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13 Claims.
1

This invention relates to a process of manu-
facturing high anti-knock hydrocarbons suitable
for motor fuel. ‘ :

The invention contemplates the treatment of
cracked or synthetic hydrocarbon mixtures con-
taining mainly normal clefin and paraffin hydro-
carbons by alkylation and isomeriZation in a
manner such as to obtain material improvement
in the anti-knock characteristics of the hydro-
carbon constituents.

The invention also contemplates g process in
which the hydrocarbon mixture to be treafed
is separated into individual fractions of compar-
atively narrow boiling range and each fraction
separately subjected to alkylation.

In accordance with the invention a hydro-
carbon mixture, containing a large proportion of
straight chain hydrocarbons boiling over a sub-
stantial range of temperature. such as derived
from the catalytic dehydrogenation of naphtha,
or obtained by the catalytic conversion of car-
bon monoxide and hydrogen, or in some instances
obtained from the thermal conversion of petro-
leum hydrocarbons, is fractionated into fractions
of relatively narrow boiling range. Each frac-
tion is subjected to alkylation with an isoparaf-
fin hydrocarbon, preferably isobutane, and the
alkylated fractions are, in turn, subjected to some
further treatment as may be desired.

. According to one method of disposition these
alkylated fractions are fractionated to remove
therefrom an intermediate fraction correspond-
ing approximately in boiling range to the initial
fraction from which it was derived. The re-
sulting intermediate fractions, comprising mainly
normal parafiin hydrocarbons, are then subjected
to isomerization to produce isoparaffins.. Isobu-
tane formed in the isomerization is advanta-
geously separated and recycled to the alkylation
stage or stages, and the remaining isomerized
hydrocarbons are blended with alkylated hydro-
carbons to produce motor fuel of desired boiling
range. ‘

‘Instead of subjecting the intermediate frac-
tions to isomerization they may be subjected to
other forms of treatment, such as dehydrogena-
tlon, cyclization, etc., to produce products of
desired characteristics. o

An important object of the invention, however,
is to segregate hydrocarbon constituents of a
feed mixture, such as described above, and to
separately alkylate the segregated hydrocarbons
rather than the composite mixture.

By separately alkylating narrow cuts of the
feed mixture, rather than the entire mixture, it
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is possible to obtain hydrocarbon mixtures con-
taining  alkylated hydrocarbons . which can be
fractionally separated into a fraction consist-
ing essentially of unreacted normal paraifin hy-
drocarbons present in the charge, and a frac-
tion or fractions consisting essentially of alky-
lated hydrocarbons of either lower or nigher boil-
ing range than the unreacted hydrocarbons.

Alkylating a wide cub containing hydrocarbons
boiling over a substanf{ial range of temperatuie
results in the formation of -a reaction mixture
containing alkylated hydrocarbons coextensive
in boiling temperature range withh normal par-
affin hydrocarbons ordinarily present in the feed.
Due to this similarity in boiling temperature tie
normal parafiins and alkylated olefins, therefore,
cannot be completely separated from each other
by fractional distiliation. In other words, it is
impossible by means of fractional distillation to
segregate the alkylated hydrocarbons into frac-
tions containing a relatively small proportion of
normal paraffins, the presence of which in large
proportion may be undesired, due to their low
anti-knock value.

The present invention affords a means of segre-
gating the alkylated hydrocarbons resulting from
a change mixture of the type in question so as
to produce hydrocarbon fractions containing a
high concentration of hydrocarbons having &
high anti~-knock value.

The invention has particular application to the
treatment - of synthetic hydrocarbon mixtures
such as mentioned above and which are com-
posed largely of normal paraffins and normal oie-
fins ranging from normally gaseous hydrocarbons
to liquid hydrocarbons boiling up to 350—400° .
and even higher, It hasbeen found that straight-
‘chain olefins have more of a tendency than the
branch-chain, olefins to build up into higher
molecular weight compounds during the alkyla-
tion reaction. For example, a higher boiling range
product is obtained from the alkylation of nor-
ma] amylene than from the alkylation of iso-
amylene.

