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The oxidative dehydrogenat ion of n -hexane  with iodine leads  mainly  to dehydrocycl iza t ion  with the 
fo rmat ion  of benzene in up to 52% yield,  while the amount  of hexenes  is l e s s  than 1% [1, 2]. It  was shown 
by  us [3] that  on iron oxide, deposi ted on KCl-conta ining s i l i ca  gel ,  in the p r e s e n c e  of hydroch lor ic  acid 
and a i r ,  the products  fo rmed  f rom n -hexane  a r e  mainly hexenes ,  while the yield of benzene is Insignif icant .  

In the p r e s e n t  paper  we studied the oxidat ive dehydrogenat ion of n -hexane  on a CsCl-conta in ing  iron 
oxide ca ta lys t  [4] in the p r e s e n c e  of hydroch lor ic  acid as a function of the t e m p e r a t u r e ,  feed r a t e ,  and 
r a t io  of r eac tan t s .  In addition, the dehydrocblor inat ion of 1-chlorohexane  (CH) on the s a m e  ca t a ly s t  was 
studied in a s t r e a m  of a i r .  

E X P E R I M E N T A L  M E T H O D  

The method used to p r e p a r e  the ca ta lys t  (12% Fe20~, 5% CsC1, 83% SiO2, granule  s i ze  2-3 mm) was 
desc r ibed  in [4]. The expe r imen t s  were  run in flow equipment ,  equipped with a ve r t i ca l  furnace ,  in a 
quar tz  r e a c t o r  (i .d.  8 ram), into which was charged  e i ther  2 or  4 ml of the ca ta lys t .  The hexane feed ra t e  
was changed by  changing the amount of ca ta lys t .  The empty  space  in the tube was filled with broken quar tz .  
Each expe r imen t  l as ted  2 h, a f te r  which the ca t a ly s t  was heated in an a i r  s t r e a m  at  580 ~ The n - h e x a a e  and 
25% HC1 solution were  fed f r o m  injector  bu re t s ,  while the a i r  was supplied f r o m  a cyl inder  through a fine 
control  valve.  The ca ta lyza te  was col lected in a coil r e c e i v e r ,  cooled in a mix tu re  of ice and sal t .  The 
hydroca rbon  l a y e r  was sepa ra t ed ,  washed f r ee  of HC1, dr ied ,  and weighed. The composi t ion  of the liquid 
reac t ion  products  was de t e rmined  on a KhL-4  ch romatograph .  

1-Chlorohexane  (bp 135.0 ~ (760 ram), n ~  1.4200) was obtained by the t r e a t m e n t  of hexyl alcohol with 
SOC12 [5]. The expe r imen t s  with CH were  run in e i ther  an a i r  or  n i t rogen s t r e a m  at 400~ the CH was fed 
f r o m  an injector  bure t  at a space  ve loc i ty  (SV) of 1 h -1, the n i t rogen was supplied f rom a gas m e t e r ,  while 
the a i r  was supplied f r o m  a cyl inder .  

DISCUSSION OF RESULTS 

With increase in the reaction temperature from 474 to 562 ~ but at a constant mole ratio of the com- 
ponents, C~ : O 2 : HCI = I : 0.7 : l.l, and a SV in hexane of 1 h -I , the catalyzate yield and the hexane con- 
version showed little change, and on the average were, respectively, 68.5 and 56.2% (Table i). The yield 
of the principal reaction product, namely hexenes, varies as a function of the temperature and has a 
weakly expressed maximum at 515 ~ . With increase in the reaction temperature from 474 to 515 ~ the yield 
of hexenes increases from 16.8 up to 23.3% (based on hexane passed through), while with further increase 
in the temperature up to 562 ~ the yield drops to 12.~0. The yield of the other products hardly changes 
with change in the temperature, and is equal to 3.5% for benzene, 4.5% for the hexadienes, and 5% for the 
cracking products. 

A study of the effect of the ratio of the components and the space velocity was run at 520 ~ where the 
yield of the olefins was highest (Figs. 1 and 2). With a constant hexane feed rate, the relative amount of 
02 or HC1 was varied. At a hexane SV of i h -i and a C 6 :HCI ratio = i : 2.0 the yield of hexenes, as a func- 
tion of the relative amount of 02 in the mixture, reaches its highest value (~20%) at a C6:O 2 ratio = ! :0.7. 
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TABLE 1. Effect of Tempera tu re  on Oxidative Dehydrogenation of 
Hexane (C6H14 : 02 : HC1 = 1 0.7 : 1.2; SV of Hexane = 1 h -z) 

T., ~ 

454 
504 
515 
;52t 
:527 
:544 
562 

Catalyzate 
rleld,% 

67,2 
72,0 
68,3 
72,4 
69,8 
67,0 
62,5 

C6H14 COil" 

version, % 

52,1 
47,9 
60,6 
58,8 
57,9 
58,2 
57,7 

Yield when based on hexane passed through,% ...... 
cracking 
produc~ 

hexene$ 

t6,8 
16,5 
23,3 
22,6 
20,5 
t5,4 
t2,8 

hexadienes 

1,8 
2,0 
3,5 
4,5 
3,9 
2,8 
2,8 

0,3 
0,6 
0,5 
t,5 
2,2 
5,4 
t,t 

benzene 

0,5 
0,8 
t,4 
2,5 
t,0 
t,6 
3,4 

04 O,O 48 1,o t2 m ~ f,O 2,e n ' 

Fig. 1 Fig. 2 

Fig. 1. Yield of hexenes as a ftmction of amotmt of oxygen in mixture 
C~Ht4 : 02 : HC1 = 1 : m : 2. Yield (%) when based on hexane passed 
through at a SV of 2 h -1 (1) and 1 h -1 (2), and when based on reacted 
hexane at a SV of 2 h -1 (3) and 1 h -1 (4). 

