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Abstract

The efficient degradation of organic dyes via photocatalysis presents a critical environmental
challenge, necessitating advancements in catalyst design and performance. This study
investigates the potential of pure and Eu doped CoMoO4 polymorphic nanostructures in
addressing this challenge. Our primary focus is on enhancing the efficiency and stability of

photocatalysts under diverse condition by performing sol-gel synthesis. Characterization

techniques such as X-ray diffraction (XRD), scanning ele icroscopy (SEM), ultraviolet-

visible (UV-visible) analysis and Raman analysis d to elucidate structural and

photocatalysts for er
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1. Introduction

Methylene blue (MB) is a dye commonly used in various industries, including textile
manufacturing, laboratory procedures, and medical diagnostics. However, despite its
widespread use, concerns have arisen regarding its potential negative impact on human health
and the environment. Methylene blue can be toxic if ingested or absorbed through the skin in
large quantities. It may cause symptoms such as nausea, vomiting, abdominal pain, dizziness,
and methemoglobinemia, a condition in which the blood capacity to carry oxygen is
impaired[1]. Some individuals may experience allefgic reactions to methylene blue, ranging
from skin irritation to more severe hypersenSitivity reactions. The, disposal of wastewater
contaminated with methylene blue can cause environmental pollutien, affect aquatic
ecosystems, and potentially contaminate drinking water sources[2]. Efforts are underway to
develop more efficient wastewater treatment processes capable of removing methylene blue
and other dyes from industrial, effluents‘before discharge into the environment. Techniques
such as adsorption, oxidation, and biological degradation have been used for dye removal[3].
Recent advanees,in dye degradation and,decolorization have focused on developing efficient,
cost-effective, and envitenment-friendly methods to address water pollution challenges.
Several inngvative approachesithat leverage diverse technologies and materials have emerged.
Recently developed,methods have been used for the degradation and decolorization of dyes.
Advanced oxidation processes (AOPs), such as photocatalysis, ozonation, and electrochemical
oxidation have gained attention for their ability to effectively degrade dyes [4-6].
Photocatalytic degradation using semiconductor photocatalysts such as titanium dioxide (TiO2)
or zinc oxide (ZnO) harnesses light energy to generate reactive oxygen species that degrade
dyes into non-toxic byproducts [7]. Biological methods and degradation using enzymes,
microorganisms, and algae offer a sustainable approach to dye removal. Enzymes, such as

laccase, peroxidase, and azoreductase, have been utilized for their ability to degrade various



dye molecules. Bioremediation techniques that employ bacterial consortiums or genetically
engineered microorganisms have shown promise in breaking down complex dye structures [8].
Nanostructured materials, including nanoparticles, nanocomposites, and nanotubes, exhibit
enhanced adsorption and catalytic properties for dye degradation [9]. Metal-organic
frameworks (MOFs) and carbon-based nanomaterials such as graphene and carbon nanotubes
have been explored for their high surface area and reactivity in dye degradation [7]. Hybrid
approaches that combine multiple techniques, such as photocatalysis with adsorption or
biological treatment with AOPs, have been proposéd to synergistically improve the dye
degradation efficiency [10]. Integrated systems ’incorporatinghphysical, chemical, and
biological processes offer comprehensive solutions for complex dye wastewater treatment[11].
Green chemistry principles, including the use of renewable resources, non-toXic reagents, and
benign reaction conditions, are beingintegrated into dyedegradation methods to minimize
environmental impacts [ 12].. Sustainable selvents, mierowave-assisted processes, and catalytic
reactions have been explored to)optimize energy efficiency and reduce chemical waste
generation [9,13]. In general, no/one,size fits all solutions, and the choice of method depends
on a careful ecvaluation of factors, suchmas “treatment efficiency, cost-effectiveness,
environmental impact, and scalability. In many cases, a combination of methods or AOP may
be the most effective strategy to achieve comprehensive dye effluent treatment and water
pollution control. Nanoparticles have emerged as versatile materials for dye degradation in
wastewater treatment, owing to their high surface area, reactivity, and tunable properties.
Several types of nanoparticles have been investigated for this purpose, each offering unique
advantages and drawbacks. TiO; nanoparticles have been widely studied for photocatalytic
degradation of dyes because of their stability, low cost, and high photocatalytic activity under
UV light[11,14]. However, their efficiency is limited to UV light absorption, and they exhibit

rapid electron-hole recombination, leading to reduced overall performance [12]. ZnO



