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4 Claims. (G11. zoo-sac) 
The present invention relates to improvements 

in catalytic dehydrogenation of hydrocarbons, > 
such as para?inic, ole?nic or alkyl aromatic hy 
drocarbons which contain a carbon chain of less 
than 6 carbon atoms. ' - 

Catalytic dehydrogenation of the type to which 
the present invention relates proceeds with the 
formation of coke or coke-like material which is 
deposited in the catalyst and the formation of 
hydrogen in addition to the production of un 
saturated or aromatic products. This coke-like 
material is, of course, formed from the hydro 
carbon being dehydrogenated and therefore rep 
resents a loss of material. Any reduction in loss 
es, in general, is an advantage. Reduction of 
coke is of particular advantage in these dehydro 
genation processes in facilitating temperature 
control, and, in the case of adiabatic operation, 
in improving the conditions of operation. 
in modern gas dehydrogenation procedures the 

heat produced. by burning of this coke-like mate 
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rial during regeneration is stored in'the catalyst » 
mass and is employed to maintain the tempera 
ture during the endothermic dehydrogenation, 
processes of this type being termed adiabatic de 
hydrogenations. In these processes a limiting 
factor on the extent of the dehydrogenation, and 
therefore the eihciency of the process is the 
‘amount of coke produced in relation to the 
amount of dehydrogenation effected. Thus, as 
the temperature of the operation increases, the 
extent of the dehydrogenation in general also in— 
creases; likewise, the amount of coke deposited 
increases. As, the temperature is increased, the 
increase in the amount of coke deposited is more 
than proportionate to the increase in dehydro 
genation. Therefore, under ?xed operating con 
ditions, the condition at which the heat of de 
hydrogenation is cqual to the heat of regenera 
tion is a special case. If the ratio of coke dc 
posited to dehydrogenation e?ected can be de 
creased, the temperature is increased at which 
the heat of dehydrogenation is equal to the heat 
of regeneration. This, accordingly, allows oper- 
ation of adiabatic operation at higher tempera 
tures, with resultant increase in the extent of 
dehydrogenation. likewise, plants operating at 
high temperatures and using extraneous means 
to dissipate heat such as an air blow can be run 
at a substantial saving by a- reduction in the ratio 
of coke to dehydrogenation. 
The present invention is of particular appli 

cation to dehydrogenation processes for the pro 
duction of butadiene. Dehydrogenation catalysts 
treated in accordance with this invention not 
only produce less coke but, additionally, when 

. employed under the same conditions, produce a 
higher conversion to butadiene, as re?ected by 
higher concentration. Increased concentration 
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a slight increase results in major savings in the 
cost of‘recovery of butadiene from mixed de 
hydrogenation product.- T " 

Objects of the present invention are to provide 
improved processes for the manufacture of de 
hydrogenation catalysts, to provide improved de 
hydrogenation processes wherein the losses are 
decreased, to provide for the use of more favor 
able operating conditions, and to provide proc 
esscs for the production of dienes, in particular 
butadiene, in which, under like conditions, the 
concentration of diene in the reaction mixture 
is increased. Other and more speci?c objects will 
become apparent as the following description pro 
ceeds. . ' 

The improvements here involved are applic— 
able in the dehydrogenation of para?inic hydro» 
carbons. 
as in the dehydrogenation of propane or iso 
butane to propylene or isobutene, or the product, 
alternatively, may contain‘ dlenes, as in the de 
hydrogenation of parat?ns and ole?ns to ole?ns 
and dienes. Further, the product may contain 
unsaturated aromatic derivatives, as in the dc- 
hydrogenation of allryl aliphatics in which the 
allryl group is a carbon chain containing less 
than six carbon atoms in the chain. ‘In the lat 
ter type of process, the charge may be relatively 
pure, such a technical ethyl-benzene or it may 
be a naphtha cut. ‘ , V 

This invention involves the treatment of de 
hydrogenation catalysts oi the type which con 
tains a polyvalent, multivalent heavy metal oxide, 
for example, chromium, molybdenum, vanadium 
or iron, carried by surface active support com 
prising a refractory metal oxide, non-reducible 
under the reaction conditions employed for the 
dehydrogenation, such as alumina, zirconia, mag 
nesium oxide, and cerium oxide. This treatment 
of the dehydrogenation catalysts of the type 
stated is e?ected at elevated temperature in the 
presence of steam. The treatment is e?ected at 
a temperature between 1200“ and 1600“ F’. at a 
partial pressure of steam in pounds per square 
inch above 1 lb. and above 

