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4 Claims.

This invention relates to s process for manu-
facturing hydrocarbons, such as high anti-knock
hydrocarbons suitable for motor fuel.

method of carrying out the process of this in-

- vention.

The invention broadly contemplates catalyti- -

cally converting a mixture of carbon monoxide
and hydrogen to hydrocarbons and alkylating
the resulfing hydrocarbons, or constituents
thereof, with lsoparafin hydrocarbons in the
presenee of an alkylation eatalyst, such Bs con-
centrated sulphuric acld.

It has been known heretofore to produce low-
bofling hydrocarbons for use in the manufacture
of motor fuel by the catalytic conversion of &
gaseous mixture of carbon monoxide and hydro-
gen. The gasoline fraction from the product of
converslon contains a large proportion of un-
saturated hydrocarbons and Is also character-
ized by having & low octane number (C. F. R. M.)
of around 40,

Tt has been found that s synthetic hydrocar-
bon mixture prepared by the conversion of car-
bon moxnoxide and hydrogen, such as in a Fisch-
er-Tropsch process, Is particularly suitable for
alkylation with isoparafin hydrocarbons, such
as isobutane, to produce a saturated motor fuel
which is gum and color-stable, has a high lead
susceptibility and may be of higher anti-knock
value. By “high lead susceptibility” it is meant
that the alkylated hydrocarbon mixiture is high-
1y susceptible to Increase in anti-knock value by
incorporating therein lead tetraethyl

In accordance with the present inventlon a
Jow-boiling hydrocarbon mixture is produced, by
" the catalytic conversion of carbon monoxide and
hydrogen, which contains & relatively high con-
tent of normal olefins, particularly normal bu-
{ylenes, and a relatively low content of isobutyl-
ene. in addition, the synthetic hydrocarbon
mixture 18 substantially free from aromatle con-
sHtuents and comparatively fres from naph-
thenic constituents. .

An olefin containing hydrocarbon mixtur
which is low in Isobutylene content is of partic-
ular advantage in the alkylallon reactlon, since
otherwlise the presence of substantlal amounts of
jsobutylene increases the consumption of cata-
Iytic acid and tends to reduce the yleid of alkyl-
ate of high octane value. Likewise, substantial
freedom from aromatic gnd naphthenic constit-
uents renders the mixture more susceptible to
alkylation with a catalyst such as sulphuric acld.

The invention will now be described In more
detalf by reference to the accompanying draw-
ing comprising & flow diagram lustrating &
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Carbon monoxide and hydrogen or & gaseous
mixture thereof in suiteble proportions is passed

to a catalytic converter | wheréin the gaseous

mixture {s brought into contact with a conver-
glon catalyst to effect conversion into hydrocar-
bons heving a substantial olefln content.

The catalyst may comprise metfals such as
cobalt, nickel, iron, manganese or the oxides
thereof, with or without a promoter such as
thorlum oxlde. The catalyst iz advantageously
supported upon a material such as diatomaceous -
earth, Nickel, for example, is a preferred cata-
lyst from the standpoint of increasing the olefin
production relative to the production of satu-
rated hydrocarbons,

The carbon monocxide and hydrogen may be
charged to the converter In the ratio of around
1 mo] of carbon monoxide to about 2 mols of hy-
drogen. By decreasing somewhat the ratlo of
hydrogen to carbon moncxide it is possible to
increase the yield of olefins produced.

The temperature malntained within the con-
verter may range from around 330 to 400° F.
and the reaction may be carried out under a
pressure of about atmospheric, although some-
what higher pressures may be employed up to
about ten atmospheres, for example,

Instead of a single converter the reaction may
be carried out in stages, using two or more con-
verters in series., 'The products of conversion
comptlse normally gaseous and normally - liguid
hydrocarbons composed of around 60 to 70% by
weight of hydrocarbons containing from one to
about ten carbon atoms, with the remainder
comprising higher boiling hydrocarbons.

