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This invention relates to the production of the 
valuable diolefinic hydrocarbon-butadiene from 
suitable four-carbon-atom hydrocarbons. It re 
lates more particularly to the process of dehy 

in a more specieseeinvention icon 
cerned with a new and imprived process in whic 

tional distillation and is subseq . . . . . . . 
genated in a second catalytic step to produce a 
good yield of butadiene, . . . . . . . . . . . . . 

practice of those attempting to carry out such 
a process to first dehydrogenate butane to pro 
duce mixed butenes and to recycle the treated 
vapors until the desired concentration of butenes 
was reached or the desired percentage of the 
butane charge had been converted. Because of 
the limitations imposed by thermodynamic equi 
librium, it has not been possible to secure satis 
factorily pure mixed butenes by this procedure 
without resorting to such severe conditions and 
excessive recycling that considerable quantities 
of the butane and butenes were decomposed, and 
the resulting yields of butenes were commercially 
not feasible. . . . . 
Also attempts have been made to produce mixed 

butenes by dehydrogenating normal butane and 

sequently dehydro-. 
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butane. Thus, it is an object of this invention 
to convert normal butane to butadiene in two 
stages of dehydrogenation using a stream of sub 

pure butene-1 separated from the 
he first dehydrogenation step as a 
second dehydrogenation step. 

ise of C4-hydrocarbons such as is pro 
ydrogenating normal butane and 

comprisiaene-1, butene-2 (in both cis and 
trans forms) and normal butane, the boiling 
pointst.80 mm. are 20 F. for butene-1, 33° F. 

t butene-2, 39 F. for cis butene-2 and 
n-butane. Up to the present, most at 

tention has been centered on separating uncon 

It has already been proposed to produce buta-... ." 
diene by the catalytic treatment of the total 
butene mixture resulting from the dehydrogena 
tion of normal butane. However, it has been the . . 

20 
a mixtu 
solvent extraction and chemical separation proc 

verted n-butane from the butene mixture, and 
even the very efficient commercial fractionating 

r ilable is not satisfactory for sepa 
ne from trans butene-2 in such 

ior this reason the above-mentioned 
esses for the segregation of butenes have been at 
tempted in spite of obvious disadvantages. How 

...ever, we have discovered that a highly satis 

25. 

30 

factory fractional distillation may be conducted 
to separate butene-i from the C4 hydrocarbon 
mixture produced by the dehydrogenation of n 
butane. By out process the C4 hydrocarbons re 
maining after the separation of butene-1 and 
comprising butene-2 and unconverted n-butane 
are returned to the first dehydrogenation step 
for further conversion to butene-1. 
We have further discovered that the efficiency 

of our process based on the segregation of butene 
is not impaired by the continuous recycling 

separating the resulting bustenes after each pas 
sage over the catalyst for further dehydrogena 
tion. Such attempts have involved various com 
plex solvent extraction and chemical separation 
methods which have proved expensive and gen 
erally unsatisfactory. . . . 
We have now discovered a novel process for 

the production of butadiene which eliminates the 
unsatisfactory practices of the art to date. Our 
invention not only provides for the economical 
production of butenes from normal butane by 
catalytic dehydrogenation but also includes the 
Segregation from said butenes of butene-1 as the 
most suitable charge to a, second dehydrogena 
tion treatment to produce butadiene. By the 
practice of our invention we have further discov. 
ered that the dehydrogenation of normal butane 
over suitable catalysts may be operated to yield. 
larger amounts of butene-1 when butene-2 is re 
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of butene-2, but that the concentration of bu 
tene-2 in the effluents from the first dehydro 
genation step does not at any time exceed the 
equilibrium value at any given temperature of 
dehydrogenation. This has been found to be due 
to the isomerization of butene-2 during the cat 
alytic treatment to produce substantially the 
ratio of the isomeric butenes produced by de 
hydrogenation of pure n-butane regardless of the 
amount of butene-2 in the charge. This isomer 
ization accompanying dehydrogenation enhances 
the value of our process by promoting the ulti 
nate conversion of substantially all the C4 hydro 
carbons in our raw feed stock, and by assuring 
a feed of Substantially constant butene-1 con 
tent for our fractional distillation step. 

