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The oxidation and ammoxidation of 3-picoline over vanadium-modified Nay, H-ZSM-5 (Si/AI = 
30), crystalline SAP0 (371, and crystalline/amorphous V-silicoaluminophosphate catalysts have 
been carried out. The yields of 3-cyanopyridine for V-ZSM-5, V-SAP0 (371, and V-Nay were 62.6, 
76.0, and 1 wt%, respectively. The aluminophosphate framework of SAP0 enhances the yield of 
3-cyanopyridine, and because of the shape selectivity the high boilers have been decreased in the 
product. We report vanadium-modified crystalline silicoaluminophosphate as a new class of 
oxidation and ammoxidation catalysts and compare them with amorphous materials. 
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INTRODUCTION 

Recently zeolite molecular sieves are bein 
synthesis of speciality and fine $-ygZ :“,; chemicals. 
dation reactions have been carried out over vanadium 
and titanium silicalites.‘2-‘4 We have reported one-step 
ammoxidation of ethanol to acetonitrile over a silico- 
aluminophosphate (SAPO-40) type catalyst with high 
yield (>98%) and selectivity.‘” The oxidation and am- 
moxidation of toluene and benzylalcohol over vana- 
dium-silicoaluminophosphate (V-SAPO) and SAP0 cat- 
alysts led to corresponding aldehydes and nitriles with 
high selectivity. l6 Nicotinonitrile and isonicotinonitrile 
are the resulting nitriles in the ammoxidation of 3pi- 
coline and 4picoline, respectively. These are important 
intermediates in the synthesis of pharmaceuticals and 
agrochemicals.” We have reported the oxidation and 
ammoxidation of 4picoline to aldehyde and isonicoti- 
nonitrile, respectively, with high yield (>90%) and se- 
lectivity over V-SAP0 catalysts. In the presently known 
processes, the ammoxidation of picolines has been car- 
ried out over non-uniform porous V,O, or a-VOPO 

‘4 supported on A&O,, SiO,-A&O,, Cr,O,, TiO,, etc.1”-L 
In this paper we report for the first time the oxidation 
and ammoxidation of 3-picoline over various modified 
zeolites and crystalline and amorphous SAP0 and 
V-SAP0 catalysts. The V-SAP0 and VAPO catalysts are 
either vanadium impregnated and/or incorporated 
into the matrix or composite catalysts with SAP0 mo- 
lecular sieve as a matrix component. 
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EXPERIMENTAL 
The SAP0 molecular sieves are hydrothermally synthe- 
sized using aluminum sulfate, phosphoric acid, sodilum 
silicate, with or without sodium chloride and a template 
at 200°C for 24-80 h at 20 atm autogenous pressure. In 
the case of V-SAPO, vanadium pentoxide was used. The 
various SAPOs were synthesized using templates such as 
tri-n-propylamine, di-n-propylamine, tetrapropylammo- 
nium bromide, and tetramethylammonium bromide, 
tetrapropylammonium bromide and tetrabutylamrno- 
nium bromide for SAP0 (TriPA), SAP0 (DPA) , SAPO- 
37, SAP0 (TPA), and SAP0 (TBA) types, respectively. 
V-SAPO(A), VAPO(B), VAPO(C), and VAPO(D) cata- 
lysts were prepared using tetrapropylammonium bro- 
mide as a template, and the wt% vanadium was 111.7, 
8.5, 2.4, and 3.2, respectively. The XRD patterns and i.r. 
spectra indicate the presence of good crystalline mate- 
rials. All chemicals were AR or LR grade. 

The reaction was carried out using a down-flow, fixed 
bed, Pyrex reactor of 20-mm internal diameter. The 
reaction mixture was fed from top using a syringe 
pump (Sage Instruments). Ammonia gas was used. The 
reaction was carried out in the temperature range of 
300-42O”C, and the weight hourlv space velocity 
(WHSV) was varied from 0.25 to 1 h-‘. The amount. of 
the catalyst was 4 g of 18-30 mesh size. The product was 
cooled using ice-cooled water and collected at the bot- 
tom. The required number of ice-cooled traps was used 
to collect the total amount of product. The products 
were analyzed by gas chromatography using a (30%) 
SE-30 column. The analysis was confirmed by rnass 
spectra, GC-mass. The mass balance was about 90% un- 
less there was extensive coking in presence of less water 
in the feed. 
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Table 1 Ammoxidation of 3-picoline over various vanadium-modified zeolites 

Serial no. Catalyst 

Time Conversion 
onstream of 3-picoline 

(h) (wt%) Pyridine 

Yield (wt%) 

3-Cyanopyridine 

-- 

Others 

1 V-SAPO-37 (10% V) 3 84.5 
2 V-SAPO-37 (5% V) 3t4 6.2 
3 V-SAPO-37 (1% V) 1 7.5 
4 V-Ti-ZSM-5 4 7.9 
5 V-ZSM-5 (10% V) 3+4 88.2 
6 V-Nay (5% V) 1 35.0 
7 V-Nay (10% V) 1 37.4 
8 V-SiO,-AI,O, (10%) 1 39.7 

Reaction temperature 400°C; WHSV, 0.5 h-‘; 3-picoline:H,O ratio, I:3 v/v. 

