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ABSTRACT

Hydrothermal method is used to prepare activated carbon (AC) supported chromium-
based catalysts for the catalytic combustion of 1,2-dichloroethane (DCE). The
physicochemical properties relating catalysts are evaluated by several characterization
techniques such as XRD, SEM, XPS, N. adsorption-desorption isotherms, H»-TPR and
NHs-TPR. The outcomes demonstrated that the Cr.Os is the perfect targeted base catalyst
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adding to the facts that the hydrothermal approach is an appropriate way to create
catalysts with superior properties. The textural characteristics, reducibility, and acidity of
the Cr-based catalysts were all enhanced by the addition of cerium (Ce) and AC.
Nevertheless, the research shows how crucial the Ce doping amount is for adjusting the
physicochemical characteristics and catalytic efficacy of Cr-based catalysts. The catalyst
20Ce-Cr/AC has the maximum catalytic activity when it came to DCE combustion, where
its Tso and Tgo attaining of 247°C and 269.5°C, correspondingly. This is explained by the
ideal Ce doping level, which improves the redox characteristics and revealed more active

sites.

Keywords: Transition metals; Ce-Cr/AC; Ce0,-Cr;04; catalytic performance; DCE oxidation; redox

properties.
1. INTRODUCTION

Cl-containing  volatile  organic compounds
(CVOCs) are one type of volatile organic
compound (VOC) among others, which are far
more hazardous and challenging to handle than
regular VOCs [1,2]. They are released into the
atmosphere and have the potential to negatively
impact the ecosystem and human health, given
their unusually high stability, endurance, and
toxicity. When directly exposed to humans, these
CVOCs can induce a variety of health effects,
including cancer, and they can also have major
photochemical interactions with other released
pollutants, like SOx and NOx [1]. Regarded as a
representative  member of CVOCs, 1,2-
dichloroethane (DCE) is extensively utilized in
various manufacturing processes, including
metal degreaser and industrial solvent [3]. As a
result, it significantly contributes to
photochemical smog, haze, and ozone layer
depletion [4]. Due to their hazardous
characteristics, strict laws implementing strict
requirements on CVOC abatement systems are
in place to regulate the emission of these toxic
wastes.

Catalytic combustion is one technique that has
been proposed for disposing these harmful
chemicals, and it is quite effective in removing
trace levels (<1%) of CI-VOCs at low
temperatures [5]. Because catalytic combustion
is the preferred method, it has a better
development prospect than high temperature
combustion because of its low operating
temperature, low energy consumption, and high
selectivity to the most coveted and ecologically
friendly products like COz, H20, and HCI [6]. The
primary operational characteristic of this
approach is choosing the appropriate catalyst
while taking activity, durability, cost, and
selectivity into account at the same time.

Currently, transition oxide and noble metal
catalysts are the main topics of study for powder
catalysts. Formerly, noble metals, particularly Pt
and Pd have been used to high-surface area
supports (y-Al203, SiO2, zeolites). The quest for
more affordable and reliable substitutes has
been spurred by their exorbitant expense and
vulnerability to chlorine exposure, even though
they exhibit noticeable activity in the oxidation of
these contaminants [7]. Thus, transitional metal
oxides, also known as rare earth oxides, are
viewed as desirable alternatives. Examples of
these oxides are Ce- [8-10], Co— [11], Mn- [12],
and Cr— [13,14]. They are potentially very
promising due to their inexpensive cost,
accessibility, strong resistance to chlorine,
remarkable reducibility, and thermal stability.

When it comes to the removal of different CI-
VOCs, Cr203 has one of the greatest levels of
catalytic activity in contrast to other transition
metal oxides [15-20]. However, these transition
metal oxides may become somewhat deactivated
when utilized as a single component due to the
loss of active sites or the creation of volatile
species at low temperatures. This could limit the
applications of transition metal oxides. So,
concern over Cr loss during the long-term
reaction has restricted the practical applicability
of its catalytic activity. For instance, a number of
investigations have documented the irreversible
deactivation brought by the volatile CrO2Cl. that
forms on the CrOx/Alz0s surface when active Cr
components are lost [21,22]. Therefore, it is
imperative to create novel catalysts for the
oxidation of CI-VOCs that are more stable and
active. Additionally, more research should be
done on the regeneration treatment and potential
deactivation mechanism. Numerous strategies
have been established to date to increase the
structural flaws on metal oxide surfaces,
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including etching procedures, metal doping,
building high-index crystal planes, supporting,
and so on.