: In its broader aspects, our invention comprises 
conducting the conversion of n-butane to buta 
diene by a series of steps listed below in the or 
der employed: (1) catalytic dehydrogenation of 

cycled to the catalyst along with unconverted 55 n-butane; (2) separation of the C. hydrocarbon 

    

  

  

  

  

    

  



2 
mixture so produced by means of fractional dis 
tillation into an overhead fraction comprising 
substantially pure buttene-1, and a bottoms frac 
tion comprising buttene-2 and n-butane; (3) con 
tinuously recycling the bottoms fraction to the 
initial dehydrogenating unit, together with fresh 
n-butane, and producing thereby additional bu 
tene-1, both by dehydrogenation of n-butane and 
by isomerization of butene-2; (4) subjecting the 
overhead fraction comprising butene- to a sec 
Ond catalytic treatment under suitable conditions 
to effect a considerable dehydrogenation to butta 
diene; (5) Separating the butadiene so produced 
by any convenient means; and (6) recycling the 
unconverted butenes remaining after separation 
of the butadiene to either of the dehydrogena 
tion steps as may be convenient. In the practice 
of this invention, any traces of butadiene formed 
directly in step (1) will of course distill over 
With the butene-1, and thus be recovered along 
with the butadiene from the second dehydrogena 
tion. 

If we use the C4 fraction from refinery cracked 
gases instead of n-butane in our process, the 
steps of our invention are not materially altered. 
In Such a fraction comprising n-butane and 
butenes, the butene concentration usually is not 
great enough to justify preliminary fractiona 
tion for the Segregation of buttene-1, and the 
entire stock is then dehydrogenated by the first 
step of our process to produce additional butenes 
prior to the separation of the butene-1 fraction. 
Obviously, if Such a C4 fraction is rich enough 
in butenes to approximate or exceed the butene 
content resulting from the initial dehydrogena 
tion step we may first separate butene-1 by frac 
tional distillation, and then return the butene-2 
and n-butane as charge to the initial dehydro 
genation operation. Any isobutene present in 
the stocks mentioned above may be removed or 
utilized as desired prior to treatment of said 
stocks by our process. 
In order that the invention may be more clear 

ly understood, reference will be made to the draw 
ing, which is a flow diagram according to which 
the steps of the invention may be carried out. 
In the drawing, the raw n-butane or suitable 

C4 hydrocarbon feed comprising n-butane and 
butenes enters by line 2f into heater where the 
feed stream is raised to the desired temperature. 
The hot vapors then pass by line 22 into cata 
lyst cases 2. These cases contain a catalyst ca 
pable of effecting the desired degree of dehy 
drogenation of n-butane to yield buttenes. Fron 
2, the treated vapors pass with some cooling (not 
shown) through line 23 into polymer Separator 3 
where Small amounts of heavy material are re 
moved by line 24. From 3 the vapors paSS with 
required compression and/or cooling (not shown) 
into fractionating column 4. In 4 a fractionation 
is effected to remove hydrogen and C3 and lighter 
hydrocarbons overhead while the C4 hydrocar 
bons constitute the bottoms fraction. The Over 
head fraction leaving by line 26 may be sent to 
further processing units through valve 27, or a 
portion may be returned by line 28 into the raw 
butane stream ahead of the heater, providing the 
quantity of hydrogen gas thus returned is not 
allowed to pyramid in a fashion unfavorable to 
the dehydrogenation reaction. The C4 fraction 
leaves column 4 by line 29 and is passed to frac 
tionating column 5 wherein a fraction distillation 
is carried out to take butene-1 and butadiene 
overhead, while butene-2 and n-butane are re 
moved from the kettel by line 3? and recycled 
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2,381,691 
to the raw feed Stream ahead of the heater. The 
butene-1 fraction is collected in storage 6, by 
means of line 30. The auxiliary equipment for 
columns 4 and 5, including heat exchangers, con 
densers, reflux accumulators and the like is fa 
miliar to the art, and thus is not shown in this 
flow diagram. 
From storage 6 the butene-1 concentrate passes 

