EHBEK KbI3BLT TY OPJEH/II
«®. B. BEKTYPOB ATBIHJIAFBI
XUMUS FBUTBIMJIAPBI MTHCTUTY ThI»
AKIIMOHEPJIIK KOF AMBI

KA3AKCTAHHBIH
XMmst JKYPHAJTBI

XMMUUYECKU JKYPHATI
KA3AXCTAHA

CHEMICAL JOURNAL
of KAZAKHSTAN

AKIIMOHEPHOE OBHIECTBO
OPJIEHA TPYJJOBOI'O KPACHOI'O 3HAMEHHA
«HMHCTUTYT XUMMNYECKHNX HAYK
M. A. b. BEKTYPOBA»

2 (66)
ATIPEJIb — UTOHB 2019 1.

N3JAETCSH C OKTABPA 2003 T'OOA
BBIXOAUT 4 PASA BTOJ

AJIMATBI
2019



XUMWYECKHH )KYPHAJI KA3AXCTAHA

UDC 547.821.411.4:547.826.1:542.973
T. P. MIKHAILOVSKAYA, P. B. VOROBYEV, R. KURMAKYZY, K. A. KADIRBEKOV

«A.B. Bekturov Institute of Chemical Sciences» JSC, Almaty, Republic of Kazakhstan

CATALYTIC ACTIVITY VANADIUM OXIDE CATALYSTS MODIFIED
BY Ti, Sn, Cr OXIDES IN THE PARTIAL OXIDATION
OF 3-METHYLPYRIDINE

Abstract. The results of catalytic activity of V,0s-Me,O, (Me — Ti, Sn, Cr) binary
catalysts and more complex in composition in a wider range of catalytic systems in the
partial oxidation of 3-methylpyridine are discussed. It was found that the binary vanadium
chromium oxide catalyst showed the greatest activity in this process. Nicotinic acid is
obtained with the highest yield (80%) at 330 °C and a molar ratio of reacting substance: 3-
methylpyridine: oxygen : water vapor = 1:13:25,5.

Keywords: oxidation, 3-methylpyridine, nicotinic acid, catalysts, oxide.

Introduction. Catalysis is currently the basis of production of a large num-
ber of chemical products [1], one of is nicotinic acid and its derivatives.

Nicotinic acid and its derivatives have a large variety of physiological pro-
perties, due to which they are widely used in medicine and agriculture as vita-
mins, drugs, plant growing regulators.

The vapor-phase oxidation of methylpyridines (MP) by air oxygen in the
presence of oxide catalysts is the most cost-effective method for the preparation
of pyridinecarboxylic acids. In Bekturov Institute of Chemical Sciences, with the
purpose of creating a one-stage technological process for the NA (nicotinic acid)
production, the research is being conducted for searching development efficient
catalysts of vapor-phase oxidation 3-MP. Well known, vanadium-containing mi-
xed oxide catalytic materials [2, 3] are active in the partial oxidation reactions.
Titanium, tin and chromium oxides are widely used as components of catalytic
systems [4-6]. For example, the vapor-phase oxidation of 3-picoline to nicotinic
acid was studied [4] in the presence of a number mixed oxides CrV;PxO4
(x = 0-1.0). The CrVygsPo0s04 showed the greatest activity from the tested
catalysts. Authors [5] have synthesized highly dispersed, multilayer metal oxide
catalysts (V20s/MO,/SiO,, M = Ti (1V), Zr (1V) or Al (111)). It was found that
surface V cations mainly interact with surface particles of metal oxides (Ti, Zr or
Al) on silicon dioxide. It is shown that the catalytic activity of vanadium oxide
catalysts can be changed by changing and modifying the oxide support. The
influence of additives on the acid-base and redox properties of catalysts in selec-
tive oxidation reactions was considered in this article [7]. The development of
nicotinic acid technology is described in the work [8].

Due to practical importance of nicotinic acid, the purpose of this work was
to search for new active and selective catalysts for the vapor-phase oxidation of
3-methylpyridine.
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EXPERIMENTAL PART

In this work, dried and distilled 3-methylpyridine with boiling point of
140°/692 mm, d,° = 0.9568, np® = 1.5050 was used. These characteristics
corresponded to the reference data.

As initial components of the catalysts, we used vanadium pentoxide, tita-
nium, tin, chromium dioxides of analytical grade. The initial oxides in a molar
ratio of 1:4 were ground in a porcelain mortar to form a homogeneous batch,
which then was compressed into tablets of 15 mm in diameter and 3-4 mm in
thickness and calcined at 640 °C for 4 hours. After cooling, the tablets were cru-
shed into grains of 3-5 mm in size. Textural characteristics of the synthesized
binary catalysts were determined by low-temperature nitrogen desorption method
on the NOVA 1000e gas sorption analyzer from Quantachrome (USA).