6.6 76.0 1.9 
5.1 1.1 

0.5 4.1 2.9 
0.8 5.9 1.2 

19.1 62.6 6.5 
27.7 7.3 
33.6 3.8 
12.4 20.8 6.5 

Table 2 Ammoxidation of 3-picoline: Variation of catalysts 

Serial no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Conversion 
of 

Yield (wt%) 
-- 

Time onstream 3-picoline 
Catalyst (h) (wt%) 3-Cyanopyridine Pytidine 

SAP0 (TPA) 1 13.5 10.1 3.4 
V-SAP0 (TPA-A) (11.7% V) 2 52.1 37.2 14.9 
VAPO(B) (8.5% V) 1 59.0 58.8 0.2 
VAPO(C) (2.4% V) 1 31.2 30.2 0.9 
VAPO(D) (3.2% V) 3 16.0 15.9 0.1 
Sb,O,-VSAPO(A) 1 36.9 35.3 1.6 
SAPO-(TPA) 2 7.1 6.2 0.2 
SAPO-(DPA) 2 5.6 5.5 0.1 
SAPO-37 2 2.5 2.1 0.1 
SAP0 (TBA) 4 5.4 3.8 1.6 

Reaction temperature, 420°C; WHSV, 0.5 h-‘; catalyst, 4 g; 3-picoline:NH,, I:16 molar; 3-picoline:H,O ratio 1:3 v/v; air flow, 60 ml/min. 

Table 3 Ammoxidation of 3-picoline over VAPO(BL Effect of temperature 

Conversion of 
Temperature Time onstream 3-picoline 

Serial no. (“C) (h) (%) 

1 300 1 6.4 
2 350 1 28.6 
3 380 2 44.0 
4 420 1 59.0 

Yield (wt%,) 

3-Cyanopyridine 

2.2 
14.7 
41.8 
58.8 

-- 

Others 
-- 

4.2 
13.9 

2.2 
0.2 

WHSV, 0.5 h-‘; catalyst 4 g; picoline:NH,, I:16 molar; airflow, 60 ml/min; picoline:H,O ratio I:3 v/v. 

Table 4 Ammoxidation of 3-picoline over V-SAPO-37 (IO wt% V): Effect of weight hourly space velocity 

WHSV Time onstream 
(h-‘) (h) 

1 4 
0.5 3 
0.25 3+4 

Conversion of 
3-picoline 

bJvt%) 

6.2 
84.5 
25.0 

Pyridine 

0.5 
6.6 

Yield (wt%) 

3-Cyanopyridine 

3.0 
76.0 
19.0 

-- 

Other products 

2.7 
1.9 
6.0 

Reaction temperature, 400°C; 3-picoline:H,O ratio, I:3 v/v; atmospheric pressure. 
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Table 5 Oxidation of 3-picoline: Variation of catalysts 

Yield (wt%) 
Conversion of 

-- 

Time onstream 3-picoline Pyridine 
Serial no. Catalyst (h) bNt%) 3-carboxaldehyde Pyridine Other 

-- 

1 V-ZSM-5 (IO wt% V) 3 59.4 14.5 35.8 9.1 
2 V-SAPO-37 1 12.4 6.2 4.1 2.1 
3 VAPO(B) 2 70.9 45.6 18.1 7.2 
4 V-SAPO(A) (IL 22.6 15.0 4.5 Xl 
5 Sb,O,-V-SAPO(A) 36.0 33.5 2.5 
6 SAPO(TPA) 3 9.2 4.3 2.7 2.2 
7 SAPO(TBA) 3 5.6 1.6 3.2 0.8 

Reaction temperature, 420°C; WHSV, 0.5 h-‘; picoline:NH,, I:16 molar; catalyst, 4 g; picoline:H,O ratio, I:3 v/v. 

RESULTS AND DISCUSSION 

The results of the ammoxidation of 3-picoline to 3-cy- 
anopmidine over V-SAPO-37, ZSM-5, and Y zeolites are 
given in 7’ubZe 1. The ammoxidation of 3-picoline, am- 
monia, water, and air was carried out at 4OO”C, 0.5 h-’ 
WHSV; the picoline:H,O volume ratio was 1:3. The 
yields of 3-cyanopyridine were 76.0, 62.5, and -0.0 over 
V-SAPO-37, V-ZSM-5, and V-Nay zeolites, respectively. 
The basically favorable structure of SAPO’5 was modi- 
fied further with vanadium for the ammoxidation of 
3-picoline. The selectivity for 3-cyanopyridine over 
V-SAP0 is higher compared with that in V-ZSM-5. All 
catalvsts in the Tuble 1 are highly crystalline, and 
V-SAP0 catalysts had -80% crystallinity. 

