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This invention relates to the production of 
higher boiling hydrocarbons from lower boiling 
hydrocarbons in the presence of catalytic agents 
and relates more particulary to the alkylation 
of isoparaffins with olefins in the presence of 
acid catalysts. 
As is well known, hydrocarbon products may 

be produced by alkylation reactions involving the 
combination or condensation of two dissimilar 
hydrocarbon reactants in the presence of suitable 
catalytic agents. While various types of alkylate 
products may be obtained by employing various 
types of reactants, the alkylation of low boiling 
isoparaffins such as isobutane and isopentane 
With low boiling olefins such as ethylene, propyl 
ene, the isomeric bultenes, and the isomeric pen 
tenes, for the production of aviation fuels and 
high grade notor fuels has become of particular 
importance. Sulfuric acid has been employed as 
a catalyst in isoparaffin-oiefin alkylation and 
more recently liquid hydrogen fluoride has found 
favor as a catalyst. Ehe alkylation of isobutane 
With butenes is representative of these reactions 
and has been commonly carried out by feeding 
isobutane and butene feed stocks in the liquid 
state along with liquid hydrogen fluoride to a 
multi-pass alkylation reactor such as the reac 
tion loop type reactor, wherein the hydrocarbons 
and catalyst are vigorously agitated and continu 
ously circulated within a closed circuit. The re 
action is exothermic and temperature control is 
important to prevent localized or general over 
heating of the reaction mixture with consequent 
deleterious effect on the yield and quality of the 
alkylate product as a result of side reactions oc 
Curring at elevated temperatures. Temperature 
control is obtained by means of internal heat ex 
changers over which the reaction mixture passes 
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proper control of the reaction temperature and 
because of the belief that very high ratios of Sat 
urated hydrocarbons to unsaturated hydrocarbons 
were essential to prevent olefin polymerization 
therefore making it desirable to recirculate the 
saturated hydrocarbon products. 

It is an object of this invention to provide an 
improved alkylation process. It is another ob 
ject of this invention to provide a process for the 
alkylation of isoparaffins with olefins in single 
pass reactors. It is another object of this inven 
tion to provide a method for controlling the ten 
perature of isoparaffin-olefin alkylation mixtures 
in single-pass reactors. Further objects and ad 
vantages of the invention will become apparent 
from the following description thereof. 
In accordance with the invention, the above 

objects are achieved by a process which involves 
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or by passing a portion of the continuously circu 
lating mixture through an external heat ex 
changer. A portion of the circulating reaction 
mixture is continuously withdrawn from the re 
actor and the acid allowed to settle therefrom, 
after which the hydrocarbon product is treated 
for removal of excess isobutane reactant and re 
moval of normal butane and any lighter hydro 
carbons which may be present, the acid and the 
isobutane being recycled to the reactor. It has 
been proposed to carry out the alkylation reac 
tion in single pass reactors, i.e., reactors in which 
the reaction mixture is not continuously circu 
lated, but such reactors have not been extensively 
used, despite the fact that they possess advan 
tages not possessed by multi-pass reactors, pri 
marily because of the difficulty of obtaining 
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feeding to a single-pass reaction zone a volume 
ratio of acid catalyst to total hydrocarbons of at 
least three to one, separating the acid catalyst 
from the reactor efluent, recycling at least a por 
tion of the separated acid, and cooling at least 
a portion of the recycled acid to maintain the 
temperature of the reaction mixture at a prede 
termined level. 
The amount of heat evolved in alkylation re 

actions is a function of the type of alkylation re 
actants, i. e., the heat of alkylation will vary with 
different reactants, and the temperature rise of 
the reaction mixture will be a function of the 
heat of alkylation and the relative amounts and 
specific heats of the reactants, acid catalyst, al 
kylate product, and any inert hydrocarbons which 
may be contained in the hydrocarbon feed stocks. 
The acid catalyst has a relatively high specific 
heat and when employed in volume ratios of at 
least three to one is capable of absorbing the exor 
thermic heat of reaction and preventing an un 
desirably large increase in the temperature of the 
reaction mixture. The acid catalyst separated 
from the reactor effluent and recycled to the re 
actor will contain the heat absorbed from the 
alkylation reaction minus or plus, of course, that 
heat which may be conducted to or taken from 
the atmosphere through the Walls of the reactor, 
separator, pipe lines, etc., and the cumulative ef 
fect of the heat contained in the recycle acid in 
creasing the temperature of the reaction mixture 
with repeated recycling is avoided by cooling the 
recycle acid, or a portion of the recycle acid, to a 
sufficiently low temperature. 
The effect of acid catalyst-hydrocarbon ratio 

On the rise of temperature of the reaction mixture 
is shown in the following table. The data, Were 
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obtained by alkylating isobutane feed stock with 
butene feedstock in a single-pass reactor andem 
ploying varying volume ratios of hydrofluoric 
acid to total hydrocarbons. The isobutane and 
butene feed stock combined analyzed 5% pro 
pane, 60% isobutane, 12% butene, 21% normal 
butane, and 2% pentane by volume. 

