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This invention relates to the- production  of
motor fuel and deals particularly with a new and
more efficient method of increasing the yleld of
high anti-knock value hydrocarbons obtainable
from petroleum products and the like..

Great advances have been made in the produc-
tion of high octane gasoline within recent years,
but large amounts of available hydrocarbons,
particularly, gaseous hydrocarbons' such as
ethane, ethylene and propane, are still unused
because no satisfactory method for efficiently

converting them to saturated liquid hydrocarbons:

has been available, It is an important object of
the present invention to overcome this disadvan-
tage of prior methods. of gasoline manufacture.
More particularly, it is an object of the invention
to provide a method whereby hydrocarbons are
treated in a series of cooperating steps to produce
higher yields of isoparaffing boiling in the gasoline
range than have been obtainable heretofore from
the same starting materials. A-specific object is
to provide an improved, continuous and eyelic
process of polymerization and alkylation of high
efliciency. Another special object is to make
bropane and ethylene available as starting mate-
rials for the production of branched chain oc-
tanes. Still other objects and advantages of the
process of the invention will be apparent from
the following description. ,
Various proposals have been made for produc-
ing gasoline by procedures involving polymeriza-
tion of olefines and alkylation of isoparaffins, but
none of these methods have proved to be satis-
factory because of the difficulties of correlating
the polymerization with the requirements of the
alkylation: step. This is accomplished by the
process of the present invention by the use of
special polymerization conditions which insure
high yields of high octane gasoline and long cata-
lyst life in the alkylation step. The new process
has the additional advantage that it makes more
effective use of ethylene and propane than has
heretofore been possible. ‘
For the purpose of making the invention more
clear, it will be deseribed with particular refer-
ence to its application to the improvement of the
commercially established method of alkylating
isobutane with butylenes in the presence of con-
centrated sulfuric acid as the catalyst, in which
bropane is a component of the starting material,
The accompanying drawing iilustrates diagram-
matically an assemblage of apparatus particu-
larly adapted to this application of the process,
It will be understood, however, that the invention
Is not limited to this application and that not

- methods be employed, but also
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7 at a plurality of points,

other alkylating
that the other
arrangements' of apparatus and other operating
procedures may be used, ) . L
Referring to the drawing, a charge of isobu-
tane- and bropane-containing hydrocarbon from
any suitable source, for example, from the frac-
tionation of natural gas or straight run gasoline,
or residual- parafiins from olefinic conversion”
processes, and hydrocarbons from the alkylation
step of the invention, to be more fully deseribed
hereinafter, introduced via line 22, are fed, as by
line |, to a depropanizer column 2. The hydro- .
carbon feed to this column may be introduced
instead of the single line

only may othér-feed stocks and

“shown, if streams of different composition are

being employed. In column 2 all hydrocarbons

. of less than four carbon atoms, usually mainly
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-and condenser 8, and

bropane, are taken off overhead via line 3 to con-
denser 4, breferably provided with an outlet §a
through which lower boiling components such as
ethane may be removed, and accumulator 5,
the higher boiling components are removed as
bottom product by line 6a and conducted to de- -
isobutanizer column 8. In column 6 o separation
of isobutane from normal butane is made, the
latter being removed as bottoms via line 1, for
use in adjusting the vapor pressure of gasoline .
and dehydrogenation to butylenes which may be -
used in the alkylation step or for other purposes.
Isobutane of high purity is taken off vig line 8
is fed from accumulator 10,
by line (1, to the alkylation system, represented
by 12.. In the alkylation step, preferably carried
out by the method disclosed and claimed invU.8."
Patent 2,232,674, the isobutane is reacted with
olefines to form branched chain hydrocarbons. of
high anti-knock value, boiling in the gasoline
range. Olefines from g suitable outside source
may be supplied by line {§. Such olefines may,
& butane-butylene fraction of

contain a small amount of propane.” To the ole-
fine: or olefines admitted by line 13 are added
olefines by line 14, which are derived from treat-

