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The amination react ions of bu tane- l ,4 -d io l  and e thane- l ,2 -d io l  on seven different catalysts  
obtained by modifying a natural  a lumosil icate  - gumbrin - and a natural  zeolite - analcite - 
with iron and chromium salts ,  and also by activation with sulfuric acid, have been investi-  
gated. The maximum yield of pyrrol idine was obtained in the presence  of a catalyst  con- 
taining f e r r i c  oxide on gumbrin.  

In previous papers  [1] we have shown that the bentonite clays of Georgia are  good catalysts  for  the 
dehydration of bu tane- l ,4 -d io l  which, depending on the conditions, leads to te t rahydrofuran  or  bu ta - l ,3 -  
diene. In the present  work we faced the problem of investigating the t ransformat ion  of butane- l ,4-d io l  in 
the presence  of ammonia.  The following were used as cata lys ts :  a bentonitic c l a y -  g u m b r i n -  and its 
modified and activated forms ,  and a zeolite - a n a l c i t e -  and its modified form.  Under these conditions the 
format ion of pyrrol id ine  could be expected, since, on the one hand, one of us has shown that dehydrating 
cata lys ts  a re  successful  ca ta lys ts  for the amination of alcohols and, on the other  hand, the convers ion of 
te t rahydrofuran  into pyrrol idine in the presence  of ammonia  and a dehydration catalyst  is known [3]. 

Under the conditions of the experiments ,  the format ion of pyrrol idine is possible by the combined 
dehydration of bu tane- l ,4 -d io l  and ammonia,  with subsequent cyclization,  or by means of the y u r ' e v  r eac -  
tion [3]. The experimental  resul ts  of the f i r s t  investigations [1-3] gave grounds for  expecting the fo rma-  
tion of pyrrol idine by the codehydrat ion of bu tane- l ,4 -d io l  and ammonia.  The resul ts  of the present  work 
have confirmed our hypotheses.  

The format ion of pyrrol idine may take place by the cycl izat ion of te t ramethylenediamine (I) with the 
l iberation of ammonia.  To obtain pyrrol idine in the amination of butane- l ,4-dio l ,  it is not n e c e s s a r y  to 
replace both hydroxy groups by an amino group.  4 -Aminobutan- l -o l  (1]) can also se rve  as a source  of 
pyrrol idine.  

As has been shown by Yur 'ev  [4], at 400~ on alumina in a cur ren t  of ammonia,  4 -aminobu tan - l -o l  is 
converted into pyrrol id ine  with a yield of 29% of theoret ical ,  and a considerable  amount of the amino alco-  
hol decomposes .  

In the amination of butane- l ,4-d io l ,  we did not identify te t ramethylenediamine,  but this does not 
mean that its format ion does not take place. It is possible that both (I) and (H) a re  formed,  but the ra te  of 
their  convers ion into pyrrol id ine  many t imes  exceeds the ra te  of their  formation f rom butane- l ,4-dio l .  
Such a mechanism of the amination of bu tane- l ,4 -d io l  is shown by the amination of the model compound 
e thane- l ,2-dio l ,  in the t rans format ion  products  of which both ethylenediamine and ethanelamine have been 
identified. 

As can be seen f rom Table 1, on all the catalysts  studied, with a r i se  in the t empera tu re  of the ex- 
per iment  at one and the same space velocity, the amount of unconverted bu tane- l ,4 -d io l  and the yield of 
liquid catalyzate decreased  simultaneously,  but the percentage of pyrrol idine in the catalyzate increased.  
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T A B L E  l .  E x p e r i m e n t a l  Cond i t ions  and the  R e s u l t s  of t he  Con-  
v e r s i o n  of B u t a n e - l , 4 - d i o l  a t  a Ra t io  of  A l c o h o l  and  A m i n e  of 
1 . 1  

No. Catalyst .!Temp. O~8pace ve- 
No. the~xpt"!locity h "t 

I ' 