by line 32 into a heater 7, where the stream is 
heated to the temperature required for the Sec 
ond dehydrogenation. The heated vapors pass 
by line 33 to catalyst cases 8 containing a suit 
able dehydrogenation catalyst. The treated va 
pors exit through line 34 with some cooling, and 
into polymer separator 9, wherein small amounts 
of heavy material are removed through line 35. 
From 9, the stream passes through line 36 into 
fractionating column 0 after suitable compres 
sion and cooling (not shown). In column 0, 
hydrogen and hydrocarbons including propane 
and lighter are removed overhead while C4 hy 
drocarbons constitute the kettle product. The 
overhead product from ?o may be passed to fur 
ther processing units through valve 38, or op 
tionally a portion or a component thereof may 
be sent through line 39 to the feed stream ahead 
of heater to serve as a diluent. In the latter 
operation, the quantity of hydrogen gas recycled 
is regulated so as not to influence the reaction 
unfavorably. The C fraction from column to 
passes through line 40 to the butadiene extractor 

where butadiene is removed by suitable re 
agents. The unconverted mono-olefin leaves the 
extractor through line 4 and is recycled to the 
second dehydrogenation step into line 32 ahead 
of the heater 7. The butadiene in combination 
with the extracting medium is taken through line 
42 to a suitable desorbing or recovery unit (not 
ShOWn). 

In the operation of the first dehydrogenation 
step, the hydrocarbon vapors may be subjected 
to two or more successive treatments with dehy 
drogenation catalyst in a series of catalyst cham 
bers, or the vapors or any fraction thereof may 
be recycled with the fresh feed vapors through 
the catalyst chamber. This may be accomplished, 
if desired, by splitting the stream of hot treated 
vapors leaving the catalyst tower with one part 
passing through a compressor or its equivalent 
wherein the pressure is raised enough to force the 
recycled vapors into the stream of heated vapors 
prior to passage into the catalyst tower. Some 
additional heat, also, may be supplied to the 
recycled vapors, if desired. 
Other possible arrangements of the conven 

tional equipment used in the practice of Our in 
vention will be apparent to those skilled in the 
art, and thus are held within the Scope of Our 
invention. Also, the conditions of temperature, 
pressure, flow rate and the like used in operating 
this equipment will depend largely on the Selec 
tion of the catalyst to be used and on the de 
sired degree of conversion, since each catalyst 
has a specific range of conditions within which 
it operates with maximum efficiency. 
Many catalysts have been found for the dehy 

drogenation of hydrocarbons, and some of these 
may be used more or less successfully. Among 
the types suggested are metals, metallic oxides, 
particularly difficultly reducible oxides, but in 
cluding oxides of metals in groups II to VIII in 
clusive of the periodic table, activated or lustrous 
carbon, clays, some silicates, and many others. 
The great variety of oxide catalysts makes them 
of the most importance. 
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In the practice of Our invention the charging 

stock to the initial dehyrogenation operation is 
normally heated to temperatures in the range 
850 to 1200' F. and passed over the catalyst at 
such velocities that contact time is quite short, 
of the order of 0.5 to 10 seconds. Pressures Only 
slightly above atmospheric, from about 5 to 50 
pounds are normally used, although higher pres 
sures, up to 200 or 300 pounds gauge may be 

'... used, if desired. Conditions of operation are se 
lected with reference to economic and technical 
factors in any given installation. 

