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OXIDATION OF 4-METHYLPYRIDINE ON V-Cr-O CATALYST
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Abstract. Isonicotinic acid derivatives are used in the development of new antibacterial agents,
active ingredients in pesticides and herbicides. In addition, isonicotinic acid is a precursor for the
synthesis of isoniazid, one of the most effective anti-TB drugs. Considering the importance of isoniazid in
the treatment of tuberculosis, improving methods of synthesizing isonicotinic acid has a direct impact on
the availability and cost of this life-saving drug. The goal of this work was to investigate the efficiency of
V-Cr-O catalyst in the oxidation of 4-methylpyridine to produce isonicotinic acid, to study its composition
and properties. Research methods. Methods of chemical analysis, scanning electron microscope (SEM),
Raman spectroscopy were applied. Results and Discussion. In this work, the processes of isonicotinic acid
synthesis by oxidation of 4-methylpyridine on the V-Cr-O catalyst were studied. Analysis of the obtained
results showed that with an increase in the water feed, there is a general tendency towards a decrease in
the conversion of 4-methylpyridine at all temperatures. For example, at a temperature 300°C, the degree
of conversion drops from 91.72% at 1.79 g/h to 84.20% at 6.6 g/h. The yield of isonicotinic acid increases
as the amount of water rises, reaching its peak at 47.46% with a temperature of 360°C and a water supply
of 6.6 g/h. In contrast, the minimum yield is only 15.27% at 280°C with a water supply of 1.79 g/h. This
highlights the positive correlation between water supply and yield, especially at higher temperatures.
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1. Introduction

Over the years, water quality has deteriorated mainly due to anthropogenic
The oxidation of 4-methylpyridine (4-MP) is essential for producing isonicotinic
acid, a precursor for various pharmaceuticals, including anti-tuberculosis
drugs[1]. Vanadium oxide-based catalysts, especially those modified with
chromium oxides, have shown promising activity and selectivity in this reaction
[2-4]. The V-Cr-O catalytic system efficiently oxidizes 4-MP, leveraging the
combined effects of vanadium and chromium oxides to enhance overall catalytic
performance [5-7].

Research has shown that adding chromium to vanadium oxide catalysts
improves the dispersion of active sites and increases the catalyst’s thermal
stability [8]. This modification results in a more robust catalytic system that
maintains high activity over extended periods [9]. The unique properties of V-Cr-
O catalysts, particularly their ability to selectively oxidize 4-MP to isonicotinic
acid, make them highly suitable for industrial applications.

In this study, we will investigate the catalytic performance of V-Cr-O
catalysts in the oxidation of 4-methylpyridine. We will explore how different
reaction parameters, such as temperature and reactant concentration, affect the
yield and selectivity of the desired product. To achieve this, we will conduct
detailed catalytic tests and use techniques like Raman spectroscopy, scanning
electron microscopy (SEM), and thermal analysis (TG-DSC). This approach will
help us gain a deeper understanding of the relationship between structure and
catalytic activity.

2. Experimental part

The catalytic systems were synthesized using the Pechini method [10-13].
The V:Cr:CA ratio was maintained at 1:1:10 throughout the preparation process.
All chemicals were of analytical grade and used as received without further
purification. 10 mole of citric acid (CA) was dissolved in 100 ml of distilled water
in a 500 ml beaker, with the mixture being stirred at 70°C until the citric acid was
completely dissolved. Subsequently, 1 mole each of VOSO.6H-O and
CrCls-6H20 were added to the solution. After ensuring complete dissolution, 10
mole of ethylene glycol (EG) with CA:EG 1:1 ratio was introduced. The mixture
was then heated to 90°C to evaporate excess moisture. The resulting resin was
then dried at 120°C for a duration of 12 hours. The dried product was then
subjected to heating at 400°C for 4 hours, followed by calcination at 800°C for 4
hours to obtain the final catalyst.