In the past couple of years, CeO2-based
materials have been used as a support, main
active element, or enhancer in many catalyst
systems because of their outstanding redox
properties, oxygen retention capacity, cost-
effectiveness. and green credentials. They also
exhibit substantial oxidative activity in the
oxidation of CVOCs and good resistivity to Cl-
poisoning [23]. All of these characteristics allow
CeO2 to undergo a rapid and reversible redox
cycle of Ce** — Ce®" at a comparatively low
temperature [24-28]. When de Rivas et al. [23]
looked into a variety of Ce/Zr mixed oxides for
the burning of 1,2-dichloroethane, they
discovered that the catalysts concerning catalytic
oxidation was caused by their enhanced redox
and acidic characteristics. Furthermore, for the
catalytic breakdown of CVOCs, the catalytic
performance of MnOx—CeO: [25], CeO2-CrOx
[26], and Ru/Ti-CeO: [28] also exhibited
remarkable activity. It is anticipated that the
doping of Ce in Cr203 will alter the materials
relating absorption, photo-catalytic, and other
physical and/or chemical characteristics.
Consequently, it is now crucial to investigate
Cr203 with Ce doping methodically. Furthermore,
among them, non-metals have been employed;
specifically, it is not given that the direct
application of small molecular catalysts in
environmental treatment will result in a decline in
catalytic activity and a difficult recovery process.
In order to address the aforementioned issues, it
is customary practice to introduce a support,
such as activated carbon (AC), carbon
nanotubes, graphene, etc. Ning et al. designed a
hybrid electro catalyst, CuC0204/N-rGO, which
demonstrated that the introduction of graphene
support could benefit the enhancement of electro
catalytic activity and stability [29]. There exists
however few published research on Ce-Cr203
support.

It was observed that among the many materials,
activated carbon (AC) is widely used as supports
or catalysts in the field of catalysis. Activated
carbon (AC) has many surface functional groups
and is inexpensive, making it a perfect carrier for
transition metal oxides. Additionally, the porous
structure of AC allows for improved dispersion
and enhanced exposure of active sites on
account to to its high surface area, unique
surface  chemical characteristics, superior
stability, and biocompatibility [30]. Consequently,

we speculate that Ce-Cr203 can function better
catalytically when AC is added. As previously
indicated, AC can both increase Ce-Cr203
concerning ability to adsorb pollutants and give
Ce-Cr20s3 a uniform dispersion that increases the
number of active sites. Furthermore, AC might
contribute by supplying electrons that hasten the
production of reactive oxygen species (ROS)
[31].

In summary, in order to catalytically oxidize
CVOCs, this work methodically examines the
implications of Ce on the catalytic activity of
Cr20s/Activated carbon catalyst, where DCE as
the typical model reactant. The proportion of
Ce/Cr and the preparation conditions were
optimized. Different characetrization were the
defining methods employed to assess the
physicochemical properties of the xCe-Cr/AC
catalysts in order to examine the impact of
doping Ce on Cr203 supported activated carbon
catalyst. Furthermore, its oxidation catalytic
performance was assessed. With regard to better
activity, selectivity, durability, and adaptability for
DCE oxidation, we anticipate that this research
will provide orientation for the creation and
implementation of catalysts with exceptional
effectiveness.

2. METHODOLOGY
2.1 Chemicals and Materials

Every reagent employed in the catalyst making
procedure was of A.R. top-notch and was applied
immediately. Shanghai Aladdin Biochemical
Technology Co., Ltd. (Shanghai, China) supplied
concentrated HNOs solution, cerium (lll) nitrate
nonahydrate (Ce (NOs)s-6H20), chromium (llI)
nitrate hexahydrate (Cr (NOs3)3-9H20), pure
terephthalic acid (PTA), and ammonium
carbonate. whereas Pingdingshan Lvzhiyuan
Activated Carbon Co., Ltd. supplied the activated
carbon (AC).

2.2 Catalysts preparations

2.2.1 Preparation under hydrothermal method

The hydrothermal method was used to create the
modified chromium-based catalysts. Firstly,
activated carbon (AC) underwent a 400°C pre-
treatment for 4 hours. Then, chromium nitrate Cr
(NO3)3-9H20, pre-treated AC, and purified
terephthalic acid (PTA), nitric acid were mixed in
80 mL of de-ionized water until dissolved.
Various amounts of cerium nitrate Ce
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(NO3)3-6H20 were added to form a homogenous
solution. This was agitated for 2 hours, then
heated at 210°C for 8 hours in an autoclave.

After filtering and rinsing, the precipitates were
heated in ethanol at 100°C for 24 hours. The
products were centrifuged, dried at 80°C, and
calcined at 400°C for 4 hours. The dried solids
were then ground and sieved to 40-60 mesh.

The catalysts were labeled xCe-Cr/AC, with x
representing the proportional mass percentage of
Ce (10-50%). A pure Crz203 catalyst was also
synthesized similarly.
2.2.2 Preparation under co
method

precipitation

Pure CeO: was synthesized via co-precipitation.
Ammonium carbonate was dissolved in 100ml of
ultra-pure water. Concurrently, a predetermined
guantity of cerium nitrate Ce (NOs3)3-6H20 was
thoroughly dissolved in 100 mL of de-ionized
water in separate beakers under conditions that
facilitated stirring which was later added to the
previous solution to form a homogeneous
mixture. This was stirred at 80°C for 4 hours. The
precipitate was filtered, washed to pH 7, and
dried at 60°C overnight. The dried precursor was
further dried at 100°C for 12 hours, then calcined
at 400°C for 4 hours. Finally, the calcined
material was sieved to 40-60 mesh to obtain the
employed CeO: catalyst.

2.3 Catalysts Characterization

The synthesized catalysts were characterized by
different tests and the details are described as
follow,

Using the ASAP 2020 completely automatic
surface area analyzer from McMurray Tec
Instruments Co., Ltd., the textural features of the
samples were extracted using nitrogen
adsorption—desorption at -196 °C. The catalysts
were degassed for three hours at 250 °C before
to the measurement. The Brunauer—-Emmett—
Teller (BET) and Barrett—Joyner—Halenda (BJH)
methods were used to calculate each catalyst's
specific surface area (Sser) and porous volume.

