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This invention relates to the alkylation of par-
affin hydrocarbons with olefine hydrocarbons.
The invention particularly relates to the produc-
tion of high anti-knock motor fuel by the cata-
lytic alkylation of parafiins with olefines.

Alkylation of paraffins with olefines fo produce
motor fuels of high anti-knock value is known.
"By proper selection of the paraffins and olefines,
motor fuels may be syntheticaily built-up which
are composed of iscoctanes or paraffinic com-
pounds which approximate isooctanes in struc-
ture and thereby yield high grade motor fuels
such as aviation grade. For this reason and the
fact suitable gaseous starting materials are a by-

- product of the indusiry, there has been consider-
able activity along these lines in the last few
years. As aresult of the activity several processes
have been suggested. For instance, Morrell
U. 8. P. 2,169,809 discloses a low temperature
process for alkylating isoparaffins with olefines
using sulfuric acid as a catalyst and keeping the
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temperature between about —10° and -+20° C. .

Again Ipatieff et al. U. S. P. 2,112,847 disclose an
alkylation process for isoparaffins and olefines
using aluminum chloride in combination with
hydrogen chloride as a catalyst and keeping the
temperature at or below 0° C. In these catalytic
processes only isoparaffins are alkylated, normal
parafins being unaffected. It has salso been pro-
posed to alkylate paraffins with olefines at high
temperatures. However, such latter proposals
have usually been concerned with non-catalytic
processes, for example, Frey, U. 8. P. 2,002,394
discloses that paraffins and olefines may be joined
thermally at high temperatures and pressures.

Tt is an object of our invention to provide a
high temperature catalytic alkylation process for
alkylating parafiin hydrocarbons with olefine hy-
drocarbons.

A more specific object of our invention is to
provide a process for the production of a high

grade motor fuel by slkylating suitabie parafiins

with suitable olefines.

A most important object of our invention is

to provide a process for alkylating paraffins with
-olefines which will alkylate normal paraffins in
substantial amounts. .

Our invention comprises alkylating paraffinic
hydrocarbons which may be either normal or
iso-paraffins or both with olefinic hydrocarbons
at relatively high temperatures and pressures in
the presence of certain catalysts. )

The catalysts which we have discovered may
be used in our invention are the metal chlorides
and fluorides which are solid, stable compounds
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under the conditions of our process. It appears
all such truly solid, stable metal chlorides and
fluorides are operative. ‘We, at present, particu-
larly prefer such chlorides and fluorides of the
metals of group IT of the periodic table, and of
these preferred catalysts we especlally prefer
catalysts consisting of or containing alkaline
earth chlorides or fluorides. Our catalysts may
be either a single pure compound, e. g, CaFi or
CaCla; a mixture of our fluorides or chlorides or
both, e. g., CaFz plus MgF2 or CaCla plus BaClz
or CaFsz plus CaClz; or the catalyst may comprise
metal fluorides or chlorides which are complexes
or double salts of two fluorides, chlorides or both,
e. g., CaF.Baf: or ZnFa.CaF: or activated cryo-
lite. In practice when employing complex or
double salts, we usually use salts which are equi-
molecular in concentration; however, our experi-
ments indicate that variation of one component
makes no difference in the results obtained.
Accordingly, in the clalms where we use the term
“associations” we mean to include both mixtures
and compounds. . ‘

It is important to note that in the case of the
metal Auoride catalysts, the conventional fluoride
products obtained in commerce, except fluorspar,
were generally found not to be particularly active
compared to the chlorides. However the rela-
tively inactive fluorides may be activated so that
their activity is of the nature of the fluorspar
and is, in general, higher than the activity of the
chlorides. Activation of the relatively inactive
fluoride catalysts may be accomplished, for ex-
ample, by re-precipitation whereby the catalyst
is produced largely in a much greater degree of

- subdivision than when commercially prepared.
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The re-precipitated catalysts thus present, if not
a different, at least more active surface of con-
tact. This activation of the fluorides by re-pre-
cipitation msy be carried out, for instance, by
precipitating such fluorides in dilute solution by
‘means of sodium fluoride, drying the precipitated
fluoride and then igniting it at temperatures up
to about 500° C. Again activation of the complex
fluoride, cryolite (AlF3.3NaF), may be accom-
plished, for example, by digesting same in powder:
form with dilute hydrochloric acid or the like
to remove a part of the sodium fluoride. This
latter activation may be somewhat analogous to
activation of clays by acids. Removal of some
sodium fluoride may leave a more active surface
or may leave more active surface or both.

