
2,457,564 L. KNIEL 
PREFRACTIONATION OF HYDROCARBON 
ALKYLATE TO ELIMINATE PROPANE 

Dec. 28, 1948. 
Filed April 29, 1942 

ø, ø, «zwaer ?øy 

INVENTOR 

Zzz4zze2/12zzez 

ATTORN 

  



Patented Dec. 28, 1948 2,457,564 

UNITED STATES PATENT oFFICE 
PREFRACTIONATION OSEYDROCARBONE 
ALKYLATE TOELMINATE PROPANE 

Ludwig Kniel, Jackson Heights, N. Y., assignor 
to The Lummus Company, New York, N. Y., a 
corporation of Delaware 
Application April 29, 1942, Serial No. 440,931 

(C. 3 Claimas. 

The present invention relates to improvements 
in the alkylation of isoparaffinic hydrocarbons 
with olefinic hydrocarbons to form hydrocarbons 
boiling within the range of gasoline. and par 
ticularly suitable for use as a high antiknock 
aviation grade motor fuel. 
In the alkylation of an isoparaffin with an 

olefin. in the presence of a Suitable alkylation 
catalyst to form high antikno3k predominantly 
isoparaffinic gasoline hydrocarbons, a consider 
able problem is generally presented in the elimi 
nation of hydrocarbons lower boiling than the 
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isoparaffinic reactant from the alkylation System, 
particularly in the separation of the hydrocarbon 
mixture discharged from the alkylation. Zone for 
the recovery of the desired alkylate. This prob 
lem primarily involves, fractionation difficulties 
in the handling of relatively large amounts of 
reactants and unreactive materials utilized in 
the formation of a relatively. Small amount of de 
sired alkylate with the consequent large equip 
ment required to accomplish the necessary frac 
tionation. 

Since it is necessary to have the isoparaffinic 
reactant, e. g., isobutane, present, in an amount 
in Substantial excess of that required to react 
with the olefinic reactant, e.g., a butene, in the 
alkylation zone in order to obtain a substantial 
degree of alkylation, it becomes desirable from 
an economic viewpoint to. recycle, the excess iso 
parafiinic reactant separated from the alkylate 
to the alkylation zone to maintain the desired 
ratio of isoparaffin, to olefin therein. At the 
same time, however, the recycling of hydrocar 
bons lower boiling than the isoparafiinic reactant, 
e.g., propane, which is invariably introduced into 
the alkylation system along with the C4 fraction 
containing the isobutane and/or the butene, is 
to be avoided as much as possible since, for Opti 
mum operation, it is necessary to maintain a low 
concentration of propane in the alkylation Zone. 

Accordingly, it, is an object of my invention to 
provide animproved method of fractionating, the 
hydrocarbon mixture discharged from the alkylar 
tion zone in an isoparaffin-olefin alkylation Sys 
tem, whereby a material saving in equipment and 
operating costs can be effected. . . 

It is a further object of my invention to pro 
vide an improved method of separating the iso 
butane and the propane from the hydrocarbon 
effuent from the alkylation zone in an isobutane 
butene alkylation system for recycling, of the 
isobutane to the alkylation Zone, and elimination 
of the propane from the alkylation. System. 

It is another object of my invention, to provide 
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a convenient method of eliminating undesirable 
propane from an isobutane-butene alkylation 
System without the use of excessive fractionating 
equipment and With only a negligible loss of valu, 
able isobutane. ?? 

Further objects, and advantages of my inven 
tion. Will be apparent from the following descrip 
tion of a preferred form of embodiment thereof 
taken in connection. With, the accompanying 
drawing, which represents a typical flow sheet 
of a process embodying my invention. " . . . 

For convenience only, my invention will be de 
Scribed in connection. With the alkylation of iso 
butane With a butene in the presence of con 
centrated sulfuric acid to, form, high antiknock 
gasoline containing a major proportion of iso 
Octanes. It will be appreciated, however, that 
my invention is not. So restricted but is applicable 
to the alkylation of any isoparaffin with any 
olefin, Whether such materials, are normally gas 
eous or not, in the presence of any suitable alkyl 
ation catalyst to form predominantly isoparaffinic 
hydrocarbons suitable for use as a high anti 
knock motor fuel. 

