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OXIDATIVE AMMONOLYSIS OF &-METHYLPYRIDINE
ON OXIDE VANADIUM-TITANIUM-ZIRCONIUM CATALYST
MODIFIED BY TIN AND TUNGSTEN OXIDES

Abstract. Catalysts based on vanadium pentoxide modified by Ti, Sn, Zr and W oxi-
des were tested in the oxidative ammonolysis of 4-methylpyridine. The role of the main
process parameters such as temperature, the ratio of the initial components in the conversion
of the methyl group to the nitrile one, and the optimal conditions for the oxidative
ammonolysis of 4-methylpyridine were determined. It is determined that the V-Ti-Zr-O-ca-
talyst and the sample containing 9% of tungsten oxide are superior in catalytic activity
to the V-Ti-Zr-Sn-O contact. Conditions that ensure a high selectivity for the formation of
4-cyanopyridine were found. The highest yield of the target product (85-86%) was obtained
on V-Ti-Zr-W-O at 270 °C, and the yield of 4-cyanopyridine was 87.5% at 310° C on the
V-Ti-Zr-Sn-0 catalyst.

The phase composition and structural changes occurring in modified vanadium oxide
catalysts have been studied. It is determined that mixed V-Ti-Zr-Sn-O and V-Ti-Zr-W-O
catalysts contain ZrV,07, the monoclinic modification of ZrO, (baddeleyite), TiO-
(anatase), SnO,, WO3, and V20s. In catalysts, it can exist in small amounts as a separate
VO, phase. The V-Ti-Zr-W-O catalyst showed the best catalytic properties. It has high
activity and selectivity towards 4-cyanopyridine.

Key words: 4-methylpyridine, oxidative ammonolysis, catalysts, TiO, SnO2, WOs,
ZI’Oz.

Introduction. The reaction of oxidative ammonolysis of methylpyridines is
the simplest and most convenient method for the synthesis of cyanopyridines [1],
which is used as intermediates for the preparation of drugs [2]. 4-cyanopyridine
(isonicotinic acid nitrile) obtained by oxidative ammonolysis of 4-methylpyridine
is widely used for the production of pharmaceuticals, including anti-tuberculosis
drugs, such as thiazide, isoniazid, saluzidum, and others [2], which are necessary
for the Republic of Kazakhstan.

Various catalysts based on metal oxides are usedin the industry for the syn-
thesis of nitriles.Individual vanadium (V) oxide exhibits high catalytic properties
in the oxidative ammonolysis of methyl pyridines processes [3, 4]. Currently,
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binary and multicomponent vanadium oxide systems [5], which contain additives
of metal oxides [6] having a modifying effect on the properties of oxide cata-
lysts,are usedfor the oxidative ammonolysis of 4-methylpyridine. Titanium and tin
dioxides are used as a component of many catalysts for the oxidation and oxidative
ammonolysis of organic compounds. A. Martin, B. Liicke [7] presented a review
of the current state in vapor-phase oxidation, ammoxidation of substituted methy!l
aromatic, and heteroaromatic hydrocarbons using V-containing catalysts.Earlier
mixed vanadium-titanium-tin catalysts effective in the oxidative ammonolysis of
4-methylpyridine were developed in the Bekturov Institute of Chemical Sciences
[8]. These catalysts showed high catalytic activity in the reaction of oxidative am-
monolysis of methylpyridines [9], making it possible to obtain nitriles of pyridine
carboxylic acids with a selectivity of 90-95%. However, the process of oxidative
ammonolysis of 4-methylpyridine on these catalysts proceeds with the use of
significant amounts of ammonia and in the presence of a large amount of water,
which complicates the process technology. Also, these contacts operate in the high-
temperature range: 360 - 400 °C.

In this research [10], the W-V-O catalyst obtained by hydrothermal synthesis
was tested in the oxidative ammonolysis of another isomer, 3-methylpyridine.
Comparison of this contact and the VOx / WO3; sample obtained by the impreg-
nation method with other catalysts based on V showed that the catalysts with the
addition of W showed a higher selectivity to cyanopyridine at the full conversion
of the starting methylpyridine.

