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The oxidative ammonolysis of 3-picol ine  has been studied on the 

following catalysts: VzOs on corundum, VzO s with the addition of 
1~o Of HZWO 4 on corundum, VzOs+ MoOn + PzOs (1 : 0.35 : 0.35) on 

s i l ica  gel ,  VaO 5 + kl2Oa, and a me l t  of VzOs + T i Q  (1 : 0.22). Mixed 
catalysts of vanadium and t i tanium oxides exhibited the highest ac t iv -  
i ty  and select ivi ty .  With the passage of 28-45 moles of oxygen (in 
the form of air), 5 - 1 0  moles of ammonia ,  and 50-70 moles of water 
per mole  of 3-p ico l ine  at a temperature of 890-410 ~ C, the amount  of 
nicotinonitr i le  formed on these catalysts amounted to 88-90% of the 
theoret ical ly  possible amount. 

Although a large  number of catalysts  based on 
vanadium oxides and mixtures  of them with oxides of 
molybdenum, tin, t i tanium, iron,  and other t ransi t ion 
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Fig. 1. Yield of II as a function of 

the amount of air and the time of 

contact in the oxidative ammonol- 

ysis of I on K-63 catalyst: A) yield, 

%; B) oxygen in moles per mole of 
I; C) time of contact in see: 1)330~ 
2) 345 ~ C; 3) 360 ~ C; 4) 375 ~ C; 5) 

390 ~ C. 

metals  has been recommended for  the oxidative am-  
monolysis  of 3-picoline (I) to nicot inonitr i le  (II) [2-8] ,  
only fused tin vanadate [6,7] and catalysts  p repared  
by the precipi ta t ion of vanadium pentoxide on active 
alumina [5] possess  sa t is factory  activity and se lec -  
tivity in this react ion.  The aim of the present  work 
was to seek new effective catalysts  for the oxidative 
ammonolysis  of I. 

Among the catalysts  that we tested were  seve ra l  
prepared  by fusing vanadium oxide on corundum. The 
resu l t s  of some of the exper iments  with the catalyst  
K-63 (vanadium pentoxide without additives on corun-  
dum) are  given in Figs .  1 and 2. The highest yield of 
II, about 68% of the theore t ica l ly  possible amount 
calculated on the raw mate r ia l  taken, was obtained 
with a feed of 36 g of I, 1700-3400l  of air ,  60-65 g 

*Par t  LXIII of the se r i e s  "Oxidation of organic com- 
pounds;" for  par t  LXII, see [1]. 

of ammonia,  and 1000-1200 g of s team per  l i te r  of 
catalyst  per  hour with a contact t ime of 0.25-0.50 sec 
and a react ion tempera ture  of 360 ~ C. A lowering of 
the concentration of ammonia in the react ion zone, 
and a decrease  in the t ime of contact or the t empera -  
ture  reduced the yield of H. Simultaneously the amount 
of unchanged alkylpyridine increased.  When the pa ram-  
e te rs  of the p rocess  that have been mentioned were  
increased  or when the feed of s team was decreased,  
side react ions involving f a r - r each ing  oxidation in- 
c reased .  As a resul t  of this,  the convers ion of the 
raw mate r ia l  into C 1 p roduc t s , hyd rogen  cyanide and 
oxides of ca rbon- - rose  and the yield of II fel l  c o r r e -  
spondingly. Nicotinaldehyde (III), ammonium nicotinate 
(IV), and nicotinamide (V) were  present  in smal l  amount 
in the catalyzates  of almost  all the exper iments .  

Among the modifications of the catalysts  descr ibed 
that were  tested, the most effective proved to be K- 
63A--vanadium pentoxide with the addition of 1% of 
tungstic acid on a MK support containing 1.0% of t i ta-  
nium dioxide, While providing the possibi l i ty  of the 
prepara t ion  of IIa with a yield of 66-68%, this catalyst  
exhibited a comparat ively  high productivity.  At a 
molar  ra t io  of I to ammonia to oxygen (in the fo rm of 
air) to s team of 1 : 9 : 37 : 70 and a t empera tu re  of 420 ~ 
C, the yield of II here amounted to 60-65 g per  l i te r  
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Fig.  2. Catalyst  K-36. Yield of II 
as a function of the amount of am- 
monia: A) yield, %; B) ammonia in 
moles  per mole of I; 1) 330 ~ C; 2} 
345 r C; 3) 360 ~ C; 4) 375 ~ C; 5) 

390 ~ C. 

of catalyst  per  hour. As can be seen f rom Figs .  3 -5 ,  
the general  features  of the p rocess  studied remain  as 
before.  