The hydrocarbon products of reaction, includ-
Ing unreacted carbon ‘monoxide and hydrogen,
are passed to a stabilizer 2 wherein the unreacted
materials, hydrogen and carbon monoxide, are
removed In the form of a gas through a valved
pipe 3 and may be recycled ultimately to the
converter I. In cases where there i1s an appre-
ciable quantity of methane, ethane and ethylene
present it is desirable t¢c remove these Ci and Cz
hydrocarbons from, the conversion products.

The liquid accumulating in the hettom of the
stabilizer 2 comprises the synthetic hydrocar-
bon mixture and is continuously drawn off
through a condult 4 and passed to a fraction-
ator §.

In the fractionator § the synthetic hydrocar-
bon mixture is separated Into a normsally gas-
eous hydrocarbon fraction, which is removed in




-
P .

vapor form from the top of the fractionator, A
side stream is removed from the fractionator #
and which comprises normally liguid gascline
hydrocarbons; that is, hydrocarbons bolling up
to about 892° -

“The higher boiling constituents accumulate In
the bottom of the fractionator § and are contin-
uously withdrawn through a valved pipe | R

The geseous hydrocarbon ‘fractlon xemoved
from the top of the fractionator may amount to

8 or 10% of the synthetic hydrocarbon mixture

charged to the fractionator. It will comprise
hydrocarbons such as propane, butane, propylene
and butylene, and the olefin content may be
around 50 to 66% by volume.

The liquid gasoline fraction drawn off 83 a slde
stream may amount to around 60% of the syn-
thetlc hydrocarbon charge and may contain
around 30 to 35% of olefins. .

The gaseous fraction is passed to an alkylation
unit 7 wherein it is treated with isobutene In the
presence of concentrated sulphurfe acid. Thus,
fresh isoparafin may be introduced to the alky-
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lation unit from s pipe 8, while acld is intro-

duced from a pipe 8. The mixture is subjected to
reaction within the unit whereby the olefln
hydrocarbons are alkylated with the isoparaf-
fins, ‘ :

The used or spent .acid 1s drawn off, while the
alkylate 1s drawn off through a condult {0 to a
nentralizer (i. In the neutralizer 11 the alkyl-

ate 15 treated with alkall to neutralize k. The

alkali sludge is drawn off while the neutralized

?lkylate is separately passed through a condult
2. h

Likewise, the lquid gasoline hydrocarbon frac-
tlon produced as a side stream from the frae-

. tlonator B s passed to an elkylation unit 13
wherein it is treated with lsoparafiin in the pres-
ence of the alkylation ecatalyst.

The resulting alkylate 1s drawn off through a
conduit 14 to a neutralizer |5 wherein 1t is neu-
tralized with alkslf, The neutralized alkylate.
from |5 is drawn off through s conduit {6.
While separate alkylation systems are disclosed
for the normally gaseous and the normally liquid

.. conversion products respectively, it 1s to be

understond that the entire conversion product or
a fraction thereof cut below about 400° F. and
containing both normally gaseous and liquid
products mey be alkylated In a single alkylation
system. : ‘

Both conduits 12 and 1§ communicate with a
conduit 17 ieading to a stabilizer I8 whereln a
gaseous fraction -comprising propane may be
removed. A fraction comprising normsl butane
and unreacted isobutane may be removed as &
side stream. A portlon of the normal butane
may be left in the alkylate or subsequently re-
turned thereto in order to adjust the lower end of
the distillation range of this product. ‘

The side stream from the stabilizer 18 is Intro-
duced to a fractlonator 19 wherein the isobutane
is separated from the normal butane and other
hydrocatbons which may be present.

The {sobutane separsted in fractionator 19 Is
passed through 8 cooling and condensing coll 20
to a conduit 2§, communicating with pipe 8 previ-
ously referred to. In this way the unreacted
isobutane 18 recycled to the reaction zone for
further reaction with olefin hydrocarbons.
Through & bypass 27 the iscbutane may be con-'
ducted to the alkylation unit (3.