According to the data [11], zirconium-containing catalysts are used in the
reactions of dehydration, isomerization, alkylation, and selective and complete
oxidation of hydrocarbons.

Vanadium-zirconium oxide catalysts showed high selectivity in the process of
oxidative ammonolysis of 3-picoline [12, 13]. We have previously shown that the
oxide vanadium-titanium-zirconium catalyst exhibits high activity and selectivity
in the oxidative ammonolysis of 4-methylpyridine, making it possible to obtain
4-cyanopyridine with a yield of 90-95% at a temperature of 260-270 °C and mini-
mum consumption of ammonia [13].

The purpose of this work was to test and compare the catalytic properties of
new vanadium oxide catalysts modified by additions of titanium, zirconium, tin,
and tungsten oxides under the conditions of oxidative ammonolysisof 4-methyl-
pyridine.

EXPERIMENTAL PART

Dried and distilled 4-methylpyridine with b.p. of 141°/695 mm Hg, d.2° =
= 0.9547 and np?® = 1.5058were used in this work. The given characteristics were
in accordance with the reference data.

V-Ti-Zr-Sn-0 and V-Ti-Zr-W-O catalysts were prepared from vanadium (V),
titanium (1V), zirconium (1V), tin (1V), and tungsten (V1) oxides. Then, by either
pressing or «smearing" the moistened mass into a perforated plate, tablets were
molded from the resulting mixture and sintered at a temperature of 650 °C for 2 h.
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Oxidation of 4-methylpyridine was carried out in a flow-through unit with a
stainless steel reaction tube of 20 mm in diameter and 1000 mm in length, into
which 100 ml of a granular catalyst was loaded. Atmospheric air without special
purification entered the contact apparatus from the receiver. Synthetic ammonia
(liquefied gas GOST-6291-62) was introduced into the reactor from the supplied
cylinders.

Unreacted 4-methylpyridine and the reaction products were trapped in water
in airlift scrubbers and analyzed by gas-liquid chromatography on a Tsvet-104
chromatograph with a flame ionization detector. A glass column of 1 m long and
4 mm in diameter was filled with a 25% PEG + 2% HsPO. phase deposited on an
INZ-600. The temperature of the thermostat of the column - 130 °C, evaporator -
200 °C. The pressure of the carrier gas of helium was 4.0 kgf/cm?, hydrogen was
0.068 kgf/cm?, air was 2.5 kgf/cm?. The volume of the injected sample was 5 pl.
2,4,6-collidine was used as an internal standard.

The products of deep oxidation were analyzed on an LKhM-8MD chro-
matograph with a thermal conductivity detector. The stainless steel columns were
3.5 min length and 3 mm in inner diameter. The adsorbent for the determination of
CO was activated carbon of the "AG-5" grade (0.25-0.50 mm), for CO- - polysorb-
1 (0.16-0.20 mm). The temperature of the thermostat of the columns was 40 °C. In
all experiments, the balance for the determined substances was 95-100%.

In parallel, isonicotinic acid was titrated with 0.01 N alkali against phenol-
phthalein.

RESULTS AND DISCUSSION

Analysis of the literature indicates that the synthesis of 4-cyanopyridine by
oxidative ammonolysis of 4-methylpyridine is carried out with high selectivity.
Multicomponent compositions based on vanadium oxides, supported on different
carriers, are widely usedas catalysts. In the research work carried out at the Institute
of Chemical Sciences named after A.B. Bekturov, titanium, tin, and zirconium
oxidesare widely used to modify vanadium oxide catalysts, which themselves do
not possess catalytic activity in the oxidative ammonolysis reaction. Modifying
additives can be considered as important components of the catalyst, since when
interacting with vanadium oxides, they form solid solutions or chemical com-
pounds. The work of the laboratory, carried out earlier and at present, has shown
that the main product of the oxidative ammonolysis of 4-methylpyridine over
vanadium oxide catalysts is 4-cyanpyridine. The process of oxidative ammonolysis
proceeds, as a rule, at temperatures of 390-450 °C and large amounts of ammonia
and water.