‘ 400 _ 

T — 1160 

and at a partial pressure or steam in pounds per 
square inch below 30 lbs. and below 

‘ 475 

( T—-1630+32 

where '1‘ equals the temperature of treatment in 
degrees Fahrenheit. The treatment is continued 
for over two hours and for a time sufficient that 
the ratio of percent dehydrogenation to per cent 
coke is increased at least 50%, per cent dehydro 
genated‘ being calculated as the per cent of de 
hydrogenated product times one hundred divided 

1 

is of real‘and substantial importance since even 60 by the total of dehydrogenated product plus un-_ 

The product may be principally ole?ns, - 



. The pellets were divided into three lots. 

2 
converted charge. It is in general unnecessary to 
treat for over thirty hours to obtain the desired 
change in catalyst characteristics and according 
ly it is preferred that the treatment be not ex 
tended beyond that time. 

It appears that in the preliminary stages of 
treatment the selectivity of the catalyst is some 
what improved with respect to side reactions 
which give gas and low boiling hydrocarbons of 
a number of carbon atoms to the molecule other 
than contained in the charge. However, upon 
continued treating, and in accord with this in 
vention, the coke is also reduced. Both of these 
changes reduce losses. The second one appears 
to be a permanent change in the catalyst, the 
results of which are in no way similar to the 
deposition of a transitory molecular ?lm of water. 
As an incident of the reduction in coke as stated 
it'has been found that there is an increase in the 
extent of dehydrogenation. 

It should be noted in connection with the 
mathematical expressions employed to de?ne the 
treating conditions that these expressions are 
purely empirical and de?ne the curved lines BC 
and EF, respectively in the accompanying draw 
ing. Thus, along the the line BC the partial 
pressure of steam is equal to ' 

400 _ 

T-1160 
and along th line EF the partial pressure is 
equal to 

1 

In this drawing the zone of treating is outlined 
in heavy lines and consists of the zone ABCDEF. 

This invention is‘ illustrated in the following 
- examples which should be taken as indicative of 
the character of the invention but not de?nitive 
of the scope thereof. 

EXAMPLE 1 

Six parts by weight of surface active alumina 
such‘ as is sold on the market as “Activated 
Alumina" was soaked for 30 minutes in’ 8.61 parts 
by weight of a chromic acid solution of 1.428 
speci?c gravity. The excess solution was then 

& drained off and the pellets were dried in circu- ' 
lating air at 210° F. By analysis the pellets con 
tained 18.5% by weight CraOa on ignited basis. 

One of 
the lots employed as a blank was heat treated at 
1400“ F. for 10 hours in dry air, the other two 

_ lots were steam treated in accordance with this 
invention, one at vl400° for 10 hours at a steam 
pressure of 3 lbs.'and the other at 1400° F. for _ 
20 hours at a steam pressure of 1.5 lbs. The 3 
lb. and 1.5 ‘lb. steam pressures were obtained by 
maintaining the pellets in contact respectively 
with a 20% steam, 80% air mixture and a 10% 
steam, 90% air mixture. both of which were 
maintained at atmospheric pressure. The heat 
treated catalysts were subjected to reduction by 
contacting at elevated temperature with hydro 
gen prior to use for dehydrogenation. 
The conditions employed for dehydrogenation 

were as follows: A mixture of 24.5% n-butane, 
75.0% n-butene and 0.5% butadiene was con 
tacted with the catalyst at a temperature of 
1075° F., at a pressure of 5 inches mercury‘ab 
solute and a rate of about 20 grams of charge 
per liter of catalyst per minute. Each run on a 
catalyst was conducted for 10 minutes and the 
catalysts were reduced with hydrogen before 
each run following regeneration. 
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The results of dehydrogenation in contact with 
the three lots of catalysts so prepared are shown 
in the following tabulation: 

as 22 
o 

Butadiene.-. 
e ...... _. _ -. 

Percent dehydrogenated 1 
Percent dehydrogenated/eoke.. 
Percent increase in ratio ______________________ .. 

