
Notes 

Interaction of Sulfur-Loaded 3A Zeolite with Ethylene 

The sulfur- loaded 3A clay-bond molecular  sieve 
exposed to e thylene at  t empera tures  higher  t han  
190°C loses i ts sulfur.  Main ly  hydrogen sulfide is 
formed. This behavior  res t r ic ts  i ts  use as a crack- 
ing catalyst .  

1. I N T R O D U C T I O N  

Dudzik  and Pres ton  (1) repor ted about  sulfur-  
impregna ted  type  A Linde molecular  sieves and 
suggested the i r  use as cracking catalysts .  

The narrow pores of the  3A zeolite allow the  
en t rance  of open sulfur chains dur ing the  loading, 
thus  causing s t rong paramagnet i sm.  

We used the  impregna ted  3A molecular sieve 
(pore diam, 0.3 nm) to s tudy  react ions between 
e thylene and sulfur radicals.  The olefine molecule 
has a d iameter  of 0.425 nm and therefore cannot  
en te r  into  the  pores of this  zeolite (2). The head 
of the  t r apped  sulfur chain radical  may be exposed 
for in te rac t ion  wi th  ethylene.  

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

2.1. Impregnation of the Molecular Sieve 3A 
(Union Carbide, ~ in. Pellets) 

The sulfur was recrystal l ized from carbon 
disulfide and freed from gaseous impuri t ies  in 
vacuum (0.1 mm Hg) at  150°C during 3 hr. 

The zeolite was loaded wi th  sulfur vapor  at  
400°C as described by  Dudzik  and Pres ton  (1). 
The sul fur - impregnated  sieve will be indica ted  as 
3AS before the reac t ion  wi th  e thylene and as 3 
AS' af ter  the  experiment .  

2.2. Reaction Conditions 
A mixture of e thylene (4 l i t e r s /h r )  and  ni t rogen 

(9 l i te rs /hr )  was fed into a Pyrex reactor  of the  
flow type  which conta ined 6 g of the sieve. The 
t empera tu re  ranged from 20 to 300°C. The gases 
leaving the reactor  were analyzed by  gLC. Solid 
products  were dissolved in carbon disulfide and 
subjec ted  to N M R  analysis.  

2.3. Apparatus 
An Aerograph 700 was used for gLC analysis.  

Column:  6 ft ,  1/~ in. o.d., s tainless steel;  polypak I 
(80-120 mesh);  detector :  the rmal  conduct iv i ty  
cell; carrier  gas: He. 
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The ESR measurements  were performed on a 
Var ian  E3 spec t rometer  at  25°C. 

A Var ian  HR 100A was used for N M R  analysis.  

3. RESULTS AND DISCUSSION 

At tempera tures  below 190°C the  gases leaving 
the  reactor  consisted only of e thylene and ni t ro-  
gem When the  t empera tu re  was raised, gLC analy-  
sis showed the  appearance of hydrogen sulfide, 
carbon sulfide and traces of a th i rd  compound,  
presumably  e thanethiol .  As the  t ime went  on the  
concent ra t ion  of these compounds decreased, while  
the  blue-grey color of the  zeolite tu rned  in to  the 
original appearance,  as before the  loading wi th  
sulfur.  E thy lene  sulfide was not  formed. 

In  the  cooler par t s  of the  reactor  small  amounts  
of a subl imate  set t led,  which were soluble in 
carbon disulfide. The N M R  spec t rum of this  
solut ion showed a broad signal a t  8 3.35 ppm. I t  is 
ascribed to the format ion  of poly (Mkylene poly- 
sulfides) (5, 6). The signal agrees wi th  the  N M R  
spec t rum of poly(e thylene  tetrasulf ide)  prepared  
according to the  method  of Pa t r i ck  (3, 4). 

ESt~ spect ra  of the  molecular  sieve before and 
af ter  the  loading wi th  sulfur and af ter  the experi- 
men t  are summarized in Table  I. 

The signals i ,  2 and 3 are due to the  unloaded 
zeolite (3A). The same p a t t e r n  is shown by 4A 
and 5A. The signals may be caused by  paramag-  
netie meta l  ions in the  clay binder.  The decrease 
of signals 2 and 3 af ter  loading may be an indica- 
t ion  for in te rac t ion  between the  sulfur  radicals 
and the  original radicals in the  unloaded system. 
Dudzik  and Pres ton  (1) used powdered pure 3A. 
The iden t i ty  of the  signals 4 and 5 is obscure. 

The ESR spec t rum of the  freshly loaded sieve 
(3AS) is not  identical  wi th  Dudzik  and Pres ton ' s  
(1). Al though the difference in posi t ion between 
our signal No. 6 (2.026) and Dudzik  and Pres ton ' s  
(2.0286) is small, the  line widths  do not  agree: 
5 and 50 G, respectively.  Bo th  signals are ascribed 
to polysulfur  radieMs. The difference in wid th  
may be explained by  assuming t h a t  the  clay-bond 
sieve was not  fully sa tu ra t ed  wi th  long sulfur 
chains. 

Dur ing  the  exposure of the  salfur- loaded zeolite 
to e thylene at  e levated tempera tures  hydrogen 
sulfide is formed. The s t rong decrease of the ESR 
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NOTES 

TABLE I 

INTENSITIES OF E S ~  SIGNALS OF ZEOLITES BEFORE (3A, 4A, LA)AND AFTER LOADING 
WITH SULFUR (3AS, 4AS)AND AFTER REACTION ~VITH ETHYLENE (3AS') 
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Zeolite 

Signal intensity (ram) 

Signal no.: 1 2 3 4 5 6 
g (relative to DPPH): 3.09 2.15 2.000 2.003 2.008 2.026 
Line width: 50 1000 10 6 6 5 

3A 49 53 27 0 O 0 
4A 37 23 20 0 0 0 
5A 23 42 12 0 0 0 
3AS 42 6 0 0 1 670 
4AS 26 3 0 0 1 107 
3AS' 41 10 0 79 0 31 

signal at 2.026 agrees with the return of the 
original appearance of the sieve before the loading 
with sulfur. This behavior proves that the zeolite 
loses its internal sulfur. Dudzik and Preston (i) 
did not observe an appreciable decrease of ESR 
signal intensity after their experiments with fully 
saturated 3A sieve. 

Their olefin mixture formed in cracking experi- 
ments did not contain ethylene, although, in 
general ethene is a component cracking gases. This 
olefin might have been formed, but converted to 
hydrogen sulfide, organic sulfur compounds etc. 
The formation of hydrogen sulfide might have 
escaped their gLC detection, because this com- 
pound shows little or no response in the flame 
ionization detector (7), which was used by Dudzik 
and Preston (I). 

Therefore it is concluded that sulfur loaded 
clay-bond 3A molecular sieve can have only a 
limited applicability as a cracking catalyst. 
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