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This invention relates to the catalytic produc 

tion of higher boiling hydrocarbons from lower 
boiling hydrocarbons and more particularly to 
the catalytic union of paraffin and unsaturated 
hydrocarbons in the presence of hydrofluoric acid. 
Many processes have been proposed for con 

Verting low boiling hydrocarbons into higher boil 
ing hydrocarbons, such as the production of mo 
tor fuels and lubricants from less viscous, more 
volatile, or normally gaseous hydrocarbons. 
Some of these processes are dependent upon hav 
ing olefin hydrocarbons, or other unsaturated 
hydrocarbons, present in large proportions in the 
charge stock, such as in well known thermal and 
catalytic polymerization processes for producing 
motor fuel from refinery gases containing light 
unsaturated hydrocarbons from cracking stills. 
Still other processes have been proposed to pro 
duce heavier hydrocarbons from lighter paraffin 
hydrocarbons, such as thermal conversion under 
pressure whereby scission of the paraffins and 
polymerization proceed concurrently to produce 
conversion, or multistage processes employing a 
dehydrogenation step as a first part of the proc 
ess, followed by One or another variety of con 
version polymerization involving the olefins so 
produced. 
This invention relates particularly to the alkyl 

ation of paraffin hydrocarbons to produce alkyl 
derivatives thereof, or in other words, higher 
boiling paraffin hydrocarbons, in the presence of 
a new catalyst for this reaction, and it also re 
lates to certain preferable methods and process 
arrangements for alkylating paraffins in the pres 
ence of this catalyst to obtain high yields of 
preferred paraffin hydrocarbons, or specific paraf 
finic hydrocarbon fractions of predetermined 
boiling ranges and characteristics. I have found 
that concentrated hydrofluoric acid, under con 
ditions to be set forth, will act as a catalyst to 
effect a union of unsaturated hydrocarbons with 
paraffin hydrocarbons to form higher boiling 
paraffin hydrocarbons. I have further found that 
it is preferable to use as a catalyst for this reac 
tion substantially anhydrous hydrofluoric acid, 
or hydrogen fluoride, and that it can be effective 
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ly and safely used over a wide range of tempera 
tures. I have also found that, although metal 
halide catalysts such as boron trifluoride have 
been used in the presence of appreciable quanti 
ties of finely divided metallic nickel and hydro 
gen fluoride to catalyze the reaction of paraffins 
and olefins to form higher boiling parafins, the 
presence of such other materials as finely di 
vided metals and/or metal halides is not neces 
sary for my invention, and that I can use con 
centrated hydrofluoric acid as a catalyst for the 
alkylation of parafin hydrocarbons in the absence 
of finely divided nickel, metal halides, and the 
like. Thus, when reference is made hereinafter, 
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in the specification or in the claims, to concen 
trated hydrofluoric acid or to substantially an 
hydrous hydrofluoric acid, it is to be understood 
that I regard the hydrofluoric-acid as being the 
sole catalytic material. Although the metal walls 
of the reaction chambers or vessels may at times 
have some fortuitous promoting effect, the proc 
ess has been carried out in the presence of nu 
merous metals without appreciable differences be 
ing noted, so that such effects of gross masses 
of metal are substantially negligible if at all 
present. 
It is an object of this invention to produce 

higher boiling paraffin hydrocarbons by the alkyl 
ation of lower boiling paraffins in the presence of 
hydrofluoric acid. 
Another object of this invention is to use hydro 

fluoric acid as a catalyst in alkylation reactions 
involving only aliphatic hydrocarbors. 

Still another object of my invention is the con 
version of low boiling isoparaffins to higher boil 
ing isoparaffins by alkylation with unsaturated 
hydrocarbons in the presence of concentrated hy 
drofluoric acid. 
A further object of tnis invention is to estab 

lish a process wherein synthetic conversion stocks 
composed of hydrocarbons of simple and con 
trolled composition can be converted in the pres 
ence of concentrated hydrofluoric acid to produce 
a parafflinic liquid fraction having especially de 
sirable characteristics and controlled properties, 
reflecting closely the identities of the reactant hy 
drocarbons selected. 
An object of my invention is a process for the 

alkylation of paraffins with olefins in the presence 
of substantially anhydrous hydrofluoric acid to 
produce various simple branched paraffins of a 
single species or a mixture of simple composition 
Within a wide range of boiling points or vola 
tilities. 
Another object is to effect the efficient recovery 

by physical means of hydrofluoric acid when used 
as a catalyst in the alkylation of paraffins with 
olefins. 

Further objects and advantages of my inven 
tion and process will be found in the accompany 
ing disclosure and discussion. 