All as-synthesized catalysts in 7’ublr 2 are crystalline. 
Except for SAPO-37, all other catalysts were almost 
amorphous after calcination at >4OO”C. Characteriza- 
tion was done by XRD, i.r., e.s.r., and sorption methods 
discussed elsewhere.lH The e.s.r. spectra showed hyper- 
fine splitting and the presence of V” in V-SAP0 and 
VAPO catalysts. The results of the ammoxidation of 
3-picoline to 3-cyanop?ridine over various amorphous 
V-SAP0 catalysts are given in Table 2. The reaction of 
3-picoline, ammonia, water, and air was carried out at 
42O”C, 0.5 h-’ WHSV, and the picoline:H,O volume 
ratio was 1:3. The yields of 3-cyanopyridine over 
VAPO(TPA-B), V-SAP0 (TPA-A) and Sb,O,-V- 
SAPO(TPA-A) were 58.8, 37.2, and 35.3 wt% based on 
3-picoline, respectively. The yield of 3-cyanopyridine 
was z-10 wt% over various unmodified amorphous 
SAP0 catalysts. 

The effect of reaction temperature in the ammoxi- 
dation of 3-picoline is depicted in Table 3. The yield of 
3-cyanopyridine varied from 2.2 to 58.8 wt% in the tem- 
perature range of 300-42O”C, over amorphous 
VAPO(B) catalyst. The ammoxidation of 3-picoline was 
studied at various WHSVs over V-SAPO-37 catalyst at 
4OO”C, under identical conditions; the results are 
shown in Table 4. The yields of 3-cyanopyridine were 
19.0, 76.0, and 3.0 wt% at 0.25, 0.5, and 1 h-’ WHSV, 
respectively. The selectivity of 3-cyanopyridine was 
>75%. At lower (0.25 h-‘) WHSV, the selectivity to 3-c 7- 
anopyridine was lower, 

IJ 
whereas at higher (1 h- ) 

WHSV the percent conversion of 3-picoline was lower. 
The highest selectivity and yield for 3-cyanopyridine 
were obtained at 0.5 h-’ WHSV, as shown in Tubk 4. 
The reaction of 3-picoline, ammonia, air, and water was 
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carried out at 420°C and 0.5 h-’ WHSV, as shown in 
Table 4. The reaction of 3-picoline, ammonia, air, and 
water was carried out at 420°C and 0.5 h-’ WHSV over 
VAPO(B) catalyst for 15 h onstream. Typically, for the 
1st and 3rd onstream, the yields of 3-cyanopyridine 
were 58.8 and 52.9 wt%, respectively, which decreased 
to about 30 wt% after the 10th h onstream. 

The oxidation of 3-picoline in the presence of air and 
water was carried out at 420°C and 0.5 h-’ WHSV, and 
the results are shown in Table 5. Over amorphous 
VAPO (B) , 45.6 wt% pyridine 3-carboxaldehyde based 
on 3-picoline was obtained at 70.9% conversion. The 
dealkylation of 3-picoline resulted in 18.1 wt% pyridine, 
but a negligible amount of the corresponding carbox- 
ylic acid was observed. The reaction of 3-picoline, am- 
monia, and water was carried out over the VAPO(B) 
catalyst at 420°C under identical conditions, but a sub- 
stantial amount (5 wt%) of 3-picolylamine was noi ob- 

Route la1 

CONH2 CN 
+ It4201 - + IH$‘) 

(bl Route 

(“3 IO) CHO 
NH3 

CN 

+ lH201 - +. Iti 

Route (cl 

CN 

+ LH201 

Figure 1 
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served in the products. In brief, the reaction routes are 
depicted in Figure I. As the corresponding carboxylic 
acid, amide, and 3-picolylamine were not obsenred in 
the products in various reactions by changing feed, the 
routes (a) and (c) cannot be considered. The presence 
of 3-pyridine-carboxaldehyde is confirmed in the prod- 
ucts. So route (b) in Figure I through carboxaldehyde is 
recommended. Compared with conventional catalysts 
suc.h as Bi-Sn-V-&Oa, the side products like carboxylic 
acid and CO, were almost not observed over our cata- 
lysts. Similarly, high boilers were reduced because of 
the shape selectivity of these catalysts. The enhanced 
selectiyity is the major advantage. Thus we report and 
emphasize the new and novel class of oxidation and 
ammoxidation catalytic materials, vanadium zeolites 
and amorphous and crystalline V-SAPO, VAPO and 
SAP0 catalysts. The oxidation and ammoxidation of 
aliphatic, aromatic, and heterocyclic alcohols and 
methyl-substituted compounds haye been studied and 
can be extended to a wide variety of reactions. 
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