In other words, when alkylating a feed con-
sisting essentially of branched chain liquid ole-
fins, the resulting alkylate has a boiling range
substantially coextensive with that of the feed,

.whereas when the feed consists largely of straight

chain olefins the resulting alkylate has a boiling
range which is materially wider than that of the
feed. In thelatter case, the alkylate will include
diydrocarbons boiling both below and above the
boiling temperature range of the feed hydro-
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carbons, the higher boﬂmg hydrocarbons usually
predominating,

Thus, where the feed mixture consists malnly
of straight-chain hydrocarbons, alkylation of
narrow cuts of the feed will produce products
consisting essentially of compounds boiling above
the end boiling points of the respective cuts from
which produced. Therefore, that portion of the
hydrocarben mixture issuing from such an alkyla-
tion operation and which has a boiling range
corresponding substantially to the boiling range
of the particular cut being charged to that
alkylation operation, will comprise mainly nor-
mal paraffin hydrccarbong which can be readily
removed from the alkylate by fractionation and
subjected to other forms of treatment.

Normal paraffin material so obtained in this
way from the synthetic feed in question is par-
ticularly suitable for isomerization since it is
essentially free from aromatic and naphthenic
constituents.

Moreover, alkylation prior to isomerization has
the further advantage of removing substances,
such as diolefins, hydrogen sulphide and’ amines,
from the feed and which substances-are injurious
to the isomerization catalyst.

Reference will now be made to the accompany-
ing drawing showing a flow diagram illustrating
one method cof rracticing the process of the in-
vention.

Carbon monoxide and hydrogen, or a gase-
ous mixture thereof, in suitable proportions are
passed to a catalytic converter | wherein the
gaseous mixture is-brought into contact with a
ccnversion catalyst to effect conversion into hy-
drocarbons having a substantial olefin content.

The catelyst may comprise metals such as
cobalt, nickel, iron, manganese or the oxides
thereof, with or without a promoter such as
thorium cxide. The catalyst is advantageously
supported upon g material such as diatomaceous
earth. Nickel, for example, is a preferred cat-
alyst from the standpoint of increasing the olefin
production relative to the productlon of sat-
urated hydrocarbons.

The carbon monoxide and hydrogen may be
charged to the converter in the ratio of around
one mol of carbon monoxide to about two mols

of hydrogen. By decreasing somewhat the ratio-

of hydrogen to carbon monoxide ‘it is possible
to increase ‘the yield of olefins produced.
The temperature maintained within the con-

verter may range from around 330 to 400° T, and -

the reaction may be carried out under a pres-
sure of about atmospheric, although somewhat
higher pressures may. be .employed up to about
ten .atmospheres, for example.

Instead of a single converter the reactmn may
be carried out in stages, using two or more con-
verters in series. The products of conversion
comprise normally gaseous and normally liquid
hydrocarbens compesed of around 60 to 70% by
weight of hydrocarbons contalmng from one to

about ten carbon atoms, with the remamdgr com- )

prising higher boiling hydrocarbons.
The hydrocarbon products of reaction, includ-
ing unreacted carbon monoxide and hydrogen,

are passed to a stabilizer 2 wherein the unre-"

acted materials, hydrogen and carbon:-monoxide;

are removed in the form of a gas and which may-
Where

be recycled:-ultimately to-the converter f.
there is -an appreciable quantity of methane,
ethane and-ethylene present it may be desirable
to remove these constltuents from the conversion
products.
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The lquid accumulating in the bottom of the
stabilizer 2 is conducted to a fractionator 3
wherein the synthetic hydrocarbon mixture is
separated into a. phurality of fractions. 'The nor-
mally gaseous hydrocarbon fraction, amounting
to about 8 or 10% of the mixture, is removed in
vapor form from the top of the fractionator. This
fraction will contain hydrocarbons, such as
propane, butane, propylene and butylene, and the
olefin content may bhe around 50 to 55% by vol-
ume.