Catalysts which effect the alkylation of paraffins 
with olefins include active metal halides such 
as aluminum chloride, especially in the presence 
of small amounts of the corresponding hydrogen 
halide, certain complex salts such as sodium chlo 
roaluminate, and concentrated sulfuric acid, a strong oxygen-containing, polybasic acid. How 
ever, these and similar catalysts have one or more 
rather distinct disadvantages, chief among which 
are the promotion of unwanted side reactions, and 
more or less rapid deactivation of the catalysts 
accompanied by chemical reactions involving 
these materials. Thus aluminum chloride, boron 

  



2 
trifluoride, and similar metal halides form addi 
tion compounds with olefin hydrocarbons which 
sooner or later degenerate into black, tar like 
masses which not only represent a deactivation 
of catalytic materials, but also represent a loss 
of valuble hydrocarbon material and necessitate 
involved procedures for eliminating Such mate 
rials and recovering the metal halide in a form 
suitable for subsequent use. Sulfuric acid, which 
has recently found wide commercial application 
as an alkylating Catalyst, has somewhat similar 

2,822,800 
process at temperatures between about 0 and 
300 or 400°F. For readily reacted paraffin hydro 
carbons, such as isobutane Or isopentane, I may 
readily effect an alkylation at a temperature be 
tween about 35 and 100 F., while for less reac 
tive paraffins higher temperatures are necessary 
or more desirable. The use of hydrofluoric acid 

0. 

disadvantages. While apparently it does not form 
such definite intermediate compounds with olefin 
hydrocarbons as do various metal halides, there 
apparently is associated with its use a formation 
of various organic compounds, which after a time 
render the acid much less active, so that sulfuric 
acid which contains only 10 or 15 per cent of such 
organic material must be replaced with fresh, un 
contaminated acid. Sulfuric acid is also a power 
ful oxidizing agent, so that it can not be used at 
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temperatures much above about 100 to 125 F. . 
without too extensive deleterious side reactions 
that consume both Sulfuric acid and valuable or 
ganic material. The spent acid can be partly re 
claimed by more or less elaborate chemical means 
such as hydrolysis with Water, removal of the oils 
thereby released, and reconcentrating by distill 
ling out the Water. 
Concentrated hydrofluoric acid, when used as 

an alkylating agent for the alkylation of par 
30 

affin hydrocarpons, apparently does not possess 
these deleterious characteristics. It is essentially 
a non-oxidizing and non-reducing material, so 
that it can be used, and treated, at elevated tem 
peratures without the undesirable side reactions 
just mentioned. While somewhat more dilute 
concentrations may be used, I prefer to use it 
in concentrations greater than 80 per cent by 
Weight, the other material being water, and I 
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have found that substantially 100 per cent hydro 
fluoric acid, that is, substantially or completely 
anhydrous hydrofluoric acid or hydrogen fluo 
ride, is very effective, and is particularly adapted 
to the process arrangements to be hereinafter 
described more fully. As will be discussed, the 
process is generally carried out with the hydro 
carbon material substantially in liquid phase; 
efficient reaction results when sufficient hydro 
fluoric acid is employed to result in a substantial 
saturation of the liquid hydrocarbon material 
with hydrogen fluoride, and preferably sufficient 
hydrogen fluoride is used to form a separate 
liquid phase which may be maintained emulsi-. 
fied or intimately mixed with the hydrocarbon 
while reaction takes place. In most cases the 
hydrofluoric acid charge should be at least 10 
per cent of the total charge, on a liquid volume 
basis, and hardly ever need exceed 50 or 60 per 
cent, though more can, at times, be used. In 
the concentrated form, hydrofluoric acid is Sub 
stantially inert, or non-corrosive, toward numer 
ous metals, such as copper, nickel, most steels, 
and various other alloys which can be used in 
the construction of plant equipment. Occasional 
fortuitous reactions may produce minor amounts 
of inorganic fluorides but, as previously discussed, 
insofar as this invention is concerned hydro 
fluoric acid is considered to be used in the sub 
stantial absence of added metals or metalhalides. 
The reaction temperature, may be varied over 
a wide range for any particular reaction mixture, 
but appears to be most dependent upon the par 
affin hydrocarbon participating in the reaction. 
Thus, in general, I may carry out an alkylation 
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tion, heat should be removed as it develops. 

has a distinct advantage in such cases, in that 
it can be used under these more extreme condi 
tions without promoting or entering into exten 
sive undesirable side reactions. 

I have found that when an intimate mixture of a paraffin hydrocarbon (particularly a low 
boiling isoparaffin such as isobutane, isopentane, 
or isohexane), concentrated hydrofluoric acid, 
and an olefin hydrocarbon is maintained at a 
reaction temperature, a union takes place be 
tween the paraffin and the olefin to form a higher 
boiling paraffin which generally represents the 
sum of the original paraffin and olefin not only 
as to molecular weight but also as to molecular 
structure. Butanes are ordinarily too light to 
be included in most motor fuels in appreciable 
quantities, so that they will form the usual par 
affinic reactants. While pentanes are present in 
most motor fuels in appreciable proportions, it 
will at times be desirable either to utilize ex 
cess pentanes or produce a fuel of very low vola 
tility and pentanes, or heavier paraffins, may be 
used as reactants in such cases. Highly branched 
isooctanes can be produced either by alkylating 
isobutane with butylenes or by alkylating iso 
pentane with propylene, while highly branched 
isononanes will result from the alkylation of iso 
pentane with butylenes and will have low vola 
tilities and vapor pressures. 