In the second dehydrogenation step of Our 
process, the charge stock is heated sufficiently 
to maintain temperatures between about 1050 
and 1350 F. in the catalyst cases. The catalysts 
used may be those which give a suitable degree 
of conversion of butene-1 to butadiene and do 
not induce excessive polymerization or cracking 
reactions. Further, it is usually desirable to 
maintain low partial pressure of butene-1 in 

3 
bauxite catalyst at a space velocity of 1400 vol 
umes per hour. Twenty-eight per cent conver 
sion per pass of the butene was obtained, of which 
50 per cent was butadiene, and the remainder 
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the charge to the second dehydrogenation step, 
for example, by addition of an inert diluent in 
order to suppress deleterious side reactions in 
volving butene-1. 

Ordinarily two or more catalyst cases would 
be provided. Those cases not on stream will gen 
erally be under preparation for subsequent use, 
either by replacement of spent catalyst or by 
regeneration. Regeneration is contemplated 
whenever the activity has declined to any pre 
determined level. The regeneration may be car 
ried out by means such as controlled treatment 
with an Oxygen-containing gas. 
The following example will serve to further 

illustrate one method of practicing Our invention, 
Eacample 

Normal butane was charged to the system dia 
grammed in the drawing, operated at a pressure 
of 30 pounds per square inch gage. The heated 
vapors emerged from the furnace and entered 
the catalyst cases at 1120' F. The multiple cases 
were filled with calcined 6-14 mesh bauxite to 
such depth that the total pressure drop was of 
the order of five pounds or less, and the tem 
perature of the entire bed maintained within 
the range of about 1100-1120' F. The butane was 
processed at a space velocity of 1000 volumes 
(STP) per hour per volume of catalyst, equivalent 
to a contact time of approximately 1.7 seconds. 
About 15 per cent of the butane charged was 
converted to butenes, and the run was continued 
for 24 hours before catalyst activity had declined 
to a point at which regeneration was necessary. 
The effluents were subjected to fractionation 

employing two consecutive highly efficient frac 
tionating towers. Hydrogen and light hydrocar 
bons separated in the first column accounted for 
about three per cent by weight of the charge. 
When the recycle stream of buttene-2 had been 
admitted and a steady state of dehydrogenation 
isomerization had been established the butene-1 
taken overhead from the Second column 
amounted to 15 percent of the total charge to 
the heater. The butene-2 recycled was 30 per 
cent of the charge, butane recycled 52 per cent, 
and fresh butane added 18 per cent. Thus, an 
ultimate yield of about 83 per cent of the butane 
charged to the unit was obtained as buttene-l. 
The butene-1 was then charged to the Second 

dehydrogenation step shown in the drawing, with 
three volumes of added substantially inert gas. 
It was processed at slightly above atmospheric 
pressure at a temperature of 1125-1130 F. Over 
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light gases, polymer, and coke. The remaining 
butene was recycled. A cycle of six hours oper 
ation followed by regeneration was used in this 
stage, the stream being changed to a fresh set 
of catalyst cases at the end of this period and 
the first catalyst regenerated by controlled com 
bustion. 
The foregoing specification and example have 

disclosed and illustrated the invention, but since 
it is of generally wide application and the num 
ber of examples of results obtainable by its use 
might be multiplied greatly, the scope of the 
invention is limited only by the following claims. 
We claim: 
1. In a process for preparing butadiene by a 

two-stage stepwise dehydrogenation of n-butane, 
the steps of separating by fractional distillation 
of the material resulting from the first dehydro 
genation step an Overhead fraction comprising 
chiefly butene-1 and a bottom fraction compris 
ing essentially butene-2 and n-butane, recycling 
the bottom fraction to the first dehydrogenation 
step along with fresh n-butane, treating said 
Overhead fraction in a second dehydrogenation 
step to convert a portion of said butene-1 to buta 
diene, separating the butadiene from the uncon 
verted butene-1 and recycling the unconverted 
mono-olefin to the Second dehydrogenation step. 