nanoparticles possess excellent photocatalytic activity and can absorb both ultraviolet (UV)
and visible light, making them suitable for dye degradation under solar irradiation[15,16].
However, their tendency to aggregate and photo corrosion limits their long-term stability and
efficiency [17]. Iron-based nanoparticles, such as Fe3Os and Fe Os, are effective for the
degradation of dyes through Fenton-like reactions, generating highly reactive hydroxyl
radicals. Although they offer high catalytic activity, issues such as aggregation, limited
reusability, and the need for additional activation 4methods hinder their practical
applications[18]. CoMoO4 nanoparticles have recently gained attention for dye degradation
owing to their unique properties and advantages’ over other manoparticles. They exhibit
enhanced photocatalytic activity under bothUV and visible light irradiation owing to their
broad absorption range and efficient charge-separation capabilities [19]y Furthermore,
CoMoO4 nanoparticles demonstrated) highnstability, recyclability, and multifunctionality,
making them suitable for.continuous and efficient'dye wastewater treatment. Their facile
synthesis methods and scalability\contribute to their appeal for industrial applications [20].
These properties suggest that CoM0Q4 is a promising candidate for sustainable and efficient

dye-wastewater trcatment.

Here, we investigate the CoMoO4 nanoparticle synthesis process using the modified
solution combustion method[21-23]. Inspired by these reports, here in this work we have
synthesized pure CoM0Oy4 afid Europium-Doped nanoparticles in the (2.5,5,7.5and 10 wt. %)
and they were characterized using various techniques, such as X-ray diffraction (XRD),
scanning electron microscopy (SEM), ultraviolet-visible analysis (UV-vis), and Raman
spectroscopy, to assess their crystallinity, morphology, and chemical composition. The
proposed modified solution combustion method is simple and cost-effective with a controlled
morphology for synthesis. This method provides a facile and versatile approach for

synthesizing CoMoQO4 nanoparticles with tailored properties for photocatalytic applications.



2. Materials and methods

2.1 Materials

Ammonium heptamolybdate tetrahydrate ((NH4)sM07024:4H20, Merck), Cobalt (II) nitrate
hexahydrate (Co (NO3)2:6H20), Merck, ethylene glycol (C2HsO2, Hi Media), europium nitrate
hexahydrate (Eu (NO3)3-6H20), and citric acid monohydrate (CsHgO7-H20, Sisco), were
utilized without being purified further. Methylene blue avas used as a model pollutant in the

study of photocatalytic activity.

2.2 Preparation of photocatalysts

CoMoO4 composites were synthesized from stoichiometric amounts of €Co (NO)2.6H>0
having a molecular weight of 291.04g/*mok, and (NH1)sM07024.4H>O having a molecular
weight of 123686g/mol, which are used as the Cobalt,and Molybdate sources, respectively.
The synthesis was done througha modified soluition combustion synthesis procedure [24,25].
About 1.527g of Co(NO3)2:6H>Q was, dissolved in 20 ml deionized water in a 1:7 ratio, and
0.927g.0f (NH4)sM07022.4H>O was dissolved in20'ml deionized water separately for about 20
minutes. The, two solutions were mixed, while the temperature was kept at 70°C, and 1.260 g
of citric acid was added with effective agitation. The temperature of the solution was increased
to and kept at 80° C;iand then 20 drops of ethylene glycol were added with thorough mixing
by steady stirring through which the pH was maintained at 10, after 5 hrs. the gel obtained was
transferred into a silica crucible and then gradually annealed at 550°C and 950°C to obtain
different crystal phases. The temperatures at 550°C and 950°C subsequently leads to the
formation of a- CoMoO4 and - CoMoOs polymorphs [26,27]. A similar procedure was

adopted to incorporate dopant europium nitrate hexahydrate [Eu (NO3);.6H>O,] having a



molecular weight of 337.98g/mol, with varying concentrations of 2.5%, 5%, 7.5%, 10%. The

samples were preserved for further characterization.

2.3. Characterization Techniques

To determine phase formation, crystallite size, and shape, CoM0oO4 was characterized
using a variety of current analytical methods. The crystalline structure of CoMoO4 was
investigated using a Rigaku Ultima X-ray diffractometer with Cu-K radiation (A =1.5418).
Raman spectrum analysis was captured using a laser Raman Microscope (Raman-11,500 mm
spectrometer Nano photon Corporation Japan). Scanning electron microscopy (SEM), images
were produced using the LEO-1455VP instriment. The optical charaeteristics and band gap
energy (Eg) were studied using a Jasco V-650"Ultraviolet spectrometer. The occurrence of
photocatalytic processes was studied using a Shimadzu-1380 UV/Vis-NIR spectrophotometer

and the change in methylene blue absorbance inténsity.

