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Abstract. Catalytic soot combustion has been considered as one of the most ef-
ficient technologies for emitted soot particles. In this study, HEPO catalysts were
successfully synthesised using the sol-gel method. The catalysts were analysed
using XRD, N2 adsorption and O.-TPO. These results indicate that the synergistic
effects of different elements at the B-site of high-entropy perovskite produce dif-
ferent soot catalytic activities. Based on atomic radius and tolerance factor ef-
fects, B-site elements such as Fe, Co, Mn, Ni and Cu produce excellent soot cat-
alytic activities. This work provides a promising high-entropy strategy for devel-
oping of highly efficient oxide-based soot combustion catalysts.
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1 Introduction

As a pollutant emitted by diesel vehicle exhaust, soot particles have caused serious
damages to the environment and human health [1]. Firstly, soot particles are the main
cause of severe haze weather. Conversely, soot particles can be easily inhaled by hu-
mans because of their smaller diameter and size, which seriously harms human health.
Among the elimination methods of soot particles, catalytic combustion technology has
attracted much attention. But this technology depends strongly on the performance of
catalysts.

Up to now, many types of catalysts have been synthesized to facilitate soot oxidation,
such as catalysts with ordered macroporous structures [2], supported catalysts with no-
ble metal or alkali metal [3-5] and transition metal oxides [6]. Among these catalysts,
perovskite-type (ABOs) oxide catalysts have attracted great attention [7, 8] owing to
their distinctive structure and the flexibility of the A- and B-sites. With the increase of
the number of doping elements, many new characterizations appear. Such materials,
composed of nearly equimolar of multiple components (five or more elements) were
defined as high-entropy oxides. Most recently, high-entropy perovskite oxides
(HEPOs) show excellent catalytic activity and stability in many systems of catalytic
reaction. And that high entropy perovskite oxide lays a good foundation for catalytic

© The Author(s) 2025

W. He et al. (eds.), Proceedings of the 2024 10th International Conference on Advances in Energy Resources and
Environment Engineering (ICAESEE 2024), Atlantis Highlights in Engineering 36,
https://doi.org/10.2991/978-94-6463-708-3_4


https://doi.org/10.2991/978-94-6463-708-3_4
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-708-3_4&domain=pdf

22 H. Ma et al.

soot combustion due to its four core effects. [9, 10, 11]. For the catalytic soot combus-
tion, HEPOs were expected to have outstanding performance, due to their distinctive
structure and unique physicochemical properties. Therefore, studies on the application
of HEPOs in the catalytic elimination of soot would provide new pathway for the de-
velopment of efficient catalysts. High-entropy materials are frequently employed in
catalytic oxidation due to their distinctive characteristics. This paper aims to create a
perovskite with B-site high-entropy by doping five metal elements. One of the effects
of high-entropy materials is the cocktail effect, in which different combinations of ele-
ments will produce different catalytic properties. In this paper, we not only successfully
prepared B-site high entropy perovskite catalyst, but also further screened the B-site
element combination.

Herein, a series HEPOs with five metal elements assembled into LaMnO; lattice
were successfully prepared. With the variations of element composition, the catalytic
activity is different, and the catalyst of La(FeCoMnNiCu)Os exhibit the best perfor-
mance.

2 Experimental Section

2.1  Catalyst Preparation

All the samples were synthesized by a citric acid assisted sol-gel method. Typically,
All precursor nitrates were dissolved in water. Then, 5.76 g citric acid was added to the
above solution. The mixture was agitated for a period of two hours at room temperature,
and then transferred to a water bath (80 °C) and stirred at 300 rpm until the solution
evaporated. The obtained wet gel was then transferred to an oven and dried overnight
at 80 °C to obtain a sponge-like dry gel. Finally, the dry gel powder was placed in the
preheated muffle furnace (350 °C) for 2 h. Next, the calcination temperature was grad-
ually increased to 750 °C, and the sample was calcined at 750 °C for 4 h. This sample
was labeled as La(FeCoMnNiCu)O;. According to the molecular formula, the other
three samples were synthesized with the specific amounts of metal salt precursors, and
labeled as La(FeCoMnNiCr)Os;, La(FeCoMnAICr)O; and La(FeCoMnAICu)Os.

2.2 Catalyst Characterization

XRD patterns were recorded on a Rigaku X-ray diffractometer using Cu Ka radiation.
20 = 20° to 80°, scanning rate 10°-min—1. BET surface areas from N: adsorption/de-
sorption isotherms, Micromeritics ASAP2020M.The specific test procedure is as fol-
lows: Weigh about 100 mg of dry powder sample, degas the sample under vacuum
environment at 300 °C for 8 h, remove the adsorbed water and impurities on the sample
surface; After the degassing is completed, static adsorption analysis of pore structure is
performed in liquid nitrogen environment with nitrogen as the adsorption medium. Af-
ter the analysis is completed, the system automatically generates a report.
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2.3  Activity Measurement

TPO reactions were carried out in the fixed bed micro-reactor using Printex-U from
Degussa [12] as the model soot. The TPO was initiated at a heating rate of 5 °C-min™"!
from room temperature to 700 °C in a gas flow of 5 vol.% O,/He. The concentrations
of produced CO and CO, were monitored on-line by GC (Shandong Lunan Ruihong
SP-7890). Finally, the data are organized and the conversion rate curve is obtained. The
temperature when the conversion rate of carbon smoke is 10%, 50% and 90% is called
the characteristic temperature 710, 750 and 7o respectively.