Products of the reaction were collected in airlift-type scrubbers irrigated with
water. Chromatographic analysis of oxidation products of 4-methylpyridine was
performed using the "Cvet-106" chromatograph. Isonicotinic acid was detected
using a "pH-150MI" pH meter and titrated with KOH. The samples' structure was
analyzed using a Raman spectrometer called Solver Spectrum (NT-MDT
company). Images of the catalyst surface morphology were obtained using a
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Quanta 3D 2001 scanning electron microscope. The thermal stability of the
catalyst was analyzed using a Thermo gravimetric analyzer (TGA) SKZ1053.

3. Results and Discussion

The test results of individual V-Cr-O catalyst in the oxidation of 4-
methylpyridine are shown in Figures 1 and 2.

The Fig. 1 shows how the amount of water affects the conversion rate of 4-
methylpyridine at five different temperatures. Across all temperatures, the
conversion rate decreases as the water supply increases, suggesting that more
water reduces conversion efficiency. Interestingly, while all temperatures exhibit
this decline, the higher temperatures tend to maintain slightly better conversion
rates than the lower ones.
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Fig. 1. Effect of temperature and water supply rate on 4-methylpyridine conversion

For instance, at 340°C (4), the conversion starts at 92.86% with 1.79 g/h and
only falls to 86.36% when the water supply increases to 6.6 g/h, showing a
moderate decline. In contrast, at 280°C, the conversion rate drops more sharply,
from about 91.53% at 1.79 g/h down to 82.30% at 6.6 g/h. This indicates that
lower temperatures experience a more significant impact from increased water.

The Fig. 2 illustrates the relationship between the water supply and the yield
of isonicotinic acid across five different temperatures. As the water consumption
increases, there is a general trend of increasing yields for isonicotinic acid at all
temperatures. At temperature 280°C, the yield remains relatively constant at about
15-20% regardless of the amount of water. At Temperatures 300°C and 320°C,
the yield of isonicotinic acid increases slightly from 20.73% to 22.91% and
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24.00% to 24.55% respectively, as the water supply increases from 1.79 g/h to 5.2
g/h. Then, the yield increases sharply to 36.55% and 39.81% respectively, as the
water feed rate increases to 6.6 g/h. At 340°C, the yield of isonicotinic acid starts
at 27.27% with a water feed rate of 1.79 g/h and goes up to 44.18% at 6.6 g/h. At
360°C, it begins at 28.91% and increases to over 47.46% with the same water
feed rate.
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Fig. 2. Effect of temperature and water supply rate on isonicotinic acid yield

Raman spectroscopy analysis. A typical Raman spectrum of V-Cr-O catalyst
confirms vanadium oxide presence in the catalyst framework with a strong peak
observed near 1000 cm™ [14,15], which correspond to the vibrational stretching
modes of V=0 bond. Other relatively weak peaks found between 800 cm™ and
600 cm™ which are attributed to the symmetric and asymmetric stretching
vibrations of the Cr-O bonds [16], that affirm the presence of chromium oxides.
These results were consistent with the observations of Weckhuysen and Wachs
[17], who also reported such bands in the Raman spectra of supported chromium
oxide, thus confirming that both vanadium and chromium oxides were
successfully synthesized and integrated in V-Cr-O catalyst as expected.

Such considerations and the absence of more peaks indicate the high quality
of the catalyst and almost absolute lack of by another phases or impurities, which
stem from controlled synthetic procedures and appropriate distribution of the
metal oxides within the catalytic matrix. Overall, the data obtained from the
Raman spectra provides useful information concerning the molecular
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configuration and composition of the V-Cr-O catalyst including the content of
metal oxides of expected types and the vibrational modes associated with them.
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Fig. 3. Raman spectra of synthesized V-Cr-O catalyst

SEM analysis. To examine the morphology of the obtained V-Cr-O catalyst,
scanning electron microscopy analysis was used. In Fig. 4, we can see sample
particles with non-uniform sizes. The SEM images reveal particles with varying
sizes and irregular shapes, showcasing a complex surface structure. Some
particles appear flaky or layered, while others are more compact and dense. The
particles range from approximately 200 nm to 500 nm.