5 

6 
7 
8 
9 

10 
li 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3O 
31 

1 350 
2 400 
3 425 
4 450 

425 
350 
400 
425 
450 
425 
425 
350 
4O0 
425 

3 450 
3 425 
3 425 
4 400 
4 425 
4 450 
4 425 
5 400 
5 425 
5 450 
6 4OO 
6 425 
6 450 

425 

400 
425 
450 

Yield (% Compos. of the ~quid catal 
of wt. of pyrroli- butane- Itetrahy - 
butane- 
1,4-diol) dine 1,4-diol idrofuran 

5,3 
8,8 

12,6 
21,8 
ll,3 
10,4 
18,1 
23,6 
25,7 
27,0 
24,3 
30,2 
38,6 
47,6 
46,8 
43,1 
35,8 
25,9 
30,5 
33,8 
32,3 
23,8 71,2 
26,5 68,9 
29,3 66,4 
7,3 86,0 5.2 
9,8 82,9 5,5 

14,6 78,1 5,3 
13,5 79,1 5,3 
16.5 77,6 4,4 
19,3 74,4 4,6 
25,8 67,6 4,8 

zate,wt,% 
but-3- 
en-i -oi 

3,1 
3,4 
3,6 
3,9 
3,4 
3,2 
3,6 
3,8 
4,0 
3,8 
3,5 
0,8 
I,I 
1,9 
2,1 
2,0 
2,1 
1,4 
1,2 
1,2 
1,4 
1,6 
1,4 
1,4 
1,5 
1,8 
2,0 
2,1 
1,5 
1,7 
1,8 

An  a p p r e c i a b l e  amoun t  of  p y r r o l i d i n e  was  f o r m e d  even a t  t e m p e r a t u r e s  of  the  o r d e r  of 350-425~ and a 
s p a c e  v e l o c i t y  of 0.2 h -1. The  p r o d u c t s  o b t a i n e d  unde r  t h e s e  cond i t i ons  c o n s i s t e d  m a i n l y  of  p y r r o l i d i n e s  

and  b u t a n e - l , 4 - d i o l .  

The  a m o u n t s  of t e t r a h y d r o f u r a n  and of b u t - 3 - e n - l - o l  in the  c a t a l y z a t e s  a m o u n t e d  to 5 .5 -1 .3  and 
3 .9 -1 .2%,  r e s p e c t i v e l y .  On c a t a l y s t  No. 1, the  d e g r e e  of  c o n v e r s i o n  of the  b u t a n e - l , 4 - d i o l  a t  425~ was  
f a i r l y  low, and the  amoun t  of p y r r o l i d i n e  ob t a ined  does  not  e x c e e d  12.6%. A s  a r e s u l t  of the  a c t i v a t i o n  of 
g u m b r i n  ( c a t a l y s t  No. 2), u n d e r  the  s a m e  cond i t i ons  t he  y i e l d  of the  d e s i r e d  p r o d u c t  was  23.6%. A t  a t e m -  
p e r a t u r e  be low the  o p t i m u m ,  the  b u t a n e - l , 4 - d i o l  r e m a i n e d  unchanged .  R a i s i n g  the  t e m p e r a t u r e  to 450~ 
led  to the  f o r m a t i o n  of  a p p r e c i a b l e  a m o u n t s  of  r e s i n i f i c a t i o n  p r o d u c t s  and  to a f a l l  in the  y i e l d  of  p y r r o l i d i n e .  