Using a 20 kV accelerating voltage, the Quant
250 FEG scanning electron microscope (SEM)
was used to examine the sample's microscopic
morphology, the Q150T gold spraying tool is
used to spray gold over a sample's surface in
order to increase the sample's conductivity and
clarity of imaging. The energy dispersive spectra

and element distribution on the sample's surface
were observed using the energy dispersive
spectroscopy (EDS, Oxford instrument).An X-ray
diffractometer (XRD: model DBADVANCE; Cu Ka
radiation (40 kV, 40 mA, A = 0.15418 nm)) was
used to investigate the crystal phases of the
materials, data were gathered at scattering
angles (2h) with a step of 0.05° and a step speed
of 0.1 s, spanning from 5° to 90°.

The catalysts relating surface elemental
composition and elemental valence states were
investigated, and both qualitative and
guantitative analysis was carried out, using X-ray
photoelectron spectroscopy (XPS, PHI
QUANTERA II).

On a specially constructed TCD (thermal
conductivity detector) setup, NH3-TPD and He-
TPR experiments were conducted utilizing 100
mg and 50 mg of catalysts, respectively.
Catalysts were ground and sieved into a 40-60
mesh screen before the experiments to ensure a
specific gas flow rate and an appropriate
pressure drop. In order to conduct NHs-TPD
tests, catalysts were purged for approximately 3
to 4 hours with anhydrous NHs (4% in He)
flowing at a rate of 33.3 ml/min. The catalysts
were then heated in N2 (33.3 ml/min) to achieve
the desorption of NHs. A temperature
programmer was used to regulate the heating
rate, which was 5 °C per minute, from 50°C to
900°C. In H2-TPR tests, after pre-treatment trials
with the feeding gas to completely eliminate
contaminants such water on the catalysts
surface, they were tested by raising the
temperature from 50°C to 900°C at a linear
heating rate of 5°C/min in pure N2z containing
17% H: at a flow rate of 33,3 ml/min. In real time,
the gas chromatograph observed and gathered
data.

2.4 Catalytic Activity Evaluation

Under temperature control, the 1,2
dichloroethane (DCE) catalytic oxidation was
assessed in a U-shaped quartz tube with an
inner diameter of 4 mm. All of the catalyst quartz
sands were sieved through a 40—60 mesh screen.
For each test run, 0.1 g (or about 0.1 mL) of
catalyst was added to the tube inside the reactor,
and quartz wool was packed at both ends of the
catalyst bed to keep the catalyst from being
removed by the reaction's air flow. The gas
hourly space velocity (GHSV) was set at 20,000
mL/(g-h) with the feed gas flow rate regulated at
33.3 mbL/min. A furnace with a preset
temperature regulates the temperature of the
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fixed bed reactor. The temperature was gradually
increased from 200 °C to 380 °C (heating at a
rate of 5 °C/min), and a gas chromatograph fitted
with a TCD and FID for the quantitative analysis
of organic compounds, COz and CO, was used
to examine the effluent gas. Following five
minutes of maintenance at each test temperature,
conversion measurements and product profiles
were obtained. The conversion data consisted of
the average of three sampling studies. The
conversion of DCE was computed using the
following formula,

Cin—Cout
X1 2-pep = ~IZ0UL % 100%
g Cout

Eg. 1. Conversion rate

Where,

X1,2-pcE, is the conversion rate of DCE,
Cin and Cout, represent the inlet and outlet
concentrations (ppm) of DCE.

When the reaction efficiency of DCE is below
20%, the reaction rate would be described as an
alternative formula, as follows:

r = —kc = [—Aexp(—E,/RT)]c
Eq. 2. Reaction rate
Where,

A, is the pre-exponential factor,
T, the test temperature (K),

R, denotes the ideal gas constant
(J.mol1.K™),

Ea is the apparent activation energy (J.mol™1).

For DCE conversion efficiencies less than 20%,
activation energies were computed at low
temperatures using Eg. 2 simplified into Eq. 3,

nr="% ¢
nr = RT

Eq. 3. Arrhenius theory

The following equation was used to determine
the turnover frequency,
XC
TOF (1) =—2
nm

Eq. 4. Turnover frequency

Where,

X, represents the DCE conversion
efficiencies of different catalysts at certain
temperatures,

Coce (Or Co), the feed concentration of DCE
(mol.L™),

nm, the molecular amount (mol) of the
catalyst.

3. RESULTS AND DISCUSSION
3.1 N2-BET Analysis

Fig. 1(a, b) displays the N2 adsorption-desorption
isotherms, the Barrett-Joyner-Halenda (BJH)
pore diameter distribution of pure Cr, and the
modified catalysts. According to IUPAC
categorization [32], each sample exhibited a
unique type IV adsorption/desorption isotherm
with Hs-type hysteresis loops, as shown in Fig.
1(a). This implied that a mesoporous structure
was present. As shown in Fig. 1(a), the addition
of Ce and activated carbon improved the
characteristics of the Cr2O3 catalyst much more.
There are even more mesopores in the samples,
as seen in the modified Cr's hysteresis loop
dropping to even lower levels at roughly 0.4.

