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The present invention relates to a combined 
dehydrogenation of saturated hydrocarbons to 
form valuable di-olefins such as butadiene, to 
gether with the alkylation of mono-olefins also 
formed with iso-paraffins to form alkylates boil 
ing within the gasoline range and having a high 
Octane rating. 
The process of polymerizing butadiene alone 

or with other materials to form a rubber substi 
tute or Synthetic rubber is known. Tio produce 
this rubber substitute or similar synthetic rub 
bers by polymerizing di-olefins obviously re 
quires considerable quantities of the said di-ole 
fins if the synthetic rubbers are to be produced in 
large quantities. The production of di-olefins in 
normal refinery practice is insufficient to supply 
the demands for large scale synthetic rubber pro. 
duction using di-olefins as starting materials, and 
in our present invention, we have devised means 
for producing di-olefins such as butadiene from C. 
Saturated hydrocarbons available in refinery 
practice or as field "butane,” according to an im. 
proved method which includes a single stage 
catalytic dehydrogenation of normal butane foll 
lowed by a precise fractionation of reaction prod 
lucts to recover a fraction consisting primarily of . 
butadiene, iso-butane, iso-butene, and butene-1, 
which fraction is thereafter subjected to solvent 
extraction to form an extract containing essen 
tially only butadiene and a raffinate containing 
the remainder of the said fraction, which raf 
finate may be alkylated employing supplemen 
tary or extraneous iso-butane to form an avia 
tion gasoline. Said supplementary iso-butane 
may be obtained by fractionation of the source 
material from which the above mentioned nor 
mal butane is obtained. 
One object of the present invention is to dehy 

drogenate a hydrocarbon fraction containing 
normal butane to form substantial quantities of 
butadiene, and in order to reduce the amount of 
material recycled to the dehydrogenation zone, 
the reaction products after extraction of the 
formed butadiene are alkylated so that princi 
pally normal butane and normal butenes are re 
cycled to the dehydrogenation zone. 
A more specific object of the present invention 

includes precisely fractionating reaction prod 
ucts from a single stage dehydrogenation of 
normal butane to separate and recycle to the 
dehydrogenation stage, a fraction containing 
normal butane and buttene-2. 
A further object of our invention is to recover 

a quantity of isobuteneby liquid extraction of the 
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butadiene and regeneration of the iso-butylene 
from the extract. 
Other and further objects of our invention will 

appear from the following more detailed descrip 
tion and claim, 
In order to afford a better understanding of 

our invention reference is made to the accom 
panying drawing in which we have shown dia 
grammatically a form and arrangement of ap 
paratus elements in which our invention may be 
carried into practical effect. 
We shall now set forth a specific example ill 

lustrating our invention, and in so doing will 
refer to the drawing. 

Referring therefore in detail to the drawing, 
represents a charging line for normal butane. 

This butane is charged to a furnace 3 where it is 
heated to a temperature of 1330 F. and there 
after withdrawn through line 5 and discharged 
into a reactor O containing catalyst C composed 
of 4-6% chromic oxide on alumina and prefer 
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ably supported on spaced foraminous trays. 
The conditions maintained within the reactor 
fo are the following: 
Temperature.----- Average 1230 F. 
Pressure.---------.Average 95 mm. Hg absolute 
Contact time------ A second 
Due to the fact that the reaction is endother 

mic and the reactor is substantially adiabatic, 
the furnace outlet temperature will be somewhat 
higher than the average temperature in reactor 
O). Alternatively heat may be supplied to the 

reactor. 
The reaction products are withdrawn from 

reactor ?o through line 12 and then discharged 
into a compressor 4 where the gases are com 
pressed to a pressure of about 600 lbs./sq. in. 
whereupon they are withdrawn and discharged 
into a fractionator 8 from which C3 and lighter 
hydrocarbons are withdrawn overhead through 
line 20, while the heavy bottoms comprising C4 
and heavier hydrocarbons are withdrawn through 
line 22, and discharged into a second fractionator 
26 where the Ca hydrocarbons are carefully frac 
tionated to recover a normal butane and a bu 
tene-2 fraction which is recovered through line 
28 and recycled to charging line . The over 
head fraction containing butadiene, iso-butane, 
iso-butene, and butene-1, together with small 
quantities of normal butane and buttene-2, is 
withdrawn through line 30 and thence discharged 
into an extraction tower 32. The solvent, pref 
erably, methyl amine, is discharged into tower 

reaction products remaining after removal of 55 32 through line 35, and this solvent dissolves out 
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butadiene, and the extract thus formed is with 
drawn through line 40. The extract is then dis 
charged into a fractionating column 45 from 
which the butadiene is recovered through line 47, 
while the methyl amine is recovered through line 
48 and recycled to line 35 leading into solvent 
extraction zone 32. Further details of this proc 
eSS, Such as Water extraction of solvent from 
the raffinate and extract, are not shown because 
the process is well known. O 

