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Oxidation of 4-picoline to Isonicotinic Acid on V-Ti-O Catalysts

YANG Gao-jun, HUANG Hai-feng, LU Han-feng, LIU Hua-yan, CHEN Yin-fei
(Zhejiang Key Laboratory of Heterogeneous Catalysis, College of Chemical Engineering and Material Science,
Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: Isonicotinic acid was directly synthesized by vapor-phase oxidation of 4-picoline over V-Ti-O
catalysts prepared by impregnation method. Characterization of the catalysts prepared was carried out by using
XRD and the products of the reaction were analyzed by LC and IR. The effects of V loading, promoter, reaction
temperature, the space velocity and water quantity on the catalytic performance were investigated. It was found
that acidic oxide promoter can improve the catalytic performance and alkaline oxide restrains the activity
contrarily. Moreover, the V/Ti (atom ratio), reaction temperature and water feeding rate could affect the yield of
isonicotinic acid remarkedly. The highest yield (>82%) was obtained by the V-Ti-Cr-Al-P catalyst. The optimum
conditions are as follows: V/Ti of 0.21, reaction temperature of 310 , the volume space velocity of liquid
4-picoline lower than 0.30 h™" and air/water/4-picoline (mole ratio) of 96/70/1.
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1 2
Table 1 Effect of single promoter on activity of the catalyst Table 2 Effect of double promoters on activity of the catalyst
V/Ti Promoter Yield V/Ti Promoter 1 Promoter 2 Yield
(atom ratio) (atom rotio) / % (mol) (atom ratio) (V / Cr atom ratio) (atom ratio) /% (mol)
0.21 V/Al=10 54.8 0.21 20 V/Al1=20 60.4
0.21 V/Cr=10 52.1 0.21 20 V/Sb=20 55.2
0.21 V/Sb=10 49.7 0.21 20 V/P=20 52.7
0.21 V/P=10 442 0.21 10 —_ — 52.1
0.21 V/Co=10 41.7 0.21 20 V/Mn =20 39.2
0.21 —_ — 38.4 0.21 20 V/Co=20 35.4
0.21 V/Pb=10 214 0.21 20 V/Zn=20 23.4
0.21 V/Zn=10 18.5 0.21 20 V/Pb=20 22.9
0.21 V/K=10 15.2 0.21 20 V/K=20 17.8

Reaction temperature 300 .  Space velocity of 4-picoline: 0.48 mL- g(cm)’l-h". Air/water/4-picoline: 96/68/1
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Space velocity of 4-picoline: 0.48 mL- g(ca‘)’l-h’l.
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Table 3 Effect of 4-picoline space velocity on the isonicotinic acid yield
Space velocity of 4-picoline / mL-g ™" (cq -h ™" 0.08 0.22 0.31 0.42 0.56 0.80 0.96
Isonicotinic acid yield / % 78.2 77.1 75.8 70.6 64.2 47.5 35.8
V-Ti-Cr-Al-P. Reaction temperature 310 .  Air/water/4-picoline: 96/42/1.
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