It appears that if a mixture of paraffins and 
olefins containing a large portion of olefins, such 
as 30 to 50 mol per cent, or more, of the total 
mixture, is reacted in the presence of concen 
trated hydrofluoric acid, the molecular weight 
of the hydrocarbon product tends to be higher 
than would result if the same amount of olefin 
and paraffin were reacted by adding small 
amounts or portions of olefin to a predominantly 
paraffinic mixture in the presence of hydrofluoric 
acid, While allowing reaction to take place be 
tween and during the addition of olefins. While 
it seems that, in many instances with various 
particular olefin and paraffin reactants, some type 
of olefin-consumption reaction occurs very rap 
idly, so that immediately after olefin-containing 
material is introduced to the reaction zone the 
concentration of free olefin rapidly approaches a 
low value-often less than one per cent-and is 
difficult to determine experimentally as to 
amount, more lower molecular weight products 
generally result, especially with the more reactive 
olefins, if high momentary concentrations of ole 
fins in the reacting mixture are not obtained or 
permitted to result. Any olefin-consumption re 
action which takes place under these conditions 
is exothermic, and for a close control of the reac 

t 
is, of course, possible to produce a paraffinic prod 
uct when the total charge stock contains more 
than 50 mol per cent of, olefins. When there is 
a high initial concentration, such as first men 
tioned, it appears that in some cases a certain 
amount of polymerization first takes place, which 
of course reduces the mol per cent of olefin, and 
a heavy product forms with these polymers as 
reactants. In other cases, the initial parafiinic 
product again is alkylated with additional olefin. 
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The ultimate result is somewhat similar in both 
cases but not always the same. 

It has, therefore, been found to be quite de 
sirable to supply small amounts of olefins as 
these are consumed. When separate streams of 
parafins and olefins are available, this can be 
accomplished in a continuous process by dispers 
ing olefins in the reacting stream as reaction 
progresses, as by adding olefins at a plurality of . 
points along the course of the reacting stream 
in a manner designed to effect rapid dispersal 
within the reacting medium. When the olefins 
and paraffins to be reacted are in the same mix 
ture, with olefins in a rather high concentration, 
a suitable low concentration may be established 
and maintained by recirculating a portion of the 
efluent of the reaction zone back through this 
reaction zone, using it to dilute the incoming 
charge stock. When this latter modification is 
used, a portion, or portions, of the charge stock 
may be added at various points along the course 
of the reacting stream, thus reducing the amount 
of the recycle stream necessary to maintain an 
initial low concentration. In these modifications 
opportunity should, of course, be provided for 
abstraction of heat as reaction proceeds, and be 
fore further olefin addition. I have found that 
the most desirable results are obtained when the 
amount of olefin added to any particular part 
of the reacting mixture is not greater than about 
10 mol per cent of the total hydrocarbon nate 
rial present, at the immediate zone of addition. 
Thus, in a continuous operation, wherein an ole 
fin-containing stream is added at a point or zone 
of introduction to a paraffinic stream, this is to 
mean that the amount of olefin in this olefin 
containing stream does not exceed the specified 
mol per cent of this stream plus the reactant 
stream. A suitable time for reaction, and ab 
straction of heat, should be allowed before again 
adding olefin, and generally 50 to 75 per cent or 
more of the olefin previously added should be 
allowed to react before additional olefin is added. 
When reacting some paraffin and olefin mixtures, 
especially those containing less reactive olefins, 
olefin consumption reactions are not so rapid and 
somewhat higher olefin concentrations may be 
maintained in the reacting stream without re 
sulting in too great an increase in the proportion 
of products of higher molecular weights. When 
the charge stock is especially reactive the added 
olefins may need to be kept as low as 1 or 2 per 
cent for any particular point or zone of olefin 
introduction, but generally satisfactory condi 
tions will be found when the added olefins are 
between 2 and 8 per cent of the total stream. 
When an easily polymerizable, olefin, such as 
isobutylene, is one of the principal olefin react 
ants, or when the process is carried out at ele 
vated temperatures with somewhat less reactive 
paraffins, such as temperatures between about 
125 and 300 F, it will generally be desirable to 
add only small amounts of olefins at any one 
point, with a substantial amount of recycle 
and/or many points of olefin addition. 
Olefins over a wide range of molecular weights 

and structures are suitable to use in the alkyla 
tion of paraffins in the presence of concentrated 
hydrofluoric acid. One of the principal com 
mercial applications of my invention at present 
is the production of paraffin hydrocarbons in 
the motor fuel range from lower boiling hydro 
carbons, and for this reason olefins of five or 
fewer carbon atoms per molecule are more often 

... preferred. Of these, ethylene enters into reac 
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tion least readily, especially in the absence of 
olefins of more carbon atoms per molecule. 
While pentenes are generally considered to be in 
the motor fuel boiling range, it will often be de 
sirable to decrease the amount of Cs hydrocar 
bons in a final product for reasons of volatility, 
or a high boiling fuel of low vapor pressure may 
be desired, so that it will not be unusual to use 
pentenes. Hexenes, heptenes, octenes, and the 
like are more often of greater value as they are, 
although they are not to be excluded in the 
broadest concepts of this invention. Cylco 
olefins, such as cyclopentene, cyclohexene, and 
the like, also enter into reaction as ordinary ali 
phatic olefins. Ordinarily the process is oper 
ated under only moderate superatmospheric 
pressures, such as between about 20 and 200 
pounds per square inch gauge. Since the alkyla 
tion reaction represents a decrease in the total 
number of molecules, a certain amount of pres 
sure favors the reaction. However, since the re 
actants are generally readily maintained in liq 
luid phase with only moderate pressure at reac 
tion temperatures in the lower part of the range 
indicated, only sufficient pressure to insure liq 
uid phase operation is generally adequate. 
When higher reaction temperatures are used, 
higher pressures may also be used, and pressures 
as high as 1500 or 2000 pounds per square inch 
Or more may be used, if desired. While such 
high pressures favor reaction, lower pressures 
are generally successfully used with the pro 
nounced activity of hydrofluoric acid to induce 
the alkylation reaction. Since very moderate 
temperatures usually suffice in the presence of 
hydrofluoric acid, for thermodynamic reasons 
the pressure can, accordingly, be moderate and 
can, of course, be as low as can be shown by trial 
to permit effective alkylation. In most in 
stances the process will be operated under a 
pressure between 20 and 500 pounds per square 
inch. 
The reaction period, during which olefin is 