As noticed in Fig. 1(b), every catalysts are mostly
found as mesopores, with the majority of these
pores being concentrated between 2 and 35 nm.
This suggests that the catalysts' pore size
distribution is homogenous. These findings
establish that the bulk structure's breakdown and
the creation of a stable composite metal oxide
catalyst are both aided by the preparation
technique and the four hours of calcination at
400°C.

Table 1 provides an overview of Seer,
mesoporous surface area (Ames), and pore
volume (Vp). In every sample, pure mesoporous
structure is present. With 20CeCr/AC, having
largest Seer (234.42 m?/g) values. Additionally,
of the modified Cr with various Ce molar doping
ratios, 20Ce-Cr/AC has the greatest Vp (0.5165
cm? /g). Higher Sger and pore volume were said
to maximize the ability of VOCs to adsorb and
reduce transfer resistance [33].

Table 1 demonstrates the significant impact that
varying Ce doping percentages have on the
catalyst structure. The catalysts concerning Sser
and Vp increase first, then drop, upon doping Ce
into the Cr. As the concentration of Ce rises,
excess Ce will cover the active sites on Cr20s3,
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suggesting that the excess doped Ce was not
only deposited on the surface of AC but also
filled its pores, resulting in a reduction of catalytic
activity. Consequently, the amount of doped Ce
directly optimized the catalysts surface and
structural characteristics, which evidently have a
major effect on the catalysts performance.

3.2 XRD Analysis

The XRD patterning of the modified
accompanied by the pure catalysts are displayed
in Fig. 2, and Table 1 contains the relevant data.
All catalysts have XRD peaks that are found to
be expressed in the 5-90° range. As can be
seen from Fig. 2(a), for the CeO2 sample, all four
of the detected diffraction peaks could be
correctly ascribed to the fluorite structure of
CeO2. The average crystallite sizes of all the
samples were determined using the Scherrer
Formula, CeO: crystallite size was calculated to
be around 10.64 nm. On the other hand, the
Cr203 showed a more pronounced XRD pattern,
which are attributed to the hexagonal phase of
Cr20s3. The later has more well-defined crystal
planes, as shown by the presence of more
diffraction peaks. Additionally, the XRD study
showed that Cr.Os had an average crystallite

(a)  =s0 N
& 300 ﬁ.
£ 300
w = Cr,0, x
&0 ]
= 250 1 e 10Ce-Cr/AC :
s A 20Ce-Cr/AC e
52004 | v 30Ce-CHAC e,
28 40Ce-CI/AC 4
$ 150 50Ce-Cr/AC e
= ¥
= VL
2100
= s
E aaddAR L eert

ol &
0?0 0j2 0?4 0]‘6 Ojﬁ 1:0

Relative pressure p/p,

size of roughly 20.56 nm, which was bigger. The
size of each solitary crystalline domain within a
material is referred to as the crystallite size. The
size of the coherent scattering regions within the
material increases with crystallite size. This
finding implies that the Cr20s sample's bigger
crystallites grew more quickly. This line on the
fact that Cr20zis a better base catalyst.

Fig. 2(b) showed that the spinel structure of
Cr203 was preserved upon the addition of Ce;
nevertheless, a new diffraction peak at 26.59 °
was identified as the cubic CeO: diffraction peak,
and no additional discernible diffraction peaks of
the fluorite-structure of CeO: species were
found. To add, the major diffraction peaks of the
hexagonal phase Cr.0s were somewhat moved
to an elevated angle side (Fig. 2(b)). This
was because Ce ions were once again
incorporated within chromium lattice, leading to
the inception of Ce-Cr solid solution, that
improved the ability for storing and releasing
oxygen. The modified catalyst's diffraction peaks
are not as strong as those of the pure Cr; where
Cr203's average crystallite size, which was
approximately 20.56 nm, decreases in tandem
with the addition of Ce. The dimensions and
crystallinity of the sample frequently correlate

(®) | Toonos

= 10Ce-Cr/AC
=i 4 20Ce-CriAC
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Fig. 1. N, adsorption/desorption isotherms (a) and pore size distribution (b) of the samples

Table 1. Profiles data of the catalysts

Samples Sget? Ames? Vp © Pore Cristallite
(m?/g) (m?/g) (cm3/g) diameter(nm) size (hm)
Cr203 139.34 155.38 0.3429 9.8334 20.56
10CeCr/AC 163.47 187.24 0.4666 11.418 18.22
20CeCr/AC 234.42 268.52 0.5165 8.8125 13.09
30CeCr/AC 150.99 168.77 0.4115 10.902 15.29
40CeCr/AC 137.89 148.07 0.3743 10.859 15.61
50CeCr/AC 158.66 183.3 0.4058 10.23 14.19

a Surface area, ? Calculated using BJH method, ¢ Total pore volume estimated at p/po=0.99.
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Fig. 2. XRD patterns of the pure (a) and modified (b) catalysts

with the width and intensity of diffraction peaks.
Furthermore, as the diffraction peak width
increases, the crystal size decreases [34].
Among catalysts, the diffraction peaks of 20Ce-
Cr/AC are broader and less intense. This implies
that even while the crystallinity of 20Ce-Cr/AC is
lower, its crystal size is smaller, which may result
in more active sites for the catalytic activity.
20Ce-Cr/AC has therefore better catalytic
performance for DCE combustion.