Since vanadium oxide catalysts  promoted with alu- 
mina [9-10] and also various composit ions based on 
oxides of vanadium, molybdenum, and phosphorus [18] 
are active in the oxidative ammonolysis  of the xylenes 
and a -o le f ins ,  it appeared des i rable  to investigate 
their  behavior in the oxidative ammonolysis  of I. The 
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Fig. 3. Yield of the products of the 
oxidative ammonolysis  of I as a 
function of the tempera ture  of the 
react ion of K-63A catalyst: A) yield 
of II, V, and unchanged I, %; B) 
yield of CO 2 and NH4CN in moles 
per mole of I; C) react ion tempera-  
ture: 1) II; 2) V; 3) I; 4) CO2; 5) 

NH+CN. 
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Fig. 4. Catalyst K-63A. Yield of 
II as a function of the amount of 
air  and time of contact: A) yield, 
%, B) oxygen in moles per  mole 
of I; C) time of contact in sec; ]) 
375 ~ C; 2) 390 ~ C; 3) 405 ~ C; 4) 

420 ~ C. 
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Fig. 5. Catalyst K-63A. Yield 
of II as a function of the amount 
of ammonia: A) yield, %; B) 
ammonia in moles per mole of I; 
1) 375 ~ C; 2) 390 ~ C; 3) 405 ~ C; 4) 

420 ~ C. 
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Fig. 6. Oxidative ammonolysis of I on 
a V2Os-MoO3'P2Os catalyst: A) yield, 
%; B) oxygen in moles per  mole of I; 
C) contact t ime in sec; a) 1I; b) V. 
Rate of feed of I, 33 g; of ammonia, 
51 g; and of steam, 840 g per l i ter  of 
catalyst  per hour; 1) 330 ~ C; 2) 345~ 

3) 360 ~ C; 4) 375 ~ C; 5) 390 ~ C. 
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Fig. 7. Yield of II as a funotion of the 
amount  of a i r  and the t i m e  of contac t  
in the oxidat ive  a m m o n o l y s i s  of I on a 
fused  v a n a d i u m - t i t a n i u m  oxide ca t a -  
lys t :  A) y ie ld ,  %; B) oxygen in mo le s  
p e r  mole  of I; C) t ime  of contac t  in 
sec .  Rate of feed  of I, 60 g; of a m m o -  
nia ,  85 g; of a i r ,  1600-4800 l ;  and of 
s t e a m ,  760 g p e r  l i t e r  of ca ta lys t  p e r  
hour ,  T, 0.27-0.6 sec ;  1) 375 ~ C; 2) 

390 ~ C; 3) 405 ~ C; 4) 420 ~ C. 
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Fig. 8. Fused vmlad ium- t i tm l ium 
catalyst. Y ie ld  of I I  as a funct ion 
of the amount  of ammonia :  A) y ie ld ,  
%; B) a m m o n i a  in m o l e s  p e r  m o l e  
of I; 1) 375 ~ C; 2) 390 ~ C; 3) 405 ~ C; 

4) 420 ~ C. 
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f i r s t  of the  c a t a l y s t s  m e n t i o n e d  did not  j u s t i f y  t h i s  
hope ,  s i n c e  on it  II was  o b t a i n e d  wi th  a y ie ld  of not 
m o r e  t h a n  50%. A c a t a l y s t  p r e p a r e d  by p r e c i p i t a t i n g  
a m i x t u r e  of the  h i g h e r  ox ides  of v a n a d i u m ,  m o l y b -  
d e n u m ,  and  p h o s p h o r u s  t a k e n  in a r a t i o  of 1 : 0.35 : 0.35 
on s i l i c a  gel  p r o v e d  m o r e  i n t e r e s t i n g  in t h i s  r e s p e c t .  

On t h i s ,  in add i t ion  to II, c o n s i d e r a b l e  a m o u n t s  of V 

w e r e  ob ta ined .  It fo l lows  f r o m  Fig .  6 t ha t  u n d e r  the  

o p t i m u m  c o n d i t i o n s  the  t o t a l  y i e ld  of t h e s e  r e a c t i o n  
p r o d u c t s  a m o u n t e d  to 7 0 - 7 5 % .  H o w e v e r ,  it m u s t  be  
m e n t i o n e d  t h a t  t h i s  c a t a l y s t  i s  c a p a b l e  of w o r k i n g  at 
a c o m p a r a t i v e l y  low t e m p e r a t u r e ,  in the 3 4 5 - 3 6 0  ~ C 

r a n g e .  
In the  ox ida t ive  a m m o n o l y s i s  of the  a l k y l b e n z e n e s ,  

a f u s e d  t i t a n i u m  v a n a d a t e  c a t a l y s t  e x h i b i t e d  e x c e p -  
t i o n a l l y  h igh  ac t i v i t y  [9, 11 ,12] .  I t  h a s  b e e n  r e p o r t e d  
tha t  i t  i s  a l so  e f f ec t i ve  in  the  ox ida t ive  a m m o n o l y s i s  

of I [6]. In v iew of t h i s ,  a f u s e d  v a n a d i u m - t i t a n i u m  

oxide c a t a l y s t  wa s  s tud ied  in t h i s  r e a c t i o n  in m o r e  
de ta i l .  The  r e a c t i o n  t e m p e r a t u r e ,  t he  c o n t a c t  t i m e ,  
and the  f e e d s  of r aw m a t e r i a l ,  a i r ,  a m m o n i a ,  and 

