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INFLUENCE OF ORGANIC REDUCING AGENTS ON THE
TEXTURAL AND CATALYTIC PROPERTIES OF LaCoOs

Abstract. This work investigates the influence of soft organic templates on the
structural, textural, and catalytic properties of perovskite-type LaCoO:s catalysts synthesized
by the co-precipitation method. D-glucose, D-fructose, and D-galactose were used as
organic reducing agents. Precipitation was carried out using sodium hydroxide, after which
the obtained precursors were subjected to successive thermal treatment in air at 300 and
750 °C. It was established that after calcination all samples predominantly form the
LaCoOs perovskite phase with a minor admixture of Co0s;0s. According to nitrogen
adsorption and electron microscopy data, the samples are characterized by a mesoporous
structure with pore diameters in the range of 13-24 nm. Catalytic tests in the Fischer—
Tropsch synthesis showed that the use of soft organic templates promotes an increase in
alcohol yield and a decrease in methane and hydrocarbon formation. The highest catalytic
efficiency in alcohol synthesis was demonstrated by the LaCoOs-Gal and LaCoOs-F
samples.

Keywords: catalyst, perovskite, Fischer—Tropsch synthesis.

Gomes H.T. Influence of organic reducing agents on the textural and catalytic properties
% of LaCoO:s [IMechanics and Technology / Scientific journal. — 2025. — No0.4(90). — P.381-
385. https://doi.org/10.55956/CFUJ7551

Introduction. Catalysts based on perovskite-type complex oxides with the
composition LaCoOs attract considerable interest due to their combination of high
thermal stability, tunable redox properties, and the ability to form active metallic
phases under catalytic reaction conditions. In particular, cobalt-containing
perovskites are considered promising materials for syngas conversion processes,
including Fischer—Tropsch synthesis and the production of oxygen-containing
products such as alcohols [1,2]. One of the key factors determining the catalytic
performance of perovskite materials is their textural properties, including specific
surface area, porosity, and morphology. It is known that conventional synthesis
methods for LaCoOs often lead to the formation of dense, low-porosity materials
with low surface areas, which limits the accessibility of active sites. In this regard,
the use of soft organic templates capable of influencing crystallization processes
and pore structure formation during thermal treatment is of particular interest [3-6].

The application of organic compounds such as monosaccharides as soft
templates and reducing agents makes it possible to control cation distribution in the
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precursor, as well as decomposition and phase formation processes during
calcination. As a result, a perovskite structure with modified textural and
morphological characteristics may be formed, which can significantly affect
catalytic activity and selectivity [5,7-9].

The aim of this work is to study the influence of organic reducing agents —
D-glucose, D-fructose, and D-galactose — on the textural, phase, and catalytic
properties of LaCoQs catalysts prepared by the co-precipitation method, as well as
to establish the relationship between their structural features and behavior in the
Fischer—Tropsch synthesis reaction.

Materials and methods. Samples containing organic reducing agents were
prepared using soft templates: D-glucose (LaCoQOs-Glu), D-fructose (LaCoOs-F),
and D-galactose (LaCoOs-Gal). The catalysts were synthesized by the co-
precipitation method using sodium hydroxide as the precipitating agent. The
obtained precursors were subjected to successive thermal treatment in air at 300 °C
for 3 h and 750°C for 4 h [2]. The thermal treatment program was selected based
on thermogravimetric analysis, which showed that soft organic templates and their
residues decompose at temperatures of about 360°C.

The specific surface area of all samples was determined by the Brunauer—
Emmett-Teller (BET) method. Textural characteristics were investigated using
nitrogen adsorption isotherms at 150°C on an ASAP-2400 instrument
(Micromeritics, USA).

The phase composition of the samples was determined by X-ray diffraction
(XRD) using a D-8 diffractometer (Bruker) with Cu Ka radiation. Measurements
were carried out by stepwise scanning with an interval of 0.05° in the 26 range of
20-80°.