3.3 SEM and EDS Analysis

SEM pictures were utilized to visually inspect the
various microstructures proper to the catalysts. It
is evident from Fig. 3(a, b) that the morphology of
the Cr.0s catalysts expressed in a typical
polyhedral shape. More active sites are exposed
by the Cr structure, which is advantageous for
the combustion of CVOCs.

Following the addition of Ce (Fig. 3(d-h)), the
xCe-Cr/AC products can largely retain their
amorphous shape. As seen in Fig. 3(e), the
particles of 20Ce-Cr/AC are tiny and evenly
distributed among them. In addition to ensuring
that the grain surface is utilized to its fullest
potential during the catalytic process, More
active sites may be exposed to CVOC molecules
as a result of the integration structure formed by
CeO2 nanocrystallites at 20Ce-Cr/AC, which is
beneficial for the adsorption of CVOCs.Put
otherwise, there is a chance that this structure
will quicken the reaction's kinetics. As seen in
Fig. 3(d-h), in comparison to 20Ce-Cr/AC, the
remaining catalyst exposed bigger and

aggregated particles, which will not be favorable
for the exposure of active sites.

EDS analysis of 20Ce-Cr/AC was carried out to
validate the formation of xCe-Cr/AC composite.
Different locations were focused during the test,
and Fig. 4 displays the related EDS-mapping
diagrams. The catalyst surface only contains the
components Ce, Cr, C, and O; in which all
components are uniformly dispersed throughout
the catalyst surface. The Ce/Cr atomic ratio is
nearly in line with the theoretical doped
percentage, indicating that the Cr-supported AC
catalyst surface has received the necessary
percentage of Ce doping to create 20Ce-Cr/AC.
Table 2 contains specifics of the EDS spectra of
the electrospun 20Ce-Cr/AC values expressed in
weight percentage.

Table 2. Element contents of 20Ce-Cr/AC

Elements Mass fraction(wt%)
C 19.11
@] 25.39
Cr 32.82
Ce 22.69

Total quantity 100

3.4 XPS Analysis

Using the XPS spectra of Cr 2p, Ce 3d, and O
1s, Fig. 5 illustrates the surface oxidation states
of Cr20s , CeOz, and 20Ce-Cr/AC catalysts
studied. Fig. 5(a) displays the catalyst's Cr 2p
XPS spectrum. The 2pi2 bond energies of Cr3*
and Cr¢* are placed at approximately 584.1 eV,
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while the 2ps2 bond energies of Cr3* and Crb* are
positioned at approximately 574.5 eV,
respectively. These values show that the Cr
element coexists with Cr3* and Cr% on the
catalyst's surface. Deep oxidation of DCE
can be aided by Crf*'s significant oxidation
capacity. The Ce 3d XPS spectra for each
sample appears in Fig. 5(b), revealing multiple
peaks at 880.6 eV, 883.5 eV, 886.3 eV, 896.5
eV, 898.7 eV, 905.1 eV, and 914.9 eV; these
peaks are tagged to Ce 3ds2 and Ce 3dsp,
accordingly. The fact that bond energies
attributed to Ce3®* and Ce** are allocated to each
peak confirms the coexistence of Ce3* and Ce**
in the samples. Ce3*/Ce** ratios for the samples
are computed using integrated areas of XPS
peaks (as illustrated in Table 3), and it was clear
that the sample with the highest relative
concentration of Ce3* ions was the 20Ce-Cr/AC
catalyst. Higher Ce3* concentrations were found
to encourage the development of charge

imbalances, oxygen vacancies, and unsaturated
chemical bonds on catalyst surfaces, which may
enhance DCE's catalytic oxidation capabilities
increased

[35,36]. Furthermore, Ce3t

(a)

concentrations enhance the mobility of the active
oxygen species, potentially improving catalytic
performance for the oxidation of volatile organic
compounds. As a result, the 20Ce-Cr/AC catalyst
would  demonstrate  outstanding  catalytic
performance.

The samples' Ol1s XPS spectra are displayed in
Fig. 5(c), where they are separated into two
peaks at binding energies between 525.70 eV
and 533.3 eV. This is attributed to lattice oxygen
(OLatt), which is mostly derived from AC, Cr, and
the doped Ce; on the other hand, adsorption
oxygen (OAds) is primarily caused by the
presence of surface-adsorbed oxygen, which are
hydroxyl OH-, carbonate CO32*, and O2% or O-.
The catalyst surface's OLa/Oads ratio sequence is
as follows: 20Ce-Cr/AC > Cr203 > CeOq2. This
suggests that 20Ce-Cr/AC possesses the
majority of the OLatt Species, the removal of which
may lead to the creation of oxygen vacancies. As
a consequence, it is verified that the 20Ce-Cr/AC
has the greater number of oxygen vacancies,
and the findings agree with Ce 3d XPS.