The purpose of this work was to search for new active catalysts for the
oxidative ammonolysis of 4-methylpyridine with a sufficiently high selectivity for
the target product. In this regard, vanadium-titanium-zirconium catalysts were of
interest, which showed high activity and selectivity in the oxidative ammonolysis
of 4-methylpyridine [14].
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The aim of this work was to study the catalytic activity of new modified oxide
V-Ti-Zr-O-catalysts, additionally containing tin dioxide and tungsten oxide, in the
oxidative ammonolysis of 4-methylpyridine. The prototypes of the catalysts were
tested in a laboratory unit in the reaction of the oxidative ammonolysis of 4-me-
thylpyridine with a wide variation of the process parameters. The effect of the main
process parameters - temperature, the ratio of the starting components on the
oxidative ammonolysis of 4-methylpyridine under conditions of low NH3 concen-
tration and without water supplywas studiedto assess the catalytic characteristics of
these contacts.

Figure under comparable conditionsshows the test results of V-Ti-Zr oxide
catalysts containing 9% of tungsten oxide and 9% of tin oxide, at a feed rate of the
starting material - 43 g, air - 1500 |, ammonia - 22.8 | per 1 liter of catalyst per hour,
which corresponds to the molar ratio of 4-methylpyridine: O.: NH; = 1: 30: 2.9. It
can be noted that under these conditions the least active catalyst turned out to be a
catalyst containing tin dioxide:the conversion of 4-methylpyridine is only 30% at a
temperature of 250 °C.With an increase of thetemperaturein the reaction up to
310 °C, the conversion of the starting material increases to 90%.

The V-Ti-Zr-O-catalyst and the sample containing 9% of tungsten oxide are
much more active than the V-Ti-Zr-Sn-O-contact, the conversion of 4-methyl-
pyridine on these catalysts reaches 85-90 % at a temperature of 250°C, and it
becomes completeat a temperature of 290 °C.

The main reaction product is 4-cyanopyridine. The yield of the target product
on the V-Ti-Zr-O-catalyst under these process conditionswas 65-77% at a tem-
perature of 250-270°C, on the V-Ti-Zr-WO contact - 76-85% and on the V-Ti-Zr -
Sn-O-catalyst - 15-38%. The selectivity of 4-cyanopyridine formation on a catalyst
containing tin (1) oxide is 90-95%. On the other two catalysts, the selectivity of
the formation of the target product is lower: for example, on V-Ti-Zr-WO it is 82-
85% in the low-temperature region (250-270 °C) and the lowest selectivity is on
the V-Ti-Zr-O-catalyst - 60-72%.

By varying the process conditions for the tested catalyst samples, it was pos-
sible to select conditions that ensure a high selectivity for the formation of 4-cyano-
pyridine. From the data shown in the figure, it can be noted that the optimal process
temperature was significantly different: for a vanadium-titanium-zirconium cata-
lyst and a sample containing 9% of tungsten oxide, the process temperature at
which the highest yield of the target product (85-86%) was obtained at a tem-
perature of 270 °C, and for the V-Ti-Zr-Sn-O catalyst - 87.5% at a temperature of
310 °C.

The phase composition and structural changes occurring in modified vana-
dium oxide catalysts have been studied. It is shown that when zirconium dioxide is
introduced into catalysts containing 6-12% V,0s, TiOz-anatase does not transform
into rutile, and a solid solution of VO,-TiO; is not formed in this system of oxides.
According to the data of X-ray phase analysis, it was found that SnO, and WO;
exist as a separate phase, the formation of chemical compounds of these oxides
with vanadium pentoxide was not found. Zirconium dioxide at a temperature of
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The feed rate of 4-methylpyridine 43 g per 1 liter of catalyst per hour.
4-Methylpyridine : Oz : NH3=1:30: 3.

Catalysts: 1 — V-Ti-Zr-O, 2 = V-Ti-Zr-O + 9,0 % WOs3, 3 — V-Ti-Zr-O + 9,0 % SnOa.

The effect of temperature on the conversion of 4-methylpyridine(A),
the yield of isonicotinonitrile(B), selectivity of isonicotinonitrile formation(C), CO2(D)

600-620 °C forms a chemical compound with V,0s - zirconium divanadate. It was
found that mixed V-Ti-Zr-Sn-O and V-Ti-Zr-W-O catalysts contain ZrV-0, the
monoclinic modification of ZrO, (baddeelite), TiO, (anatase), SnO,, WQOs3, and
V20s. In catalysts, it can exist in small amounts as a separate VO phase.