I“ 

gomuoooolel l 
.. use 

1 Percent dehydrogenated 

It is to be noted that while the catalyst treated 
for 20 hours at 1.5 pounds steam partial pres 
sure was satisfactory, it was impossible to obtain 
satisfactory results by treatment under the same 
conditions for only two hours. After two hours 
the activity of the catalyst was improved as in 
dicated by the production of 22.9% butadiene, 
but it produced 3.5% coke, substantially the same 
as if it had not been heat treated. In this in 
stance the per cent increase in the ratio is 31%. 

EXAMPLE 2 

Six parts by volume of “Activated Alumina" 
pellets were allowed to stand in four parts by 
volume of a solution of chromic acid of speci?c 
gravity 1.025. After standing for 30 minutes the 
solution was drained from the pellets. There 
was recovered 1.995 parts by volume of solution 
of speci?c gravity 1.018. The pellets were dried 
at 200° to 210° F. in circulating air and were 
found to contain 3.28% CrzOa on ignited basis. 
The dried alumina pellets containing chromic 

acid were divided into 3 portions, one of which 
for control purposes was heat treated in dry air 
for 10 hours at 1400° F. The remaining two por 
tions were steam treated at 1400° F. for 10 hours, 
one of them at a partial pressure of steam of 1.5 
and the other of 3 lbs. per square inch. This 
steam treat was effected in the first instance by 
maintaining an atmosphere of 10% steam, 90% 
air at' atmospheric pressure in contact with the 
catalyst,/ and in the second instance, 20% steam, 
80% air, at atmospheric pressure. After reduc 
tion the three catalysts were employed for de 
hydrogenation under the conditions stated in 
Example 1. The results tabulated below were 
obtained: . 

Table 2 
Temp., ° F ................................... _. 
Time in hours 
Steam pressure .................. .. 

Percent dehydrogenated_-... 
Percent dehydrogenated/coke 
Percent increase in ratio .... -. 

ExAmPLz 3 

Six parts by volume of “Activated Alumina” 
pellets were soaked for 30 minutes in four parts 
by volume of a 1.268 speci?c gravity chromic acid 
solution, following which residual solution was 
drained from the pellets. There were 2.15 liters 
of residual solution of speci?c gravity 1.285. The 
pellets were dried in circulating air at 200 to 210° 
F. The pellets were found by analysis to contain 
13.68% CrzOa on ignited basis. 
The dried pellets were divided into four lots 

and heat treated under the following conditions: 
The ?rst at 1400° F. for 10 hours in dry air for a 
blank, the second at 1400‘ for 10 hours at a steam 
pressure of 1.5, the third at 1400" F. for 10 hours 



2,899,678 
at 3 lbs. steam pressure, and the fourth at 1400° 
F. for 10 hours at 15 lbs. steam pressure. After 
reduction the catalyst was employed for dehy 

‘ drogenation under the conditions in Example 1. 
The results are shown in the followin tabulation: 

Table 3 
1, 400 1, 400 1,400 

10 10 > 10 
1. 5 3 16 

. 5 0. 9 1. 5 2. 1 

.9 94. 4 93. 0 93. 4 

. 8 21. 9 19. 7 20. 1 
. 7 3. 2 ' 3. 0 2. 1 

Per cent dehydrogenated_____ 15. 32 23. 2 21. 2 21. 0 
Per cent dehydrogenatedlcoke. 3. 27 7. 25 7. 07 10. 3 
Per cent increase in ratio ___________ __ 122 116 214 

EXAMPLE 4 

32 liters of "Activated Alumina” pellets were 
soaked for 30 minutes in 28.6 kilograms of a 

$1 

10 

15 

chromic acid‘ solution of speci?c gravity 1.142. . 
The remaining solution was then drained off and 
upon measurement there was obtained 13.05 liters 
of residual solution of speci?c gravity 1.146. The 
‘pellets were dried at 210° F. in circulating air. 