Fig. 3. SEM images of Cr,03(a), CeO; (b), activated carbon (c), 10Ce-Cr/AC (d), 20Ce-Cr/AC(e),
30Ce-Cr/AC(f), 40Ce-Cr/AC(g), 50Ce-Cr/AC (h)
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The results stated above indicate that CeO2 and
Cr203 can interact to boost the amount of Ce3*,
Cré*, and OLatt on the catalyst surface, leading
to better catalytic performance for DCE catalytic
oxidation. It is anticipated that level up surface
oxygen vacancies of 20Ce-Cr/AC will aid in
improving DCE and oxygen molecule adsorption.

3.5 H-TPR Analysis

The redox characteristics is one of the most
significant aspects of catalysts for CVOCs
oxidation processes. The H2-TPR profile of
pristines is displayed in Fig. 6(a). Within the test
temperature range, only one reduction peak is
detected for CeO2 at around ~100°C and some
low intensity reduction peak at ~100°C and 500
°C for AC. The decrease in both surface and
subsurface oxygen levels accounted to these
peaks; the absence of any other peaks indicates
their low reducibility. In contrast, the Cr203
catalyst profile shows an initial peak reduction
begining at lower temperatures (80°C), and that
this increased lattice oxygen diffusion in the
superficial layer led to the appearance of more
new peaks with stronger intensities, indicating a
notable improvement in reducibility. These
findings demonstrate once more how important,
the chosen base catalyst is to the final product's
characteristics, where Cr203 excelled in this
instance.

The H2-TPR profiles all modified Cr-based
catalysts are shown in Fig. 6(b). Overall, for
every sample, the reduction below 900 °C could
be separated into two distinct stages: a low-
temperature reduction (LTR) at 400 °C or less,
which is most engaging from a catalytic
perspective because it is most likely linked to
redox active sites on the catalyst surface, and a
high-temperature reduction (HTR) at higher
temperatures, which is primarily linked to bulk
and sub-surface reduction processes. The
precise temperature range of reduction varies
depending on the sample. When compared to
Cr20s, the newly developed catalyst's TPR
profiles were unique. In specifics, the peaks at
LTR mostly correspond to Hz consumption by
bulk lattice oxygen (Ovar), chemically adsorbed
oxygen (Oads), and surficial lattice oxygen (Otat).
It's interesting to note that, the modified catalysts
peak intensity and range were increased. This
was ascribed to the increased lattice oxygen
mobility brought on by the formation of vacancies
or structural defects, which further promoted the
redox property and ultimately improved catalytic
performance. The findings showed that adding

Ce to Cr03 may increase the catalyst
reducibility. Additionally, the interaction of CeO:2
and Cr20s increases the fluidity of reactive
oxygen species on the catalyst surface. Using
activated carbon as a support may also
contribute to the abundance of reducible oxygen
species by increasing the number of active sites
available.

The bulk reduction of the Cr203 particle was
attributed to the peak at HTR. Due to the strong
interaction between CeO: and CrOx, particularly
for the 20Ce-Cr/AC catalyst, there is an apparent
increase in the amount of Cré* species when
compared to pure Cr20s. This peak intensity is
attributed to the reduction of Cré* to Cr3*. Since
Cré* requires more coordinated oxygen atoms
than Cr3*, more oxygen vacancies may occur as
a result of the creation of additional Cré* species.
However, the changed catalysts HTR peaks
have mostly moved to higher temperatures. This
change may be attributed to the creation of more
stable Ce-Cr203 or the inhibiting influence of non-
reducible Ce atom species occupying the active
site in the spinel structure of Cr20s, which made
Cré* less reducible.

Furthermore, as cerium concentrations rise, the
intensity of H2 consumption first increases and
then gradually decreases. The majority of Cré*
ions are found as bulk Cr203 or tiny clusters,
which can be covered with CeO: throughout the
reduction-oxidation processes. It is challenging to
reduce the scattered Cr203 and CeO2 because of
the kinetic diffusion. Furthermore, not all of the
Cré* in Ce-Cr solid solutions is eliminated
entirely. Therefore, it makes sense that as the
concentration of cerium species rises, H:2
consumption will decrease. In Ce molar
percentage ratios of xCe-Cr/AC, the reduction
peak intensity sequence follow 20 < 10 < 30 < 50
< 40. The sequence is consistent with the
catalytic activity for DCE combustion, the
catalytic activity increases with decreasing
reduction peak temperature. This demonstrates
once more how important the proper amount of
doping is during synthesis. Furthermore, in
accordance with its ideal catalytic activity, 20Ce-
Cr/AC has the biggest hydrogen consumption
reduction peak area, indicating that it has the
largest amount of reactive oxygen species.

3.6 NHs-TPD Analysis
NHs-TPD was employed to assess the surface

acidity of the pure and modified catalysts, as Fig.
7 illustrates. The acid sites on the catalyst
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Fig. 7. NHs-TPD of the pure (a) and modified catalysts (b)

surface can effectively stimulate the breakage of
C-Cl bonds during the catalyst catalytic
degradation of CVOCs reaction process, hence
increasing the catalytic activity.