introduced, reacted and consumed to produce 
eventually an isoparafinic product, is dependent 
to a certain extent upon the reaction tempera 
ture and the total amount of olefins reacted. A 
period between 15 minutes and 2 hours has been 
found satisfactory in most cases, but at higher 
temperatures a reaction period as low as about 
5 minutes, or somewhat less, will often be suf 
cient. At lower temperatures and low olefin 
concentration, which is preferred at times when 
preparing certain especially pure products, 
periods as high as 4 or 5 hours may be found 
most desirable. 

It will be understood, of course, that all these 
reaction variables are more or less interdepend 
ent, and that when one is arbitrarily fixed the 
limits within which others may be varied are 
somewhat restricted. The more desirable ranges for ordinary applications of my invention 
have been indicated, and can also be ascertained . 
from the specific examples presented herein 
after. However, for any particular application 
of my invention, the most desirable conditions 
can be readily determined by trial by one skilled 
in the art, such a determination being facilitated 
by the discussion of trends of these variables 
presented herewith 
Reference will now be made to the accom 

panying drawing which forms a part of this 
specification, and which illustrates diagram 
matically by means of a flow sheet one arrange 
ment of apparatus suitable for practicing my in 
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vention. It will be described as a specific em 
bodiment for the production of paraffinic hydro 
carbons in the boiling range of motor fuel from 
butanes and/or pentanes, and also serves as one 
example of my invention. However, it will be 
understood that other charge stocks may be 
used and products of other boiling ranges pro 
duced, with suitable modifications for any par 
ticular case as will be readily ascertained, as just 
discussed. 
In this particular application of my invention, 

a paraffinic hydrocarbon material, such as a 

0 

butane fraction from natural-gas containing a 
substantial proportion of isobutane, enters the 
system under a suitable pressure, such as 20 to 
200 pounds per square inch gauge, thrul pipe 

15 

and valve , and is passed to a reaction zone 2 
in alkylator 3, such as the tube coil diagram 
matically shown. Concentrated hydrofluoric 
acid, preferably between 80 and 100 per cent hy 
drofluoric acid, is passed thru pipe 4 and valve 
f5, and is thoroughly mixed with the parafiinic 
stream passing thru pipe O. This stream should 
be in such amount that, when the subsequent 
reaction takes place in liquid phase as will most 
often be the case, the liquid hydrocarbon mate 
rial is substantially saturated with hydrogen 
fluoride, and preferably about 10 per cent or 
more of the total mixture is hydrofluoric acid. 
Olefin hydrocarbons enter the system thrul pipe 
and manifold 6 and valve , and may be ac 
companied by a certain amount of parafiinic ma 
terial similar to that entering thru pipe O, such 
as butane. Active churning action may be ob 
tained by stirring means in an enlarged reaction 
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of olefin addition, such as below 10 mol per cent 
of the total hydrocarbon present, and the olefin 
concentration maintained may sometimes be very 
low, below 1 per cent, as previously discussed. 
However, by the practice of my process a large 
amount of reaction can be secured by continu 
ously adding olefin to the reacting stream as 
previously added olefinis consumed, as by a plu 
rality of points of addition represented by pipes 
2 to 2, inclusive. With such controlled addi 
tion of olefins, the reaction time may be some 
What extended to produce a substantial total 
yield. At reaction temperatures of 40 to 100°F, 
which ordinarily are suitable for the -alkylation 
of paraffins such as isobutane, a reaction time 
should preferably not be less than 5 minutes, 
and with very small amounts of olefin addition, 
and low temperatures, may be as much as 3 hours 
or more. Generally a satisfactory time will be 
found between 15 minutes and 2 hours for such 
materials. 
The reaction effluent, comprising primarily 

paraffins and hydrofluoric acid, passes thru pipe 
30 and valve 3 to fractionating means 40, where 
in a separation is made between the product, or 
alkylate, and lower boiling material, comprising 
predominantly unreacted paraffins and hydro 
fluoric acid. The alkylate is withdrawn thru 
pipe 4 and valve 42, and may be subjected to 
Such other treatment, such as fractionation, 
caustic Washing, and the like, as may be desired 
or necessary. Traces of the acid and of alkyl 
fluorides may be removed by suitable treatment, 

