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Enhanced efficiency MnO,-Promoted pt catalyst for VOCs

oxidation

Khong Manh Hung®, Tran Van Hien, Ha Quoc Bang

ABSTRACT

One of the leading causes of air pollution, volatile organic compounds (VOCs) pose a severe danger
to both the environment and human health. In heat or light, catalytic oxidation has been recog-
nized as a promising and successful approach for treating VOCs. Due to their affordability and envi-
ronmental friendliness, manganese-based oxides are one of the most competitive and acceptable
choices for the catalytic destruction of VOCs. In this study, we disperse Pt on MnO, with trace Pt
loadings of 0.5, 1, and 1.5 wt% to control the interaction of Pt-MnO, (MnO, = manganese oxide).
In comparison to MnOy, the Pt-MnO, catalyst exhibits higher VOCs oxidation performance due to
its higher Brunauer-Emmett-Teller surface area, more active lattice oxygen, increased oxygen va-
cancy activating increased dioxygen molecules, more exposed Pt atoms, and noninternal diffusion
of mass transfer. Among all the plantinum samples created with varying mass ratios, the Pt-MnO2
sample demonstrates the best characteristic characteristics as well as catalytic activity. The specific
surface area of Pt-Mn0O2 is 108.74 m?/g. The Pt-MnQO, catalyst can totally convert Toluene into CO,
and H»O at a lower temperature of just 190 C while maintaining great stability for 600 minutes.
Under conditions of high space velocity, the Pt-MnO, catalysts' performance in oxidizing VOCs is
steady, indicating tremendous promise for real-world use. This research shows that a Pt-dispersed
MnO, catalyst is superior to a MnO; catalyst for the oxidation of VOCs, offering universally signifi-
cant advice for the interaction of metals with supports and the control of interfaces during oxidation
processes. The results suggest that the synthesized Pt-MnO2 material has a comparatively strong
capacity to oxidize VOCs at low temperatures and a high stability, and that it can be developed and
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scaled up to a wider application scale.
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INTRODUCTION

The burning of fossil fuels, the volatilization of lig-
uid fuels and solvents, and the emissions from chem-
ical plants are the primary causes of VOCs emissions.
In addition to being poisonous, carcinogenic, and
mutagenic to humans, VOCs also threaten air qual-
ity by depleting the ozone layer and acting as pre-
cursors to photochemical smog. Thus, it is crucial
to choose efficient VOCs pollution reduction strate-
gies !>, Diverse control strategies, including combus-
tion, photocatalytic oxidation, adsorption methods,
membrane separation, biotechnology, and catalytic
oxidation, have been developed to limit the emissions
of VOCs*~/. Catalytic oxidation has been regarded as
one of the most promising techniques due to its high
efficiency, energy conservation, and environmental

friendliness ®°

. The catalyst is often the most criti-
cal component in the low-temperature catalytic ox-
idation of VOCs. Noble metal-based catalysts are
very effective in removing VOCs from the environ-
ment. However, their widespread use was hampered

by their high cost, resource scarcity, and poor thermal

stability. Contrarily, transition metal-based catalysts
have gained popularity due to their inexpensive cost,
strong thermal stability, and excellent oxygen storage
capacity !,

Transition metal oxide catalysts have demonstrated
considerable potential in various applications owing
to their advantageous characteristics such as cost-
effectiveness, resistance to poisoning, and resistance

to sintering '>!?

. Therefore, it is imperative to utilize
transition metal oxide-based catalysts that exhibit ele-
vated catalytic activity towards VOCs at reduced tem-
peratures. There has been a growing interest in study-
ing Co304, Ce02, and MnO?2 in the past few years
due to their well-defined and controlled nanostruc-
tures =1, One notable example is MnO,, which ex-
hibits adjustable atomic valence states and crystalline
phases. The catalyst based on MnO; is widely recog-
nized for its high efficiency in converting ozone and
its notable ability to adsorb VOCs and effectively ac-
tivate oxygen at low temperatures 17-24, According to
the study conducted by Li et al., it was observed that
0-MnO; exhibited a higher preference for the oxida-
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tion of acetaldehyde and benzene to CO, compared
to ¥-MnO; and 3-MnQO;. The phenomenon above
can be ascribed to the favorable adsorption capacity
and notable oxygen migration ability exhibited by -
MnO;. In a study conducted by Liang et al., it was
shown that MnO, with unique crystalline phases dis-
played varying levels of catalytic activity in the oxida-
tion of CO. Specifically, §-MnO, and «-MnO; ex-
hibited superior catalytic performance compared to
¥-MnO; and B-MnO, .