The chloride and fluoride catalysis of our in-
vention may be used by themselves in suitable
form, e. g., granular, or, if desired or necessary.
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these catalysts may be supported by suitable inert
or relatively inactive carriers of a refractory
nature in order to assure proper contact of the
hydrocarbon gases with the catalysts in the cat-
alytic chamber. Typical examples of refractory
carriers suitable for use with our catalysts in
the present invention comprise ordinary cryolife,
clay, alumina, magnesium oxide, bauxite and
zinc oxide. I$ is to be undersiood that when
we use the term catalyst herein, we mean the
actual catalytic material, viz., the chilorides or
fluorides, and not the composite mass of our
catalysts with refractory carriers.

The amount or preportion of our catalysts

that may be used can vary over rather wide -

1imits. In most of our operations we prefer to
employ aroundt 25% to around 50% by weight
with respect to the hydrocarbon charge. How-
ever amounts of 100% or even more may be
used, if desired. Accordingly, it is to be under-
stood the invention is not restricted to these
anmeounts which are stated for illustrative pur-
poses but rather to the general use of the cata-
lysts to give our improved results.

In carrying out our process, we prefer, for

practical operations, to use temperatures be-
tween about §00° ¥. and about 1000° F., although
higher temperatures may be used if adequate
pressures are provided, and we particularly pre-
fer temperatures between about 800° F. and about
1000° F. The pressures at which our Drocess
is conducted should be upwards of about 2000
1bs. per sq. in., the most suitable pressure being
more or less dependent upon the particular hy-
drocarbons and temperature involved. ¥For in-
stance, as it is more difficult to react the propyl
radicals than higher radicals, the pressure should
not be below about 3000 to 3500 lbs. for alkylat-
ing propane with propylene, and, In fact, for
temperatures .of 800° F. to 1000° F. we prefer
to use pressures of 3000 lbs. or more for ail
alkylationss In general the higher the pressure
the better the result. For most practical opera-
tions at the present time a pressure between
about 2000 and about 5000 1lbs. per sq. in., will
be found to be suitable. However higher pres-
sures may be used, for example, up to say 20,000
1bs. per sq. in., the upper limit on pressure being
dictated merely by the feasibility of maintaining
such pressure.

An important feature of the present invention
is the fact that, contrary t0 many prior catalytic
processes which are only capable of alkylating
isoparafiins, our process is capable of alkylating
normg] parafiins in substantial amounts, and, in
fact, normal paraffins are alkylated more efii-
ciently by our process than are isoparafiins.
Accordingly while the prior art has known highly
efficient catalytic processes for alkylating iso-
paraffiins, our process furnishes for the first time
a highly efficient catalytic process for alkylaiing
normal paraffins. The alkylation is more efiec-
tive when using isoolefines, however ncrmal ole-
fines may be used. It is also to be understood
that while the process is particularly outstand-
ing for the alkylation of normal pavaffins, the
process is not limited thereto since isoparaffins
are also efficiently alkylated by the process.

The paraffing and olefins to be used in our
- process may be Herived from any suitable source
as is known in the¢ art and may be in either
the pure state or in admixture with other con-
stituents not undesirable. In order that the re-
sulting alkylation product in the preferred oper-
ation of manufacturing motor fuels, will not be
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too heavy, the paraffins and olefines usually em-
ployed will be the normally gaseous paraflins and
olefines, as is well understood In the art, It is
preferred to use the normally gaseous paraffing

~and olefines of 3 or 4 carbon aioms, namely,

butane, isobutane, propane, ischutylene, butylene,
and propylene. Ethylene, however, may be used
with any of the above parafiins or isoparaffins.
A convenient and preferred source of these par-
affins and olefines is the fixed gases obtained
around petroleum refineries, such as the butane-
butene fraction from & cracked gasoline sta-
These fixed gases of {he refineries may
furnish substantially 2l the desired paraffins and
clefines or it may be necessary or desirable to
obtain additional sources, all as is well known
in the art. . . .

As pointed. out above the present process is
particularly important for alkylating normal
parafiins. However, there is an additional ad-
vantage in the fact that both n-paraffiing and
isoparafins may be alkylated by our brocess.
Normal paraffins and isoparafiing may be, and
usually are, found in admixzture with each other,
therefore, it is particularly noteworthy that by
our process both components of the mixture are
alkylated rather than having one component
(n-parafiing in the usual processes) go through
the reaction as an iner{ diluent.