85 
zone, or by baffles, orifices, and the like, in a tube . 
coil of restricted cross section, whereby hydro 
fluoric acid and hydrocarbons are intimately in 
termixed, and churned, as is shown in this par 
ticular modification. 49 
The olefins are added to the paraffin stream is : 

at one or more points, as may be desirable, thru 
pipes 20, 2, 22, and 23, controlled by valves 25, 
26, 27, and 28, respectively, which lead to various 
points in the reaction zone. These olefins may 
be produced by dehydrogenation, cracking, de 
polymerization, or polymerization, or the like, 
and are ordinarily somewhat diluted with Satu 
rated material. Thus when buttenes are reacted 
with butanes to produce Octanes, the butenes may 
previously be produced by dehydrogenation of 
butane, and may be accompanied by unreacted 
butane. At other times, when the olefins are 
originally in more concentrated form, such as 
when polymers are used or an olefin concentrate 
is formed by depolymerization, paraffin hydro 
carbons such as butane may be deliberately 
added, if desired. It will be noted that pipe 20 
introduces olefins into the paraffin stream imme 
diately before it enters the reaction zone 2, and 
at times this may be the only point of addition. 
Also, when a hydrocarbon material containing a 
relatively low amount of olefins is available, such 
as less than about 15 or 20 per cent, this material 
can be added thru pipes ?o or 6 as the sole 
charge to the process. Such a modification is 
preferably used in connection with a recircula 
tion of a part or portion of the effluent of the 
reaction zone passing thru pipe 30. Such a recir 
culation is accomplished by passing a portion of 

- the effluent from pipe 30 thru pipe 33, valve 34, 
pump 35 and pipe 36 controlled by valve 3 back 
to pipe O at the inlet of the reaction zone. In 
any method of olefin addition it is well to keep 
the amount of olefin added low at any one point 
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as by contacting with hot or cold alkali. The 
fractionating means 40 is diagrammatically rep 
resented as a single fractionating column, which 
is to be supplied with suitable bubble trays or 
the like, heating means for the bottom and cool 
ing means for the top, as is well known in the 
art, but which are not shown. However, if neces 
sary or desirable, the fractionating means may 
comprise two or more fractionators and their 
auxiliary equipment, as will be readily under 
stood. Lower boiling material is removed thru 
pipe 3, and may be returned entirely or in part 
directly to the reaction zone thru valve 44 for 
further reaction. 

More often, however, it will be desirable to sub 
ject at least a part of this material to further 
treatment, and in such an event all or a part of 

: the stream is passed from pipe 43 thru pipe 45, 
cooler and condenser 46, pipe 47 and valve 48 
to separator 50. The pressure prevailing in the 
System at this point is appreciably above atmos 
pheric, a pressure of the order of 30 to 150 pounds 
per Square inch gauge is effective, and the cooler 
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and condenser 46 is operated so as to reduce to 
liquid condition both hydrocarbon and hydro 
fluoric acid and permit a separation of liquid 
hydrocarbons from the denser liquid hydrofluoric 
acid to take place. Generally ordinary Cooling 
Water Will provide sufficient cooling, and if the 
pressure is not sufficient at this temperature to 
result in a condensation, it may be boosted by 
a compressor not shown in pipe 45. Hydrofluoric 
acid is withdrawn through pipe 5, and may be 
discharged thru valve 52. Any portion of this 
material may be returned to the reaction thru 
pipe 5, and valve 54, passing to pipe 4, and 
generally a substantial portion is so recycled. 
A hydrocarbon fraction, still containing a 

minor amount of dissolved hydrofluoric acid, but 
comprising principally unreacted butane is re 
moved from separator 50 thru pipe 55, and Inay 
be discharged thru valve 56. However, it will 
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generally be desirable to subject this material 
to further treatment, and any part or all of it is 
then passed from pie 55 thru pipe 5 and valve 
8 to fractionating means 60. Again, this may 
be a simple fractionating column, with suitable 
bubble trays, heating means, and cooling means, 
not shown, or may be a combination of two or 
more fractionators and/or separators. A par 
affin hydrocarbon material, such as butane, is 
recovered in a substantially pure state as a kettle 
product, which is removed thru pipe 6, and may 
be recovered for further use or treatment thru 
valve 62. In most cases it will be desirable to 
recycle directly at least a substantial portion of 
this material, and such a portion is passed from 
pipe Bf thru pipe 63 and valve 64, to pipe and 
On to the reaction zone. With the previous re 
moval of the major part of the hydrofluoric acid 
as a liquid thru pipe 5, only minor amounts will 
remain in the hydrocarbon stream passing thru 
pipe 55. In such low concentrations in the charge 
to fractionating means 69, it can be made to 
pass overhead thru pipe 65, even in the presence 
of some lower boiling hydrocarbons, as a part 
of an azeotropic mixture, leaving substantially 
pure hydrocarbons in the kettle to be withdrawn 
thru if as discussed. The vapor fraction, which 
contains appreciable quantities of hydrofluoric 
acid, is removed thru-pipe B5, cooler and con 
denser 66, pipe 67 and valve 68 to separator 0. 
The cooling in 66 is sufficient to cause a con 
densation of hydrofluoric acid and a separation 
of a major part of it from the hydrocarbon ma 
terial as a separate heavy liquid phase, which is 
withdrawn thru pipe 75, and may be either re 
turned to the system thru pipe TT and valve 8, 
and pipes 53 and 4, or removed in part, or en 
tirely, thru valve 76. The light hydrocarbon ma 
terial, which will contain only a small amount 
of hydrofluoric acid, is removed from separator 
TO thru pipe 80, and is preferably returned to 
fractionating means 60 thru pipes 82 and T, and 
valve T2. If desired, a part may be recirculated 
thru valve 83. 
With this preferred arrangement, a state of 