The oxidation of 3-methylpyridine was carried out in a continuous instal-
lation of reaction tube made of stainless steel with a diameter of 20 mm and a
length of 150 mm into which 10 ml of a granular catalyst was loaded.

The unreacted 3-methylpyridine and reaction products were trapped in air-lift
type scrubbers filled with water and analyzed by gas-liquid chromatography.
Nicotinic acid was titrated with 0,035 N alkali using phenolphthalein.

The deep oxidation products were analyzed by LXM-8MD chromatograph
with a thermal conductivity detector. The stainless steel columns had a length of
3,5 m and an inner diameter of 3 mm. The adsorbent for CO detection was an
AG-5 activated carbon (0,25-0,50 mm), for CO, — polysorbent-1 (0,16-0,20 mm).
The temperature of the thermostat was 40 °C.

RESULTS AND DISCUSSION

Catalysts of the composition V-Ti-O, V-Sn-O and V-Cr-O were prepared and
tested for the purpose to development new active and selective catalysts for the
vapor-phase oxidation of 3-methylpyridine.

We investigated the general laws of the reaction, in particular, the effect of
temperature, the amount of oxygen (air) and water vapor on the yield of the main
products of the reaction.

Figure 1 shows the results showing the change in the conversion of 3-me-
thylpyridine and the yield of nicotinic acid on binary vanadium oxide catalysts
depending on temperature under comparable conditions. It is shown that binary
vanadium titanium and vanadium tin catalysts exhibited insufficiently high
activity in 3-methylpyridine oxidation and were inferior to vanadium-chromium
contact.

The vanadium chromium catalyst showed the greatest activity among
the tested catalysts, on which conversion of 3-methylpyridine at temperature of
350-370 °C reached 91-93%. The degree of conversion of the initial substance to
V-Sn-0O in the studied temperature range was 65-82%, and on V-Ti-O - only
54-66%. In terms of catalytic activity, the tested binary systems can be arranged
in the following row: V-Cr-O> V-Sn-O> V-Ti-O.
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Figure 1 — Influence of temperature on the conversion of 3-methylpyridine (A)
and yield of nicotinic acid (B) under oxidation conditions
over the V,05-4TiO, (1), V,05-4Sn0,(2) , V,05 -4Cr,03 (3) catalysts.

The feed rate of 3-methylpyridine — 36 g, air 550 L, water 177,7 g per 1 L of the catalyst in hour.
Mole ratio of 3-methylpyridine:0,:H,0 = 1:13:25.5

It is known from the literature that most of the operational (catalytic, sorp-
tion, pigment) properties of metal oxides are associated with the dispersity and
characteristics of the porous materials structure. The influence of such parameters
as the specific surface area (SSA), the total pore volume (VS) is decisive in the
course of heterogeneous processes.

Specific surface area and textural characteristics of the synthesized binary
and more complex catalysts are represented in table 1.
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Table 1 — Textural characteristics of the synthesized catalysts

Catalyst’s composion SSA, m?/g Vs, sm¥g-107 D of pore, nm
V-Cr-O 1,29 0,7029 2,2
V-Sn-0O 0,64 0,3523 2,1
V-Ti-O 0,31 0,1675 2,2
V-Ti-Sn-O 0,99 0,5295 2,1
V-Ti-Sn-Cr-O 1,10 0,5626 2,1
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Figure 2 — Influence of temperature on the conversion of 3-methylpyridine (A) and
yield of nicotinic acid (B) under oxidation conditions over the V,0s -4TiO; (1),
V,05 -4TiO, -4Sn0, (2), V,05 -4TiO, -4Sn0,-4Cr,04 (3) catalysts.

The feed rate of 3-methylpyridine — 36 g, air 550 L, water 177,7 g per 1 L of the catalyst in hour.

Mole ratio of 3-methylpyridine:0,:H,0 = 1:13:25.5
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The results showed that the vanadium chromium (V-Cr-O) catalyst has a
higher specific surface (1.29 m?/g) than the vanadium-tin (0.64 m?g) and vana-
dium titanium catalysts (0.31 m%g), which led to an increase in its catalytic
activity.

The main product of 3-methylpyridine oxidation is nicotinic acid. Figure 1B
shows that its yield on binary vanadium oxide catalysts decreases in the following
row: V-Cr-O > V-Sn-O > V-Ti-O. From the presented data it is clearly seen that
the oxide vanadium chromium catalyst showed the greatest selectivity in the
formation of the target product. The conversion of 3-methylpyridine at tempe-
rature of 370 °C on this catalyst, when feeding initial reagents with a molar ratio
of 3-methylpyridine:0,:H,0=1:13:25,5, was 92.8%, and nicotinic acid was
obtained with the highest yield 78-80% at a temperature of 330 °C. The selec-
tivity of the nicotinic acid formation reached 92.4%.