According to my invention, isobutane, and 
butene.in the desired proportions, containing pro 
pane unavoidably admixed therewith, are alkyl 
ated in the presence of concentrated sulfuric 
acid to. form high antiknock hydrocarbons boil 
ing within the range of gasoline. During the 
alkylation.reaction the isobutane is maintained in 
excess. of that required to react with the butene. 
The resulting alkylate product is separated from 
the acid and is neutralized, and the excess iso 
butane and lower boiling hydrocarbons including 
propane are separated as overhead from the 
alkylate in a prefractionating step. The iso 
butane overhead contains the propane in a higher 
concentration than at any other point in the 
alkylation. System, and the propane is concen 
trated in a stream of relatively small volume at 
a point in the alkylation System. Where it can 
be most readily eliminated therefrom by custom 
airy fractionating operations. This overhead 
stream is subjected to a further fractionation 
step to separate the propane from the isobutane. 
The propane is eliminated from the System, and 
the isobutane is recycled to the alkylation Zone. 
In accordance with my invention, a C4 frac 

tion of normally gaseous hydrocarbons, such as 
a hutane-cut obtained from natural gas or from 
the stabilization of natural gasoline, or a C4 cut 
of cracking still gases or the like is introduced 
through line 0 into deisobutanizer tower 2. 
This feed material contains isobutane, normal 
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butane, and some propane and may also contain 
some olefins such as the buttenes. Propane is 
unavoidably admixed with the other constituents 
because, in the preparation of the C4 fraction, 
depropanization thereof is not or cannot be car 
ried out to such an extent that a sharp separa 
tion is made between the C3 and the C4 hydro 
carbons. - 

In the deisobutanizer tower 2, the isobutane 
in the C4 hydrocarbon fraction is separated from 
the normal butane, which is removed as a bot 
toms stream through line 4. If any ...butenes 
are present, they will generally be found in vary 

O 

ing amounts in both the overhead and the bot 
toms streams according to the particular frac 
tionating conditions. The isobutane and the 
lower boiling hydrocarbons are taken off over 
head through line 6 for condensation in con 
denser 8. The resulting condensate is collected 
in accumulator 20, from which a portion of the 
condensate is returned through line 2 to tOWer 
2 as refuX. 
The remainder of the isobutane condensate 

from accumulator 2 is passed through line 23 to 
the alkylation reactor or chamber 25, wherein 
alkylation of the isobutane with the butenes is 
effected in the presence of concentrated sulfuric 
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acid. Butenes may be desirably introduced into 
reactor 25 through line 26 from a suitable out 
side source of supply. The molal ratio of the 
isobutane to the buttenes introduced into reactor 
25 should be at least 1:1 and preferably within 
the range of 2:1 to 10:1 in order to accomplish 
a substantial degree of alkylation. The excess 
isobutane may be obtained by recycling excess 
isobutane Within the System or by introducing 
additional isobutane through line 28 from some 
extraneous source. The sulfuric acid, which acts 
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as a catalyst for the alkylation reaction, should 
have a concentration of between 90 and 100% 
and preferably of about 95 to 98%. The acid 
may be supplied to reactor 25 as through lines 
40 and 3. . . . 
In reactor 25 the isobutane and the butenes 

are brought into intimate contact with each 
other and with the sulfuric acid to effect the de 
sired alkylation. The pressure within the re 
actor should be sufficient to maintain the iso 
butane and the buttenes in liquid condition at 
the particular reaction temperature, which 
should be within the range of 0 to 100° F. and 
preferably within the range of 40 to 60°. F. The 
ratio of acid to hydrocarbon is desirably main 
tained within the range of A. to 1/2 volumes of 
acid per volume of hydrocarbon feed to the 
reactor. 
Reactor 25 is desirably provided with an agi 

tating mechanism 32 to provide the necessary 
intimacy of mixing. Any suitable mixing device 
which provides a sufficient degree of agitation 
may be employed. The isobutane-butene mix 
ture is maintained in reactor 25 for Sufficient 
time to effect substantial alkylation of the isobu 
tane With the butenes. Substantially complete 
consumption of the butenes can be effected un 
der the proper alkylating conditions, which are 
well known to the art. 
The acid-hydrocarbon mixture from reactor 

25 is continuously withdrawn through line 34 
into settling chamber 36, wherein the mixture 
Separates into an upper hydrocarbon layer and 
a lower acid layer. This acid layer is withdrawn 
through line 3, and the greater portion thereof 
is preferably recycled through lines 38 and 30 to 
reactor 25 to effect alkylation of further isobu 
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4. 
tane and butenes, A. portion of the used sul 
furic acid from settling chamber 36 may be con 
tinuously discharged from the System through 
line 39, and fresh make-up sulfuric acid may be 
continuously introduced into the system through 
line. 40. 
The upper hydrocarbon layer in settling cham 

ber 36 is withdrawn through line, 42 and is 
passed into neutralizer 44. In this chamber the 
hydrocarbon mixture is treated With a neutraliz 
ing agent, e. g., an alkaline solution such as a 
dilute aqueous caustic soda solution, which is 
introduced into this chamber through line 45. 
The neutralizing agent serves to neutralize the 
acidity of the hydrocarbons resulting from con 
tact thereof with the acid in reactor 25. The 
alkaline solution separates out in the bottom of 
neutralizer 44 and is continuously withdrawn 
therefrom through line. 46. 
According to my invention, the neutralized 