This gaseous fraction is conducted to an alkyla-
tion unit A1 wherein it is treated, in the presence
of concentrated sulphuric acid, with isobutane
from a pipe 4. It is desirable to use an acid hav-
ing a concentration of around 99 to 109% and,
preferably, about 94 {0 98% H2S0:. 'The tem-
perature of alkylation may range from around
0 to 90° F., but advantageously is about 60° F.
Sufficient pressure is employed to maintain the
reacting materigls in the liquid phase.

Also, the ratio of iscbutane to olefins in the
charge entering the alkylation reactor-is at least
about 1:1 and preferably about 3:1 to 5:1. The
ratio of acid to total hydrocarbons in the reactor
may be around 0.5 to 2.0 parts by volume of acid
to one of hydrocarbon.

The alkylated hydrcecarbons after neutrahzmg
with an alkali solution are conducted to g frac-
tionating unit 1 wherein they are stabilized to
remove normally gaseous constituents.” A side
stream comprising isobutane may be removed
and recycled to the alkylation unit through pipe
4 previously referred to. The remaining alkylated
material comprising high anti-knock hydrocar-
bons is drawn off and separately disposed of or
blended with preducts subsequently produced in
the process, as will be descriked later.

The remaining: fractions removed from the
fractionator 3-comprise normally liquid fractions
removed as side streams and which are drawn
off to separate alkylation units Ag, As, A4, and As,
respectively.

The fraction passing to the alkylation unit Az .

-advantageously comprises hydrocarbons boiling

within the range 89 to 150° F.; that passing to
the unit As will comprise hydrocarbons boiling
within the range 150 to 200° P'.; that passing to
the unit As will comprise hydrocarbons boiling
within the range 200 to 250° 'F., while that pass-
ing to the unit As will comprise hydrocarbons
boiling within the range 250 to 300° I. Additional
higher boiling fractions may be produced, if de-
sired, and likewise subjected to separate alkyla-
tion.

It is also contemplated that the boﬂmIr range
of the fractions may vary somewhat from the
foregoing, but usually each fraction will have an

. end boiling temperature not more than about 25

60

65

75

to 75° F. above its initial boiling temperature,
In each of the alkylation units the separatev
fractions .are subjected to alkylation with iso-

‘butane, as. described above 1n .connection with "~

alkylation unit Ai, .
The alkylated hydrocarbon mixtures after
neutralization and upon issuing from the alkyla-
tion units are subjected to fractionation. For
example, the reaction mixture from -unit -As is"-
passed to a fractionator F3 wherein -it-‘may - be
separated into three fractions,.-nameély,.a low-
boiling fraction, an.intermediate fraction beiling:
in the range 150:to 200° ¥. and a higher boiling
fraction boiling in the range 200 to 400°'F. The "
intermediate fraction thus corresponds in boil-
ing range to the fraction initially passing to the’
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alkylation unit As.- This intermediate fraction
will be rich in normal paraffin hydrocarbons and
is passed to an isomerization unit Iz wherein it
is subjected to isomerization in the presence of
an isomerization catalyst such as aluminum
chloride under conditions of temperature and
pressure adapted to convert the normal paraffin
constituents to correspending isoparaffins. For
example, this fraction may be subjected to con-
tact with anhydrous aluminum chloride in the
presence of a small amount of hydrogen halide
in either the liquid or vapor phase at a tem-
perature of about 200° F.

The higher boiling fraction as well as the low-
er boiling fraction produeed in the fractionation
unit Fi will comprise alkylated hydrocarbons
which' may be separately disposed of or may
be blended with the alkylated hydrocarbons
produced in preceding or succeeding stages. In
some instances it may be desirable to recycle
the lower boiling fractions to the alkylation
units for retreatinent with the alkylation cata-
lyst in the presence of the isoparaffin hydro-
carbon.