0. 

It will be seen from the table that the use of hy 
drofluoric acid-hydrocarbon ratios of at least 
three to one results in only small increases in 
temperature of the reaction mixture. Additional 
ly, at high acid-hydrocarbon ratios, the tempera 
ture rise is relatively uniform due to the much 
greater degree of dispersion of the reactants in 
the reaction mixture. By suitably cooling the 
acid separated from the reactor effluent and re 
cycled to the reactor, compensation may be made 
for the rise in temperature of the reaction mix 
ture and the desired inlet temperature and Outlet 
temperature of the reaction mixture may be con 
tinuously maintained. 
The use of hydrofluoric acid-hydrocarbon 

ratios of at least three to . One results not only 
in minimizing localized and general Overheating 
of the reaction mixture by absorbing the exo 
thermic heat of reaction but has the additional 
effect of improving the quality of the alkylate 
product through the catalytic effect of the 
large volumes of acid catalyst. Heretofore, 
isoparaffin-olefin alkylations, particularly iso 
butane-butene alkylation, have been carried 
out by employing hydrofluoric acid-hydro 
carbon ratios of about one to one or slightly 
higher, i. e., the volume of hydrofluoric acidem 
ployed, including the recycle acid, has been equal 
to or slightly greater than the volume of iso 
butane and butene feed stock, including any nor 
mal paraffins or other inert hydrocarbons con 
tained therein, plus the recycled isobutane. 
has been recently discovered, as disclosed in my 
co-pending application with Urban H. Wagner 
and Carl S. Kuhn, Jr., Serial No. 561888, fled 
November 4, 1944, that significant increases in 
the Octane numbers of the alkylate products are 
obtained by employing hydrofluoric acid-hydro 
carbon ratios of at least three to one. As the co 
pending application discloses, it appears that the 
controlling factor in isoparaffin-olefin alkylation 
producing high yields of branched chain com 
pounds having high Octane numbers, for ex 
ample, high yields of 2,2,4-trimethyl pentane 
(iso-Octane) by the alkylation of isobutane with 
butenes, is a low concentration of olefin dis 
solved in the acid phase of the reaction mixture 
or, which is the same thing since isoparaffins are 
only slightly soluble in the acid phase, a high 
ratio of dissolved isoparaffin to olefin. As the 
co-pending application further discloses, effec 
tively low concentrations of dissolved olefin or 
high ratios of dissolved isoparaffin to olefin are 
obtained by employing volume ratios of acid cata 
lyst to total hydrocarbons fed to the alkylation 
reactor of at least three to one. Thus, the use 
of acid to hydrocarbon ratios of at least three 
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4. 
to one is an important feature of the present 
invention when employing hydrofluoric acid as 
the catalytic agent in the alkylation of iso 
parafins from the standpoint of obtaining the 
catalytic effect of the high ratios of acid to hy 
drocarbons on the quality of the product and 
the effect of minimizing localized and general 
rise in temperature of the reaction mixture. 
While satisfactory results may be obtained by 

employing ratios of acid to hydrocarbon of at 
least three to one, it is desirable to employ higher 
ratios, as, for example, ratios of 10 to 1 to 50 to 1. 
Even extremely high ratios, such as ratios of 
200 to 1 and higher, may be employed since both 
the catalytic efect and the temperature con 
trolling effect of the acid increases with increas 
ing acid ratios, The entire amount of acid being fed to the 
reactor may be cooled or only a portion of the 
acid may be cooled. For example, the recycle 
acid alone or only a portion of the recycle acid 
may be cooled, or the entire amount or only a 
portion of the recycle acid plus fresh or regen 
erated make-up acid may be cooled. The extent 
to which the acid is to be cooled will depend upon 
the temperature rise of the reaction mixture and 
the amount of acid being cooled. Thus, where 
the entire amount of acid is cooled the extent 
of cooling will be less than where only a portion 
of the acid is cooled. Preferably, the entire 
amount of acid is cooled or the cooled portion 
thoroughly premixed with the rest of the acid 
going to the reactor in order to avoid localized 
under-cooling at the inlet portion of the reactor. 
The extent of cooling required will vary for each 
particular case and can be determined by those 
skilled in the art by actual Operation or by calcul 
lation. 
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The essential feature of single pass reactors 
is a substantially steady forward flow of the re 
action mixture from the inlet to the Outlet of 
the reactor and the process of the invention is 
applicable to any type of reactor fulfilling this 
condition. The reactor may be a straight cham 
ber or may be a curved tubular reactor. If de 
sired, the reactor may be provided with baffles 
or other flow distributing means of such nature 
as to increase the turbulence of the reaction mix 
ture without substantial interference with its 
predominantly forward flow through the reactor. 
The process of the invention may be employed 