2. A process for preparing butadiene from n 
butane which comprises treating Said n-butane 
with a dehydrogenating catalyst under suitable 
conditions to convert a Substantial proportion to 
butenes, fractionating the resulting C4 mixture 
Comprising n-butane and buttenes after the re 
moval of heavy polymers and propane and lighter 
material therefrom to produce an overhead frac 
tion comprising, substantially butene-1 and a 
bottom fraction comprising essentially butene-2 
and n-butane, continuously recycling said bot 
tom fraction to the first dehydrogenation step 
along with fresh added n-butane feed, treating 
the butene-1 fraction with a dehydrogenating 
catalyst in a second step under suitable condi 
tions to convert a substantial proportion of 
ibutene-1 to butadiene, treating the material from 
the second dehydrogenation step subsequent to 
the removal of heavy polymers and propane and 
lighter material therefrom to separate butadiene, 
and finally recycling the unconverted mono-olefin 
to the second dehydrogenation step along with 
fresh buttene-1, feed. 

3. A process of preparing butadiene from n 
butane which comprises passing said n-butane 
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over a dehydrogenation catalyst in a first dehy 
drogenation stage under such conditions as to 
produce a mixture comprising butene-1, buta 
diene, butene-2, and n-butane, fractionally dis 
tilling said mixture to produce an overhead frac 
tion comprising said butene-1 predominantly and 
some butadiene and substantially free of n-butane 
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and a bottom fraction comprising essentially said 
butene-2 and n-butane, continuously recycling 
said bottom fraction to said first dehydrogena 
tion stage for further conversion along with said 
first-named n-butane under conditions such that 
isomerization of said recycled blitene-2 to bul 
tene-1 and dehydrogenation of said recycled n 
butane take place, and passing said overhead 
fraction. Over a dehydrogenation catalyst in a sec 
Ond dehydrogenation stage under Such condi 
tions as to produce butadiene. 

  



4. 
4. The process of claim 3 wherein the effluent 

from said second dehydrogenation stage is treated 
to extract the butadiene content thereof, and the 
unconverted butene content thereof is contin 
uously recycled to said second dehydrogenation 
stage for further conversion along with said Over 
head fraction. 

5. A process of preparing butadiene from the 
CA fraction of cracked hydrocarbon gases con 
taining n-butane and butenes which comprises 
passing said C4 fraction over a dehydrogenation 
catalyst in a first dehydrogenation stage under 
such conditions as to produce a mixture contain 
ing additional buttenes and comprising buttene-1, 
butadiene, butene-2, and n-butane, fractionally 
distilling said mixture to produce an Overhead 
fraction comprising said buttene- predominantly 
and some butadiene and substantially free of n 
butane and a bottom fraction comprising essen 
tially said butene-2 and n-butane, continuously 
recycling said botton fraction to said first dehy 
drogenation stage for further conversion along 
with said CA fraction under Conditions such that 
isomerization of said recycled butene-2 to bu 
tene-1 and dehydrogenation of said recycled n 
butane take place, passing said overhead fraction 
over a dehydrogenation catalyst in a Second 
dehydrogenation stage under conditions such as 

O 
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to convert a portion of the buttene-1 to butadiene, 
extracting the butadiene from the second stage 
dehydrogenation effuent, and continuously re 
cycling the unconverted butene content of the 
efluent to said second dehydrogenation stage for 
further conversion along with said overhead frac 
tion. 

6. A process of preparing butadiene from n 
butane which comprises passing said n-butane 
over a dehydrogenation catalyst in a first dehy 
drogenation stage under such conditions as to 
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produce a mixture comprising buttene-1, buta 
diene, butene-2, and n-butane, fractionally dis 
tilling said mixture to produce an overhead frac 
tion comprising said butene-1 predominantly and 
some butadiene and a bottom fraction comprising 
essentially said butene-2 and n-butane, continu 
ously recycling said bottom fraction to said first 
dehydrogenation stage for further conversion 
along with said first-named n-butane under Con 
ditions such that isomerization of said recycled 
butene-2 to butene-1 and dehydrogenation of said 
recycled n-butane take place, and passing said 
overhead fraction over a dehydrogenation cata 
lyst in a second dehydrogenation stage under such 
conditions as to produce butadiene. 

WALTER A, SCHUAE, 
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