Fig. 2. Yield of hexenes as a ftmction of amount of HC1 in mixture 
C~H14 : 02 : HC1 = 1 : 0.7 :n.  The designations a re  the same as in Fig. 1. 

With a twofold increase  in the hexane feed rate the yield of hexenes is inversely proportional  to the r e l a -  
tive amount of 02 in the mixture ,  and changes f rom 13 to 6% when the amount of 02 is changed f rom 0.4 to 
1.2 m o l e s / m o l e  of hydrocarbon (see Fig. 1). In Fig. 2 is shown the effect of the relat ive amount of HC1 
in the mixture on the yield of hexenes at a constant C 6 : 02 rat io = 1 : 0.7. The yield of hexene is highest 
(~20% when based on hexane passed  through) at  a hexane SV of 1 h -1 and 2 moles of HC1/mole of hydro-  
carbon.  When the hexane space velocity is increased up to 2 h -1 the yield of hexenes dec reases  to 14-12%, 
and is p rac t i ca l ly  independent of the amount of acid in the mixture.  

F r o m  the obtained data it can be seen that the highest yield of hexenes is obtained in the range 
�9 515-520 ~ at a hexane SV of i h -1 and a molal rat io of the components of C : 02 : HC1 = 1 : 0.7 : 2.0. All of the 

i somer ic  n-hexenes  are  obtained independent of the react ion conditions, in which connection the yield of 
1-hexene is 23% (of the total amount of hexenes),  that of the 2-hexenes is 32%, and that of the 3-hexenes 
is 45%. This ra t io  of the i somers  is s t rongly  different f rom the equilibrium ratio. Isomerizat ion of the 
hydrocarbon skeleton is p rac t i ca l ly  nonexistent:  the amount of isohexanes is less  than 1%. Oxygen-con- 

taining compotmds were  not detected. 

Employing elemental  analysis  and GLC, CH was detected in the eatalyzate (10% of the eatalyzate).  
It was shown that CH can be converted to hexenes on an iron oxide catalyst  at high t empera tu re  in either a 
ni trogen or  an air  s t r eam:  CH in nitrogen at 400 ~ and a chloride SV of i h -1 was converted to the extent 
of 57% to hexenes (Table 2), while in an air  s t r eam at the same t empera tu re  the yield of hexenes is only 
31% due to marked t a r r ing  of the products .  Of the other possible react ion products  only hexadienes (~1%) 
were found. The absence of benzene in the react ion products can be explained by the low react ion t e m p e r a -  
ture .  It is interest ing that  the relat ive amounts of n-hexene i somers ,  obtained f rom CH in an air  s t r eam 
(respect ively  21, 34, and 45% for  1-hexene,  2-hexene, and 3-hexene),  a re  near ly  the same as in the oxida-  
t ive dehydrogenation of n-hexane.  It is probable that the formation of all three n-hexene i somers  f rom CH 
is not associa ted with their  i somerizat ion into each other,  since then their  rat io would be c lose to the 
equil ibrium rat io,  but ra ther  with the conditions of HC1 cleavage and addition. Apparently,  both in the 
case  of n-hexane and CH, the hexenes a re  formed via the same activated complex. 

The presence  of CH in the catalyzate and the convers ion of CH to hexenes both serve  to cor robora te  
the p rev ious ly  expressed theory  that success ive  chlorination of the hydrocarbon and dehydrochlorination 
of the alkyl chloride occurs  during the oxidative dehydrogenation of paraffin hydrocarbons with hydro-  

ehlor ic  acid [6]. 

1730 



TABLE 2. Yields of Reaction Products  of 1-Chlorohexane 
(CH) on Iron Oxide Catalyst  (400 ~ SV = 1 h -1) 

Starting mixture, 
moles 

CH : N.. = t :3,8 
CH': 0~ = t :0,7 

Catalyzate 
~eld,% 

64 
45 

Yield when based on CH p a s s e ~ o  

cracking ~exen~ [nexa- benzene 
~roducts [ Idienes 

o 5 7 , i [ i , 1 1 0  
0,2 30,6 0,7 0 

C O N C L U S I O N S  

1. Under the opt imum conditions the main direct ion of the oxidative dehydrogenation of n-hexane 
in the p r e se nc e  of hydrochlor ic  acid and iron oxide, deposited on s i l ica  gel containing CsC1, is the fo r -  
mation of n -hexenes ,  the yield of which r eaches  22-23% when based on hexane passed  through,  or  38% 
when based on r eac t ed  hexane. 

2. n -Hexenes ,  with the same ra t io  of the i somers  as in the oxidative dehydrogenation of n-hexane  
with hydrochlor ic  acid, a r e  formed f rom 1-chlorohexane on the same cata lys t  in an a i r  s t r e am ,  at 400 ~ 
and a chlor ide space  veloci ty  of I h -1. 

1. 

2. 

3. 

4. 
5. 

6. 
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