2.4. Dye Degradation mechanism

The schematic “illustratiommof possible photocatalytic mechanism for the
photodégradation of MB,dye is shown in Figure, I.The plausible degradation mechanism of
MB dye in the presence of‘optimized Pure CoMoQ4 catalyst under visible light irradiation is
as follows [28]."Asithe doping of Eu forms the impurity levels above the valence band maxima
in the CoMoO4 band structure thereby reduces the band gap of CoMoOa. The enhanced optical
response of the Eu doped CoMoO4 powder is due to the rapid electron transfer from these
impurity levels to the conduction band of CoMoQO4. When photons with energy higher than
CoMoQO4 band gap are adsorbed on the surface of Eu -doped CoM0QO4 nanoparticles. Excitation
of electron from valence band to conduction band creates electron (¢7) in the conduction band
and hole (h") in the valence band (Eq. 1). The positive hole (h") reacts with the hydroxide ions

or water molecules adsorbed on the surface of CoM0O4 and can produce free hydroxyl radicals



(OHe) (Egs. 2 and 3). Next, the conduction band electrons (e~ CB) can react with the oxygen
to produce O *— super oxide radical anions, which may oxidize organic pollutants into small
molecules (Eq. 4). Further, a part of O *— can react with H" to produce H>O», which is further
reduces to OHe radicals after excitation from electrons (Egs. 5, 6 and 7)[14,29,30].Finally, free
radicals (OHe¢) and (O2 —) can react with the MB molecules to form nontoxic products (Egs. 8

and 9).

CoMoO4+ hv — CoMoO4 (e'cg + h'(vg)) (D
(h'vs) + H,O — H' + OH" 2)
h'ys + OH — OH- 3)
ecgt0,— O — 4
H' +0,” — OOH (5)

+ O, (6)
H,0, +e'cB (7)
MB + hv — MB* (8)

MB*® + (OH", 02" ) — degradation products 9



2.5. Dye Degradation Experiment

Using a visible light source, the photocatalytic activity of a- CoMoO4 and - CoMo0QO4
and Eu-doped CoMo0O4 nanoparticles was evaluated using methylene blue degradation. The
magnetic stirrer continuously mixed 50 mg of the nanoparticle with 50 mL of methylene blue
(10 mg/L) solution. A transparent double-layered beaker with an intake and outlet nozzle for
water circulation was employed for the dye degradation experiment. The height between the
vessel bottom and the light source remained constant threughout the trials. The solution was
agitated in the dark for about an hour to achieve adsotption equilibrium. The solution was then
exposed to light for approximately 4 hours, while 5 mL of the sample,solution was obtained at
I-hour intervals. The suspended particles were subsequently removed from the samples by
centrifuging them at 3500 rpm for ¢hree minutes. The dye's absorbance curve was altered, and
the difference was measured using a UV-Visible spectrophotometer. The model dye's
absorption peak is locatéd at' 664 nm which was confirmed through the UV-Visible analysis.

Methylene blue degradation % was determined as follows:

Ao — A

Degradation ef ficiency(%) = x 100 (10)

Where Ap denotes the starting absorbance and A denotes the absorbance at a specific
time[31,32]. The »as-synthesized catalysts' kinetic characteristics were also investigated

utilizing the pseudo-first-order kKinetics equation.

Co

(%) = ke ¥
n (= (an
where C is the methylene blue sample's absorption intensity at a certain time t (mg L), Co is

the initial dye concentration absorption peak (mg L), k is the rate constant (min™'), and t is the

light irradiation duration (min) [33,34].