C a t a l y s t s  Nos.  3, 4, and  5, m o d i f i e d  wi th  i r o n  and c h r o m i u m  s a l t s ,  p r o m o t e d  the  a m i n a t i o n  r e a c t i o n .  
A l o w e r  a c t i v i t y  than  tha t  of g u m b r i n  was  shown b y  the  n a t u r a l  z e o l i t e  a n a l c i t e  and  by  c a t a l y s t  No. 7 b a s e d  
on it .  C a t a l y s t s  Nos .  4 and 7 con ta ined  a l m o s t  the  s a m e  a m o u n t s  of  f e r r i c  ox ide  - 1 .7-1 .9% - but  showed  
d i f f e r e n t  a c t i v i t i e s  in the  a m i n a t i o n  of b u t a n e - l , 4 - d i o l .  In  the  c a t a l y z a t e s  o b t a i n e d  a t  425~ the  a m o u n t s  
of  p y r r o l i d i n e  w e r e ,  r e s p e c t i v e l y ,  30.5 and  19.3%. The  c o m p a r a t i v e l y  low a c t i v i t y  of c a t a l y s t  No. 7 can  be  
a s c r i b e d  bo th  to the  c h e m i c a l  c o m p o s i t i o n  and to the  s t r u c t u r e  of  the  c a r r i e r  u sed .  In a l l  p r o b a b i l i t y ,  the  
low a c t i v i t y  of c a t a l y s t  No. 7 is  due to the  s m a l l  d i m e n s i o n s  of t he  e n t r y  windows  into the  c a v i t i e s  of  t he  
z e o l i t e  a n a l c i t e ,  s i n c e  in z e o l i t e s  c a t a l y t i c  r e a c t i o n s  t a k e  p l a c e  m a i n l y  in the  i n t r a c r y s t a l l i n e  c a v i t i e s .  
The  d i m e n s i o n s  of the  windows of a n a l c i t e  p r e v e n t  t he  e n t r y  of  m o l e c u l e s  of  b u t a n e - l , 4 - d i o l  into t h e m ,  and 
t h e r e f o r e  the  p r i m a r y  p o r o s i t y  of the  z e o l i t e  t a k e s  no p a r t  in the  c a t a l y t i c  r e a c t i o n s .  

Of t he  s e v e n  c a t a l y s t s  s t ud i ed ,  the  c a t a l y s t  No. 3 showed  the  h i g h e s t  a c t i v i t y  in t he  a m i n a t i o n  of 
b u t a n e - l , 4 - d i o l .  A s  a r e s u l t  of the  a m i n a t l o n  of  b u t a n e - l , 4 - d i o l ,  t r a c e s  of  4 - a m i n o b u t a n - l - o l  w e r e  found 
~in the  l iqu id  c a t a l y z a t e ,  a de f in i t e  p a r t  of  t h i s  a p p a r e n t l y  unde rgo ing  v a r i o u s  t r a n s f o r m a t i o n s  l e a d ing  to 
the  f o r m a t i o n ,  on the  one hand,  of  p y r r o l i d i n e  and,  on the  o t h e r  hand,  of  compounds  of h i g h e r  m o l e c u l a r  
we igh t .  When  the  r a t e  of  f e e d  of  a m m o n i a  was  high,  i t  was  i m p o s s i b l e  fo r  the  whole  of  t he  4 - a m i n o b u t a n -  
1 - o l  to unde rgo  c o n v e r s i o n ,  and  i t  r e m a i n e d  in the  e a t a l y z a t e .  The  in f luence  of the  r a t i o  of b u t a n e - l , 4 - d i o l  
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TABLE 2. Experimental  Conditions and Results  of the Trans -  
format ion of E thane- l ,2 -d io l  (molar rat io of alcohol and amine 
1 :i) 

Z 

I 
2 
3 
4 
5 
6 

7 
8 

300 
325 
350 
375 
400 
350 

7 375 
400 

i 
0,2 92,2 
0,2 87,4 
0.2 83.0 
0,2 76,3 
0,2 71,2 
0,2 84,9 

0,2 80.0 
0,2 74,6 

Composition of the liquid catalyzate, wt. % 

2,3 
3,8 
6,5 
8,9 

10,7 
2,7 

5,9 
7,9 

4,7 1,2 1,6 
5,7 1,5 1.2 
7,0 1,I t,1 
6,6 0,9 1,0 
6,6 0.7 1,0 
5,5 1,2 ITracr 

p 

5.9 12 I _ 
5,3 1,0 i 

82,4 
80,0 
76,6 
75,3 
73,6 
83,7 

81,8 
80,7 

2,0 1,8 
1,6 2,1 
1,5 2,1 
1,2 2,3 
1 2 2,5 
1,2 1,6 

1,0 1,6 
0,8 ! ,9 

3,7 0,3 
3,5 0,5 
3,4 0,7 
3,l 0,7 
2,8 0,9 
3,1 -- 

2,6 - -  
2,4 - -  

and ammonia  on the yield of the des i red  product  was studied on catalyst  No. 3 under the optimum conditions 
at a t empera tu re  of 425~ and a space velocity of feed of the glycol of 0.2 h -1. 

