis of CEP sample (I), XRD analysis (II), and FTIR analysis (III) of the synthesized cerium oxide (CEP (a) and

CEP4 (b) samples).
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245°C with two heads at 205°C and 235°C, is attributed to
the evolution of the gases from the CEP sample. DTG exhib-
ited the peaks at 35°C and 277°C and it agrees with the
extracted data from the TGA curve. From the extracted data
of the thermal analysis, CeO, nanoparticle (CEP4 sample)
was obtained after the annealing at the selected temperature
(400°C-500°C).

3.2. X-ray studies

Fig. 3II shows XRD patterns of the as-fabricated (CEP
sample: curve a) and annealed cerium oxide nanoparticles at
400°C for 2 h (CEP4 sample: curve b). The appeared diffrac-
tion peaks are readily indexed to pure cubic phase structure
of cerium oxide (CeQ,) which is in complete agreement with
the standard patterns of CeO, (space group Fm-3m, Reference
Card No.: 75-0390) for CeO, as exhibited in Fig. 3II. Other
characteristic peaks corresponded to any impurities have not
been seen. The crystal sizes of CeO, calculated by using the
Debye-Scherrer formula [34] as shown in eq. (1). The average
crystallite size (S) of the as-synthesized (CEP sample) and
annealed (CEP4 sample) CeO, was recorded from the XRD
peaks to be 4.13 and 4.75 nm, respectively.

BcosO

where A is the wavelength of X-ray (1.5406 A for Cu Ka), 0 is
the Bragg diffraction angle, and 3 is the X-ray full width of
the diffraction peak at half-maximum height.

3.3. FT-IR spectrum

Infrared spectroscopy (FT-IR) of the as-fabricated (CEP
sample: curve a) and annealed (CEP4 sample) CeO, sam-
ples (curve a) is displayed in Fig. 3III. Fig. 3III displays
the FTIR spectra of the as-fabricated CEP sample without
annealing (curve a). The peaks at 3,129 and 1,631 cm™ are
corresponding to the stretching and the bending vibra-
tions of the adsorbed -OH groups, respectively. The peak
at 1,400 cm™ can be assigned to the symmetric vibration of
adsorbed C=O. The peaks at 1,111 and 616 cm™ in the spec-
tra assigned to the vibration modes of Ce-O-Ce and Ce-O,
respectively inside CeO, lattice. Fig. 3III displays the spectra
of the annealed CEP4 sample (curve b). The weak absorp-
tion bands at 3,431 and 1,618.5 cm™ are corresponding to
the stretching and bending vibrations of hydroxyl groups
respectively on the surface of CeO,. The appeared peaks
at 1,118 at 594 cm™ in the spectra assigned to the vibration
modes of Ce-O-Ce and Ce-O, respectively, inside CeO,
lattice [13,33,35-39].

3.4. Morphology studies

The morphology of fabricated CeO, (CEP4 sample) was
tested using HR-TEM and FE-SEM. The FE-SEM micro-
graphs display that CeO, nanoparticles (CEP4 sample) are
composed of the spherical nanoparticles in the form of the
hard agglomeration as is visible in Figs. 4a—c. The average
particle size determined from micrographs to be 50 nm. The
HR-TEM micrographs reveal that the particles have different

sizes of the round shape of CeO, nanoparticles (CEP4 sam-
ple) with hard agglomeration as shown in Figs. 4d—f. The
average particle size of the CEP4 sample calculated to be
22 nm.

3.5. Batch adsorption experiments

The synthesized CeO, nanoparticles (CEP4 sample)
utilized as an adsorbent for the separation of naphthol
green B dye from aqueous solution using the batch mode.
The amount of the dye adsorbed on the CEP4 sample and
the removal efficiency percentage (R %) were calculated
from Egs. (2) and (3), respectively.