for the alkylation of isobutane with ethylene, 
butenes, pentenes, etc., and the 

alkylation of isopentane with these same olefins. 
However, the process of the invention may be 
employed in connection with any type of alkylar 
tion. The feed stocks may consist entirely of the 
pure reactants such as pure isoparaffin and pure 
olefin, or mixtures of pure isoparaffins and pure 
olefins, Or may contain normal paraffins or other 
inert hydrocarbons. Refinery butane-butene 
mixtures obtained, for example, by the fractiona 
tion of gas mixtures from cracking operations 
or by the partial dehydrogenation of butane frac 
tions obtained from natural gas or from stabiliza 
tion of natural or straight run naphthas and 
containing normal butane and hydrocarbons 
heavier and lighter than 4-carbon atom hydro 
carbons may be employed in isobutane-butene 
alkylation. However, it is desirable to carry out 
the alkylation reaction with feed stocks contain 
ing minimum amounts of inert hydrocarbons. 
Conventional alkylation conditions with re 

spect to temperature, pressure. and isoparaffin 
olefin ratio may be employed. For example, the 
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Example Number.---------------------------- 2 

Isoparaffin-Olefin Ratio by Volume. -------- 5.9 6, 4 
H ?????? Acid-Total ?????????????ñ Ratio 39 to 199 to 

Volume---------------------------------- T??? Acidity of Hydrofluoric Acid, 
Weight Porcent-------------------------- 89.6 89.3 
F??? Tine of Reactants in Reactor, 1S 3 Secondis.------------------------------------ 
Mass Velocity of Reactants in Reactor, Pounds 

r Square Foot per Second------- - g 420 
Inlet Temperature of Reactants, F- 90 90 
Outlet Temperature of Reactants, F.-------- 9. 90.2 
Yield of Total Alkylate on Basis of Butenes 
Consumed, Volume Per cent.--------------- 179 184 

Yield of Aviation Alkylate on Basis of Bltenes 
Consumed, Volume Per cent.-------------- 168 174 

F???? ???he Number of Aviation Alkylate: 90.8 91.2 
ea. ------------------------------------- 

F-4 Octane Number of Aviation Alkylate 
S--cc. of Tetraethyl Lead per Gallon.-------- 2.08 2.71. 

i Octane number of aviation alkylate perse. - 
3 Aviation alkylate to which has been added 4.0 cc. of tetraethyl 

lead per gallon. ?? ? and F-4 octane numbers were determined by the stand 
ard Aviation Fuel Division motor methods.) 

It will be seen from the above table that high 
yields of high octane number alkylate product 
are obtained by the process of the invention. 
Having thus described my invention, it is to be 

understood that such description has been given 
by way of illustration and example only and not 
by way of limitation, reference being had for the 
latter purpose to the appended claims. 
I claim: 
1. In an alkylation process of the type wherein 

a liquid isoparaffin, a liquid olefin, and hydro 
fluoric acid catalyst are fed into the inlet of a 
single-pass reaction zone wherein substantially 
forward flow of reaction mixture is maintained, 
the reaction mixture including alkylate product, 
isoparaffin, hydrofluoric acid, and any unreacted 
olefin is withdrawn from the outlet of Said reac 
tion zone and sent to a separation ZOne for Sepan 
ration into a hydrocarbon 'phase and an acid 
phase, and the acid phase recycled to the inlet 
of said reaction zone for admixture with fresh 
isoparaffin and olefin, the improvement in con 
trolling the temperature of the reaction mixture 
in the reaction 20ne which comprises regulating 
the volume of hydrofluoric acid fed to said reac 
tion zone including that recycled from Said Sepa 
ration zone to the volume of total hydrocarbons 
fed to Said reaction zone Such that the Volume 
of hydrofluoric acid in said reaction zone is at 
least ten times as great as the total volume of 
hydrocarbons in Said reaction Zone and cooling 
by indirect heat exchange at least a portion of 
the hydrofluoric acid to a temperature such that 
the average temperature of the entire portion of 
hydrofluoric acid entering said reaction zone is 
sufficiently below the maximum temperature de 
sired therein that substantially the entire heat 
of reaction will be taken up by the reaction mix 
ture without raising the temperature thereof in 
exceSS of the predetermined maximum value 
desired. - 