In recent years, numerous researchers have endeav-
ored to augment the catalytic efficacy of catalysts
based on MnO, by integrating additional metal

species>>%°,

Several bimetallic catalysts, including
Ag-Mn, Ni-Mn, and Ru-Mn, were synthesized specif-
ically to degrade VOCs?’~?, The introduction of an
additional metal element not only influences the mi-
crostructural characteristics of MnO», such as specific
surface area, crystallinity, and shape but also leads to
synergistic effects that enhance the catalytic perfor-
mance. The production of oxygen vacancies is facil-
itated by the interfacial active sites seen in both metal
and metal oxide materials®'. The proper cycling of
dynamic oxygen species on the catalyst surface is crit-
ical in achieving deep oxidation of VOCs>?. More-
over, it is widely acknowledged that Pt-based cata-
lysts are the most preferred catalysts for the oxida-
tion of VOCs at low temperatures >4, In their study,

Zhang et al.*”

employed Pt/MnO; as a catalyst for
the oxidation of toluene. The results indicated that
Pt/MnO, exhibited favorable catalytic activity under
low-temperature conditions. The robust intermolec-
ular interactions observed between manganese (Mn)
and platinum (Pt) have been found to significantly
augment the redox capability of catalysts composed
of Pt/MnO,. Thus, there is a strong demand for de-
veloping a Pt/MnO; catalyst that exhibits exceptional
activity to enhance the oxidation of VOCs.

In this study, we provide a hydrothermal combinate
approach combined with impregnation methods for
synthesizing Pt/MnO,. Our objective is to investigate
the impact of the cation complex on the toluene ox-
idation process by altering the weight percentage of
Pt at low temperatures. This study presents a profi-
cient approach toward the component engineering of
platinum and transition-metal oxides and their subse-
quent utilization in catalytic applications for the oxi-
dation of toluene.

EXPERIMENT METHODS

Material

MnSO4.H, O, standard benzene solution, KMnQy,
PolyvinylPyrrolidone  (PVP), Sodium Citrate

(Na3CgH507), and L-Ascorbic acid were purchased
from Xylong Ltd. Standard gas cylinders Hj, Ar, He,
N3, and O are also used of domestic origin.

Preparation of catalysts
Synthesis of Manganese oxide MnO, TN

The experimental procedure involved the addition of
0.1 moles of potassium permanganate (KMnOy) to
a volume of 30 milliliters of distilled water. Subse-
quently, 0.15 moles of manganese sulfate (MnSOy)
solution was gradually added to the solution above.
The resulting mixture was subjected to a heating pro-
cess at ambient temperature for 4 hours, followed by
transfer to an autoclave and further heating at 160 de-
grees Celsius for 3 hours. The liquid undergoes filtra-
tion, washing, and drying processes at a temperature
of 80 ?C on a nightly basis. The final product under
consideration is manganese dioxide (MnO, TN) in its
thermodynamically stable state.

Synthesis of Manganese oxide MnO, TN

The impregnation approach is utilized to carry Pt on
top of MnO,. To prepare solution A, 68 mg of PVP
powder and 0.18 g of Sodium Citrate were dissolved
in 100 ml of distilled water. To obtain solution B,
16mg of Hy PtClg.6H, O was dissolved in 10 milliliters
of pure water. Gradually incorporate solutions B and
A into the mixture and agitate for 5 minutes to ob-
tain solution C. To obtain solution D, 10 ml of distilled
water should dissolve 108 milligrams of ascorbic acid.
The process of creating a Pt colloidal solution involves
the gradual addition of D into solution C, followed by
continuous stirring for a duration of 2 hours.

A solution containing 0.5 grams of MnO, dispersed
in 50 milliliters of distilled water was exposed to ul-
trasonic vibration for 15 minutes. Subsequently, this
solution was introduced into the Pt colloidal solution.
The mixture should be stirred continuously and sub-
jected to a temperature of 80 °C for a duration of
2 hours. The resultant product underwent filtration,
followed by washing with distilled water and ethanol,
and afterward underwent overnight drying at a tem-
perature of 80 °C.

of 0.5Pt/MnO; and
1.5Pt/MnO, (with a mass percentage of Pt in

Furthermore,  samples
the catalyst mixture of 0.5%w and 1.5%w, respec-
tively) were synthesized using the same procedure
described above. The only distinguishing factor be-
tween these entities is the variation of the precursor
H, PtClg’s mass.