3 Results and Discussion
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Fig. 1. XRD patterns of HEPOs catalysts.

Firstly, the configurational entropy of a series of high entropy perovskite oxides is cal-
culated according to the configurational entropy formula. The configurational entropy
of La(FeCoMnCrAl)O3, La(FeCoMnNiCr)O3, La(FeCoMnAlICu)O3 and La(FeCoM-
nNiCu)O3 are 1.5R. According to the definition of high entropy oxides, the prepared
catalysts all conform to the concept of high entropy. The configurational entropy of the
series of HEPOs is calculated according to the configurational entropy formula (1):

ASeantis = -RI(EY, xiInxi) + (ENRY, xj Inxg)] (1)
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In general, a material is recognized as a high entropy material when its configura-
tional entropy meets the requirement of ASconig >1.5R [13]. Obviously, all the samples

are high entropy materials according to the definition of high entropy oxides.

Furthermore, so as to investigate the crystal structure, the XRD patterns of the
HEPOs series catalysts were evaluated. As shown in Figure 1, the peaks of HEPOs
catalyst at 22.9, 32.6, 40.2, 46.8, 52.7, 58.2, 68.3, 73.1 and 77.8° can be indexed to
(100), (110), (111), (200), (210), (211), (220), (221) and (310) lattice planes, respec-
tively. These peaks agree well with the cubic perovskite-type LaMnOs structure
(JCPDS No.75-0440), and no impurity oxide phase is observed. These results demon-
strate that single phase perovskite oxides with ABOs type structure have been success-

fully prepared.
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Fig. 2. N2 adsorption/desorption isotherms and pore distribution curves (inset) for (a)
La(FeCoMnAICr)Os;(b) La(FeCoMnNiCr)Os; (c) La(FeCoMnAICu)Os and (d) La(FeCoM-

nNiCu)Os.

Table 1. BET surface area, average pore size, and pore volume of HEPOs catalysts.

Surface area

Average pore

Pore volume

Catalysts .
(m?-g™h) diameter (nm) (cm?-g™h
La(FeCoMnAICr)O; 9.8 39.6 0.11
La(FeCoMnNiCr)O; 11.1 21.5 0.07
La(FeCoMnAICu)Os 8.3 40.8 0.10
La(FeCoMnNiCu)O; 7.6 41.7 0.08
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The surface area and pore structure affect catalysts' catalytic performance. There-
fore, the BET method is used to determine the surface area and the N, absorption and
desorption curves are used to evaluate the pore capacity. The detailed analytical data
are summarized in Figure. 2 and Table 1. As shown in Figure. 2, the N, adsorption/de-
sorption isotherms of a series of HEPOs show a typical IV type, where the rapid in-
crease of N> adsorption in the range of 0.8—1.0 (P/Py) indicates the existence of a certain
number of the macropores. As shown in Table 1, the average pore diameter is in the
range of 20 nm to 50 nm, suggesting that the main pore of the catalysts is macropore.
However, the high calcination temperature for the formation of high entropy may lead
to the sintering and the collapse of amount of mesopore and macropore pore structure,
which result from the decomposition of citric acid during the calcination process,
thereby the specific surface areas of all HEPO samples are low.
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Fig. 3. Catalytic performances of HEPOs catalysts for soot combustion under the loose contact
condition. (a) O2-TPO profiles, (b) Soot conversion profiles.

Table 2. Catalytic activities of the HEPOs catalysts for soot combustion.

Samples T (°C) Ts50 (°C) Teo (°C) Scoz (%)
soot 540 620 663 63
La(FeCoMnNiCr)O; 504 585 629 94
La(FeCoMnAICu)O3 440 575 626 100
La(FeCoMnNiCu)O3 463 560 611 99
La(FeCoMnAICr)O; 498 560 624 84

The properties of the prepared catalysts were tested, and the test results were shown
in Figure 3 and Table 2. These results show that the HEPOs catalysts exhibit high ac-
tivity during the catalytic soot combustion reaction compare to non-catalytic soot com-
bustion, and the La(FeCoMnNiCu)O; exhibits the best performance. For the
La(FeCoMnAICu)Os sample, both the Tso and the 7o values are higher than the corre-
sponding values of La(FeCoMnNiCu)Os about 15 °C, suggesting the lower activity for
soot combustion. Interestingly, a significant decrease in CO» selectivity was observed
for La(FeCoMnNiCr)Os3 (94%) and La(FeCoMnAICr)O3 (84%), both of which contain
the element Cr doping, suggesting that the Cr doping may be detrimental to CO, selec-
tivity. According to the mentioned above, it can be concluded that the HEOPs produces
excellent catalytic soot combustion performance, and the catalytic activity of HEPOs
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for soot combustion is significantly affected by the element composition.Among the
prepared series of high-entropy perovskite catalysts, Tso and Too of La(FeCoM-
nNiCu)O; high-entropy perovskite catalysts are the lowest. And the carbon smoke se-
lectivity is 99%. It shows that the synergistic effect between these five elements pro-
duces excellent catalytic soot combustion performance.

4 Conclusion

A series of high entropy perovskite catalysts have been synthesized by the sol-gel
method. XRD results show that all samples are single phase perovskite oxides with
ABO:s type structure. According to N, adsorption results, the main pore of the catalysts
is macropore and has low surface area. Importantly, all the HEPOs show excellent ac-
tivity for soot combustion. This work provides a good idea and basis for the research
of soot catalyst.
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