Furthermore it may be found desirable to com-
bine the present process with cne of the known
processes for alkylating isoparaffins. Thus a
paraffinic fraction containing substantial
amounts of both normal and isoparafins, such
as a butane cub from s stabilizer, might be
passed through a known “cold sulfuric acid”
alkylation process whereby substantially all the
isoparafing would be efficiently alkylated, and
then the unreacted n-butane, and any other nor-
mal paraffins, could be separated out and passed
through our alkylation process in order to al-
kylate these normal parafiins or vice versa.
Suitable amounts of olefines could be added in
either or both steps if, and as, needed, and
likewise paraffins. '

In our process it is important, as in the known
parafiin-olefine alkylation processes, to keep the
concentration of the olefines reiatively low dur-
ing reaction in order to eliminate as much olefine
polymerization as possible. It is advisable io
maintain the olefine concentration in the charge
below about 26% by liquid volume and prefer-
ably between about 10% and about 20% by liguid
volume, and this may be done conveniently by
slowly adding the olefines to the reaction mix-
ture.

In order to further illusirate our invention the
two following specific examples are given show-
ing the results of alkylating (1) without a cata-
iyst and then (2) with one of our chioride cata-
lysts, namely, calcium chloride.

ExampLE I

A charge composed of 809% butane and 20%
butylene by volume was processed through g high
pressure continucus stili a$ 260° F. and under
3000 pounds pressure. The synthefic-crude so
produced was distiiled through a packed column
and the normally gaseous hydrocarbons con-
tained with the normally liguid hydrocarbons re-
fluxed in such a manner as to completely stabilize
the synthetic-crude without matberial losses of
the normally liquid hydrocarbons. A doial yield
of 85.3% with respect to olefing charged was ob-
tained; 76.9% of this material boiled below 320° -
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F. and had a specific gravity of 0.695 and lodine
number of 115. This aviation cut, up to 320° P,
was redistilled carefully to a top temperature of
150° C. (302° ¥.) and the resulting product gave
an octane number of 77.2 (CFR motor method)
and acid heat of 92° F. The yleld is 3.74 gallons
" per 1000 cu. ft. of charge per pass,

ExamrrLe II

The above process was repeated except that
the reaction chamber of the still was packed with
4-mesh caleium chioride, U. 8, P. grade and oper-
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will be noted that by alkylating by our process a
very substantial increase in yleld is obtained, and,
furthermore, it will be seen that the product ob-
tained is substantially superior.

5 'The following Tabie I shows further results

obtained in alkylating n-butane with a butylene
fraction (70% olefine) by our process under vari-
ous exemplary conditions of operation, using
various suitable catalysts (see runs 1-9), and how

10 the results are superior over processes carried out

under similar conditions but in the absence of
a catalyst (see runs 10-13).

Table 1
Total C':?cl ) Reacti Reacti e
o eaction action P!
Runt No. charge Qlefine Ngture of »catalyst time temp. 1bs./sq. in
gauge
Parta by
volume | Percent | Per cent Minutes °F.

1,000 15 Anhyd. CaCla. ... 30 * 800 3,300
800 15 25 (... do 30 850 2,650
850 20 25 |...-- do__ 30 875 3,300
850 15 25 [ do.. 30 875 3,150
800 15 80 |- do - 15 T 000 3,250
800 15 50 (... do. . 30 900 3,350
805 16.2 40 | Anhyd. BaCly. ... 30 875 3, 106
800 16.23 25 | Anhyd. 8rCls..... 30| 875 3,000
850 15.0 25 | Anhyd, MgCls.._. 30 875 3, 200

1,600 15.6 None | N - 30 800, 2, 800
900 15.0 None 30 875 3,075
800 | 15.0 None 30 900 2, 950
900 20.0 None 30 875 3,175

i i Liquid 8p. grav. Yodine num- Gallons
Yield of Yield with product cut ber of cut conversion
Run No. liquid respect to bolling bolling boiling per 1,000 cu.
product olefine below below below it. of
320° F, 320° F. 320° F. charge
Per cent Per cent -
76.6 78 0.683 42 3.01
132 81 0.684 40 5.22
123.5 80.9 0. 687 35 6.44
150.0 83.0 0.683 36 6.02
148.6 80.0 0. 680 38 5.77
166.6 80.0 0. 690 38 6. 56
143.0 80.6 0. 685 38 | 6.08
130.0 74.0 0. 690 43 5. 55
100.0 86.5 0. 685 2 4.11
58.6 [ 0.720 67 2.30
100.0 72 0.709 | . 56 3.94
114.0 77 0.703 57 4.50
107.0 7 0. 692 50 5.59