‘ment of the propane collected in accumulator §,

as will be described more fully later. To main-

. tain the -activity of the alkylation catalyst at g
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be withdrawn from the
ssytem by line 15 and replaced by fresh or re.
activated catalyst, introduced by line 18a. Re-
acted hydrocarbons from the alkylation system,
comprising excess Isobutane, diluents introduced
with the olefine, including propane and normal




3
and alkylation products, are
withdrawn by line (8 to a de-butanizer column
(1. From column (1 alkylation products are
withdrawn by line 8 for further fractionation,
if desired, into cuts having boiling ranges appro-
priate for the particular use to which the prod-
ucts are to be applied. The separated lower boil-

" butane for example,

ing components are removed by line 9 to con-

denser 20 and accumulator 21, whence they are
conducted by line 22 to column 2, in which the
propane content is removed &s previously de-
scribed. :
The separated prop
lator § is fed by lin
* from any extraneous source if desired introduced
by line 24, to cracking unit 26 in which it is the
object to produce as high conversions to un-
saturates s possible. This may be advantageous~
ly achieved by non-catalytic cracking at atmos-
pheric pressure and about 1200 F.to 1400° F'.,,using
& residence time of about 1 to 2 seconds. Under
these preferred conditions, ethylene and propyl-
ene are the main reaction products and the for-
mation of paraffins, such as ethane, is minimized.
Othér conversion methods, either catalytic or
non-catalytic, may, however, be employed. Thus,
for example, methods such a&s are described in
U. 8. Patents 2,168,840 and 2,217,865 may be
used. As & rule, conditions of operation at which
. substantial amounts of ethylene are formed are
preferred since highest conversions to unsaturates
can be most economically obtained in this way.
The conversion products, after suitable cooling or
other desired treatment, not shown, are conduct-
ed by line 26 to separating unit 21, in which the
components lower boiling than ethylene, mainly
hydrogen and methane, are removed for use in
supplying heat for the process or’ for other pur-
poses. This separation may be effected by frac-
tionation or by absorption of the higher boiling
components in a suitable lquid such, for exam-
ple, as pentane, followed by stripping of the ab-
sorption. product. The ramaining hydrocarbons,
principally unreacted propane, ethylene and pro-
pylene, together with a small amount of higher
hydrocarbons, mainly butylenes, are fed by line
28 to a fractionating column 28 in which the
ethylene is removed as overhead by line 30 and
fed to polymerization unit 31. Additional ethyl-
ene from any suitable source may be used in the
polymerization, such ethylene being introduced
by line 32, if suficiently free from undesirable
lower or higher boiling components, or by lines
33 or 34 if removal of such components is con-
sidered advisable. T
The -object of the polymerization step of the
process is to produce, in high yield, glefines which
are especlally suitable for use in the alkylation
‘step of the process, for exaple to convert ethylene
as ‘completely as possible to butylene. It is de-
sirable to carry out the polymerization, whatever
the olefine or oleflnes used as feed, so as to pro-
duce substantial amounts of normal olefines in-
stead of branched chain polymers, since the for-
mer give improved results in the alkylation of
isoparafins. These objectives may be most ad-

e coilecte’d in accumu-

3, together with propane’
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vantageously achieved by effecting the polymeri- ’