s t e a m  w e r e  v a r i e d  wi th in  wide  l i m i t s .  As  was  to be  
e x p e c t e d ,  the  q u a l i t a t i v e  c o m p o s i t i o n  of the  c a t a l y z a t e  

and a l so  the  g e n e r a l  n a t u r e  of t he  i n f l uence  of the  
ind iv idua l  c o m p o n e n t s  of the i n i t i a l  r e a c t i o n  m i x t u r e  
and the  o t h e r  p a r a m e t e r s  of the p r o c e s s  s c a r c e l y  
c h a n g e d  in  t h i s  c a s e  (F igs .  7 and  8). At the  s a m e  t i m e ,  

t he  use  of the  v a n a d i u m - t i t a n i u m  oxide  c a t a l y s t  p e r -  
m i t t e d  e x t r e m e l y  s u b s t a n t i a l  i n c r e a s e s  in  the  s e l e c -  
t iv i ty  of the  r e a c t i o n  and in the  y ie ld  of II. As a r u l e ,  
on th i s  c a t a l y s t ,  III, IV and V w e r e  ob ta ined  in  an  
amoun t  of not  m o r e  t h a n  5%. At a f eed  of 2 5 - 4 5 m o l e s  

of oxygen (in the  f o r m  of a i r ) ,  5 - 1 0  m o l e s  of a m m o -  
n ia ,  and  5 0 - 7 0  m o l e s  of s t e a m  p e r  m o l e  of I and a 
t e m p e r a t u r e  of 3 9 0 - 4 1 0  ~ C, the  y ie ld  of II e x c e e d e d  
70% and in a n u m b e r  of e x p e r i m e n t s  i t  r e a c h e d  8 5 -  

90%. Unde r  t h e s e  c o n d i t i o n s  the  p r o d u c t i v i t y  of the  
p r o c e s s  a m o u n t e d  to 5 5 - 6 0  g of II p e r  I i t e r  of c a t a l y s t  
p e r  hou r .  The  a c t i v i t y  of the  c a t a l y s t  h a d n o t  d e c r e a s e d  
a f t e r  i t s  u se  fo r  a l m o s t  500 h r .  In add i t ion ,  i t  p r o v e d  

e x t r e m e l y  r e s i s t a n t  to s t n t e r i n g .  

E X P E R I M E N T A L  

The starting material used was t, bp 139-141 ~ C, n~ 1.5043, d~4 s 
0.9515, containing 97.5-98% of the main substance and about 0.9~ 
of 2,6-1utidine, 0.8% of 2-pieoline, and 0.7% of pyEidine. 

The experiments were carried out on a continuous apparatus which 
has been described previously [13]. The reaction products were trapped 
in scrubbers of the air-lift type fed with water. 

The K-63 and K-63A catalysts were prepared* by a method pro- 
posed in USSR patents [14, 15]. The method of preparing the mixed 
catalyst of oxides of vanadium, molybdenum, and phosphorus has 
also been described in the literature [16,17]. The copreeipitated 
aluminum-vanadium oxide catalyst was prepared by the method des- 

*The authors thank 1. I. Ioffe, B. L. Moldavskii, A. G. Lyubarskii, 
Yu. D. Kemos, E. M. Kaganova, and A. F. Gtigorova forsamples of 
the catalysts mentioned which were kindly provided for testing in the 
present work. 

cribed previously [18]. The components were taken in a ratio of 1 : 1 
(by weight), and the temperature of calcining was 750 ~ C. The vana- 
dium-titanium catalyst was obtained by fusing vanadium pentoxide 
and titanium dioxide taken in a weight ratio of 1 : 0.22. 

The products of the reaction were analyzed polarographically on a 
type PC-g122 oscillographic polarograph. To determine V, 10 ml of 
the scrubber liquid was extracted with benzene (4 x 5 ml) in order to 
eliminate I, II, and III, The aqueous residue was diluted with water 
to 25 mI. Samples with a volume of 1-2 ml were placed in a 25-ml 
measuring flask and made up te the mark with 0.1 N potassium hy- 
droxide solution. The concentration of V was calculated from the 
measured limiting current (Ia) w i t h  El /x  = 1.80 V fiom a calibration 
graph. To determine the lI, 10 ml of the reaction liquid was treated 
with g ml of 0.1 N potassium permanganate solution in the presence of 
1 ml of a 10% solution of'magnesium sulfate in order to oxidize the 
III. A sample with a volume of 1-2 ml was placed in a 25-ml measur- 
ing flask and made up to the mark with 0.1 N potassium hydroxide 
solution. The limiting current of the wave with El/a = 1.80 V is the 
sum of the currents of II and V (IH+a). The content of II was calculated 
from the difference IH+ a -- I a using a calibration graph. The presence 
of ammonia and IV did not interfere with the determination of the 
products mentioned above [7]. 

The oxides of carbon were determined by gas chromatography. 
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