The synthesis process of Pt/MnO; is clearly illustrated
in Figure 1.
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Figure 1: Flow chart of catalyst preparation of Pt/MnO,.

Characterization of catalyst

The present work focused on analyzing catalyst mor-
phology and microstructure by utilizing a scanning
electron microscope (SEM) model Hitachi S-4800,
manufactured in Japan. The chemical compositions
and metal concentrations of catalysts were studied us-
ing a scanning electron microscope with an X-ray mi-
croprobe analyzer (EDS) spectrometer. The held sam-
ples were subjected to X-ray diffraction (XRD) anal-
ysis using D8 Advance Bruker equipment. The syn-
thetic materials’ Fourier Transform Infrared (FTIR)
spectrum was examined in the wavenumber range of
400 to 4000 cm~! using a reflection technique on a
Bruker Tensor II instrument.

Measurement of catalytic activity

A micro-reactor system was employed for the remedi-
ation of benzene. The gaseous toluene was generated
by adding nitrogen gas into liquid benzene via bub-
bling. Subsequently, it was subjected to a combination
0of Ny and O,. The flow rate of the entire mixture of re-
actants was established at 50 mL/min. Once the ben-
zene concentration at the intake reached a steady state
of 6,000 parts per million (ppm) and the gas hourly
space velocity (GHSV) reached 11,000 h~1. A quan-
tity of 0.1 grams of each catalyst was placed at the cen-
ter of a 60-centimeter-long reactor with a diameter of
i inch. The contents of CO, and benzene were de-
termined by employing an online Focus-Thermo Sci-
entific gas chromatograph equipped with a thermal
conductivity detector (TCD) and a flame ionization
detector (FID).
The benzene conversion (X7uene> %) Was calculated
using the following equation
1 2
Xr = % x 100 (1)
T

Whereas:

Xr: Toluene conversion (%)

C).: Toluene concentration of inlet flow at a tempera-
ture T (ppm);

C2.: Toluene concentration of inlet flow at a tempera-
ture T (ppm).

Meanwhile, the conversion of Toluene into CO, was
determined as equation 2

Ceo,1
=2 %100 2
Yco, 6(Ch—C2) )
Whereas:
Céozf CO,, concentration of outlet flow at a temper-
ature.
RESULTS AND DISCUSSION

Catalyst characterization

XRD spectroscopy was employed to examine the
structural characteristics of the Pt/MnO, material.
The XRD measurement findings for MnO, nanowire
Pt/MnO, are shown in the following Figure 2.
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Figure 2: XRD pattern of MnO, and Pt/MnO,.

Following the X-ray diffraction (XRD) characteriza-
tion analysis, Pt peaks were not detected in the XRD
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phase diagram. However, when Pt particles were in-
troduced to the MnO; material, the intensity of the
Manganese dioxide peaks decreased and became less
distinct, as shown in the MnO; TN sample. Based on
the XRD analysis, it is evident that the introduction of
Pt metal onto MnO, does not induce any alterations
in the phase structure of the material. This observa-
tion validates the complete preservation of the crys-
talline phase of MnO, while also indicating the uni-
form dispersion of Pt nanoparticles across the mate-
rial’s surface.

To further investigate the impact of the synthesis pro-
cess on the creation of Pt/MnO; products, the syn-
thesized sample underwent characterization using the
Fourier Transform Infrared (FTIR) method through-
out the wavelength range of 400 to 4000 cm™!. The
findings are presented in Figure 3.