The pure catalyst displayed many peaks, as
depicted in Fig. 7(a). The desorption peaks at
approximately <300°C, 300°C-600-C, and 600°C>
were ascribed to weak, medium, and strong acid
sites, respectively. The peak regions were
utilized to quantitatively compare the variations in

acidity. It was evident that weak and medium
acid sites predominated in both AC and
corresponding CeO: catalysts. This was
particularly true for AC, which has a broad NHs
desorption peak that spans the temperature
array of 55°C to 545°C and covers weak acid
and medium strong acid acid @ sites.
Consequently, a lot of acidic sites can be
provided by utilizing activated carbon as a
catalyst support, which enhances catalytic
activity. In contrast Cr203 displayed many
desorption peaks, one of which was associated
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with strong acid sites and had a high desorption
intensity at around 600°C. This demonstrates
once more it as ideal base.

The NHs-TPD profile of the modified catalysts is
displayed in Fig. 7(b). As can be seen, the
catalyst originally followed the profile of activated
carbon. However, the coverage range was
determined to be between 60 and 400°C at 10%
loading, and as the Ce loading grows, the region
of the NH3s desorption peak gradually diminishes.
This is because part of the activated carbon
acidic sites are covered by the loaded Ce;
lowering the exposure causes the acidity to
lessen. The catalyst begins to adopt the pure Ce
profile found at the weak acid point as the
loading percentages increases. On the NH3-TPD
spectrum of the 20Ce-Cr/AC catalyst, a new,
weakly intense desorption peak arises at about
600°C. This peak is the same as the potent acid
peak that was previously observed on the pure
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Cr. The peak intensity fully decreases as the load
increases. This demonstrates that an appropriate
doping concentration of Ce on the Cr/AC surface
will result in an interaction that modifies the acid
site, which is in line with the findings of the XRD
(see to section 3.2).

Nonetheless, the xCe-Cr/AC catalysts have
lower As (strong acid) values, suggesting that the
inclusion of CeOx clearly reduces strong acidity.
Both strong and weak acid sites are crucial for
the oxidative degradation of CVOCs [37]. It is
evident that 20Ce-Cr/AC has substantially higher
catalytic activities than other catalysts for the
destruction of CVOCs. It suggests that the right
strength and density ratio of strong to weak
acidity is beneficial to the development of CVOC
catalytic degradation ability, and that the
combination of Cr20s—-CeO2 and activated
carbon enhances the dehydrochlorination of
volatile organic compounds (VOCSs).
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Fig. 8. The catalytic performance of different prepared catalysts for 1,2-Dichloroethane
combustion

Table 3. Catalytic activities, activation energies (Ea) and element state of the prepared

catalysts

Catalysts Tso% (°C)  Toow (°C)  Ea(kj/mol)  Cr®*/Cr3*  Ce¥/Ce*  Ojart/Oads
CeO: 314 375 135.191 - 0.42 3.21
Cr203 253.5 279.6 288.242 0.68 - 4.22
10Ce-Cr/AC 252 278 390 - - -
20Ce-Cr/AC 247 269.5 392.985 0.74 0.57 5.88
30Ce-Cr/AC 260 316 308.232 - - -
40Ce-Cr/AC 256 313.3 291.474 - - -
50Ce-Cr/AC 253 307.2 258.770 - - -
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3.7 Catalytic Oxidation Performance Test

Fig. 8 reveals the profile temperature
dependency of catalytic efficiency for DCE
conversion over catalysts under the following
conditions; clean air was used as the reaction
gas and input gas, DCE concentration was set at
1000 ppm and SV was set at 20,000 mL/(g h).
Fig. 8(a) displays the catalytic efficiency of the
pure catalysts and the 10Ce-Cr/AC catalyst.
When it comes to DCE oxidation, "Cr203" has
significantly greater catalytic activity than others
when used alone, whereas "CeQ2" exhibits the
lowest. It should be highlighted that while the
Cr20s and The modified Cr low-temperature
activities are quite near to one another, there is a
noticeable increase in the distance between the
catalytic activities as the temperature rises. The
thermal sintering mechanism may be able to
explain the phenomenon of different catalytic
activity across temperature zones [38,39]. The
primary transfer pathways for Osu (O, 0%),
which are mostly in charge of the catalytic activity
at low temperatures, are provided by lattice
defects and oxygen vacancies in the non-
stoichiometric Cr20s. As the reaction temperature
rises, Crz:03's physico-chemical properties
change. The solid-phase structure is rearranged,
lattice flaws and vacancies are reduced, the
valence of Cr ions is altered, and other
modifications take place. Moreover, the migration
and valence shift of metal ions are facilitated by
the lattice defect and oxygen vacancy transfer
pathways. Consequently, the accumulation of
these effects usually results in a decrease in
activity. As a result, the modified catalysts
created from Cr20s3 in this work exhibits both
great catalytic activity and superior high
temperature stability.

Even though Cr20s performed well, all of the
single metal-based catalysts showed multiple
deactivations at various high temperatures during
the performance, which is related to poisoning
impacts. In comparison to pure CeO2 and Cr20s,
the modified Cr based catalyst performed
significantly better. According to these outcomes,
CeO2 and Cr20s exchanges plus the use of
activated carbon as a support can enhance the
catalytic activity for DCE oxidation. As mentioned
before, AC can boost the adsorption capacity of
xCe-Cr203 for pollutants and give a uniform
dispersion of xCe-Cr203 to provide more active
sites. Moreover, AC may be involved by granting
electrons that quicken the generation of ROS.
Which in our instance has been shown its
effectiveness; the catalyst has stabilized and the

deactivation appears to be disappearing. The
following is the order of catalytic activity: 10Ce-
Cr/AC > Cr203 > CeO2. The modified catalyst
has the highest activity of all of them, and it can
fully degrade DCE at lower temperatures.