3. Results and discussion



3.1. XRD Analysis

The XRD patterns of the a- CoMoO4, - CoM00O4and Eu-doped CoMoO4 nanoparticles
are shown in Figure 2a and 2b. The phases of nanoparticle materials with two distinct CoMo0O4
crystalline structures were confirmed. The XRD patterns (Fig. 2a, b) reveal that the a- and [3-
CoMoOQy catalysts have well-defined narrow diffraction maxima for each phase organized
throughout a wide range of temperatures. Furthermore, the sharp, high-intensity diffraction
peaks show that the as-synthesized catalysts crystallized effectively. In the space group C2/m,
the a- CoMoOs and B- CoMoOs phases exhibit monoclinie, structures. No signals from
secondary phases or impurities suggested «hat the nanoparticles, were extremely pure.
According to JCPDS cards 00-021-0868 and 00-025-1434, all of the diffraction peaks found

for a-CoMoQ4 and B-CoMoOs areasily indexed to the pure phases[26,27].
3.2. Raman analysis

Figures 3 (a) and (b) represent the'Raman spectra ofiCoMoOQs4, several characteristic
bands are observed, each corresponding to specifie vibrational modes within the crystal lattice.
The most prominent band, typically found around 940 cm', is attributed to the symmetric
stretching mode of the Mo-0, bonds, This mode represents the coordinated motion of oxygen
atoms around the,molybdenum ions in the lattice structure. The intensity and position of this
band can provide information about the strength and symmetry of these bonds, which are
crucial for understanding the stability and properties of the material. In addition to the 940 cm"
! band, smaller bands are observed in the spectra, spanning a range of wave numbers. These
bands typically occur in regions such as 90-240, 280-390, 820, and 880 cm™'. Each of these
bands corresponds to specific vibrational modes within the CoMoQ4 lattice. For example, the
bands at 880 and 820 cm™! are associated with asymmetric stretching modes of oxygen in the

O-Mo-O binding environment. These modes involve the stretching of oxygen atoms away from



their equilibrium positions, reflecting the strength and coordination of the bonds in the material.
The region between 280 and 390 cm™! encompasses bands associated with bending modes of
the O-Mo-O bonds. These bending modes involve the angular motion of oxygen atoms around
the molybdenum ions and can provide insights into the flexibility and structural integrity of the
lattice. Shifts in the positions of these bands between different phases of CoMoO4 indicate
changes in the bond angles and coordination geometry, which are essential for understanding
phase transitions and structural transformations. Comparing the Raman spectra of different
phases of CoMoOs, such as the a and B phases, reyeals subtle differences in the positions,
intensities, and shapes of the bands. These differeénces serve as "fingerprints" for distinguishing
between the phases and provide valuable information about their structural properties. For
example, bands at 110.6, 129.3, 241.9, and 487.4 emi! miay exhibit differences, in intensity or
position between the a and P phases, indicating variations in the crystal structure or

coordination environment.of the molybdenum and'cobalt ions[26)].
3.3. UV analysis

CoMo0O4 nanoparticles are subjected,to UV-Vis spectroscopy, distinct absorption peaks
are observed, corresponding to electronic transitions within the material. In Figure 4 (a) and
(b), the absorptien peaks indicate the energy levels at which electrons in the material can absorb
photons and transition from the valence band to the conduction band. In the spectra of a and 3
phases of CoMo0Qs, absorption peaks at specific wavelengths signify the absorption of light
energy by the material, leading to electronic excitations. In the UV-Vis spectra of the CoMo0O4
Nano catalyst, distinct absorption peaks were observed, indicating the presence of cobalt
molybdate and europium. In the a phase, the absorption peak at 323 nm signifies the transition
in the UV region, while the peak at 562 nm and a minor bump at 680 nm suggest additional
electronic transitions. Conversely, in the 3 phase, the absorption peak is broadened and shows

higher absorption, indicative of structural changes induced by higher temperature treatment.



The addition of Eu** to CoMo0O4 resulted in a significant shift in the absorption edge towards

the visible wavelength region, suggesting modifications in the electronic structure[21].

(ahv)? = k(hv — Ej) (12)

The bandgap energy, an essential parameter in semiconductor physics, can be determined from
UV-Vis absorbance spectra using Tauc's relation.[35,36]¢ This relationship correlates the
absorption coefficient (o) with the photon energy (hv)@and the bandgap energy (Eg). In Figure
5 (a) and (b), By plotting (ahv)?versus the phetonrenergy (hv) and extrapolating the linear
portion of the curve to the x-axis, the bandgap energy of the material ¢an be estimated. The
bandgap energy of a and  phases of CoMo0Os, as welld@s their Eu-doped counterparts, was
calculated using Tauc's relation. In the\aphase, the bandgap energy for pure CoM0O4 and Eu-
doped samples ranged from 2.47 eV to 2.60 ¢V. Interestinglys, the bandgap widened with
increasing Eu*" doping up to 5%, after which itbegan to decréase at 550°C. Contrastingly, the
B phase exhibited lowerbandgap/encrgies, ranging from 1.98 eV for pure f-CoMoO4 to 2.45
eV for 10% Eu-doped B-CoMoO4. This variatien in'bandgap energies between the two phases
highlights the structural différences and the influence of Eu** doping on the optical properties