'''The pellets were found by analysis to contain 
9.12% CrzOa on ignited basis. _ 
The catalyst was divided into four lots and heat 

treated as stated in Example 3 and employed for 
dehydrogenation under the conditions in Example 
1. The resultsareshown in the following tabu 

\ _ lation 

Table 4 
Temp., °F _________________________ ._ 1, 400 l. 400 1,400 

- . Time in hours.-__ ________ __ 10 10 10 

Steam ressure _________ _ . 1. 5 3 15 
Ca, Cs ..... __ 3. 5 2. 7 0.8 1.0 
Total 04....... 90. 6 92.3 94.8 96.0 
Butadiene .................. .. 16. 3 19. 7 19. 9 18. 4 
Coke _______________________ __ 3. 4 2. 5 2. 4 2. 1 
Percent dehydrogenated .... __ 18. 0 2i. 4 21 19. 1 
Percent dohydrogenated/coke. 5. 30 8. 57 8. 75 9. 10 
Percent increase in ratio ____________ ._ 62 65 72 

Preferred catalysts employed in the present 
invention contain a minor portion generally in the 

. .srange between 2% and 40% or the heavy metal 
oxide and a mojor proportion generally in the 
range from 60% to 98% of the refractory surface 
active support. 
We claim as our invention: 
1. The process of dehydrogenating a selected 

hydrocarbon containing an aliphatic chain of 
less than 6 carbon atoms which comprises sub 
jecting said hydrocarbon to contact with a dehy 
drogenation catalyst of the type which contains 
a polyvalent, multivalent heavy metal oxide car 
ried by a surface active refractory metal oxide 
support, said catalyst having been preconditioned 
by contact with steam at a temperature between 
1200° and 1600° F. at a partial pressure of steam 
in pounds per square inch between 1 pound and 
30 pounds and above ~ 

400 __ 1 
T—1160 . 

and below 
475 

_T—1630+32 
where '1‘ equals the temperature of precondition 
ing in degrees Fahrenheit, the preconditioning 
being continued for more than two hours and 
for a time su?lcient that the ratio of percent de 
hydrogenation to percent coke is increased at least 
50% over the results obtained with no precondi 
tioning. - 
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2. The process of dehydrogenating a selected 

hydrocarbon gas which comprises subjecting said 
gas to contact with a dehydrogenation catalyst of 
the type which contains a polyvalent, multivalent 
heavy metal oxide carried by a surface active re 
fractory metal oxide support. said catalyst hay, 
ing been preconditioned by contact with steam 
at a temperature between 1200° and 1600° F. at 
a partial pressure of steam in pounds per square 
inch between 1 pound and 30 pounds, the par 
tial pressure of steam being correlated with the 
temperature to lie within the zone ABCDEF in 
the accompanying drawing, the preconditioning 
being continued for more than two hours and for 
a time suilicient that the ratio of percent dehy 
drogenation to percent coke is increased at least 
50% over the results obtained with no precon 
ditioning. . 

3. The process of dehydrogenating a selected 
hydrocarbon gas which comprises subjecting said 
gas to contact with a dehydrogenation catalyst 
which contains a minor portion of chromium, 
oxide carried by a major portion of a surface 
active alumina, said catalyst having been precon 
ditioned by contact with steam at a temperature 
between 1200° and 1600° F. at a partial pressure 
of steam in pounds per square inch between 1 
pound and 30 pounds, and above 

400 

' and below 

where T equals the temperature of the precon 
ditioning in degrees Fahrenheit, the precondi 
tioning being continued for more than two hours 
and for a time sufficient that the ratio of percent 
dehydrogenation to percent coke .is increased at 
least 50% over the results obtained with no pre- , 
conditioning. 

4. The process of dehydrogenating a selected 
hydrocarbon gas which comprises subjecting said 
gas to contact with a dehydrogenation catalyst 
of the type which contains a polyvalent, multi 
valent heavy metal oxide carried by a surface 
active refractory metal oxide support, said cata 
lyst having been preconditioned by contact with 
steam at a temperature between 1200'’ and 1600° 
F. at a partial pressure of steam in pounds per 
square inch between 1 pound and 30 pounds, and 
above 

400 __ 1 ‘ 

T-1l60 

and below 
. 475 

7": 1‘63'0“'32 
where T equals the temperature of the precondi 
tioning in degrees Fahrenheit, the preconditiom 
ing being continued for more than two hours and 
for a time sumcient that the ratio of percent de- ‘ 
hydrogenation to percent coke is increased at 
least 50% 'over the results obtained with no pre 
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’ conditioning. 