zation in the presence of catalysts consisting of
the metals of the 8th group of the periodic table.
Of particular use for this polymerization are
cobalt and nickel, cobalt being the preferred
catalyst. The metals employed as the polymeri-
zation-promoting catalysts are used in a reduced
state and are preferably employed in the form of
finely divided particles disposed on suitable car-
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riers. The use of activated carbon as the carrier
for the reduced metal, for example reduced cobalt,
has been found to be of particular beneflt for
the conversion of ethylene to produce polymers
containing high percentages of the desired butyl-
enes, but other supports may be used. The use
of the carriers for the active catalyst metals is
advantageous since it permits an accurate con-
trol of the olefines to be polymerized and the
metal catalyst in the reaction zone, while main-
talning other operating conditions, such as the
reaction temperature, pressure, space velocity,
contact time, etc., constant. The metal catalyst,
e. g. reduced cobalt, whether employed alone or
in the preferred form of a finely divided metal
deposited on activated carbon, or the like, may
be prepared and employed in a variety of ways.
For example, it may be used in the form of com-
pact masses, granules, chips, powder, etc. One
method of preparing the catalystfor the polymeri-
zation according to the present invention includes
the steps of absorbing agueous cobaltous nitrate
on activated carbon or the like, decomposing the
nitrate to the corresponding oxide by a prolonged
heating at an elevated temperature, and finally
redusing the oxide by heating, preferably while
passing an inert or a reducing gas, for example
hydrogen, through the catalyst mass. Other
methods of preparing the reduced éatalyst metal,
as well as the incorporation thereof onto porous
carriers, may be employed. The concentration of
the active reduced metal catalyst may vary within
relatively wide limits, depending on the specific
metal employed, the desired contact time, and the
like. When ethylene is polymerized according to
the present invention and this primary material
is conveyed through the reaction zone at the rate
of about 250 grams per hour per liter of catalyst
space, good conversions have been obtained when
the cobalt-to-carbon ratio is in the neighborhood
of 14:86. However, much higher or lower con-
centrations of the catalyst may also be used.

Instead of using a solid catalyst bed through
which the reactants are conveyed, it is also possi-
ble to effect the polymerization according to the
present invention by maintaining the catalyst,
e. g. reduced cobalt, whether used alone or on &
carrier, in suspension in the reaction zone. This
may be effected, for instance, by suspending the
catalyst in the liquid polymer and by conveying
the oleflne to be polymerized therethrough.

The catalyst employed for the polymerization
of the unsaturated hydrocarbons may also con-
tain various promoters which when used alone
will not catalyze the reaction. As such, reference
may be made to the oxides and/or salts of lithium,
thorium, copper, silver, zinc, and the like, as well
as some of these metals per se, for example small
amounts of sllver or reduced copper with finely
divided cobalt or the like.

Instead of polymerizing “individual olefines
separately, mixtures of oleflnes may be treated.
Thus, for example, column 29 may be by-passed
and the ethylene- and propylene-containing mix-
ture conducted by line 38 to polymerizer 3, in
which these olefines may be co-polymerized. It
has been found that there are critical ranges of
temperature and pressure which should be main-
tained in order to insure highest ylelds of prod-
ucts most desirable for use in alkylation. Thus,
the polymerization of ethylene in the presence of
reduced cobalt deposited on activated carbon is
preferably carried out at temperatures of about
35° C. to 150°C., most preferably between 80° C.
and 120° C., using pressures above about 300 1bs,
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per 8q. in., most preferably between 600 and 900
- 1bs, per sq. in. The same range of temperatures
and pressures have also been found to be highly
suitable for the co-polymerization of ethylene
with other unsaturated hydrocarbons such as
propylene. The rate of conversion of ethylene to
butylene under the same conditions is consider-
ably higher than the conversion rate of propylene
to hexylenes. It is, therefore, preferred to use
somewhat more rigorous conditions for the poly-
merization of higher boiling olefines. .

Depending upon the contact time allowed in
polymerizer 31, more or less complete conversion
of ethylene may be effected. Where complete
or substantially complete polymerization is car-
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ried out the reaction products may be conducted )

by lnes 86 and 37 to line {4 connecting with the
alkylation unit,
tageous, however, to use higher throughput
rates, for example about 200 to 500 grams of
ethylene per liter of catalyst per hour, in poly-
merizer 31 as under such conditions not only
may higher production rates be achieved but
also products of better quality for alkylation may
be obtained, particularly through a reduction
in the amount of higher boiling products formed.
Under such conditions it is preferred to return
the polymerization products by lines 38 and 33
to column 29. The polymers will then appear
in the bottoms removed by line 39 along with
the unreacted propane. This mixture is fed by
line 46 to fractionation column 41, in which the
propane is taken off overhead by line 42, and the
polymers, mainly normal butylenes if ethylene
has been polymerized alone or a mixture of
mainly normal butylenes and amylenes if the
ethylene has been co-polymerized with the
propylene, are removed by line 43 and fed to the
alkylation unit by line 14, or, particularly where
the residence time in polymerizer 81 is insuffi-
cient to effect the desired degree of isomerization
of the polymers formed, the olefine or olefines
may be conducted by line 44 to an isomerization
unit in which substantial conversion of the ole-
fines to beta-olefines is effected before using them
in the alkylation step. For this isomerization
catalysts of the same type as used in the poly-
merization step are particularly suitable. With
these catalysts the isomerization is advan-

tageously effected at about 60° C. to 120° C., and

production of higher boiling compounds is pref-
erably avoided. Where the polymers are not de-
ethanized they may be fed to the isomerization