equilibrium can be reached whereby even rela 
tively light hydrocarbons can be recovered from 
the kettle product of fractionating means 60, and 
removed thru valve 62, with substantially all of 
the hydrofluoric acid being recycled thru pipes 
S3 and TT, and such a mode of operation forms a 
modification of this invention. However, if de 
sired a part, or all, of the material passing thru 
pipe 80 may be removed from the system thru 
valve 8. If the hydrofluoric acid content renders 
this material difficult to handle or undesirable 
to let free, it may be treated in scrubber 86 by 
being passed thru pipe 84 and valve 85. Water, 
or an alkali solution such as sodium hydroxide, 
or the like, is introduced thru pipe 87 and valve 
BB, and is used to wash the hydrocarbon stream 
entering thru pipe 84. Purifled hydrocarbons are 
removed thru pipe 90 and valve 9, while the 
wash liquid is removed thru pipe 92 and valve 93. 
If desired, a part or all of the stream passing thru 
pipe 55 may be sent to scrubber 86 thru pipe 
and valve 74. 
It will be understood that the flow diagram 

presented and described herewith is schematic 
only, and that many additional pieces of equip 
ment, such as pressure gauges, valves, flow meters, 
pumps, heat exchangers, controllers, reflux ac 
cumulators, reflux' lines, and the like, will be 
necessary for any particular installation, and can 
be installed by anyone skilled in the art. How 

5 
ever, the essential equipment and material flow 
have been described in sufficient detail to serve as 
an efficient guide. 
When a normally liquid parafin, such as iso 

pentane or isohexane is charged to the process, 
and a motor fuel fraction is being produced, it 
may often be desirable to retain at least a part 

O 
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of the unreacted isoparaffin in the product. This 
can be accomplished, as desired, by a proper Con 
trol and operation of fractionating means 40. 
Substantially anhydrous hydrofluoric acid has the 
added advantage that it boils below the usual 
motor fuel range, and this fact, coupled with the 
fact that it can be heated in the presence of 
hydrocarbons without entering into oxidizing or 
reducing reactions, enables it to be readily sepa 
rated by distillation from the parafinic product, 
and recycled to the reaction zone along with low 

" . boiling unreacted paraffins. Alkyl fluorides, which 
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may be formed in minor amounts, generally will 
accompany the alkylate product. They may be 
Separated therefrom by any desirable means, as 
by solvent extraction using methyl or ethyl alco 
hol. While it will generally be more desirable to 
practice my invention as a continuous process, 
it will, of course, be understood that at times it 
may be practiced as a batch process as well. 

Eacample I 

A liquid mixture of isobutane and substantially 
anhydrous hydrofluoric acid in a volume ratio of 
1.2:1 was maintained in a steel bomb at a ten 
perature of about 60 to 70 F. While the liquid 
mixture was vigorously stirred, a mixture of iso 
butylene and isobutane, containing 68 per cent 
isobutylene, was slowly added, the total addition 
time being 15 minutes, after which agitation of 
the mixture was continued for about 50 minutes. 
A sufficient amount of isobutylene and isobutane 
was added to make the total mol ratio of iso 
butane to isobutylene about 3:1, although at no 
time did the actual concentration of unreacted 
isobutylene approach this figure. After the re 
action, most of the unreacted light hydrocarbons 
and some unreacted hydrofluoric acid were re 
moved from the effluent by distillation, and the 
normally liquid residue was washed with water 
and a sodium hydroxide solution. The combined 
liquid product had the following physical prop 
erties. 

Specific gravity at 73 F------------ 0.7014 
Refractive index.--------------------- 13973 
Unsaturation---------------per cent.-- 0.9 
A. S. T. M. distiliation: 

I. B. P.----- ra-------------F 115 
5%----------------------------- 175 
10%----------------------------- 195 
20%----------------------------- 211 
30%----------------------------- 28 
40%------ re-opera usepara-mur- unsa-a-um- surm us r 223 

50%----------------------------- 230 
60%----------------------------- 238 
70%----------------------------- 254 
80%---------------------------- 302 
90%----------------------------- 400 
E. F----------------------------- 442 
Rec----------------------------- 97.0 
Res----------------------------- 15 
loss----------------------------- 1.5 

From this distillation it can be seen that a 
large portion of the product consists of so 
octanes, this simple product being formed in 
large amounts with a relatively large amount of 



6 
butane in the charge stock, according to the 
equation: 

HF 
cBio-CiH - Cohis 

It is also readily seen that the product is aliphatic 
and saturated, and that the entire product is well 
suited for use in an internal combustion, Spark 
ignition, engine. 