The rafflinate formed in solvent extraction zone 
32 is withdrawn through line 50, and this ma-. 
terial containing iso-butane as well as butenes, 
particularly iso-buttene, is discharged into an al 
kylation system 58 where it may be alkylated 
under known conditions, such as with sulfuric 
acid. However, before discharging the materials 
in line 50 into the alkylation unit 56, it is pref 
erable to treat the same with sulfuric acid to 
cause extraction of the iso-butene therein con 

... tained. To this end therefore, the materials are 
discharged into a second treating tower 52 where 
they are treated with diluted sulfuric acid (about 
65%) introduced into said tower through line 
54 where at about 65 F. it extracts the isobutene. 
The material freed from isobutene is withdrawn 
from treating tower 52 through line 62 and dis 
charged into alkylation plant 56. The jsobutene 
sulfuric acid extract is withdrawn through line 53. 
The details of the sulfuric acid alkylation are 

well known to the art and need not be set forth 
at length here. It will be understood, of course, 
that instead of using sulfuric acid any alkyla 
tion catalyst, such as hydrogen fluoride, phos 
phoric acid, etc., may be used and the known 
expedients such as employing an excess of iso 
parafin over olefin in a reaction zone may be 
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as stated, where the catalyst flows through the 
reaction zone in the form of a suspension or fluid 
ized mass of catalyst intermixed with the reaction 
vapors, the catalyst after separation from the 
reaction vapors may be suspended in air or the 
like and regenerated and thereafter returned to 
the reaction Zone, thus maintaining the afore 
mentioned continuity of operation. Also, since 
the dehydrogenation of butane is a reaction which 
requires careful temperature control in order to 
produce maximum yields of the desired products 
such as butadiene, it may be necessary to quench 
the reaction in O by means of a quenching me 
dium, such as cold butane gas, or even liquefied 
normal butane which may be charged into the 
reactor through line 5 or into line 2. 
To recapitulate, Our present invention involves 

a process for producing butadiene by dehydro 
genating normal butane catalytically with a one 
stage operation, and the process is characterized 
by the advantage that the reaction products are 
carefully fractionated to remove unreacted nor 
mal butane and butene-2, and thereafter solvent 
extracting to remove butadiene and to form a 
recycle fraction. However, we propose to alky 
late the recycled product to remove olefins and 
iso-paraffins so that the recycled product con 
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employed. . Supplementary or extraneous isobu 
tane is preferably discharged into the alkylation 
System through line 63 in order to maintain the 
proper excess of iso-paran over olefin so that 
high yields and high quality products may be 
obtained. The alkylate is withdrawn through 
line 64 and delivered to finishing equipment to 
produce a salable aviation gasoline. The alkyla 
tion reaction is carried out by so proportioning 
the iso-paraffin to olefin that substantially all of 
the iso-parafin and olefin are converted to an 
alkylate, leaving only normal parafins. These 
normal paraffins are withdrawn from the alkyla 
tion system through line B5 and recycled to the 
charging line containing fresh feed. 
Tn the previous description, obviously many 

modifications of the process may be made with 
out departing from the spirit thereof. For in 
stance, instead of using a stationary catalyst, it 
is within the purview of our invention to en 
ploy a powdered catalyst which is suspended in 
the reaction vapors undergoing dehydrogenation. 
This type of operation has many advantages in 
that continuity of operation may be easily ob 
tained, since the suspension of, reaction vapors 
may be withdrawn from the reaction zone and 
passed through separating devices where the cata 
lyst may be separated from the vapors, regen 
erated and returned to the reaction zone. In 
them modification shown in the drawing, it will 
be necessary periodically to discontinue the de 
hydrogenation reaction carried out in reactor fo 
to regenerate the catalyst to remove coke. This 
regeneration may be readily accomplished by 
forcing an oxygen-containing gas under combus 
tion conditions throughout the reactor to cause 
combustion and burning of the coke or carbona 
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tains substantially only normal butane. Obvi 
ously, this alkylation step in our process has the 
decided advantage of cutting down the equip 
ment necessary to carry out the dehydrogena 
tion, for the recycle gases contain substantially 
only normal butane which is the desired start 
ing material for dehydrogenation to produce bu 
tadiene. Consequently, our process is one which 
may be operated with less equipment and utili 
ties than heretofore accomplished. In the prior 
art with which we are aware, the entire C4 cut 
of the product after separation of butadiene was 
recycled to the reaction zone, and this product 
included iso-butane, iso-buttene, butene-1, and 
other products. Not only do we require less equip 
ment and consume less steam and other utilities 
in our process, but in reactor ?o we form less 
coke for a given conversion and, consequently, 
reactor O may be operated for a longer period 
of time without regeneration of catalyst than has 
been heretofore possible. 