The amount of te t rahydrofuran  falls considerably with an increase  in the amount of ammonia  added, 
and while at a molar  ra t io  of butanediol to ammonia  of 1 : 0.5 it was 2.6%, at a rat io of 1 : 2 0  it fell to 0.3%, 
and the amount of pyrrol idine in the catalyzate increased,  and 4 -aminobu tan - l -o l  appeared in small  amounts .  

Catalyst  No. 3, which had shown a high activi ty in the amination of butane- l ,4-diol ,  was tested in the 
convers ion of e thane- l ,2 -d io l .  As can be seen f rom Table 2, with a r i s e  in the t empera tu re  of the exper i -  
ment f rom 300 to 400~ the amount of pyr ro le  in the catalyzate ro se  f rom 2.3 to 10.7%, and the amount of 
ethylenediamine rose  s l i g h t l y -  f rom 0.3 to 0.9%. Recently, patents devoted to the production of ethylene- 
diamine f rom ethylene oxide and ethylene glycol  in the presence  of ammonia  on hydrogenation catalysts  in 
the liquid phase at a p r e s s u r e  of 70-150 arm, in which the yield of ethylenediamine is 46-48%, have appeared 
[5, 6]. In our  case,  with a r i s e  in the t empera tu re  of the experiment,  gas format ion increased as a resul t  
of complete dehydration. In the catalyzates  obtained f rom ethanediol we also found ethanolamine, aceta lde-  
hyde, and, as a resu l t  of more  complex react ions ,  diethanolamine, picoline, and piperazine.  The format ion 
of p~Trole and picoline apparent ly took place via acetaldehyde and ammonia.  The existence of acetaldehyde 
in the react ion products  was confirmed by chromatographic  analysis  (Table 2). 

As shown by Yur 'ev  et al. [7], the dehydration of ethylene glycol on alumina in the presence  of hydro-  
gen sulfide fo rms  thioxane. An analogous compound (morpholine) can be formed f rom ethylene glycol  in 
the presence  of ammonia.  But we have not yet identified morpholine in the catalyzate.  According to 
Yur ' ev ' s  resul ts  [8], the catalyt ic  convers ion of morpholine in a t empera tu re  range of 300-350~ in the 
presence  of ammonia  gives piperazine,  which we also found. 

Apar t  f rom the liquid react ion products ,  at 400~ bu tane- l ,4 -d io l  and e thane- l ,2 -d io l  gave a gas 
amounting to 15.1 and 17.4%, respect ive ly ,  of the initial glycol.  

The apparent  activation energy was calculated for  the amination of butane- l ,4 -d io l  at 350-360~ and 
a space veloci ty of 1.0 h-l; it was 15.2 k c a l / m o l e  for catalyst  No. 3, having the highest activity,  and 18.4 
k c a l / m o l e  for  catalyst  No. 1 with a low activity. 

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

The dihydric alcohols subjected to conversion,  bu tane- l ,4 -d io l  and e thane- l ,2-dio l ,  af ter  distillation 
through a column with an efficiency of 52 theoret ical  p la tes ,had physical  constants coinciding with those 
given in the l i te ra ture  and were  chromatographica l ly  pure. The resul ts  of a chemical  analysis  of the 
a lumosi l icates  used a re  given below: 

LOSS on 

S:O2 AI~Oj Fe:Oj" ['cO TIO2 CaO MgO 503 P~O5 Y~O Na20 ca lc ina t ion  

Gumbrin  63.02 14.18 4,24 1,18  0.27 2,50 4.88 0.37 0.13 0.62 1 23 7,32; 

Analcite 52 35 22.12 5.50 1.05 -- 0.83 1.60 0.93 0.32 1.33 6.35 7.62. 