- Similarly, the remaining feed fractions pro-
duced in the fractionator 3 and alkylated in the
alkylation units Az, A« and As are passed to cor-
responding fractionating units Fa, Fs and Fs
wherein they are subjected to fractionation to
separate intermediate tractions corresponding in
boiling range approximately to that of the ini-
tial feed fraction.

The resulting intermediate fractions are like-
wise passed to isomerization units Is, Is and Is
wherein the paraffin fractions are subjected to
isomerization. :

The temperatures and other cperating condi-
tions are maintained in each isomerization unit
suitable for the conversion of the paraffins un-
dergoing treatment therein.

The products of isomerization from each
isomerization unit Iz to Xs, inclusive, are ad-
vantageously conducted to fractionating unit 6.
Substantial amounts of isobutane as well as hy-
drogen chloride may be present and these are
separated in the fractionator 6 and may be re-
cycled to the alkylation units and isomerization
units respectively for reuse.

The remaining higher beiling isoparafins pro-
duced in the fractionator § are drawn off and

may be blended, alj or in part, in a blending tank

1, with the products of alkylation withdrawn
from the fractionators Fi to Fs, inclusive.

It is, of course, contemplated that the prod-
ucts obtained at different stages in the process
may be separately accumulated and disposed of
for producing products having special charac-
teristics such as safety fuel and aviation gas0-
line, for example.

Obviocusly many modifications and variations
of the invention, as hereinbefore set forth, may
be made without departing from the spirit and
scope thereof, and therefore only such limita-
tions should be imposed as are indicated in the
appended claims,

I claim:

1. In the manyfacture of motor fuel of rela-

tively high anti-knock value from a broad boil-
ing range gasoline fraction of comparatively low
anti-knock value containing substantial pro-
portions of normally liquid olefin and straight
chain parafin hydrocarbons, the method which
comprises fractionating the said broad boiling
range gasoline fraction to separate the same into
& plurality of normally liquid cuts, each having
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a relatively nairow boiling range and each cori-
taining a substantial proportion of normally
liquid olefin and straight chain paraffin hydro-
carbons, sepatately alkylating each of a plurality
of said cuts with a low-boiling isoparaffin boiling
below the boiling range of the respective cut in
the - presence of an alkylation catalyst under
alkylating conditions, whereby the isoparaffin is.
alkylated by the olefin of said cut to produce
alkylated hydrocarbons of relatively high anti-
knock - value boiling largely above the boiling
range of said charge cut, separately fractionat-
ing the hydrocarbon reaction products from each
said alkylation reaction to separate the same
inte a higher boiling alkylate, lower boiling prod-
ucts, and a fraction of intermediate boiling range
approximating the hoiling range of the respec-
tive charge cut and containing mainly unreacted
straight chain paraffin- hydrocarbons and being
essentially free from aromatic hydrocarbons,
catalytically isomerizing in the presence of an
isomerization catalyst a plurality of said inter-
mediate bolling range fractions obtained from
the separate fractionation of the reaction prod-
ucts of said plurality of alkylation reactions to
thereby convert straight chain parafins to
branch chain paraffins of gasoline boiling range,
and blending said plurality of alkylates and
branch chain paraffins of gasoline boiling range
from said isomerization to thereby produce mo-
tor fuel hydrocarbons of relatively high anti-
knock value.

2. The method according to claim 1, wherein
the said low-boiling isoparaffin employed for the
sald alkylation reactions is isobutane,

3. The method according to claim 1, wherein
the isomerization of said intermediate boiling
range fractions resulfs in the production of iso-
butane in addition to branch chain parafins of
gasoline boiling range, and at least a portion of
sald isobutane produced in the isomerization re-
action is recycled to at least one of said alkyla-
tion reactions.

4. The method according to claim 1, in which
at least a portion of the said low-boiling products
separated in the fractionation of the hydrocarbon
reaction products of each alkylation reaction is
recycled to the respective alkylation reaction.