Based on the Fourier Transform Infrared (FTIR) anal-
ysis of the two samples, it is evident that the introduc-
tion of Pt onto MnO, does not exert any discernible
influence on the structural integrity of MnO,. This
is substantiated by the continued presence of the ab-
sorption band associated with Mn-O vibrations inside
the MnO, network, which remains observable within
the wave number range of 400+-1100 cm-1. The ob-
served shift in the absorption peak of the Pt/MnO;
sample towards a lower wavelength (503.38 cm™!) in
comparison to MnO, TN (456.41 cm™") might per-
haps be attributed to the introduction of Pt into the
[MnOg] unit. This doping of Pt is likely to alter the
vibrational frequency of the unit, consequently influ-
encing both the intensity and position of the diffrac-
tion peak. The observed displacement of the FTIR
spectrum following the introduction of Pt entirely
agrees with the findings obtained from XRD analy-
sis. The alignment of the Mn-O network in MnO,
is notably impacted by the loading of Pt, resulting
in deformation of the crystal lattice and a substan-
tial reduction in the crystallinity of the sample. The
oxygen exchange capacity of the catalyst is intricately
linked to both its crystallinity and the number of de-
fects present. The work conducted by Wang et al.’
demonstrated that the introduction of Pt loading in-
duces deformation in the Mn-O lattice, resulting in
an elevated presence of defects. This phenomenon fa-
cilitates the exchange of oxygen and consequently en-
hances the oxidation process. Therefore, noble met-
als could infiltrate the crystal lattice of the manganese
oxide layer after the reaction, resulting in the creation
of lattice imperfections and a decrease in the catalyst’s
crystallinity.

Meanwhile, The FTIR measurement in Figure 3b find-
ings of Pt/MnO, samples with varying Pt loading

contents by mass % indicate a steady decrease in the
strength of absorption peaks on the spectrum as the Pt
loading content increases. The diagram still exhibits
the typical absorption band of Mn-O, which is seen
at wavelengths of 500 and 700 cm-1. There is a pos-
itive correlation between the size of the loading con-
tent and the level of noise observed on the baseline.
The synthesis of these samples with varying Ptloading
amounts was successful, as evidenced by the absence
of distinctive peaks corresponding to O-H groups in
water and C=0 of CO».

To examine the morphology of the Pt/MnO; mate-
rial, the synthesized sample was subjected to obser-
vation using a scanning electron microscope (SEM).
Figure 4 shows that upon Pt loading, the Pt/MnO,
sample exhibits morphological features that closely
resemble those of MnO; TN, except for the surface
gaps occupied by sheet-shaped particles of varying
sizes, ranging from 50 to 100 nm. The nanowire that
remains detectable exhibits dimensions ranging from
200 to 600 nm.

The study employed the N, isothermal adsorption-
release method to examine the impact of Pt load-
ing on the surface of MnO,, the result is shown in
Figure 5 and Figure 6. The findings indicate that
the adsorption-desorption pathway of the Pt/MnO,
sample remains mostly unchanged when MnO; is
loaded onto the surface of MnO,. Furthermore, the
Pt/MnO; sample continues to exhibit the complete
features of the MnO, TN sample. The N, adsorption-
release isotherms of both samples may be classified as
class IV according to the IUPAC classification, which
Addition-
ally, the hysteresis curves are also indicative of this

is particular for mesoporous materials.

classification—the H, form. Capillary condensation
occurs when the relative pressure (P/P,) reaches ap-
proximately 0.9. The observed phenomenon can be
attributed to the non-baked impregnation procedure,
which little alters the material’s surface. This outcome
aligns entirely with the findings obtained by the scan-
ning electron microscopy (SEM) measurement tech-
nique. Nevertheless, the introduction of Pt results in
amarginal reduction in the specific surface area of the
material. This drop can be attributed to the presence
of Pt nanoparticles, which occupy a fraction of the
voids on the MnO, surface.

The findings in Table 1 indicate that the specific sur-
face areas of three samples, each with varying mass
loading levels of Pt (0.5%w, 1%w, and 1.5%w, respec-
tively), exhibit distinct relative surface areas. The spe-
cific surface area of the 0.5%Pt sample, as determined
by the BET method, is measured to be 93.65 mz/g.
Similarly, the specific surface area of the 1.5%w Pt



Science & Technology Development Journal - Engineering and Technology 2024, 6(513):34-45

PLMNO,

Ihf\./“v\fM _
| oo V\N\———J-‘
I

L

{50348

= P —
1 8 —Y TN
MA0, TN 1 —— PtMn0, ‘

1 | ——1.5PtMNO,|

W @

45641

T T T T T T T T 1 T T T T T I 1 1 1
50 1000 1500 2000 2500 3000 350 4000 45 500 1000 1500 2000 2500 3000 3500 4000 4500
Wave number (cm')) Wave number (cm’)

%T

Figure 3: FTIR spectra of (a) Pt/MnO, and MnO; TN; (b) 0.5Pt/MnO;, Pt/MnO, 1.5Pt/MnO,

Figure 4: SEM images of (a) MnO;, TN, (b) Pt/MnO,

Table 1: Surface porous properties of all samples.