It is frequently more advan--

or the propylene recovered therefrom, fed to the
alkylation unit by line 8{, or withdrawn by line

52 for isopropyl aleohol production or other use,

Particularly when feeding a sulfuric acid solu-
tion of propylene by line 51 to the alkylation
unit, a part or all of the acid normally admitted

by line 16a may be omitted. In certain cases the

separation of propylene from the propane may
be advantageously effected by an alkylation
treatment using isobutane, for example, supplied
through line 54. In this case the hydrocarbon
products are conducted by lines 51 and 88 to
line 16, and the alkylate recovered with the

products of alkylation from unit 12. It may even

be feasible to carry out the alkylation with the
propylene in unit {2, where the amount of

- propane present iIs such that it does not too
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unit by lines 37 and 46. In either case, products

consisting substantially of olefines having the
double bond between carbon atoms removed from
the end of the chain are conducted by lines 41
and {4 to the alkylation unit 12, in which they
give higher yields of high quality preducts and
& materially longer catalyst life than when the
previously employed olefine mixtures are used.
The propane-propylene mixture removed by
line 42 or the similar mixture supplied by lines
35 and 48, when de-ethanization of the poly-
merization products is not essential, is conducted
to a propylene separating unit 49. This separa-

tion may be carried out in a number of different

ways. It may consist of an efficient fractiona-
tion, after which propane is returned by lines
50 and 23 to cracking unit 25, and propylene is
conducted by line 5f to the alkylation unit, or
by lines 5 and 52 to some other use. An extrac-
tion treatment, for example with sulfuric acid,
may be used to effect the separation, the solvent
being admitted by line 63 and the extract itself,
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greatly reduce the isoparaffin concentration in
the reaction, and line 56 is provided for use in
such operations. '

It will be apparent from this description .of
the invention that it offers many advantages
over prior methods of operation. Not only does
it make it possible to efficiently utilize propane
and ethylene in the process, but also it gives im-
proved results in the alkylation as a consequence
of the fact that normal olefines are used therein

in place of branched chain products of poly-

merization. As a result of isomerization of the
olefines in unit 45, or, where long contact times
are used in polymerization, in unit 81, the process
gives more uniform results because the olefines
are more uniform and longer catalyst life in
alkylation because the isomerized olefines are
predominantly beta-olefines.: These latter ad-
vantages may be extended by using in the process
only isomerized olefines conveniently obtained,
for example by supplying the olefines, preferably
normal olefines, to the process by line 51 instead
of line 13, . . .
Many variations may be made in the process,
the various steps of which may be carried out
batch-wise or intermittently instead of con-
tinuously. The process is not limited to alkyla-
tion with sulfuric acid as described as a preferred
example, but may be carried out using other
alkylation catalysts, such as boron fluoride, hy-
drogen fluoride, phosphoric acid, aluminum
chloride, etc. Instead of the single reaction units
indicated in the drawing, a plurality of units in
series or parallel may be used. Also, it is not
essential to re-employ all the hydrocarbon
streams in the process as shown in the drawing

Since corresponding hydrocarbons from other

sources may be used instead. In fact, it may be
advantageous in some cases to use other hydro--
carbons than those described in the illustrative
example in the various steps of the process.
Thus, isopentane may be alkylated instead of
isobutane, and normal butane, for example, sup-
blied to line 23 by lines 58 and 50 may be cracked
instead of, as well as in addition to, the propane.
Alternatively, the normal butane may be catalyti-
cally dehydroggnated in unit 25 .instead of
cracked and line 66 may be used to conduct the
resulting butylt;_nes to the isomerizafion. ‘The
alkylation with theé products of polymerizer 31
and/or isomerizgr 45 may be carried out sep-
arately from the alkylation with olefines from
other sources. Column 29 may be operated so
as to separate propylene along with the ethylene,
higher boiling products being removed as bot-
toms and either withdrawn from the system by
line 81 or treated along with, or similarly to, the
hydrocarbons in line 39, as previously described,
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The polymerization products in this case are .