The chemical and phase composition of mixed vanadium oxide catalysts
formed during operation ensures their catalytic action in the oxidative ammonolysis
of 4-methylpyridine to 4-cyanpyridine.
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Comparison of the catalytic activity of oxide V-Ti-Zr, V-Ti-Zr-Sn and
V-Ti-Zr-W catalysts in the reaction of oxidative ammonolysis of 4-methylpyridine
has been carried out. It was found that the V-Ti-Zr-W-O catalyst showed the best
catalytic propertiesunder these conditions. It has high activity and selectivity of
action in relation to isonicotinonitrile. The conditions for carrying out the reaction
of oxidative ammonolysis of 4-methylpyridine on this catalyst have been found,
which provide the possibility of obtaining 4-cyanopyridine with a yield up to 85-
90 mol. %.
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Pe3iome
T. I1. Muxatinosckas, P. Kypmaxuwisel, /. K. Tonemucosa, K. A. Kaoupbexog

KAJIAMJIBI )KOHE BOJIbOPAM OKCUJITEPIMEH TYPJIEH/IIPUITEH
OKCHUATI BAHAJMU-TUTAHUN-ITUPKOHNUU KATAJIM3ATOPBIHJIA
A-METWJITINPUAMHAI TOTBIKTBIPA AMMOHOJIU3JIEY

4-MEeTWINUPUIUHII TOTBIKTBIpa amMmmoHonuzaeyae Ti, Sn, Zr sxone W okcuarepiMeH
TYPICHOIPUITeH, HEeTi3ri KYpayIIbIChl BAHAAWH TIEHTOKCHII OOJIBIT TaOBIIATHIH KaTaln3a-
TOpJap CHIHANABL. YAEPICTiH HETi3ri mapaMeTpliepiHiH - TeMIepaTypaHbIH, METHI TOOBI-
HBIH HUTPWJI TOOBIHA alfHANYBIHIAFHl 0AaCTalKsl KOMIIOHEHTTED KATBIHACBHIHBIH POl aif-
KBIHIAIIBE; 4-METHIAPUINH/L TOTHIKTEIPAa aMMOHOIN3CYIiH OHTAIIIBI IAPTTAPHI AHBIK-
tanasl. V-Ti-Zr-O-kaTanu3aTopbIHBIH JXKoHE KYpaMbIHIa 9% Bosib(ppam okcuai 6ap yiriHig
KaTaTUTUKAIBIK OeJICeH iir xarbiHaH V-Ti-Zr-Sn-O kaTaau3atopblHaH XKOFapbl eKSH T
AHBIKTAJbl. 4-IIMAHIUPUANH TY3UTylHIH JKOFapbl TaJIFaMJBUIBIFBIH KaMTaMachl3 €TeTiH
mapTrap TabbuIIsl. MaKcaTThl OHIMHIH €H JKOFapsl MIBIFBIMBI (85-86%) V-Ti-Zr-W-0-na
270°C-ta ameiaasl, an V-Ti-Zr-Sn-O katanu3aTopbiHAa 4-1MAHIUPUAWHHIHE IIBIFBIMBI
310 °C Temmeparypana 87,5 %-AbIKYpabL.

TypnenaipinreH BaHaauii OKCHI KaTanu3aTopiapja OOJIaThIH KYPBUIBIMABIK e3re-
picrep xoHe (azansik Kypam 3eprrenii. Apanac V-Ti-Zr-Sn-O sxone V-Ti-Zr-W-O kara-
nu3aTopaapeiaga ZrV,0yz, MoHOKIMHAIK TypiacHiMaepain ZrO; (bamaeenur), TiO, (ana-
1a3), SnOy, WOs3 xone V205 6ap exenairi anbikTanapl. Karammsaropaapaa skeke ¢asa pe-
Tinge a3 momepae VO2 6onybl MyMkiH. V-Ti-Zr-W-O kaTaau3aTtopsl €H jKaKChl KaTajn-
THKITBIK KAaCHETTEP/i KOPCETKeHI aHBIKTANABL. O 4-IUaHMUPUANHTE KATBHICTHI JKOFAPHI
OeNICeHIUTIK TTeH TaJIFaM/IbUTBIKKA He.