Based on the obtained results, we prepared mixed catalytic systems: triple -
V-Ti-Sn-O, containing vanadium, titanium and tin oxides, and more complex -
V-Ti-Sn-Cr-0, with addition of chromium oxide to the composition, the additives
of which to vanadium pentoxide had the best effect on the catalytic activity in
3-methylpyridine oxidation.

Figure 2 shows the test results of these catalysts. It is seen from the figure
that in the low-temperature region of the process (270-340 °C) the V-Ti-Sn-Cr-O
catalyst shows higher activity than the vanadium titanium tin and binary
vanadium titanium contacts. In the same order, the specific surface area of the
samples is also changed: S, (V-Ti-Sn-Cr-0) = 1.1 m%g, S, (V-Ti-Sn-0) = 0.99 m?/g
and S, (V-Ti-0) = 0.31 m?/g. Attention is drawn to the fact that more complex
catalytic compositions are characterized by low activity in 3-methylpyridine
oxidation: even at temperature of 370 °C, the conversion of the initial material
does not exceed 73%.

Conclusion. As it is seen from the obtained data, complex mixed catalysts of
the studied composition turned out to be ineffective for the process of 3-methyl-
pyridine oxidation to nicotinic acid. V,0s-Me,O, binary catalysts are more effec-
tive in the process of partial 3-methylpyridine oxidation, and the vanadium-
chromium oxide catalyst showed the best catalytic properties. There is a definite
correlation between the specific surface area of the samples and their catalytic
activity in the process.
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Pesrome
T. I1. Muxaiinosckas, I1. 5. Bopobwes, P. Kypmaxwizvl, K. A. Kaoupbexos

3-METWJIIUPUANHHIH ITAPHUAJIABIK TOTBIFYBIHIA Ti, Sn, Cr
TOTBIKTAPBIMEH MOJU®UITUPJIIEHT'EH BAHA I TOTBIKTHI
KATAJIM3ATOPJIAPIBIH BEJICEHIIITT

bunapmsik V,0s5-Me,O, (Me - Ti, Sn, Cr) oHe omaHma Kypaelmi KaTalH3mik
KyrenepaiH 3-MeTWIMHPUANHHIH MapIuaiibl TOTHIFYBIHAAFB KaTaIN3IiK OCICeHIUTITiH
3epITey HOTHEXeJepl TalKbLIaHa/Abl. BYJI mpolecTe OMHAPIBIK BaHATHUXPOM TOTHIKTHI
KaTaIM3aTOPIBIH KOFaphl OCNCEHIUTIK KOPCETeTETiHI aHBIKTaAbl. EH sKOFaphl OHIMILUTIT]
(80%) mukotuH KbImKbLTEl 330 °C Temmeparypana xoHe 3-metwimupuand : Oy H,O =
= 1: 13: 25,5 karpIHAaCcTa aJdbIHILL.

Tyiiin ce3mep: mapuuanibl TOTHIFY, 3-METWITUPUINH, HUKOTHH KbIIIKbUIBI, KATaJH-
3aropiap.

Pesiome
T. I1. Muxaiinosckas, I1. b. Bopobwes, P. Kypmaxwizvl, K. A. Kaoupbexos

KATAJIMTUYECKASA AKTUBHOCTb OKCHJJTHOBAHAJIMEBBIX
KATAJIM3ATOPOB, MOJIUOUITMPOBAHHBIX OKCUIAMMU Ti, Sn, Cr,
B ITAPIIUAJIBHOM OKUCJIEHWU 3-METWJIITINPUANHA

OOcCyXIaroTcst pe3yaIbTaThl UCCIIEOBAHUS KATATUTHIECKOW aKTHBHOCTH OMHAPHBIX
V;05-Me,Oy (Me — Ti, Sn, Cr) u Oonee CIOKHBIX 110 COCTaBy KaTaIMTUYECKUX CHUCTEM B
MapIUATEHOM OKHUCICHUH 3-METHINHPHUANHA. Y CTAHOBJICHO, YTO OWHAPHBIA OKCHIHBIN
BaHAIUAXPOMOBBIN KaTaTU3aTOP MPOSBUI HAUOOJBIIYI0 aKTUBHOCTh B JAHHOM IpoIiecce.
HuxorunoBast kuciora ¢ HaubonbimuM BbixogoM (80 %) monyueHa mpu Temmeparype
330 °C u monpHOM cooTHOmeHnu 3-metmwmupuanH : O, : H,O = 1:13:25,5.

KawueBbie cji0oBa: OKHCICHHE, 3-METHIMUPHU/INH, HUKOTUHOBAS KHCIOTA, KaTajlu-
3aTOPBI.
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