preferably deethylenized in a separate column,
not shown, the bottom product of which is fed
to line 39. Propylene or other olefine separated
fn unit 48 may be fed to polymerizer 3{ by con-
necting lines 32 and b2, it being generally de-
sirable wher such olefine is to be Interpoly-
merized with ethylene to maintain an excess of
the less reactive higher olefine, preferably 2 to 10
mols of higher olepne (such as propylene) per
mol of ethylene during the polymerization. Still
other variations may be made not only In the

10

materials treated, but also in the detalls: of op- -

eration employed, and it will be understood that
the invention is not limited to the procedure
disclosed by way of example, nor by any theory
suggested in explanation of the improved result
obtained. ,

‘We claim as our invention:

1. A process of producing motor fuel compo-
nents from normally gaseous hydrocarbons which
comprises contacting a mixture of ethylene and
propylene with reduced cobalt deposited on acti-
vated carbon at a temperature between 30° C. and
150° C. and, under a pressure of above about
300 pounds per square inch, isomerizing the re-

i5
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sulting normal alpha olefines of four.and five car-

bon atoms per molecule to the corresponding beta
olefins and ‘reacting the isomerized. olefins with
an isoparafin under alkylating conditions, and
recovering high anti-knock value saturated liquid
hydrocarbon reaction products.

2, A process of producing motor fuel compo-
nents from normally gaseous hydrocarbons which

comprises cracking propane to produce & mixture -

of ethylene, propylene and unreacted propane,
separating the ethylene from the propylene and
propane, converting the separated ethylene sub-
stantially to & mixture of alpha and beta butyl-
enes by contact with a metal of the eighth group
of the periodic table at between 30° C. and 150° C.
substantially isomerizing the alpha butylene con-
tent of said mixture to beta butylene, and alkylat-
ing an isoparaffin with the resulting beta butyl-
ene. .

3. A process of producing motor fuel compo-
nents from normally gaseous hydrocarbons which
comprises contacting ethylene with reduced co-
palt deposited on activated carbon at a tempera-

ture between 30° C. and 150° C. and, under & 5

pressure above about 300 pounds per square inch,
separating unreacted ethylene from the resulting
‘butylene, contacting the latter with reduced co-
balt deposited on activated carbon at a tempera-
ture between 60° C. and 120° C. to substantially
convert the butylene to beta butylene, and al-
kylating isobutane with: sald beta butylene to
produce high anti-knock value gasoline compo-
nents.

4. A process of producing motor fuel compo-
nents from normally gaseous hydrocarbons which
comprises subjecting propane to treatment at
an elevated temperature at which substantial
conversion to ethylene takes place, separating the
ethylene produced from components of the re-
action mixture having less and more than two
carbon atoms per molecule, contacting the sep-
arated ethylene with a polymerization catalyst
to produce an alpha butylene-containing product,
contacting sald alpha butylene with reduced co-
balt deposited on activated carbon at a tempera-
ture betweén 60° C. and 120° C. to substantially
convert the alpha butylene to beta butylene, and

alkylating isobutane with said beta butylene to.

30

produce high anti-knock value gasoline compo-
nents. - .