C,-C,)V
G L 2)
m
Removal (R%) = @ x100 €)

0

where g, is the amount of dye adsorbed per unit weight
of adsorbent (mg/g), V is the volume of solution (L), C,
is the initial dye concentration (mg/L), C, is the equilib-
rium dye concentration (mg/L), and m is the weight of the
adsorbent (g).

3.5.1. Effect of pH

Fig. 5i displays the effect of initial pH (3-9) on the
adsorption of 50 mg/L of NBG dye solution over 50 mg of
CEP4 sample. The removal efficiency recorded downward
trend by increasing the pH values due to the electrostatic
attractions between negatively charged functional groups
located on the NGB dye and positively charged adsor-
bents surface as reported by other researchers [4,40,41].
The removal dye efficiency recorded at A =714 nm and
it reached its maximum value (87.0%) at pH = 3.

3.5.2. Effect of contact time

The contact time of the removal 50 mg/L of NGB was
tested using 50 mg of CEP4 sample at pH 3. Fig. 5ii shows
the removal efficiencies for the NGB over CEP4 sample as a
function of contact times ranging between 15 and 240 min.
The rate of uptake was rapid in the beginning and became
gradually in the latter stages until reached saturation state.
The maximum separation and removal of NGB dye was
attained in 150 min to be 21.9 mg/g.

3.5.3. Effect of initial concentration

Fig. 5iii displays the effect of various initial concentra-
tion for the separation of NGB dye over 0.05 g of CeO, (CEP4
sample) adjusting to pH = 3. After 150 min, the adsorption
capacities were determined from the extracted data. The
rate of uptake was rapid in the beginning and reached sat-
uration as a result of the maximum availability of active
sites on the surface of the CEP4 sample. As time passed, the
active sites were blocked, the rate of the separation of dye
decreased.
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Fig. 4. FE-SEM images (a—c) and HR-TEM images (d—f) of the calcined cerium oxide nanoparticles (CEP4 sample).
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Fig. 5. Influence of pH (i), time (ii), initial concentration (iii), adsorbent dose (iv), ionic strength (v), and temperature (vi) on the
removal of the NGB dye over the cerium oxide nanoparticle (CEP4 sample).
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3.5.4. Effect of adsorbent dose

The effect of CeO, quantity on the removal 50 mg/L
of NGB dye was investigated by adding various amount
(0.01-0.125 g) of CEP4 sample as adsorbent and the pH of
the solutions were fixed at 3. After 150 min, the efficiencies
were calculated as shown in Fig. 5iv. The extracted data
indicated that the increasing of adsorbent dosage leads to
the increase of the separation of NGB dye on CEP4 mate-
rial due to the rising of the active centre on the surface of
CEP4 sample.

3.5.5. Effect of ionic strength

The effect of ionic strength on the adsorption 50 mg/L
of NGB dye over 50 mg of CEP4 sample was investigated
using different amount of KCI salt (0.05 to 0.25 g) at
pH = 3. After 150 min, the removal efficiency calculated
from the obtained data and the effect of ionic strength
on the adsorption ability was demonstrated in Fig. 5v. As
shown in Fig. 5v, the dose of KCl increases, the efficiency
percentage of the separation of NGB dye decreases due to
the decreasing active centre on the surface of CeO, (CEP4
sample) as result of the presence of KCI.
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3.5.6. Effect of temperature

The adsorption process was tested at 293, 298, and 303 k
separately for the separation 50 mg/L of NGB dye using
0.05 g of CeO, nano-adsorbent (CEP4 sample). The experi-
mental data explain that the adsorption capacity increased
slowly with an increase in the solution temperature for the
separation of NGB dye over CEP4 sample as exhibited in
Fig. 5vi. This indicates that the separation of NGB dye on
the synthesized CeO, nano-adsorbent (CEP4 sample) is an
endothermic process. The increase of temperature of the sepa-
ration process was due to a decrease in the thickness of the
boundary layer surrounding for the CEP4 sample and the
mass transfer resistance of adsorbate in the boundary layer
decreased. This leads to an increase in the mobility of the
dye molecules with the rise of temperature.