It will be understood that the several fraction 
ating columns shown in the accompanying draw 
ing are of conventional design and are provided 
with the usual reboiling and reflux equipment. 
Many modifications of our invention not Spe 

cifically mentioned herein will readily suggest 
themselves to those familiar with this art. For 
example, the conditions maintained within the 
reactor for dehydrogenating normal butane may 
be varied over a wide range say from 1000 to 
1400° F. temperature, from 25 mm. Hg absolute 

O 

to atmospheric pressure and from 0.05 to 2 sec 
onds contact time. Also various catalysts may 
be used with some of which steam may be used 
as a diluent to give 25 mm. Hg absolute to at 
mospheric partial pressure for the reactants in 
the reactor while the total pressure in the reactor 
is superatmospheric. 
By carrying out this process we obtain yields of 

25 to 50 mols of butadiene per 100 mols of mor 
mal butane fresh keed to the system including 
the butadiene obtained from the processing of 
the recycle streams described above. In addi 
tion there would be produced 10 to 25 mols of 
mono-olefins including iso-butene, butene-1 and 
nonrecycled butene-2 and 4 to 12 mols of iso 

ceous deposits formed on the catalyst. However, 75 butane per 100 mols of normal butane fresh feed 
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to the system including the amounts obtained 
from the processing of the recycle streams de 
scribed above. Instead of using chronic oxide 
on alumina, activated or hydrated, we may use 
the oxides of vanadium, molybdenum, tungsten 
or in fact the oxides of the metals of the IV, W, 
VI, and VIII groups of the periodic system sup 
ported on alumina or some other known support. 
As an alternative iso-butene may be extracted 

from the feed to the alkylation plant by contact 
ing weak sulfuric acid with the liquid stream of 
C4 hydrocarbons and the iso-butene regenerated 
from the extract liquid phase by means well 
known in the art. The raftinate would contain 
substantially all the iso-butane and butene 
made in the dehydrogenation of the normal 
butane. This rafiinate would be suitable for feed 
to the alkylation process above described. The 
iso-buttene removed would be valuable as a feed 
to a polymerization process for making butyl 
rubber or Vistanex. In the case of the manu 
facture of butyl rubber a small portion of the 
butadiene made from the combination process 
would also serve as a minor feed component in 
the preparation of the butyl rubber. 

3 
It is our intention to include in the scope of 

the attached claim all of the matter specifically 
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As another alternative the C4 hydrocarbons 

from which butadiene has been extracted may 
be processed through a selective catalytic poly 
merization process which removes the iso-butene 
and a portion of the buttene-1 to make a poly 
mer which can be hydrogenated to give a com 
ponent for high octane aviation gasoline. The 
raffinate from the polymerization could then be 
fed to the alkylation process. 
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described herein and all that included by neces 
sary implication, except that matter excluded 
by the terms of said claim. 
What We claim is: 
A continuous process for manufacturing buta 

diene from normal butane which comprises heat 
ing the , butane to dehydrogenation tempera 
tures, discharging the heated butane into a de 
hydrogenation zone where it is permitted to re 
main in contact with a catalyst, consisting of 
chronic Oxide supported On alumina, for a period 
of time of from about 0.05 to 2 seconds, at a tem 
perature range from about 1000 F. to 1400 F., 
and at an average 95 mm. mercury absolute 
pressure, withdrawing the reaction products 
from the reaction zone, separating a portion of 
the butane and buttene-2 from the reaction prod 
ucts by fractionation, recycling said separated 
butane and butene-2 to the dehydrogenation 
zone, treating the remainder of the C4 cut of the 
reaction products with methyl amine to remove 
butadiene extracting iso-butene with Sulfuric 
acid from the reaction products remaining after 
butadiene removal, subjecting the residual mix 
ture to alkylation conditions in the presence of an 
alkylation catalyst whereby iso-butane and 
butenes are converted to alkylate, separating the 
alkylate from the normal butane and recycling 
the latter to the dehydrogenation zone. 
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