of CoMoOs.
3.4. SEM analysis

SEM images of a-CoMoQ4, B-CoMo0QOs4, and Eu-doped CoMoOs composites are
depicted in Figures 6 and 7. The images reveal distinctive features of the surfaces, highlighting
the morphology and distribution of nanoparticles within the materials. In particular, the
CoMoO4/Eu composites exhibit numerous granular-shaped structures, indicating the presence
of CoMo0O4 nanoparticles dispersed randomly on the surface. The Eu-doped CoMoQ4 variant

displays an enhanced heterogencous and porous structure, providing a rough surface with



increased active sites for catalytic reactions. The a- and B-CoMoQOj catalysts exhibit regular
morphologies, with the B-polymorphic form displaying spongy-like shapes. These differences
in morphology between the a and  forms are readily discernible in the SEM images. Upon
annealing at high temperatures, interconnected open-framework structures are formed,
contributing to enhanced catalytic properties. The presence of Eu’" nanoparticles within the
porous structure introduces additional surface defects, leading to an increase in the number of
pores. the materials exhibit a porous structure with interconnected open-frameworks, which
suggests the presence of mesopores rather than micropores. These porous characteristics result
in a higher surface area, lower density, and improved properties,such as light harvesting,
electron/ion transport, and mass diffusion, rendering them suitable for various photocatalytic

applications.

Moreover, the nanoparticles formed \at ‘speeific annealing temperatures exhibit unique
architectures, such as_small dots with bubble wrap configurations, which further enhance

catalytic efficiency.
3.5. Evaluation of photo dye degradation

Thestudy investigated the photocatalytic properties of a-CoMoQ4, f-CoMoQO4, and Eu-
doped CoMoOgq at varying coneentrations by assessing their ability to degrade methylene blue
dye. UV-Visible spectra (Figure 8 and 9) were utilized to observe changes in the absorption
intensity of methylene blue solution over different exposure durations to the catalysts. The
gradual decrease in the absorption peak intensity of methylene blue at 664 nm indicated a redox

reaction induced by the semiconductor nature of the catalyst upon photon interaction.

Percentage degradation of methylene blue by a-CoMoOQs4, B-CoMoOs4, and Eu-doped
CoMoO4 nanoparticles at various concentrations was plotted against time in Figure 10.

Notably, 10% FEu-doped o-CoMoOs and B-CoMoOs exhibited significantly enhanced



photocatalytic activity, achieving degradation rates of up to 96% and 97%, respectively,
compared to approximately 92% and 89% for pure a-CoMoOs and B-CoMoQOs. This
enhancement underscores the effectiveness of Eu doping in augmenting the photocatalytic
activity of CoMoQys, attributed to the reduction in electron-hole pair recombination and the

increase in active surface sites facilitated by dopant incorporation.

Furthermore, both a-CoMoO4 and B-CoMoOs polymorphs demonstrated efficient
photocatalytic degradation across different annealing temperatures. The integration of Eu into
acidic-based CoMoO4 further enhanced degradation efficiency. Increasing Eu concentration
corresponded to improved degradation efficiéney, with 10% Eu-doped CoMoQO4 achieving

complete degradation within 4 hours.

The photo-excitation process oceurs when the CoMoO4 photocatalyst absorbs light
energy equal to or greater than its band gap energy. Photoinduced holes exhibit stronger
oxidizing ability at_igher energy valence bands, while, photoinduced electrons display
enhanced reducing ability, at lower energy conduction bands. The positive influence of Eu**

doping can'be attributed to thelocalized energy levels generated upon rare earth metal (Eu *%)

incorporation into CoMoO4.

The pseudo-first-order kinetic equation derived from the Langmuir-Hinshelwood
model was employed due to the low concentration of methylene blue dye, as illustrated in
Figure 11. The linear relationship observed when plotting In (Co/C) against time indicates the
utilization of first-order kinetics in the photocatalyst's degradation mechanism. Table 1
provided insight into the kinetic properties of the synthesized photocatalysts, including rate

constants and R? values.