hydrocarbon mixture is withdrawn from the top 
of neutralizer 44 through line 48 and is passed 
into a prefractionating tower 50. This hydro 
carbon mixture comprises the alkylate formed 
in reactor 25, the excess isobutane, the normal 
butane introduced into the System along with 
the isobutane and the butenes, and any propane 
unavoidably admixed therewith. This hydro 
carbon mixture is preferably preheated in a Suit 
able heater 5 before introduction into prefrac 
tionator 50. Tower 50 is operated under Such 
conditions that Substantially all the propane and 
a substantial proportion of the isobutane are 
separated from the remainder of the hydrocar 
bon mixture. Preferably, the fractionating con 
ditions are such that only a minimum amount 
or substantially none of the normal butane is 
separated from the hydrocarbon mixture along 
With the isobutane and the propane. The pur 
pose of this prefractionation treatment is to con 
centrate the propane in a stream of relatively 
small volume at a point in the alkylation system 
Where it can be most readily eliminated there 
from by fractionation. 
The separated isobutane and propane are 

taken off overhead through line 52 for condensa 
tion in condenser 54. The resulting condensate 
is collected in accumulator 55, from which a 
Sufficient portion of the condensate is returned 
through line. 56 to tower 50 as reflux. The 
amount of reflux necessary to effect this pre 
fractionation of propane and isobutane is sur 
prisingly small, and a reflux ratio of about 1:1 
to 1.5:1 (ratio of reflux to net overhead product) 
is usually sufficient. w" 
Further in accordance with my invention, the 

remainder of the condensate from accumulator 
55 is passed through line 58 to depropanizer 60, 
wherein the propane is separated from the iso 
butane admixed therewith. The separated iso 
butane is removed from tower 60 as a bottoms 
stream through line 6 and is desirably admixed 
With the C4 hydrocarbon charge in line 23 pass 
ing to reactor 25. In this way a portion of the 
excess isobutane is recycled to reactor 25 to 
maintain the necessary excess of isobutane there 
in. The propane is removed as the overhead 
stream from toWer 60through line 62 for con 
densation in condenser 63, the condensate from 
which is collected in accumulator 64. This con 
densation is carried out to provide only sufficient 
reflux for tower 60, which reflux is supplied to 
tower 60 through line 65. - The uncondensed pro 
pane is eliminated from the alkylation system 
through the valved vent line 66. If desired, a 
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comprises fractionating a C4 fraction containing 
propane unavoidably admixed therewith to sep 
arate the isobutane and propane as overhead 
from the normal butane, contacting the isobutane 
Overhead With a butene in the presence of con 
centrated sulfuric acid to effect alkylation of 
the isobutane with the buttene, maintaining an 
excess of isobutane Over that required to react 
With the butene during alkylation, separating the 
'esulting hydrocarbon mixture from the Sulfuric 
acid, heating the hydrocarbon mixture and sub 
jecting it to a prefractionation to separate the 
propane and a portion only of the isobutane as 
overhead therefrom and to concentrate the pro 
pane in such overhead, supplying only sufficient 
reflux to the prefractionating zone to prevent 
separation of hydrocarbons higher boiling than 
the isobutane, passing such overhead to a Zone 
independent of said prefractionation Zone and 
there fractionating such overhead alone under 
fractionating conditions independent of fraction 
ating conditions within the prefractionation 
zone to separate the propane from the isobutane, 
eliminating the propane from the system, frac 
tionating the remainder of said hydrocarbon mix 
ture to separate the remaining isobutane from 
the alkylate, recycling the separated isobutane 
to the alkylation zone to maintain the desired 
excess of isobutane therein, and fractionating 
the alkylate to recover a high antiknock motor 
fuel. 

3. In the process of alkylating isobutane with 
a normally gaseous olefin in the presence of con 
centrated sulfuric acid to form high antiknock 
motor fuel wherein the isobutane is admixed 
With propane and wherein the isobutane is pres 
ent in excess of that required to react With the 
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olefin, the improvement which comprises heat 
ing the hydrocarbon effluent from the alkylation 
Zone and Subjecting it to a prefractionation to 
separate the propane and a portion only of the 

5 excess isobutane as overhead from the hydrocar 
bon effluent to concentrate the propane in an 
Overhead stream, supplying only sufficient re 
flux to the prefractionating zone to prevent sep 
aration of hydrocarbons higher boiling than iso 
butane, passing such overhead stream to a Zone 
independent of said prefractionation zone and 
there fractionating such overhead alone under 
fractionating conditions independent of frac 
tionating conditions within the prefractionation 
Zone to separate the propane from the isobutane 
admixed therewith, eliminating the propane from 
the System, recycling the separated isobutane to 
the alkylation zone, and fractionating the re 
maining hydrocarbon effluent to recover a high 
antiknock motor fuel, the reflux ratio in the pre 
fractionating Zone being maintained between 
about 1:1 and 1.5:1. 
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