The amount of Ce doped in the Cr/AC based
catalyst had a significant impact on its
performance, as seen in Fig. 8(b). Their
performance appear to correlate with the
percentage doped rises, resulting in an increase
in catalytic activity. However, the performance of
the modified catalyst decreased concurrently at a
percentage of 230 doped Ce. The active sites on
Cr203 will be covered by the excess Ce
concentration, which has an impact on the Sser
and V; of the catalysts as indicated in Table 3.
This will result in a decrease in catalytic activity.
Therefore, the catalytic activity of xCe-Cr/AC is
significantly influenced by the proper preparation
technique as well as the proportion of Ce that is
doped. As can be seen in Table 3, 20Ce-Cr/AC
performed the best out of all the catalysts, with
Tso at 247°C and Teo at 269.5°C. The following is
the sequence in which the catalysts function
during DCE combustion: 20Ce-Cr/AC > 10Ce-
Cr/AC > Cr203 > 50Ce-Cr/AC > 40Ce-Cr/AC >
CeO:a.

In order to study the reaction of 1, 2-DCE on the
series of catalysts, kinetic calculations were
performed on them. As illustrated in Eqg. 2, the
catalytic combustion of 1, 2-DCE under excess
oxygen adheres with the first order kinetics
mechanism tied to DCE concentration, according
to literature reports [40].

Therefore, the key to determining the value in
Eq. 3, which is used to the derivation of
activation energy (Ea) at lessen conversion (a
mere 20%), was to use the Arrhenius plots in Fig.
9. Based on that, Arrhenius plots is presented in
Fig. 9 and the Ea values among the catalyst is
illustrated in Table 3.

Apparent activation energies (Ea) were
calculated with 95% confidence limits based on
the relation of rate to temperature below 20%
conversion. Looking at the profiles of the pure
catalyst, Cr20s exposed the highest Ea at
288.242 Kj/mol which coorelate with he
temperature controlled conversion program. In
Fig. 9(b), a significant increase in Ea over the
modified catalysts is observed, especially for
20Ce-Cr/AC (392.985Kj/mol). Here, the increase
in Ea is due to crucial Cl adsorption. Which can
be concluded to a stronger conversion of DCE.
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The different Ea values during the reaction can  concentration of products and in surface oxygen
be ascribed to the difference both in H20 and CI  needed for different CVOCs oxidation.
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Plots of turnover frequency (TOF) values for
lower DCE conversion (a mere 20%) are shown
in Fig. 10 as reaction temperature increases,
where the Eg. 4 was employed.

With the increase in Ce species on Cr/AC
particles, TOF decreases slowly, and 50Ce-
Cr/AC showed the lowest TOF of 0.1 — 0.5 (10
6s). The oxidation of alkoxy and enolic
compounds as well as their synthesis should
benefit from the increase in Ce species. Strong
Cl adsorption on Lewis-acidic Ce ions is
responsible for a significant drop in TOF over.
Therefore, regardless of the composition of
CVOCs, TOF is dependent on Cl removal. This
phenomen has been prooved during the catalytic
performance of pure CeO: over 1,2-DCE showed
in Fig. 8, the convertion profile of the pure CeO:
expressed a low catalytic activity accompanied
by several deactivation during the performance.
The TOF parameters of the catalysts ascend in
the sequence of 50Ce-Cr/AC < 40Ce-Cr/AC <
30Ce-Cr/AC < 10Ce-Cr/AC < 20Ce-Cr/AC, which
confirm that 20Ce-Cr/AC has the most prominant
catalytic efficiency.

4. CONCLUSION

For the deep catalytic oxidation of DCE, a series
of highly active xCe-Cr/AC catalysts were
produced. Following the characterisation
methods mentioned, the study shows how crucial
the cerium (Ce) doping level and catalyst
synthesizing technique are in adjusting the
physicochemical characteristics and catalytic
efficiency of chromium-based catalysts for the
molecule reduction of 1,2-dichloroethane. It was
discovered that the Cr-based catalysts acidity,
reducibility, and textural qualities were all
enhanced by the introduction of Ce and activated
carbon. The maximum catalytic activity was
found in the 20Ce-Cr/AC catalyst, which was
explained by its ideal Ce doping level, which
improved the redox characteristics and revealed
more stable structure and active sites by
exposing the largest Sger and Vp. The largest
concentration of Ce®* ions and lattice oxygen
species were found in the 20Ce-Cr/AC catalyst,
according to the characterization data. This
enhanced the catalytic oxidation performance by
easing the adsorption and activation of DCE and
oxygen molecules.

Subsequent investigations may examine the
enduring stability and regeneration of the 20Ce-
Cr/AC catalyst in order to evaluate its pragmatic

suitability for mitigating volatile organic molecules.

Further research might be done on the catalytic
mechanism and the support material's function in
improving the redox characteristics and oxygen
mobility. It would be beneficial to broaden the
research to include additional kinds of volatile
organic molecules in order to gain greater
insights of the catalysts relating adaptability.
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