3.6. Adsorption isotherms models of the separation of NGB dye
over CeO, nanoparticles

The relation of the adsorption capacities with the vari-
ous initial concentration of the dye (50-350 mg/L) as exhib-
ited in Fig. 6a. The extracted data from relation shows the
adsorption capacity increased until became constant after
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Fig. 6. Effect of initial concentration on the adsorption capacity (a), Langmuir (b), Freundlich (c), and Temkin (d) isotherms for
removal the NGB dye using cerium oxide nanoparticles (CEP4 sample).
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200 mg/L. The maximum value of the adsorption capacity
was found at 41 mg/g. Temkin, Langmuir and Freundlich
isotherm models are utilized for the description of the exper-
imental data using different equilibrium concentrations of
NGB dye (50-350 mg/L) over 0.05 g of CeO, nano-adsor-
bent (CEP4 sample) at pH = 3 and 293 K. After 150 min, the
adsorption capacities determined and the adsorption fac-
tors estimated from the linear plots of Langmuir [4]. (C /g,
with C), Temkin [42,43] (g, with InC) and Freundlich [44]
(Ing, with InC ) isotherm models are displayed in Figs. 6b—d
according to Eqgs. (4)-(6), respectively.

C 1 C

e @

qe KLqm qm

g, =BInK, +BInC, 5)
1

Ing, =InK, +ElnCe 6)

where C, is the equilibrium concentration of NGB dye in
solution (mg/L), g, is the equilibrium adsorption capacity
of NGB dye on CeO, adsorbent (CEP4 sample), K, is the
Langmuir parameter (L/mg), g, is the maximum quantity
of adsorbed solute to adsorbent (mg/g). K. is the Freundlich
constant (mg/g), (1/Z) is the heterogeneity factor, B is con-
stant (B = RT/d), K, (L/g) is Temkin equilibrium binding
constant corresponding to the maximum binding energy,
and d is related to the heat of adsorption [45].

From Langmuir isotherm, the equilibrium parameter
can calculate from R, = 1/(1+S), S = K,C, and C, is the ini-
tial concentration of dye (mg/L) and the values of R, reflects
the nature of the adsorption process (if the values of R, in
between 0 and 1, the adsorption process is favorable). From
Temkin isotherm can determine from d = RT/B, where T is
the temperature in Kelvin and R is the universal gas con-
stant (8.315 J/mol/K) [46]. From Freundlich isotherm, the

Table 1
Extracted parameters from Langmuir, Freundlich, and Temkin
isotherms for CeO, adsorbent (CEP4 sample)

Adsorption isotherm  Parameter Values
K, (L/mg) 0.0864
9ol (MB/B) 42.55
Langmuir parameters R, 0.05473-0.1880
R? 0.9828
Gy exp (MB/8) 41
K, [(L/mg) (L/mg)*"] 14.9889
9yca (ME/8) 42.77
Freundlich parameters Z 5.0527
R? 0.9783
Gy (MB/B) 41
K. (L/g) 5.963
ek d (KJ/mol) 0.4184
emkin parameters B (J/mol) 5.8278
R? 0.9434

maximum adsorption capacity can calculate using the rela-
tion: g, = K, C,Y=. If the value of (1/Z) < 1, it indicates normal
adsorption. Besides, the value of Z in between 1 < Z < 10,
this indicates a favorable adsorption process [47]. Table 1 is
outlined the factors were extracted from Langmuir, Temkin,
and Freundlich isotherms. From the R? values, the Langmuir
isotherm model is better fitting than the other models.
It means that the uptake of the NGB dye over the CeO,
nano-adsorbent (CEP4 sample) in the form of the homoge-
nous surface by monolayer without any interaction between
adsorbed molecules [48]. Besides, the estimated adsorption
capacity from Langmuir isotherm was determined to be
42.55 mg/g which are closed with the experimental value
(41 mg/g). In the current study, R, values were determined
in between 0.1880 and 0.05473 which is corresponding to the
initial concentration 50-200 mg/g. It reflects that the adsorp-
tion of the NGB dye over the CEP4 sample is a favourable
process. From the extracted data of Temkin isotherm, the
heat of adsorption (d) has the value (0.4184 KJ/mol) and it
reflects the weak interaction force between the surface of
CeO, and NGB dye. Besides, the K, found to be 5.963 L/g
and the value of Temkin constant (B) found to be 5.823
J/mol. The R? value of Temkin equation found to be 0.9434
and it is lower than that obtained for the other isotherms.