Fig. 4. SEM images of V-Cr-O catalyst: a — 1 000x, b — 10 000x
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This variation in particle size and morphology suggests a heterogeneous
sample, which could influence the catalyst’s surface area and reactivity. The
presence of both smooth and rough surfaces may indicate different phases or
compositions within the sample. mNotably, the absence of distinct shapes like
spheres or needles indicates that the V-Cr-O catalyst particles are amorphous and
lack a well-defined crystalline structure.

XRD analysis. XRD analysis of the V-Cr-O catalyst was performed, and the
results are shown in the Fig. 5. The XRD patterns reveal several distinct peaks,
indicating the crystalline nature of the sample. The diffraction peaks of the V-Cr-
O catalyst closely match standard vanadium and chromium oxide peaks. Only 2
peaks were observed that correspond to chromium vanadate CrVVO, (84-1740) and
vanadium oxide V:0s (77-2415). In the case of vanadium oxide, the peaks
correspond to the orthorhombic phase. Similarly, the peaks for chromium oxide
are indexed for rhombohedral phase.
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Fig. 5. XRD pattern of V-Cr-O catalyst

From the patterns, it is also noticed that VV-Cr-O catalyst consists of been
V,0s5 as the dominant phase along with CrVVO,4 phase as well. No extra peaks
referred to some impurities were noticed thereby indicating the sample was pure
since no other impurities were present. The shape of the peaks demonstrated the
high crystallinity of the VV-Cr-O catalyst.
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TG-DTG analysis. The V-Cr-O catalyst was qualitatively characterized
using thermal techniques, as presented in the Fig. 6. The experiments were done
employing nitrogen as carrier gas. The TG-DTG curves indicate the thermal
stability and thermal decomposition of the V-Cr-O catalyst. From the DTG curve
it is seen quite a number of endothermic and exothermic effects:

Initial Mass Loss: From the TGA curves there is initial loss of mass up to
approximately 10 minutes and results in mass reduction of about 10%. This initial
loss is due to the removal of adsorbed water or other volatile components.

Major Decomposition Step: The mass loss is most pronounced between 10
and 20 minutes after which around 30% of the total mass is loss. This step has a
sharp endothermic interfaced about 10 minutes promoting mass loss correlating
with decomposition of VV-Cr-O structural compounds.

Stabilization: The mass loss reaches an apparent plateau after 23 minutes,
revealing that the major decomposition processes have been completed.
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Fig. 5. TG-DTG curves of V-Cr-O catalyst