Research results and discussion. According to XRD data, the obtained
samples predominantly contain the LaCoOs perovskite phase (JCDD PDF2 00-025-
1060) with a small amount of cobalt oxide CosOs+ (JCDD PDF2 00-009-0418).
XRD patterns of samples calcined at 750°C are presented in Figure 1.
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Fig. 1. XRD patterns of samples prepared using soft templates after calcination at
750°C

The pore diameter in samples based on monosaccharides is relatively small.
This may be due to significant rearrangement of the crystal structure during
perovskite formation as a result of disrupted cation homogenization during
synthesis. The results of the investigation of the fine porous structure, clarifying the
differences in the influence of the templates, are presented in Table 1.
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Table 1
Summary of textural properties of the catalysts
Sample S, m?lg Dpores, HM
LaCoO3-Glu 6 24
LaCoOs-Gal 6 13
LaCoOs-F 6 17

According to TEM data (Fig. 2), the sample prepared using fructose consists
of crystallized blocks of the target perovskite surrounded by an amorphous
precursor phase containing lanthanum and cobalt oxides as well as a significant
amount of carbon.

Fig. 2. TEM micrograph of the LaCoOs-F sample

Table 2
Results of catalytic testing
Catalyst Cot CH4 | CO2 R-OH Mcat Xco R-OH yleld
LaCo0s-Glu 9% | 7% | 1% 1% 2.0886 | 18.6% 14.8
LaCo0Os-Gal 10% | 5% | 6% 5% 2.0692 | 26.1% 58.1
LaCoOs-F 6% | 3% | 4% 5% 2.0481 | 17.9% 51.7

The catalytic properties of all synthesized samples are similar. The highest
CO conversion (26%) was observed on the LaCoOs-Gal catalyst, while in the other
two samples CO conversion was below 20%. Hydrocarbons and methane
predominated in the gaseous products, whereas the amount of CO- was low and did
not exceed 7% in all cases. The condensate consisted exclusively of alcohols. The
use of soft organic templates allowed an increase in alcohol yield and a decrease in
methane and hydrocarbon formation from 9-12% to 3-6%, respectively, as well as
the elimination of CO: from the product composition. The application of soft
templates slightly reduced methane and hydrocarbon yields; however, in the case
of the LaCoQs-Glu sample, the alcohol yield was noticeably lower. In the other two
samples, the alcohol yield approached 60 mg/g.cat h™'. Alcohols are the main liquid
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products of Fischer—Tropsch synthesis over reduced LaCoOs samples. The most
active catalysts for alcohol synthesis are LaCoOs-Gal, LaCoOs-F, and bulk
LaCoOs, with alcohol productivities of at least 50 mg/g.cat - h™'. During the
reaction, all samples underwent irreversible structural degradation according to
XRD data, resulting in the formation of complex phase mixtures. To determine the
reasons for differences in product distributions, additional XRD analyses of the
spent catalysts were carried out. Figure 3 shows the XRD patterns of samples based
on soft templates after catalytic testing. In all samples, the presence of Co030a
(formed due to oxidation of Co nanoparticles upon contact with air), La20Os, and
La(OH)s phases was detected.
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Fig. 3. XRD patterns of samples prepared using soft templates after reaction

Conclusion. It was established that the use of soft organic templates (D-
glucose, D-fructose, and D-galactose) in the synthesis of LaCoOs catalysts by the
co-precipitation method has a noticeable effect on their structural and textural
characteristics. The application of organic templates contributes to an increase in
alcohol yield and a reduction in methane and hydrocarbon formation. The highest
catalytic efficiency in alcohol synthesis was demonstrated by the LaCoOs-Gal and
LaCoO:s-F samples.
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OPTFAHUKAJBIK TOTbIKCbI3AAHADbIPYLWbI ATEHTTEPAIH LaCoOs; MATEPUAJIbIHBIH
TEKCTYPAJIbIK }OHE KATA/IMTUKAJIbIK KACUETTEPIHE 9CEPI