3.7. Adsorption kinetic models for the adsorption of NGB using
CeO, nanoparticles

The adsorption kinetic models were carried out by
studying the effect of contact time on the separation of NGB
dye over CeO, adsorbent (CEP4 sample). Kinetic factors of
the separation NGB dye on CeO, nano-adsorbent (CEP4
sample) were estimated using pseudo-first-order equa-
tion (plot log(q, — q,) against t) [49], pseudo-second-order
equation (plot t/g, vs. time t) [50], and intraparticle diffu-
sion model (Plot g, vs. t°%) [51] as represented in Egs. (7)-
(9). The relations were applied can get some information
about the adsorbate quantity and the separation process
rate through the calculation of kinetic factors as exhibited
in Figs. 7a—c. The calculated data also outlined in Table 2.

k
log(q —g )=logg ——1 7
og (g, —q,)=logg, 303 7)
Lot ®)
9, ka 4,

g, =kt +D )

where g, and g, are the amounts of dye adsorbed (mg/g) at
equilibrium and time t (min), respectively, ¢ (min) is con-
tact time, and k, is the pseudo-first-order rate constant of
adsorption (1/min), k, (g/mg min) is pseudo-second-order
rate adsorption constant, k, is intraparticle diffusion con-
stant (mg/g min®®), and D is constant that gives an idea
about the thickness of boundary layer (mg/g).

From Table 2 and depending on the R* values, the
pseudo-first-order model is the better fitting (R* = 0.9854)
than the pseudo-second-order (R* = 0.9715) for the



132

(a)

log(q.-q,)

0 25 50 75 100 125 150

Time, min

45

40 4

35 *

30

q(mg/g)

0 2 4 ] 8 10 12 14 16

t!2 (min®5)

A.A. Ali et al. / Desalination and Water Treatment 204 (2020) 124-135

(b)

t/q,

0 25 50 75 100 125 180 175 200 225

Time, min

(d)

In Ke

0.00338 0.00343

T (KDY

0.00333

Fig. 7. Pseudo-first-order model (a), pseudo-second-order model (b), intra-particle diffusion model (c), and Van't Hoff relation (d) for
removal the NGB dye over cerium oxide nanoparticles (CEP4 sample).

Table 2
Kinetic parameters for adsorption of NGB dye on CeO,
adsorbent (CEP4 sample)

Kinetic parameters Parameter Values
k, (1/min) 0.014214
, Gycar (MB/8) 44.77
P -first- .
seudo-first-order R 0.9854
Gpexp (ME/B) 41
k, (g/mg.min) 0.00021
q, ., (mg/g) 57.79
P d - d_ d 1,ca
seudo-second-order R 0.9715
Gy (M15/8) 41
k, (mg/g min®?) 3.1923
Intra-particle diffusion D (mg/g) 1.5026
R? 0.9901

separation of the NGB dye over CeO, nano-adsorbent
(CEP4 sample). So, we can say that the separation of NGB
dye over CeO, nanoparticles (CEP4 sample) follows the
pseudo-first-order model and the calculated adsorption

capacity value (cal. 44.77 mg/g) is in good agreement with
the experimental one (41 mg/g). Fig. 7c displays the intra-
particle diffusion model and the extracted values from lin-
ear relation: k, = 3.1923 and D = 1.5026 mg/g. The plot does
not pass the origin, and it is explained that the intraparticle
diffusion is not the only model for the explanation mecha-
nism of the separation process of dye over CeO, nano-ad-
sorbent (CEP4 sample).