ated at 940° F. A total yleld of normally liquid
hydrocarbons of 128% with respect to the olefine
used was obtained; 76.6% of which boiled below
320° ¥. The redistilled fraction boiling between
25 and 150° C., (up to 302° F.), had a specific
gravity of 0.685 and an iodine number of 50. The
octane number by the CFR motor method was
78.77. Acid heat was 68° F. The yield per 1000
cu. ft. of C« mixture is 5.14 gallons per pass.
Accordingly the two above examples show very
clearly the advantages of our process. Thus it

50 For purposes of still further illustrating our

invention Table II is given below showing results
obtained by our process under various exemplary
conditions of operation using various suitable
fluoride catalysts (see runs 1-9), and how the

8 rvesults are superior over processes carried out

under similar conditions but in the absence of a
catalyst (see run 10).. All of the runs in Table
II were made with normal butane and normal
butylene except in run 4 where normal butane
and isobutylene were used.

Table 11
Catalyst . Reaction
Volume y i
Run No. charge | Olefine wit to Nature of catalyst Reaction | Reaction pressure_in
) to bomb m:gect ime -| temp. 1bs./sq. in,
» arge gauge
Parts
volun&’ Per cent | Per cent Minutes °F.
800 15 25 | Fluarspar.____. ... 30 875 3,350
800 15 25 | Activated cryolite. 30 875 3,300
200 15 21 | Zine eryolite. .. : 30 875 3,350
900 15 18 | Fluorspar. _...._. 30 850 3 500
800 15 21 | Barium fluoride._. 30 850 3,450
800 15 2t | ZnFs.CaFs.. 30 875 3,325
800 15 21 { CaFs.BaFs.. 30 875 3175
800 15 21 | CaFs.8rFy. . 30 875 3,212
800 15 21 | MgFy_ ... ... 30 875 5
900 15 None | None..........___ 30 875 3,075
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Table II--Coniinued
Liguid 8p. grav, | Iodine num- Gallons
Volume Yield with product of cut ber of cut conversion
Run No. yield lignid | respeect to “boiling boiling bolling per 1,000 cu.
product olefine below bolow below 1t. of
320° F. 320° F. 320° F. charge
Palﬂ 20y Per cent Per cent
rolume er ¢ 6r €
¢ 178 148.3 81.4 0.885 46 7.02
150 125.0 80.0 0.685 38 5.81
177 147.5 819 0.686 42 6.96
205 1511 87.8 0. 885 20 7.18
172 143.3 87.2 0.685 20 8. 77
185 154.1 32.1 0.634 35 7.8
177 147.5 8L 9 0.684 35 8.96
188 156.8 79.9 0.684 35 7.32
168 130.0 78.9 0.684 35 8.14
138 100.7 72.0 0.709 ~ 56 .47

We claim:

1. The process of alkylating paraffnic hydro-
carbons with olefinic hydrocarbons which com-
prises contacting the parafiins and clefins under
alkylating conditions in the presence of an active
alkylation catalyst consisting essentially of solid
material selected from the group consisting of
compounds of the general type MX, and associa-
tions between such compounds, wherein M is a
metal and X is chlorine or fluorine and wherein
MX is a metal halide that is a solid, stable com-
pound at 800° F.,, and controlling the concentra-
tion of olefins during reaction so that the prin-
cipal reaction is said alkylation.

2. The process of claim 1 wherein at least &
substantial portion of the parafiinic hydrocarbons
which are alkylated are normal paraffins.

3. The process of claim 1 wherein M is a metal
of group II of the periodic table.

. 4. In a process of synthesizing hydrocarbons of

gasoline-boiling range by alkylating light par-
affinic hydrocarbons with light olefinic hydrocar-
bons the improvement which comprises alkylat-
ing the light paraffins and olefing in the presence
~ of an active alkylation catalyst consisting essen-
tially of a member of the group consisting of al-
kaline earth metal chlorides and mixtures of said
chlorides, and controlling the concentration of
olefins during reaction so that the principal reac-
tion is said alkylation.