2. In an alkylation process of the type wherein 
a liquid isoparaffin, a liquid olefin, and hydro 
fluoric acid catalyst are fed into the inlet of a 
single-pass reaction zone wherein substantially 
forward flow of reaction mixture is maintained, 
the reaction mixture including alkylate product, 
isoparaffin, hydrofluoric acid, and any unreacted 
olefin is withdrawn from the outlet of said reac 
tion Zone and sent to a separation zone for sepa 
ration into a hydrocarbon phase and an acid 
phase, and the acid phase recycled to the inlet 
of Said reaction zone for admixture with fresh 

isoparafrin and olefin, the improvement in con 
trolling the temperature of the reaction mixture 
in the reaction zone which comprises regulating 
the volume of hydrofluoric acid fed to said reac 
tion zone including that recycled from said sepa 
ration zone to the volume of total hydrocarbons 
fed to said reaction zone such that the volume of 
hydrofluoric acid in said reaction zone is between 
ten and fifty times as great as the total volume 
of hydrocarbons in said reaction zone and cooling 
by indirect heat exchange at least a portion of 
the hydrofluoric acid to a temperature such that 
the average temperature of the entire portion of 
the hydrofluoric acid entering said reaction zone 
is sufficiently below the maximum temperature 
desired therein that substantially the entire heat 
of reaction will be taken up by the reaction mix 
ture without raising the temperature thereof in 
excess of the predetermined maximum value de 
sired. 

3. In an alkylation process of the type wherein 
a liquid isoparaffin, a liquid olefin, and hydro 
fluoric acid catalyst are fed into the inlet of a 
single-pass reaction zone wherein substantially 
forward flow of reaction mixture is maintained, 
the reaction mixture including alkylate product, 
iSoparaffin, hydrofluoric acid, and any unreacted 
olefin is withdrawn from the outlet of said reac 
tion Zone and sent to a separation zone for sepa 
ration into a hydrocarbon phase and an acid 
phase, and the acid phase recycled to the inlet of 
Said reaction zone for admixture with fresh iso 
paraffin and olefin, the improvement in control 
ling the temperature of the reaction mixture in 
the reaction zone which comprises regulating the 
Volume of hydrofluoric acid fed to said reaction 
Zone including that recycled from said separation 
zone to the volume of total hydrocarbons fed to 
said reaction zone such that the volume of hy 
drofluoric acid in said reaction zone is between 
ten and fifty times as great as the total volume of 
hydrocarbons in said reaction zone and cooling 
by indirect heat exchange the entire portion of 
hydrofluoric acid entering said reaction zone to 
maintain the inlet and outlet temperatures of the 

45 reaction mixture at predetermined values. 
4. In an alkylation process of the type wherein 

a liquid isoparaffin, a liquid olefin, and hydro 
fluoric acid catalyst are fed into the inlet of a 
single-pass reaction zone wherein substantially . 

50 forward flow of reaction mixture is maintained, 
the reaction mixture including alkylate product, 
isoparaffin, hydrofluoric acid, and any unreacted 
olefin is withdrawn from the outlet of said reac 
tion Zone and sent to a separation zone for sep 

55 aration into a hydrocarbon phase and an acid 
phase, and the acid phase recycled to the inlet 
of Said reaction zone for admixture with fresh 
isoparaffin and olefin, the improvement in con 
trolling the temperature of the reaction mixture 

60 in the reaction zone which comprises regulating 
the volume of hydrofluoric acid fed to said reac 
tion Zone including that recycled from said sep 
aration Zone to the volume of total hydrocarbons 
fed to said reaction zone such that the volume of 

65 hydrofluoric acid in said reaction zone is 200 
times as great as the total volume of hydrocar 
bons in said reaction zone and cooling by in 
direct heat exchange the entire portion of hy 
drofluoric acid entering said reaction zone to 

70 maintain the inlet and outlet temperatures of the 
reaction mixture at predetermined values. 
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