4.Conclusion



The a-CoMoOQyg4, B-CoMo0O4, and Eu-doped CoMo0O4 nanoparticles prepared from sol-
gel synthesis is characterized and proposed for effective photocatalytic dye degradation of
methylene blue dye. The two different phases a-CoMoO4 and B-CoMoQO4 polymorphs are
obtained at different temperatures of about 550°C and 950°C respectively. The as-synthesized
nanoparticles exhibit well-defined crystalline structures with porous morphology. Evaluation
of photocatalytic degradation of methylene blue highlights superior performance in Eu-doped
CoMo0Qsg, particularly at 10% doping. Overall, these nanoparticles show promise for diverse
photocatalytic applications, suggesting potential for addressing environmental challenges

through efficient pollutant degradation.
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Figure 2a: Comparative XRD patterns of a-CoMo0O4 (550°C), 2.5%, 5%,
7.5% and 10 % Eu: a-CoMoO4
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Figure 2b: Comparative XRD patterns of p-CoMoO4 (950°C) and 2.5%, 5%, 7.5% and

10 % Eu: p-CoMoO4
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Figure 3a: Raman Spectra of f-CoMoO4 (550°C) and 2.5%, 5%, 7.5% and 10 % Eu: -

CoMoOs4
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Figure 3b: Raman Spectra of f-CoMo004 (950°C) and 2.5%, 5%, 7.5% and 10 % Eu: j-

CoMoOs4
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Figure 4: UV absorbance spectra of (a) a-CoMo00O4 (550°C) 2.5%, 5%, 7.5% and 10

%Eu: a-CoMoOs4, and (b) B-CoMo0O4 (950°C) and 2.5%, 5%, 7.5% and 10 % Eu: B-

CoMoOs4
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Figure 5: Tauc plot for the band gap evaluation of (a) a-CoMo00O4 (550°C), 2.5%, 5%,
7.5% and 10 % Eu: a-CoMo0Os4, and (b) p-CoMo0O4 (950°C)and 2.5%, 5%, 7.5% and 10

% Eu: p-CoMoO4
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Figure 8: Photocatalytic degradation of methylene blue using a-CoMoQ4 (550°C), 2.5%,

5%, 7.5% and 10 % Eu: a- CoMo0O4



2| Pure CoMoO4 at 930 @| 3 [25%EuDoped CoMoO4 at 950 (b)
" [EE
8 081 —Dye g —Dye
5 = Dark 8 064 ==Dark
g 4 —r E | —iir
2 = r 2 — b
B n 04
% r ¢ = 3hr
2 — = £ ol —r
00
0‘0550 55 a0 &0 B 500 50 80 50 0
wavelength (1) wavelength (1)
1.0 0
~ 0 o o
5 o GG O~ ]7:5% Eu Doped CaMo04 at 950’ 0
3 =—Dye : 0 b
8 06 =k ; Dwk
g —1hr 0 05 o
8 = = Ihr
f - —1hr g e
° —3r o 3hr
2 —dfr 5 |
4w 2 02 —dr
00+ T T T
500 550 600 650 70 00 T T T
500 550 600 650 700
wavelength (1) wavelength (3)
10
T [10% EuDoped CoMoO4at 930 ‘¢ (©)
+ (84
5 =—Dye
§ sl —Dark
= —1hr
-E ] =
& | ==3ir
i p2{ —dbr
00

550

T
600 650 700

wavelength (1)

Figure 9: Photocatalytic degradation of methylene blue using f-CoMo004 (950°C), 2.5%,

5%, 7.5% and 10 % Eu: p-CoMoO4
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Figure 10: Degradation percentage of methylene blue dye by (a) a-CoMo00O4 (550°C),
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Figure 11: The Kinetic plot for the degradation of methylene blue of a-CoMo0Q4 and -

CoMoOs4



Kinetic Parameter | CoMoOs | 2.5% Eu 5% Eu 7.5% Eu 10% Eu
Model CoMoOs | CoMo0o0Os4 | CoM00Os | CoMoO4
Rate 0.6286 0.8913 0.8956 0.7787 0.88785
First Constant
order (k) (hour™)
(550°C)
R?(COD) 0.98177 0.98231 0.98598 0.98979 0.9906
Rate 0.62121 0.91922 0.62942 0.88931 0.87119
First Constant
order (k) (hour™)
(950°C)
R?(COD) 0.95166 0.96375 0.91598 0.95891