In the amination of bu tane- l ,4 -d io l  and e thane- l ,2 -d ioI ,  seven different cata lys ts  were  studied: No. 
1 - the natural  a lumosi l icate  gumbrin; No. 2 - gumbrin activated with sulfuric acid; No. 3 - containing 95% 
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TABLE 3. Residence Times and Correc t ion  Fac to rs  for the 
Compounds Present  in the Catalyzates 

Name of the 
substance 

Ammonia 
Acetaldehyde 
T etrahv d~ofur an 
Ethanol 
Ethylenediamine 
Pyr~ole 

Residence 
time, sec 

80 
97 

138 
296 
385 
580 

Correction 
factor 

0,78 
0,85 
0,92 
1.0 
t,10 
1,15 

Name of the Residence Correction 
substance Lime, sec factor 

t Picoline 
Piperazine 
Ethanolamine 
Ethanediol 
Die,ha-. nolamme 

845 
1017 
1500 
1694 
2172 

1,22 
1,30 
1,37 
1,44 
1,55 

of gumbrin and 5% of fe r r ic  oxide; Nos. 4 and 5 - gumbrin modified with fe r r i c  chloride and chromic  chlo- 
ride [9]; No. 6 - the natural  zeolite analcite; and No. 7 - analcite modified with fe r r i c  chloride. The modi- 
fication of the analcite was per formed in the same way as for catalyst  No. 4. Chemical  analysis  of the 
modified catalysts  showed that cata lyst  No. 4 contained 1.7% of f e r r i c  oxide, catalyst  No. 5 1.58% of chro-  
mic oxide, and catalyst  No. 7 1.9% of f e r r i c  oxide. 

The catalysts  were prepared  in the fo rm of tablets with dimensions of 3 x 4 mm, 100 em 3 of which 
was charged into a quartz tube placed in an electr ic  furnace and heated to 600~ with a gradual  r i se  in the 
t empera tu re  for 3 h and maintenance at this t empera tu re  in a cur rent  of a i r  for 2 h. 

X- ray  s t ruc tura l  analysis  of the catalysts  synthesized f rom analcite showed that the c rys ta l  s t ruc ture  
was retained, and after  the react ion it had changed insignificantly. 

The amination of butane- l ,4 -d io l  and e thane- l ,2-d io l  was per formed in the range f rom 300 to 450~ 
at a space velocity of feed of 0.1-0.6 h -1. The molar  ra t io  of glycol to ammonia  var ied between 1 : 0.5 and 
1 : 2 .  

The feed of glycol,  in an amount of 20 ml in each experiment,  was per formed with the aid of a syr inge 
and a reducing valve. The ra te  of feed of ammonia  was checked by a f lowmeter .  

The liquid catalyzates  obtained f rom e thane- l ,2-d io l  and butane- l ,4 -d io l  were  distilled in the p res -  
ence of hydrogen. In the f i r s t  case,  a f ract ion boiling up to 200~ was collected, and in the second one 
boiling up to 230~ The res idue in the f lask was a dark-brown oily liquid which was not identified. 

The fract ions boiling up to 200 and 230~ respect ively ,  were  identif iedby g a s - l i q u i d  chromatography 
on a KhT-63 chromatograph with a s t a in less - s tee l  column 3 m long and 4 mm in diameter .  The column 
was charged with Celite-545 with a grain size of 30-50 mesh  t reated with 25% of t r i c r e sy l  phosphate and 
10% ofcyanoethylated so rb i to lon thewe igh to f the  sorbent.  Analysis  was per formed at a ra te  of flow of 
helium of 30 m l / m i n .  The chromatographic  analysis was per formed with the use of a G-26 katharometer .  
The tempera ture  of the evaporator  was 350~ and the t empera tu re  of the column 50~ After  the pyrro le  
had issued, the thermos ta t  of the column was switched to rapid heating, and the t empera tu re  of the column 
was brought to 120~ in 2 min, which made it possible to pe r fo rm a complete analysis (Table 3). 

The gas obtained in experiment  No. 14 (Table 1) ~ and in experiment  No. 5 (Table 2) was passed 
through a vesse l  containing ammonium sulfate solution for  the absorption of ammonia; the residual  gas was 
collected in a gasomete r  and was analyzed on a KhL-3 chromatograph [10]. 
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