4. Conclusion.

The analysis shows that increasing water supply reduces the conversion
efficiency of 4-methylpyridine at all temperatures. However, higher temperatures
lessen this decline, with only a moderate drop at 340°C compared to a sharper
decrease at 280°C. Higher water supply generally boosts the yield of isonicotinic
acid, particularly at elevated temperatures. At 280°C, the yield stays steady at
around 15-20%. However, it rises more noticeably at 300°C, 320°C, 340°C, and
360°C, reaching over 47.46% at 360°C with increased water. Raman spectroscopy
confirms that the V-Cr-O catalyst was successfully synthesized, with vanadium
and chromium oxides well integrated into the structure. The SEM analysis of the
V-Cr-O catalyst shows that the sample is quite mixed, with particles ranging in
size from about 200 nm to 500 nm and having different shapes and surface
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textures. Interestingly, there aren’t any clear shapes like spheres or needles, which
suggests that the particles are amorphous and don’t have a well-defined
crystalline structure. The XRD analysis of the V-Cr-O catalyst shows that the
sample is highly crystalline, mainly made up of vanadium oxide (V:0s) and
chromium vanadate (CrVO,). The absence of any extra peaks suggests the
catalyst is very pure, with little to no impurities and unwanted phases. The TG-
DTG analysis of the V-Cr-O catalyst shows that it has decent thermal stability.
After about 23 minutes, the mass loss levels off, which means the remaining
material is stable and won’t degrade much further.
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4-METUWIIIAPUAUHAI V-Cr-O KATAJIU3ATOPBIHIA TOTBIKTBIPY
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Tyiinoeme. VI30HMKOTHH KBIMIKBUIBIHBIH TYBIHABUIAPBl JKaHa OaKTepusiFa Kapchl AareHTTEp MEH
MECTULMATEP MEH repOuIMATep IiH OeliCeHIi MHIPEAUSHTTEPIH Kacay/aa Konaanbutaasl. COHBIMEH Kartap,
W30HUKOTUH KBIIIKBUIBI TyOepKyJsiesre Kapchl €H THIMJII IpernaparTapibiH Oipi OoJbin TaObLIATHIH
W30HHMA3UJl CHHTE3IHIH NpeKypcopbl Oonbinm TaObuIanbl. TyOepkynesmi emieyne M30HHA3UIATIH
MaHBI3/IBUIBIFBIH €CKEPE OTHIPHIIN, H30HUKOTHH KBIIIKBUIBIH CHHTE3/ICY S/ICTEpPiH JKETUIAIPY OCHI OMIpIIiK
MaHBI3Ibl TIPEHapaTThlH KOJDKETIMAUNIT MeH KyHbIHAa Tikened ocep eremi. JKYMBICTBIH Makcamol
M30HUKOTHH KBIIIKBUIBIH Ty YIIiH 4-MeTUINUPUIUHIL ToThiFyAa V-Cr-O Katanu3aTopbIHbIH THIMIUTITIH
AHBIKTAY JKOHE OHBIH KYpaMbl MEH KaCHETTEePIiH 3epTTey. 3epmmey a0icmepi. XUMHSIIBIK Tanaay dicTepi,
CcKaHepJieylni ANeKTpoHabl Mukpockorn (COM) xoHe PamaH CHEKTPOCKONHMSACH  KOJNJAHBLIIBI.
Homuorcenep men mangoiiaynap. byn xymeicta 4-metmmupuanaHin V-Cr-O KaTann3aTtopbiHia TOTHIFYBI
apKbUIbl H30HUKOTHH KBIIIKBUTBIHBIH CHHTE3IEy MpOLecTepi 3epTTeli. AJIBIHFAH HOTHXKENIEeP Tauiay
CyMEH KaMmTaMachl3 eTY[AIH O KOFapbUIaybIMEH Oapiblk —Temmeparypaza  4-METWINHPUANHHIH
KOHBEPCHSICHIHBIH TOMEHJIEYiHEe JKalumbl TeHAeHuus ©Oap ekeHiH kepcerti. Ocekunaiiia, 300°C
TeMmIeparypaja Kousepcus aapexeci 1.79 r/car kesinge 91.72%-nan 6.6 r/car ke3inge 84.20%-ra aeitin
TeMeHIeH1i. VI30HMKOTHH KBIIIKBUIBIHBIH HIBIFBIMBI CyJIBIH MOJIIEpPl apTKaH caiibiH apThin, 360°C
TeMIeparypaa xoHe 6.6 r/car cy Oepy kesinue 47.46% wbinra sxereai. KepiciHie, eH TOMEHTT OHIMILTIK
280°C Ttemmeparypazna Tek 15.27% sxoHe cymeH Kamramachi3 ety 1.79 r/car. Byn ocipece sxorapsl
TeMrepaTypana cy 0epy MeH LIBIFBIM apachlHIaFbl OH KOPPEISILUSIHBI KOPCETE/I].

Tyifin ce3aep: M30HHUKOTHH KBINIKBUIBI, 4-METHINUPUINH, TOTHIFY; BaHAIUH KaTalU3aTopbl, IleunHn
QJici.
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bBy3zaee Hypoaynem Amansiconynst Jloxmopanm

Kaowipoexos Kaiipam Aovipbexoguu Xumus 2o1161MOapbIHbIY OOKMOPYL, Npogheccop
Tenemicosa /lunapa Kawkoinoaiikpi3ol Xumusi ebIbIMOGPLIHBIH KAHOUOAMbL, A2A OKbIMYULbL
bacoaesa I'yncapa Cepikkpizol Jlokmopanm

OKUCJIEHME 4-METUWIIIUPUJIUHA HA KATAJIU3ATOPE V-Cr-O
H.A. Byzaes'*, K.A. Kaoupéexoe', /. K. Tonemucoed’, I.C. Bacoaeea'