Ecample II 
An intimate mixture of liquid isobutane and 

liquid concentrated hydrofluoric acid, in a liquid 

2,822,800 
I claim: - 
1. A process for the production of a normally 

liquid parafiinic hydrocarbon material, which 
comprises reacting a low boiling isoparaffin with 
an olefin in the presence of substantially anhy 
drous hydrofluoric acid as the effective alkylation 
catalyst to form normally liquid parafin hydro 
carbons, passing at least a portion of the effluent 
to fractionating means, separating as a liquid 

10 from said fractionating means liquid paraffins so 

volume ratio of 1.4:1, was vigorously stirred in 
an iron reaction chamber, which was not attacked 
by the hydrofluoric acid. To this mixture was 
added propylene over a period of about 30 
minutes. The reaction temperature during this 
period was between about 70 and 80 F., and the 
pressure was allowed to be the vapor pressure of 
the reacting mixture, which never exceeded 50 
pounds per square inch gauge. The mol ratio of 
total isobutane to total proplene added was 2.2:1, 
but was always appreciably greater than this 
during the reaction period. After addition of 
propylene the mixture was maintained in the 
chamber with continuous agitation for 45 minutes 
more, during which the temperature fell to 65 
F. and the pressure decreased to about 40 pounds 
per square inch gauge. The high residual pres 
sure was presumably due to some propane, which 
was present in the propylene and which was not 
appreciably reacted under these conditions. The 
total yield of liquid product was about 150 per 
cent based on the propylene reacted, and was 
separated by fractional distillation into fractions 
which had the following properties: 

Boiling Unsatu Fraction point Density in rates Wolume 

Percent Percent. 
.300 0.25 10.6 
1,3811 0.00 15.7 
13886 0.12 3.2 
1.3965 0.12 11.5 
1,4053 0.36 6.2 
1. 435 0.48 12.4 
4209 0.42 4.5 

l. 4440 --------- 7.9 

1.3970 0, 30 100.0 

It is readily seen that nearly 47 per cent of 
this product consisted if isoheptanes which were 
formed by the following reaction: 

BF 
Co-C3His - C1s 

and that 12.4 per cent consisted of isodecanes 
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produced, separating as a gas from said fraction 
ating means a mixture comprising unreacted hy 
drocarbons and hydrofluoric acid, cooling and 
condensing at least a portion of said gas mixture 
to condense and separate as liquids hydrocarbons 
and hydrofluoric acid, separating said hydro 
fluoric acid as a heavy liquid from a lighter hy 
drocarbon liquid and returning said hydrofluoric 
acid to the aforesaid reaction, subjecting said 
lighter hydrocarbon liquid to a fractional dis 
tillation to separate a hydrocarbon material sub 
stantially uncontaminated with hydrofluoric acid 
as a liquid kettle product and removing at least 
a portion thereof from the system, passing as a 
gas from said fractional distillation a mixture 
comprising hydrocarbons and hydrofluoric acid, 
cooling and condensing said gas mixture to con 
dense and separate as liquids hydrocarbons and 
hydrofluoric acid, separating said hydrofluoric 
acid as a heavy liquid from a lighter hydrocar 
bon fluid and returning said hydrofluoric acid to 
the aforesaid reaction, and returning at least a 
portion of said hydrocarbon fluid to said frac 
tional distillation. - 

2. A process for producing paraffin hydrocar 
bons in the motor fuel boiling range from lower 
boiling isoparaffins and olefins, which comprises 
subjecting a mixture comprising such a low boil 
ing isoparaffin and an olefin of three to five 
carbon atoms per molecule in a reaction Zone to 
the action of concentrated hydrofluoric acid as 
the effective alkylation catalyst to alkylate said 
isoparaffin with said olefin to produce normally 
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which were presumably formed by the reaction 
F 

Cis-HCBs - C10H2 

The presence of other products is probably due 
to secondary reactions which are not clearly un 
derstood at this time, but which also appear to 
produce paraffinic products. Over 90 per cent of 
the total product was in the present day gaSO 
line boiling range, and possessed good motor fuel 
properties. 
Many modifications and variations of this in 

vention may obviously be used, and can be 
adapted by one skilled in the art without depart 
ing from the spirit of the disclosure. The re 
strictions used in the examples, and in connection 
with the drawing, need not necessarily be used as 
limits for any particular Operation or set of Con 
ditions, as they are presented primarily as illus 
trative examples. 
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liquid paraffins in the motor fuel boiling range, 
passing the effluent to fractional distillation 
means and separating and recovering said nor 
mally liquid hydrocarbons so produced as a 
liquid from a vaporized mixture of unreacted 
hydrocarbons and hydrofluoric acid, cooling and 
condensing at least a portion of said vaporized 
mixture to condense as liquids hydrocarbons and 
hydrofluoric acid, passing the condensed mixture 
to separating means, removing from said sepa 
rating means a heavy liquid comprising hydro 
fluoric acid and returning at least a portion of 
the same to Said reaction Zone, and removing also 
from said separating means a light liquid com 
prising unreacted hydrocarbons. 