Sample SBET (m?2/ 2) dpore (nm)
MnO; TN 113.7 25.76
0.5 Pt/MnO» 93.65 25.43
Pt/MnO, 108.74 24.88

1.5 Pt/MnO, 88.95 27.98
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sample is 88.95 m2/g. Notably, the 1%w Pt sample
exhibits the highest specific surface area among the
three, measuring 108.74 mz/g.

The pore pattern seen in Figure 6 indicates the pres-
ence of medium and large capillaries in all three sam-
ples containing Pt. The sample containing 1% plat-
inum exhibited the most significant proportion of
pores ranging in diameter from 2 to 10 nanometers.
The two remaining samples show comparable pore
size distributions.

OT——
2 ] | ]
5
> 200 A |
I 0 5PUMNO, ‘
PYMnO
1504 —1 2

] |
Bl 1 5PUMnO, ‘ 1|
\

(dLS B/:wo) pagospy A

= Rolative Pressure (P/Po)

Figure 5: N, adsorption-desorption isotherms of all
sample MnO,
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Figure 6: Capillary distribution curves of Pt/MnO,
samples with different loading Pt contents

Energy Dispersive X-ray Spectroscopy (EDS) analy-
sis on Table 2 reveals that the Pt content deposited on
MnO; amounts to 1.01%, a value that closely aligns
with the theoretical calculation. The platinum (Pt)
content was uniformly distributed across the mate-
rial’s surface, maintaining a precise mass fraction of
1%. Regarding the MnO, TN sample, the analysis re-
vealed the presence of peaks corresponding to the ele-

ments Mn and O. This suggests that the synthesis pro-
cedure effectively eliminated additional components,
such as potassium (K) from KMnOy4 and sulfur (S)
from MnSOy, which were likely washed away during
the sample preparation. The hydrothermal approach
facilitates the synthesis of MnO, with a high degree
of purity, devoid of any additional

contaminants. Based on the observations above, it
can be inferred that Pt was effectively transferred onto
MnO,, and the impregnation technique effectively fa-
cilitated the deposition of Pt particles onto the mate-
rial’s surface.

Catalytic activity

To examine the catalytic activity of the as-prepared
catalysts, the toxic gas toluene was used as a model
for catalytic oxidation. The experiments involved the
complete oxidation of 6000 ppm of benzene vapor at
a GHSV of 11000 h~!. The results are illustrated in
Figure 7.

Based on the conversion graph in Figure 7, it is evident
that the utilization of Pt as a catalyst, despite its mere
1% mass loading, has led to a substantial enhance-
ment in the conversion of the toluene oxidation reac-
tion, surpassing the conventional transition metal ox-
ide catalyst, such as Manganese oxide. When MnO,
TN is present, it exhibits the capability to fully toluene
convert at a temperature of 300 ?C. However, by us-
ing a catalyst consisting of only 1% Pt by weight, the
total conversion of toluene can be achieved at a signif-
icantly lower temperature of 190 °C. The graphs de-
picting the behavior of the two catalysts exhibit a high
degree of similarity. This can be attributed to the fact
that, during the initial stage, both catalysts primar-
ily engage in the adsorption and oxidation of toluene,
forming various intermediate molecules. The CO,
selectivity of the MnO; TN catalyst sample showed
a complete attainment of 100% at a temperature of
300 degrees Celsius. In contrast, the CO; selectivity
of Pt/MnO; exhibited the ability to achieve a com-
plete 100% selectivity starting from a lower temper-
ature of 170 degrees Celsius. The results indicate that
the Pt/MnO, catalyst effectively facilitated the exten-
sive oxidation of toluene, resulting in the formation of
less harmful byproducts such as CO, and H, O, hence
mitigating the occurrence of secondary pollution.