Y Unemumym xumuueckux nayx um. A.5. Bexmypoea, Aamamui, Kazaxcman
2 Anmamuncxuti Texnonozuueckui yuusepcumem, Aimamot, Kazaxcman
*E-mail: buzayev.n@gmail.com

Pe3tome. [Ipou3BojHbIC H30HUKOTHHOBOM KHCJOTBI  HMCIHOJIB3YIOTCSL HpPH  pa3paboTKe HOBBIX
aHTUOAKTEpHANbHBIX CPEICTB, NEHCTBYIOIIMX BELIECTB B MecTHLMAax M repoununax. Kpome Toro,
HM30HUKOTHUHOBAsI KUCJIOTA SBJISIETCS MPEANIECTBEHHUKOM JJIsi CHHTE3a M30HMA3Ma — OJJHOTO U3 CaMbIX
9 EKTUBHBIX TPOTUBOTYOEPKYJIE3HBIX IPEHNapaToB. YUYWThIBas BAXHOCTh H30HHMA3MIa B JICUCHHU
TyOepKyJie3a, COBEpLICHCTBOBAHHE METOJOB CHHTE3a M30HUKOTMHOBOH KHCIIOTBHI HANPSAMYIO BIHSCT HA
JOCTYITHOCTb M CTOMMOCTb O3TOTO JKM3HEHHO BaXKHOTO mpemnapata. [leavio NaHHOH paboOThI ObLIO
uccienopanue dpdexruBroctr Karanuzatopa V-Cr-O B OKHCIECHHH 4-METHIMHPHUANHA C TOJY4YCHHEM
HN30HMKOTUHOBOM KMCIIOTBI, M3yUEHHE €ro cOoCTaBa U CBOICTB. Memoowl uccnedosanus. Ilpumensnuch
METOABl XMMHYECKOTO aHalW3a, CKAaHWPYIOIIUH 3IeKTpOHHBIH MuKpockon (COM), PamanoBckas
crekTpockonus. Pesynbmamosr u  obcyscoenue. B nanHOW paboTe H3ydeHbI NPOLECCHl CHUHTE3a
HW30HHUKOTHHOBOM KHCJIOTHI OKHCIICHHEM 4-metwinupuauHa Ha karanuzatope V-Cr-O. Amnanu3
MOJIyYESHHBIX PE3yJIbTAaTOB MOKA3aJ, YTO C YBEINYCHUEM I10JJauu BOJbI HAOII0aeTCs O0LIast TEHICHIMS K
CHIDKCHHIO KOHBEPCHUH 4-METWINHPHINHA NPH BceX Temmeparypax. Tak, mpu Ttemmeparype 300°C
creneHb KoHBepcuH magaer ¢ 91.72% mnpu 1.79 r/u no 84.20% npu 6.6 r/4. BeIxox M30HMKOTHHOBOMN
KHCJIOTBI YBEIIMYUBACTCS C POCTOM KOJIMYECTBA BOJBL, AOocTHTas nuka B 47.46% npu temneparype 360°C
¥ nojave Bojsl 6.6 r/4. HanpoTus, MuHMMAaNbHBII BBIX0 cocTaBisieT Beero 15.27% npu 280°C u nopaue
Bozibl 1.79 r/4. DTO MOAYEPKUBACT MOJOKUTEIBHYIO KOPPEIALUIO MEKAY IMOJaueii BOJABI M BBIXOJIOM,
0CcO0EHHO IpH OoJIee BEICOKUX TeMIIepaTypax.

KiroueBble ¢j10Ba: H30HUKOTHHOBAS KHCIIOTA, 4-METWINUPUANH, OKUCICHHE; BAHAJUEBbBIH KaTalnn3arop,
meton [leunnn.

by3aee Hypoaynem Amanstcoynot Joxmopaum

Kaowvipoexos Kaiipam Aovipbexosuu Joxmop xumuyeckux Hayk, npogpeccop
Tonemicosa [Junapa Kawikolnoaiikpizol Kanouodam xumuueckux Hayk, cm.npenooogameib
Fbacoaesa I'yncapa Cepikkpizot Jlokmopanum
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