3. A process for the production of higher boil 
ing hydrocarbons from lower boiling paraffin 
hydrocarbons, which comprises passing a stream . 
of predominantly alkylatable paraffinic hydro 
carbon material in which olefinic material is dis 
persed at an alkylation pressure and tempera 
ture and in admixture with an alkylation pro 
moting amount of concentrated hydrofluoric acid 
as the effective alkylation catalyst through a 
reaction zone in indirect heat exchange with a 
heat absorbing medium, maintaining said stream 
in said reaction zone for a reaction time suff 
cient to effect substantial alkylation of said 
alkylatable paraffinic material, dispersing addi 
tional olefinic material in said paraffinic-stream 
during said reaction time as olefinic material is 
consumed by said reaction in a total amount not 

et 
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greater than , the total alkylatable parafin 
charged and in such a manner that the concen 
tration of unreacted olefin present in the mixture 
at a point of olefin dispersal does not exceed the 
equivalent of about 2 mol per cent of the hydro 
carbons present, removing heat from said re 
action Zone during said reaction time by means 
of said heat absorbing medium to maintain a 
relatively constant alkylation temperature, pass 
ing a liquid mixture effluent from said reaction 
zone and containing a hydrofluoric acid phase 
and a hydrocarbon phase to separating means, 
separating said hydrofluoric acid phase and re 
turning at least a portion thereof to said reaction 
zone, separating also said hydrocarbon phase 
containing dissolved hydrofluoric acid, passing 
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said hydrocarbon phase to a fractional distilla- . 
tion means, separating from said means a Wa 
porous fraction comprising all said dissolved hy 
drofluoric acid and a low-boiling parafinic hy 
drocarbon, cooling and condensing said vaporous 
fraction to form a liquid hydrocarbon phase and 
a liquid hydrofluoric acid phase, separating and 
returning said hydrocarbon phase to said dis 
tillation means, and recovering also from said 
distillation means a liquid hydrocarbon fraction 
essentially free of hydrofluoric acid and contain 
ing higher boiling paraffin hydrocarbons so pro 
duced. 

4. A process for separating a hydrocarbon frac 
tion substantially free of hydrogen fluoride from 
a mixture containing low-boiling hydrocarbons 
and hydrogen fluoride, which comprises subject 
ing said mixture to fractional distillation, sepa 
rating from said fractional distillation a low-boil 
ing fraction comprising essentially all said hy 
drogen fluoride together with only sufficient low 
boiling hydrocarbon material to form a minimum 
boiling azeotropic mixture with said hydrogen 
fluoride, and separating also from said fractional 
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3, 
free of hydrogen fluoride. 

distillation a higher-boiling hydrocarbon frac 
tion which is essentially free of hydrogen fluoride 
and containing all of said initial low-boiling 
hydrocarbons in excess of those contained in 
said azeotropic mixture. 

5. In the process of claim 4, cooling and Con 
densing said low-boiling fraction to form a hy 
drogen fluoride phase and a hydrocarbon phase, 
recovering said hydrogen fluoride phase, and re 
turning said hydrocarbon phase to said frace v 
tional distillation. 's 

6. In a process for the production of a normally 
liquid parafinic, hydrocarbon material by the 
alkylation of low-boiling alkylatable parafnic 
hydrocarbons with olefinic hydrocarbons in the 
presence of concentrated hydrofluoric acid as 
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7 
the alkylation catalyst, the improvement, which 
comprises passing a mixture effluent from said al 
kylation and containing a liquid hydrogen fluoride 
phase and a hydrocarbon phase to a phase sepa 
rating means, separating said hydrogen fluoride 
phase, passing said hydrocarbon phase to a frac 
tional distillation means, separating from said 
means a vaporous fraction comprising a mixture 
of a low-boiling paraffinic hydrocarbon and hy 
drofluoric acid, cooling and condensing said va 
porous fraction to form a liquid hydrofluoric 
acid phase and a hydrocarbon phase, recovering 
said hydrofluoric acid phase, returning said hy 
drocarbon phase to said fractional distillation, 
and separating also from said means a liquid 
fraction comprising a low-boiling alkylatable 
parafinic hydrocarbon fraction substantially free 
from hydrofluoric acid. 

7. A process for separating a hydrocarbon frac 
tion substantially free of hydrogen fluoride from 
a mixture containing low-boiling hydrocarbons 
and hydrogen fluoride, which comprises subject 
ing said mixture to fractional distillation, sepa 
rating from said fractional distillation a low-boil 
ing fraction comprising essentially all said hydro 
gen fluoride together with at least sufficient low 
boiling hydrocarbon material to form a minimum 
boiling azeotropic mixture with said hydrogen 
fluoride, cooling and condensing said low-boiling 
fraction to form a hydrogen fluoride phase and 
a hydrocarbon phase, recovering said hydrogen 
fluoride phase, and returning said hydrocarbon 
phase to said fractional distillation, and separat- . 
ing also from said fractional distillation a high 
boiling hydrocarbon fraction which is essentially 

8. A process for separating a hydrocarbon frac 
tion from a liquid mixture comprising low-boiling 
parafin hydrocarbons and hydrogen fluoride dis 
solved therein, which comprises subjecting said 
mixture to fractional distillation, separating 
therefrom a low-boiling fraction comprising 
essentially all said dissolved hydrogen fluoride 
together with at least sufficient low-boiling par 
affin hydrocarbon material to form a minimum 
boiling azeotropic mixture with said hydrogen 
fluoride, cooling and condensing said low-boil 
ing fraction to form a liquid hydrogen fluoride 
phase and a liquid hydrocarbon phase, return 
ing said hydrocarbon phase to said fractional 
distillation, and separating also from said frac 
tional distillation a higher boiling hydrocarbon 
fraction which is essentially free of hydrogen 
fluoride, 
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