AHpaTtna. byn KymbicTa 6ipre TyHAbIPY 34iCiMeH CUHTe3ZenreH NepoBCKUT TUNTI
LaCoO3; KaTanusaTop/apbiHbIH, KypblIbIMABIK, TEKCTYpasnblK KaHE KaTaNUTUKaNbIK
KacueTTepiHe XyMcaK oOpraHuKaiblK LWabnoHaapaplH, acepi 3epTrengi. OpraHuKasblK,
TOTbIKCbI3AAHABIPYLWbI areHTTep peTiHae D-rnokosa, D-dpykro3a »KaHe D-ranakrosa
KoNgaHblnabl. TyHAbIPY npoueci HaTpui rMAPOKCUAIH NanganaHy apKbiabl Kyprisinin,
aNblHFaH npeKypcopnap KeliH ayaga 300 kaHe 750 °C Temnepatypanapga CaTblibl
TEPMUANBIK eHAeyaeH oTKi3ingi. KynaipyaeH keiin 6apnbik yarinepae HerisiHeH LaCoOs
NepoBCKUTTIK ¢dasacbl TysineTiHi koHe Co304 ¢aszacbiHbIH, a3 Meswepae Kocna peTiHge
60naTbiHbl aHbIKTanAbl. A30T aAcopbuUMACbl MEH 3/1EKTPOHAbLIK MUKPOCKONMA AepeKTepi
6olblHWA yAarinep 13-24 HM apanbifblHOAfFbl Keyek AuameTpiMeH cunaTTanatbiH
Me30KeyeKTi KypblibiMFa me. ®uwep—Tponw cuHTe3i peakUMACbIHAAFbl KaTaUTUKANbIK
CbIHAaKTap KYMCaK oOpraHuKanblK WabnoHaapabl KOAAAHYy CRMPTTEPAiH  LWbIFbIMbIH
apTTbIpbIN, METaH MeH KeMipCyTeKTepaiH Ty3ilyiH TemeHAeTeTiHiH KepceTTi. CnupTrep
CMHTe3iHAE eH, XKoFapbl KaTanTUKanbIK TMimainik LaCoOsz-Gal kaHe LaCoOs-F yarinepiHae
6ankanapl.

Tipek ce3pgep: KaTaamM3aTop, NepoBcKUT, Puiiep—Tponw CUHTESI.
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B/IMAHUE OPTAHNYECKUX BOCCTAHAB/IUBAIOLLUX ATEHTOB HA TEKCTYPHbIE
M KATAJIMTUYECKUE CBOMCTBA LaCoO;

AHHOTauma. B paHHOM paboTe McCNenoBaHO BAWAHME MATKUX OPraHUYeCcKUx
WabNoOHOB HA CTPYKTYPHblE, TEKCTYpHble W KaTa/JMTUYECKME CBOMCTBA MEPOBCKUTHbIX
KaTanmsatopoB LaCoOs;, CHHTE3MPOBAHHLIX METOLOM COOCa)KAeHuMA. B KauvecTBe
OpPraHNYecKnx BOCCTaHABAMBAOLMX areHToB UCMo/ib30BaHbl D-rnoko3a, D-dpykTo3a u D-
ranaktosa. OcaxgeHne NpoBOAMAM C UCNONb30BAHUEM FMAPOKCUAA HAaTPUA, Nocse Yero
Nnosy4yeHHble NPEeKypcopbl NoABEPrann nociefoBaTe/IbHOW Tepmuyecko obpaboTke Ha
Bo3ayxe npu temnepatypax 300 1 750 °C. YcTaHOBNEHO, YTO NOCAE NPOKA/IMBAHMA BO BCEX
obpasuyax npeumyllecTtBeHHo  ¢dopmupyeTca  nepoBckuTHaa  ¢asa LaCoOs ¢
He3HauuTenbHoW npumecbto Coz0,. COrnacHo AaHHbIM aacopbunn a3oTa U SNEKTPOHHOM
MWKPOCKONUK, 06pasLbl XapaKTepusytoTca Me30NopucToli CTPYKTYPOIt C AMameTpom nop
B AnanasoHe 13-24 Hm. KaTanuTuyeckue WCNbITaHWMA B peakuum cuHTesa Puwepa—
Tponwa noKasanu, YTO MUCNONb30BaHUE MAFKUX OpraHu4Yeckux WwabnoHoB cnocobeTeyeT
YBE/IMYEHUIO BbIXOLA CMMPTOB U CHUXKEHUIO 0OpasoBaHMA MeTaHa W YrneBoAOpPOAOB.
HauBbicwyto KaTanutuyeckyto apdeKTUBHOCTb B CMHTE3E CNMPTOB NPOLEMOHCTPUPOBAM
obpa3subl LaCo03-Gal n LaCoOs-F.

KnioueBble cnoBa: KaTtanm3atop, NepoBCKUT, cMHTe3 duwepa—Tponua.
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