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Fig.1 Schematic diagram of the experimenta set-up
1.air 2.water 3.flow meter 4. saturator in regulated bath 5. preheater 6. reactor with controller 7. cooler 8. receiver
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Tablel Effect of single promoter on activity Table2 Effect of complex promoterson activity
of the catalyst of the catalyst
TiO, V205 Promoter Yield TiO, V,0s Promoter 1 Promoter 2 Yield
1% (W) /% (wt) 1% (wt) 1 %(mol) 1% Wt) % (wt)  CroOs /% (wi) 1% (wt) 1%(mol)
84 15 Al0; 1.0 534 84 15 05 S,0; 05 593
84 15 Cr,03 1.0 44.7 84 15 10 4.7
84 B MnO, 1.0 a4.2 84 15 0.5 MnO, 0.5 30.7
8 1 €005 1.0 376 84 15 05 P.Os 0.5 24.0
84 15 no 36.8 ' s '
84 15 PO 1.0 20.3 84 15 0.5 ZnO 0.5 214
84 15 70 10 17.9 84 15 05 K:0 05 19.3

* Reaction condition: reaction temperature320 , water feeding speed: 0.3mL>min %, liquid space velocity of 3-picoline: 0.68h' %,

air/water/ 3-picoline:110/83/1(mol)
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32 V,0s
V,0y/ TiO, V,0s Tioo( )
VO, (ol TiOy(
)
V,0s VO V-O-Ti
V-O-Ti V505 VO,
( ) V-O-V V-O-Ti
M v,0s V,0s
V,05 V-O-V
V-O-Ti XRD V,0s 5
V,0s Tio, (29 =259
37.8 387 48.3) V,0s 20% XRD
V,0s TiO, V,0s5 V,0s
V205 20% XRD V,0520
V,0s 25% ( 3
3
Table3 Effect of V,0s5 content on theyield of nicotinic acid
V05 content /%(wt) 5 10 15 20 25 30 50
Yield / %(wt) 34.8 419 4.7 46.0 52.2 44.5 40.0
Reaction condition: reaction temperature320 , water feeding speed: 0.3mL- min *, liquid space velocity of 3-picoline: 0.68h' %,
air:water: 3-picoline=110:83:1(mol)
3.3
3-
4 , 3
330
( 4
4
Table4 Effect of reaction temperature on activity of the catalyst
Reaction temperature / Conversion/ % Selectivity / % Yield/ %
250 49.2 15.1 7.4
260 58.2 20.8 12.1
280 75.4 34.8 26.3
320 83.3 58.8 49.0
330 87.8 63.8 56.0
337 92.3 56.9 52.5
345 95.7 36.6 35.0

Reaction condition: 17%(wt) V,0s on TiO,-carrier with 1%(wt) Cr,Os,Sb,03 and P,Os separately, water feeding speed: 0.3mL- min' %,

liquid space velocity of 3-picoline: 0.18h'*, air:water: 3-picoline  110/83/1(mol)
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Table5 Effect of water feeding speed on theyield of nicotinic acid

Water feeding speed/mLmin’ ! 0 0.12 0.22 0.32 0.42 0.52 0.62

Yield of nicotinic acid/% 24.1 35.4 39.8 52.2 58.1 46.4 35.3

Reaction condition: 25 %(wt) V205 content, reaction temperature320 , liquid space velocity of 3-picoline: 0.68h *,

moleratio of air/water/3-picoline:110/100/1

35
3-
3-
6
Table6 Effect of liquid space velocity of 3-picoline on theyield of nicotinic acid
3-picoline feeding speed / mLmin’ ! 0.8055 0.6581 0.5404 0.4245 0.2916 0.1530 0.1030
Yield of nicotinic acid/ 35.92 46.20 55.20 61.50 75.60 90.30 90.50

Reaction condition: 25%(wt) V,Oscontent, promoter Cr,Os, Sb,0s, P,Os, reaction temperature320

mole ratio of air/water / 3-picoline: 110/100/1
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Study on Green Synthesis of Nicotinic Acid by Gas -phase Catalytic Oxidation

HUANG Hai-feng, ZHU Bing-chun, LU Han-feng, LIU Huayan, CHEN Yin-fei
(1. College of Biological and Environmental Engineering, Zhgiang University of Technology; 2. College
of Chemical and Material Engineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract  Gas-phase 3-picoline can be directly oxidized by O, to nicotinic acid in the presence of TiO,
impregnated V,0s catalyst. During the process water and 3-Picoline are fed separately into the catalyst bed.
Factors affecting the activity of the catalyst such as the amount of V,Os, the kinds of promoter, the reacting
temperature, the quantity of water, and the space velocity were studied. The results show that the highest
yield of nicotinic acid (>90%) is obtained when V,0s content is about 25%(wt), the reaction temperature is
320~340°C the velocity of 3-Picoline input is 0.15~0.8h"", the mole ratio of air/water/3-picoline is
110:100:1.
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