5. In a process of synthesizing hydrocarbons of
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affinic hydrocarbons with light olefinic hydrocar-
bons the improvement which comprises alkylat-
ing the paraffins and olefins at a temperature be-
tween about 600° F. and about 1000° . and at a
pressure above about 2000 pounds per square inch

in the presence of an active alkylation cafalyst

consisting essentially of solid material selected.
from the group consisting of compounds of the
general type MX, and associations between such
compounds, wherein M is a metal and X is chlorine
or fluorine and wherein MX is a metal halide that
is a solid, stable compound at 800° F., and con-
trolling the concentration of olefins during reac-
tion so that the principal reaction is said alkyla-
tion, .

8. The process of claim 7 wherein ¥ is a metal

of group II of the periodic table.
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gasoline-boiling range by alkylating light par- .

affinic hydrocarbons with light olefinic hydrocar-
bons the improvement which comprises alkylat-
ing the light parafiins and olefins in the presence
of an active alkylation catalyst consisting essen-
tially of a member of the group consisting of
fluorides of metals of group II of the periodic table
and mixtures of said fiuorides, and controlling the
concentration of olefins during reaction so that
the principal reaction is said alkylation. :

6. In a process of synthesizing hydrocarbons of
gasoline-boiling range by alkylating light par-
affinic hydrocarbons with light olefinic hydrocar-
bons the improvement which comprises alkylating
the paraffins and olefins at a temperature above
about 600° F. and at a pressure above about 2000
pounds per square inch in the presence of an
active alkylation catalyst consisting essentially of
solid material selected from the group consisting
of compounds of the general type MX, and associ-
ations between such compounds, wherein M is a
metal and X is chlorine or fluorine and wherein
MX is a metal halide that is a solid, stable com-
pound at 800° F., and controlling the concentra-
tion of olefins during reaction so that the principal
reaction is said alkylation.

7. In a process of synthesizing hydrocarbons of
gasoline-bolling range by alkylating light par-
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9. The process of claim 7 wherein normal par-
affins are the predominant type of paraffinic hy-
drocarbons which are alkylated.

10. The process of claim 7 wherein the tem-
perature is between about 800° F. and about 1000°
F. and the pressure is above about 3860 pounds
per square inch.

11, In a process of synthesizing hydrocarbons
of gasoline-boiling range by alkylating light par-

-affinic hydrocarbons with light olefinic hydrocar-

bons the improvement which comprises alkylating
the paraffins and olefins at 2 temperature between
about 800° F. and about 1000° F, and at g pres-
sure above about 3000 pounds per sguare inch in
the presence of an active alkylation catalyst con-
sisting essentially of 2 member of the group con-
sisting of alkaline earth metal chiorides and miz-
tures of said chlorides, and controlling the con-
centration of olefins during reaction so that the
principal reaction is said alkylation.

12. The process of claim 11 wherein normal
parafiins are at least 2 substantial portion of the
parafiinic hydrocarbons alkylated.

13, In g process of synthesizing hydrocarbons of
gascline-boiling range by alkylating light pay-
affinic hydrocarbons with light olefinic hydrocar-
bons the improvement which comprises alkylating
the parafiins and olefins at & temperature befween
about 800° F. and 1000° . and at a pressure above
about 3060 pounds per square inch in the presence
of an active alkylation catalyst consisting essen-
tially of a member of the group consisting of
fluorides of metals of group II of the periodic
table and mixfures of said fluorides, and control-
ling the concentration of olefins during reaction
so that the principal reaction is said alkylation.

14. The process of claim 13 wherein normal
parafiins are at least a substantial pdrtion of the
parafiinic hydrocarbons alkylated.

15. The process of synthesizing hydrocarbons
of gasoline-boiling range by aikylating light nor-
mal- and iso-paraffins contained in a hydrocarben
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mixfure with light olefins which comprises al-
kylating the predominant portion of isoparaffins
of said mixture in one step where alkylation of iso-
parafins with olefins is the principal reaction

and alkylating the predominant portion of nor-

mal paraffins of said mixture in a separate step
at a temperature between about 600° F', and about
1000° F, and at a pressure above about 2000 pounds
per square inch in the prescnce of an active
alkylation catalyst consisting essentially of solid
material selected from the group consisting of
compounds of the general type MX, and associa-
tions between such compounds, wherein M is a

metal and X is chlorine or fluorine and MX
is & metal halide that is a solid, stable compound
at 800° F., and controlling the concentration of
olefins during reaction in said normal parafin
alkylating step so that the principal reaction in
this step is sald alkylation of normal paraffins.

16. The process of claim 15 wherein-M is a
metal of group IT of the periodic table.

17. The process of claim 13, wherein the metal

10 fluoride is an activated metal fluoride.
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