5. The method according to claim 1, wherein
the said broad boiling range gasoline fraction is
a synthetic hydrocarbon mixture obtained from
the catalytic conversion of carbon monoxide and
hydrogen, said mixture being composed largely
of normal paraffins and normal olefins, and being
essentially free from aromatic and naphthenic
hydrocarbons.

6. The method of improving the anti-knock
value of a narrow cut gasoline fraction of rela-
tively low anti-knock value having an end boiling
point not more thah about 25 to 75° F. higher
than its initial boiling point and containing sub-
stantial proportions of normally liquid olefin and.
straight chain paraffin hydrocarbons, which com-
prises reacting the said fraction with a low-boil-
ing isoparaffin boiling below the boiling range of
sald fraction in the presence of an alkylation
catalyst under alkylating conditions, whereby the
isoparaffin is alkylated by the olefin of said frac-
tion to produce alkylated hydrocarbons of rela-
tively high anti~knock value boiling largely above
the boiling range of said charge fraction, frac-
tionating the hydrocarbon reaction products of
said alkylation reaction to separate the same into
a higher boiling alkylate, lower boiling products,
and a fraction of intermediate boiling range ap-
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7
proximating the boiling range of the said charge
fraction and containing mainly unreacted
straight chain paraffin hydrocarbons and being
essentially free from aromatic hydrocarbons,
catalytically isomerizing said fraction- of -inter-
mediate boiling range in the presence of-

chain paraffins to branch chain parafling of
gasoling boiling range with the concomitant
production of isobutane, fractionating the-prod-
ucts 'of isomerization -to  separate the isebu-
tane and other normally gaseous products from: a
normally liquid isomerizate boiling within the
gasoline boiling. range, and blending the said
higher boiling alkylate with the said- isomerizate
to thereby produce a gasoline fraction of sub-
stantially improved anti~-knock value.

7. The method according to claim 6, in-which
the said low-boiling isoparafiin employed in the
alkylation reaction is isobutane.

8. The method-according to claim 6, in which
at least a portion of the isobutane produced in
the isomerization reaction is recycled to the alkyl-
ation reaction.

9. The method according to claim 6, in which
at least a portion of the lower boiling products
separated in the fractionation of the alkylation
reaction products is recycled to the alkylation
reaction.

10. The method according to claim 6, wherein
the said narrow cut gasoline fraction is a syn-

thetic hydrocarbon mixture obtained from the-

catalytic conversion of carbon monoxide and hy-
drogen, said mixture being composed largely of
normal paraffins and normal olefins, and being
essentially free from aromatic and naphthenm
hydrocarbons,

an’
isomerization catalyst to-thereby conver; straight.

(44
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11. The method of improving the anti-knock
value: of a narrow cut normally liquid gasoline
fraction of relatively low anti-knock value having
an end boiling point not more than about 25 to 75°

. P. higher than its initial boiling point and con-

taining substantial proportions of normally liquid
straight chain olefin and paraffin hydrocarbons,
which comprises reacting the said fraction with
a low-boiling isoparaffin boiling below the boiling
range of 'said fraction in the presence of an alkyl-
ation: catalyst under -alkylating conditions,
whereby the isoparafiin is alkylated by the olefin
of said fraction to produce alkylated hydrocar-
bons: of relatively high anti-knock value boiling
largely above the boiling range of said charge
fraction,-fractionating the hydrocarbon reaction
products of said alkylation reaction to separate
the same into a higher boiling alkylate, lower
boiling produects, and a fraction of intermediate
bhoiling range approximating the boiling range of
the said charge fraction and containing mainly
unreacted straight chain paraffin hydrocarbons,
subjecting the said intermediate boiling range
fraction to a conversion treatment to produce
products of higher anti-knock value, and blend-
ing at least a portion of said conversion products
of higher anti-knock value with said higher boil-
ing alkylate to produce motor fuel of high anti-
knock value.

-.12, The method according to claim 11, wherein
the said conversion treatment includes dehydro-
genation.

13.- The method according to claim 11, wherein
the -said conversion treatment includes cycliza-
tion.

ARTHUR R. GOLDSBY.