As we can see in Figure 8, the catalytic efficacy of
manganese oxide is contingent upon various aspects,
including the composition of oxygen within the net-
work, the presence of vacant oxygen sites and ad-
sorbed oxygen species, the surface area, and the ox-
idation state, among others. These factors exhibit a
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Table 2: EDS analysis of MnO,TN and Pt/MnO,

MnO; TN
Element Mass % Atom %
O 43.36 72.44
Mn 56.64 27.56
Pt - -
Total 100.00 100.00
Pt/MnO2
O 35.734+3.63 49.80+5.05
Mn 24.9242.45 22.86+2.24
Pt 12.48+1.95 10.31+1.61
Total 100.00 100.00
100+ (FRT T [ ] 0
004 womsnsn ' ' '
' b
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Figure 7: Profile of Toluene conversion over MnO,TN and Pt/MnO, and CO, yield over MnO,TN and Pt/MnO,
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strong correlation. The adsorption density of oxy-
gen is positively correlated with the concentration of
manganese in its high oxidation state (Mn**). Con-
versely, an increase in the quantity of manganese in
its low oxidation state (Mn2T) leads to an increase in
the density of oxygen vacancies. The impact of ox-
idation state distribution on the catalytic activity of
manganese oxide has been demonstrated by Tang et
al. >, Specifically, the ratio of Mn?*/Mn** has been
identified as a crucial factor influencing the material’s
catalytic activity. The author has demonstrated that
manganese oxide displays optimal activity when the
ratio of Mn?*/Mn** approaches unity. The redox
mechanism plays a crucial role in the oxidation of
BTX on manganese oxide Mn** <+ Mn** «» Mn?*+
at this particular ratio, facilitating a smooth reaction.
Consequently, introducing Pt onto the catalyst sur-
face induces robust metal support interactions be-
tween noble metals and metal oxide support mate-
rials, enhancing catalytic performance. Sengpeng et
al.*” made evidence in their study that including Pt on
the surface of MnO, decreases the links between Mn
and O atoms, hence enhancing the mobility of oxy-
gen within the network. The presence of crystals on
the catalyst surface can facilitate the efficient oxida-
tion of toluene, even at very moderate temperatures.
This phenomenon may explain the substantial dispar-
ity observed in the conversion rate.

@ latticeoxypen
@ adsorbed onygen

1) Onygen vacancy
Mo™

* Ma*

® Mo*

O H+0D

@ CO#H0

Figure 8: Possible mechanism with oxidation reac-
tion on manganese oxide

A set of experiments was performed on a microflow
system to evaluate the efficacy of the catalysts. The
system had a total gas flow rate of 60 ml/min and a
volume rate of 11000 h~!. The specimens were placed
at the midpoint of the reaction tube, each weighing
0.1 gram, and subjected to a toluene treatment with
a concentration of 9000 ppm. Figure 9 displays the
outcomes of an investigation into the catalytic activity

£ 5 s
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Figure 9: Profile of (a) Toluene conversion over
0.5PT/Mn0O;, Pt/MnO;, and 1.5PT/MnO,; (b) CO,
yield over 0.5PT/MnO,, Pt/MnO; and 1.5PT/MnO,

of Pt/MnO, samples with varying Pt concentrations
in the process of toluene oxidation.

Based on the findings derived from the analysis of cat-
alytic activity in the microflow system, as depicted
in Figure 9, it is evident that the conversion efhi-
ciency of the examined samples exhibits a progres-
sive increase in the following sequence: 1.5Pt/MnO,
< 0.5Pt/MnQO; < Pt/MnO;. This outcome can be elu-
cidated in full accordance with the findings of the dis-
tinctive measuring experiments done. The Pt/MnO,
sample possesses a crystalline structure characterized
by the presence of rods and particles, which con-
tributes to its substantial specific surface area and no-
table porosity. Consequently, this structural config-
uration enhances the catalyst’s ability to adsorb oxy-
gen and toluene on its surface, facilitating these sub-
stances’ absorption. The Pt/MnO, catalyst model has
enhanced efficacy in facilitating the oxidation process
of toluene. It demonstrates the capability to achieve
complete conversion of toluene at a temperature of
190 °C, while also attaining a CO; selectivity of 100%
at 170 °C.

A series of tests were conducted to investigate the cat-
alytic stability, including a catalytic activity test con-
ducted at a temperature of 190 °C. However, it is
worth noting that during this test, the catalyst was
subjected to continuous testing for a duration of 10
hours.