Tyiiin ce3aep: 4-MEeTHITTUPHUINH, TOTBIKTHIPAa AMMOHOJIU3IEY, KaTtanu3aTopiiap, TiOz,
SHOZ, WO3, ZI’Oz.

Pe3some
T. I1. Muxaiinosckas, P. Kypmaxuwiser, /. K. Tonemucosa, K. A. Kaoupbexog

OKI/ICJII/ITEJIbeII\/'!’ AMMOHOJIN3 4-METUWJITIMPUITVHA
HA OKCHJJHOM BAHAJJUN-TUTAH-IINPKOHNEBOM KATAJIM3ATOPE,
MOJNPUITNPOBAHHOM OKCUJAMMU OJIOBA 11 BOJIb®@PAMA

B OKHCIHMTEIBHOM aMMOHOJH3E 4-METHINMPUIMHA HCIBITAHBl KaTaJlM3aTOphl Ha
OCHOBE TICHTOKCHJIa BaHAIUs, MOau(uIpoBaHHble okcuaamu Ti, Sn, Zr u W. Brrsasnena
POJIb OCHOBHBIX IApaMETPOB IPOLIECcca - TEMIIEPATypbl, COOTHOIICHHUS UCXOAHBIX KOMIIO-
HEHTOB B IIPEBPAIEHNH METHIIBLHOW TPYIIBI B HUTPHIIbHYIO; ONpPEEICHbl ONTHMAIIbHbIC
YCIIOBHUSI OKHUCIUTEILHOTO aMMOHOMM3a 4-METHITHPHINHA. Y CTaHOBIIEHO, 4T0 V—Ti—Zr—
O-karanuzarop u obpasern, coaepxkamuil 9 % okcuaa Boib(hpaMa, M0 KaTAIATHUCCKOM
akTUBHOCTH peBocxo T V—Ti—Zr—Sn-O-kourakt. HaiiieHs! ycaoBusi, 00€CTICUHBAOIIHE
BBICOKYIO CEJIEKTUBHOCTh 00pa3oBanusi 4-1uaHnupuanna. HanGonpmmii BEIX0O 11€7€BOro
npozaykra (85-86 %) nonyuen Ha V-Ti—Zr—W-O npu temmneparype 270 °C, a Ha kaTanu3sa-
tope V-Ti—Zr-Sn-O Beixon 4-1mannupuanHa coctapui 87.5 % npu Temneparype 310 °C.

202



ISSN 1813-1107 M1l 2021

N3zyuen }a3oBblif cocTaB U CTPYKTYpHbIE U3MEHEHHS, IPOUCXOISIINE B MOANDULIN-
POBAHHBIX OKCHIHOBaHAIMEBBIX KATANIW3aTOPaxX. YCTAHOBJICHO, YTO cMeniaHHbie V—Ti—
Zr-Sn-0 u V-Ti—-Zr-W-O katanuszatopsl conepxar ZrV.07, MOHOKIHHHYIO MOAN(HKa-
uro ZrO; (6agneenur), TiO, (anaras), SNO2, WO3 u V20s. B karanuzaropax B HeGOIbIINX
KOJINYECTBAX MOJKET CYIIECTBOBaTh B BUje oTAenbHOH ¢assl VO,. YcTaHOBIEHO, YTO
V-Ti-Zr-W-O karanu3aTop OposBIII HAWITYYIIHNE KaTaluTh4eckue cBoiictea. OH 00namaet
BBICOKOI1 aKTHBHOCTBIO U CEJIEKTUBHOCTBIO IEHCTBHS 110 OTHOILECHUIO K 4-LIMaHIUPH/IMHY.

KaioueBble cioBa: 4-MeTWINMPHUIMH, OKHCINTEIbHBIA aMMOHOJIN3, KaTallu3aToPhl,
TiOz, Sn02, WOs, ZI'Oz.
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