5. A process of producing motor fuel compo-
nents from normally gaseous hydrocarbons which
comprises fractionating an isobutane- and pro-
pane-containing hydrocarbon mixture to separate
propane therefrom, thermally cracking said pro-
pane to produce a substantial yleld of ethylene,
polymerizing sald ethylene mainly to a mixture
of alpha and beta butylenes by contact with re-
duced cobalt deposited on a porous support at a
temperature between 30° C. and 160° C. and under
a pressure above sbout 300 pounds per square
inch, substantially isomerizing the alpha butylene
content of said mixture to beta butylene, alkylat-’
ing. said separated isobutane with the resulting

‘beta butylene in the presence of sulfuric acid of

about 80% to 100% concentration, and recover-
ing high anti-knock value gasoline components
from the reaction products,

6. A process of producing motor fuel compo-
nents from normally gaseous hydrocarbons which
comprises reacting a butylene- and propane-con-
taining hydrocarbon mixture with isobutane in
the presence of an alkylation catalyst under con-

" ditions at which alkylation of the isobutane takes

place, fractionating the reaction products to sep-
arate normally gaseous hydrocarbons from the
alkylation products, separating propane from sald
normally gaseous hydrocarbons, cracking said
propane to produce a substantial yield of ethylene,
polymerizing said ethylene by contact with re-
duced cobalt at a temperature between 30° C. and
150° C. and under a pressure above about 300
pounds per square inch to produce an alpha bu-
tylene-containing product, isomerizing said alpha
butylene to beta butylene, and feeding the result- .

- ing beta butylene to said alkylation reaction to
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produce saturated high anti-knock value gasoline
components therefrom.

7. In a process of producing motor fuel compo-
nents by alkylating isobutane with butylene, the
improvement which comprises fractionating a
hydrocarbon mixture to separately remove there-
from isobutane, normal butane and propane, re-
acting the separated isobutane with butylene-
containing hydrocarbon under alkylating condi-
tions, separating alkylation products from nor-
mally gaseous components of the reacted hydro~
carbons, returning the normally gaseous compo-
nents to the first sald fractionation, cracking pro-
pane separated from the isobutane therein, re-
moving hydrocarbons having less than two.car-
bon atoms per mclecule from the cracking prod-
ucts, separating ethylene produced in said crack-
ing from unreacted propane present therewith,
polymerizing the separated ethylene by contact
with a metal of the group consisting of cobalt and
nickel at between 30° C. and 150° C., returning
the alpha butylene-containing polymerization
products to said ethylene separation, fractionat-
ing the higher boiling products from the latter to
separate unreacted propane from said alpha bu-
tylene, contacting. the alpha butylene with re-
duced cobalt on activated carbon under condi-
tions at which beta butylene is produced there-
from, and feeding said beta butylene to said iso-
butane alkylation.

‘8. A process for producing high octane num-
ber gasoline which comprises polymerizing an
olefin having at least 3 carbon -atoms per mole-
cule, subjecting at least a part of the resulting
polymers to catalytic isomerization, and alkylat-

ing isobutane by regction‘ with sald isomerized

polymer,



9. A process for producing higher boiling
branched chain parafiing which comprises poly-
merizing propylene, subjecting at least g part of
the resulting polymers to catalytic fsomerization,
and alkylating isobutane with the isomerized poly-
mer by reaction in the presence of sulfuric acid.

10. The process which comprises polymerizing
propylene, subjecting at. least a portion of the
resultant polymers to the action of an olefin
isomerizing catalyst at isomerizing conditions, and
alkylating an alkylatable hydrocarbon with - at
least a portion of said isomerized propylene poly-
mer,

11. A process for
hydrocarbons which
bylene, subjecting at least ‘& portion of the re-
sultant polymers to the action of an olefin isomer-
" izing catalyst at- isomerizing conditions, and al-
kylating an alkylatable hydrocarbon with at
least a portion of said isomerized propylene poly-
mer.

12. The process which comprises DPolymerizing
& normally gaseous olefin, subjecting at least a
portion of the resultant polymers to the action
of an olefin isomerizing catalyst at isomerizing
conditions, and alkylating an alkylatable hydro-
carbon with at least a portion of said isomerized
polymer. :

13. The process which comprises polymerizing

producing branched chain

comprises polymerizing pro- -

2,460,308
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& normally gaseous olefin, subjecting. at least a
portion of the resultant polymers to the action
of an olefln isomerizing catalyst ‘at isomerizing
conditions, and alkylating s isoparaffin with at
least a portion of said isomerized polymer.
SUMNER H, McALLISTER,
JOHN ANDERSON.
WALTER H. PETERSON.
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