Based on the findings of the catalytic durability inves-
tigation, it is evident from Figure 10 that the Pt/MnO,
catalyst required an initial stabilization period of 50
minutes. During the initial phase of the reaction,
the conversion rate ranges from 88% to 96%. This
is mainly attributed to the adsorption of toluene and
oxygen from the gas stream onto the surface. How-
ever, the quantity of oxygen adsorbed remains insuf-
ficient for the complete oxidation of toluene. The CO,



Science & Technology Development Journal - Engineering and Technology 2024, 6(513):34-45
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Figure 10: Profile of Toluene conversion over CO, yield over Pt/MnO, for 600 minutes continuous test.

selectivity graph reveals a notable trend during the
initial 12.75-minute interval. Specifically, the CO; se-
lectivity is noted to be merely 60%, while the toluene
conversion attains a significantly higher value of 88%.
This indicates that the majority of the toluene is pri-
marily digested. The primary factor contributing to
this phenomenon is the adsorption process occurring
on the surface, coupled with oxidation. However, it
is essential to note that this process yields intermedi-
ate products rather than complete oxidation, produc-
ing CO; and H, O. Throughout the duration spanning
from 50 minutes to 10 hours, the conversion and se-
lectivity of CO, remained consistently high at 100%.
Notably, no discernible variations were seen during
the activity test. The Pt/MnO, catalyst has commend-
able characteristics and demonstrates notable temper-
ature stability. Due to the relatively mild reaction con-
ditions maintained at a temperature of 190 °C, there
remains a lack of observable indications pertaining
to the sintering or clustering of Pt particles. Conse-

quently, the catalytic activity of the catalyst is mini-

mally impacted.

CONCLUSION

To assess the catalytic efficacy of platinum in conjunc-
tion with manganese oxide, a range of Pt/MnO, sam-
ples with varying mass fractions of platinum were syn-
thesized, described, and subjected to testing for the
complete oxidation of toluene. The Pt/MnO; cata-
lyst containing one wt% of platinum exhibited supe-
rior catalytic performance compared to the toluene
oxidation activity in the other samples. Additionally,
it shows the most significant surface area. The ac-
tive phase for toluene oxidation in Pt/MnO, was de-
termined to be Pt. The robust interaction between
the noble metal platinum (Pt) and manganese oxide
(MnO,) contributes to the enhanced stability of the

Pt/MnO, oxide catalyst during oxidation processes.
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Xuic tac trén MnO, duoc két hop Pt d€ cai thién qua trinh oxi héa
VOCs

Khéng Manh Hung”, Tran Van Hién, Ha Quéc Bang

TOM TAT

Mot trong nhirng nguyén nhan hang dau gay 6 nhiém khong khi dé chinh la cac hgp chat hitu co
dé bay hai (VOCs), cac hop chat nay khéng nhimg gay nguy hiém nghiém trong cho méi trudng
ma con anh hudng suc khde con ngudi. Qua trinh oxy hda xUc tac da dugc cong nhan la mot
phuong phap day hiia hen va thanh cong dé xir ly VOC. Do gié ca phai chang va tinh than thién vdi
mai trudng, oxit géc mangan la mét trong nhiing lua chon khéng thé bd qua dé phan hay VOCs
bang xuc tac. Trong nghién cu nay, ching téi phan tan Pt trén MnO, vai ham lugng vé khéi luong
cla Ptlan luot 1a 0,5, 1 va 1,5% dé ki€ém soét su tuong tac clia Pt-MnO,. So véi MnO,, chét xuc tac
Pt-MnO; thé hién hiéu sudt oxy hoa VOC cao hon do dién tich bé méat Brunauer-Emmett-Teller cao,
oxy mang hoat ddng manh haon, cac nguyén ti Pt tiép xtic nhiéu hon. Trong s6 tat ca cac mau thuc
vat dugc tao ra vdi ty lé khoi lugng khac nhau, mau Pt-MnO2 thé hién cac dic tinh cling nhu hoat
tinh xUc tac tot nhat. Dién tich bé mat riéng clia Pt-MnO2 la 108,74 m2/g. Chat xuc tac Pt-MnO2
¢6 thé chuyén déi hoan toan Toluene thanh CO2 va H20 & nhiét dé thap hon chi 190 C ma van
duy tri d6 6n dinh cao trong 600 phut. Trong diéu kién tée dé khéng gian cao, hiéu sudt clia chat
xUc tac Pt-MnO, trong qua trinh oxy hda VOC tuong d6i &n dinh, cho thay trién vong to én khi st
dung trong thuc tién. Nghién ctu nay cho thdy chat xdc tdc MnO, phan tan Pt vugt troi hon chat
xuc tac MnO, théng thudng trong qua trinh oxy hda VOCs.

Tu khoa: Mangan oxit, Bach kim, Toluen, Oxi hda xUc tac, VOCs
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