3.8. Thermodynamic studies for adsorbed of NGB dye using
CeO, nanoparticles

The effect of temperature on the separation of NGB dye
over CeO, nano-adsorbent (CEP4 sample) was tested in
the temperature range: 293-303 K. The values of thermo-
dynamic factors: AH®, AS°, and AG®, were determined by
using Van’t Hoff equation [52], [Eq. (10)] as shown in Fig. 7d.
The values of Gibbs free energy (AG°) for separation NGB
dye over CeO, nano-adsorbent (CEP4 sample) calculated
from Eq. (11).

_AS°AHP
RT

InK

cT R (10)
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AG® = AH® — TAS° (11)

where AH® is enthalpy change, AS° is entropy change, the
values of K were determined from q/c, and is the equi-
librium constant (L/g), T is the temperature in Kevin (K),
and R is the gas constant (8.314 J/mol). Plot In(K ) against
1/T gives a straight line as represented in Fig. 7d with slope
(-AH°/R) and intercept (AS°/R).

All experimental constants are outlined in Table 3. The
separation of NGB dye using CeO, nano-adsorbent (CEP4
sample) were endothermic process as a result of AH® has a
positive charge. The value of AH® (cal. 36.11 KJ/mol) is lower
than 40 KJ/mol, the separation and adsorption of NGB dye
over CEP4 sample is the physisorption process [41,53]. AS°
has a positive charge that means an increase in the degree
of freedom of solution for the separation process. The neg-
ative values of AG® revealed that the separation process is
spontaneous. Additionally, the AG® values decreased with
increasing of temperature that means the separation of NGB
dye is more favorable at high temperatures.

3.9. Comparative study

The adsorption capacities of CeO, nano-adsorbent
(CEP4 sample) has been compared with other adsorbents
reported in the literature and utilized for the removal of
NGB dye. These collection data have been outlined in
Table 4. The tabulated data show that CeO, nanoparticle
(CEP4 sample) exhibits considerably higher adsorption
capacity [4,41,54,55].

4. Conclusions

Cerium oxide nano-adsorbent was synthesized using
the precipitation method and followed by the annealing
at 400°C for 2 h. The fabricated samples were tested by
employing different tools. The fabricated CeO, nano-adsor-
bent (CEP4 sample) has a small crystallite size after anneal-
ing (cal. 4.75 nm). From FTIR, the strong absorption band at
594 cm™ are corresponding to the vibration modes of Ce-O
band inside the lattice of CeO, nanoparticles. The optimum
adsorption parameters of naphthol green B dye (NGB) over
CeO, nano-adsorbent (CEP4 sample) were determined
using a batch method. The maximum adsorption capacity
of the NGB dye over CeO, nanoparticles (CEP4 sample)
equals 41 mg/g. The separation data were well fitted with
Langmuir adsorption isotherm and the pseudo-first-or-
der. Besides, the adsorption and separation of naphthol

Table 3
Thermodynamic parameters for the adsorption of NGB dye
on the fabricated cerium oxide adsorbent (CEP4 sample)

Temperature,  InK, AG® AH? AS°

(K) (KJ/mol)  (KJ/mol)  (KJ/mol)
293 1.2605  -3.108 36.11 0.1339
298 1.5552 -3.777

303 1.7492 —4.446

Table 4
Comparison of adsorption capacities (q,,) for various
adsorbents
Adsorbents Adsorption  Reference
capacities,
9, (mg/g)
Tafla 23.86 [4]
Kaolinite 25.8 [4]
Charcoal 232.56 [4]
Metal hydroxides sludge (MHS) 10 [41]
SiO,@Nap 79 [54]
Mg/Al-LDO 1934 [55]
CEP4 41 This study

green B dye on CeO, nano-adsorbent (CEP4 sample) was
spontaneous, physisorption, and endothermic process.
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