The liquid alkylate from the bottom of the
stabilizer (8 is passed to a fractionator 22, where-
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in it may be subjected to fractionation to produce
a product of the desired distilation range and
suitable as & motor fuel. This may be an avia-
tion gnsoline having an end bolling point of
about 311° ¥, or » conventional motor fuel hav-

“ing about a 400° F'. end point, or may even {nclude

higher bolling materials within the kerosene
pbolling range and suitable for use as a safety
motor fuel, The motor fuel product is removed
from the top of the fractionator 22 as a vapor
snd passed through & cooling and condensing
coll 23. The resulting condensate s accumu-
lated in m receiver 24. .

The higher bolling constituents are withdrawn
in liquid form from the bottom of the fractlon-
gtor 22 for such disposition as may be desired.

That portion of the normal butane drawn off
from the bottom of the fractionator 19 2nd not
disposed of as such may be conducted to an isom-
erization plant 25. In the plant 25 it is brought
into contact with a suitable isomerization cata-
Iyst, such as aluminum chloride, under condi-
tions of temperature and pressure adapted to
convert normal! butane to isobutane. -For ex-
ample, the normal butane may be subjected to
contact with anhydrous aluminum chlorlde in
the presence of a small amount of hydrogen
halide in the vapor phase at temperatures of
shbout 190 to 220° P. and pressures of about 175
to 250 pounds per square inch, The off-gases
from this reaction may be either recycled in
toto, with washing to remove hydrogen halide, or
subjected to fractionation. :

The isobutane produced in this way is passed
through & plpe 26, communicating with pipe 21 .
previously referred to, which in turn communi-
cates with pipes 8 and 27 previously referred to.

While alkylation of the synthetic hydrocarhons
with isobutane has been specifically mentioned
in connection with the foregoing description, it is

_contemplated that other isoparaffin hydrocarbons

may be used or parafiinic hydrocarbon fractlons
containing isoparafiins. Where it is desired to
produce an alkylate comprising malnly constif-
uents bolling within the range of ordinary mofor
tuel, it is advantageous to use a isobutabe or a
hydrocarbon fraction containing isobufane In
large amount. ‘

Where sulphuric acid is the alkylation catalyst
it 18 desirable to use an acld having a concentra-
tion of around 90 to 100% and, preferably, about
94 to 98% HaSO4. :

The temperature of the alkylation reaction
msay range from around 0 to 120° F,, but advan-
tageously 1s about 60 to 80° F.

Sufficlent pressure is employed to malntaln the
reacting liquids in the liquid phase. :

The ratio of isobutane to olefing in the charg
enfering the reactors T and 13 is at least about
1:1 and preferably about 8:1 to 5:1. The ratio
of acid to.total hydrocarbons in the reactor may
be eround 0.5 to 2.0 parts. by volume of acid to
one of hydrocarbon. o

Tt 1s also contemplated that other alkylation
catalysts besides sulphurie acld may be employed.
For example, other catalysts may be aluminum
chloride or a liquid preparad by completely sat-
urating water at about room temperature with
bhoron trifluoride.

Obviously 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 limitations
should be hnposed as are indicated in the ap-
pended claims, ) o
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I clalm;

1. In e process for the manufacture of high
anti-kmock motor fuel hydrocarbons, the steps
which comprise catalytically converting a mix-
ture of carbon monoxide and hydrogen fo a
synthetle hydracarbon mixture composed mainly
of hydrocarbons having from one to about ten
carbon atoms per molecule, sald hydrocarbons
being composed largely of normal olefins, includ-
ing nermal butylenes, and being comparatively
free from arcmatic snd naphthenic constituents,
separating from sald synthetic mixture gasoline
hydrocarbons bolling up to about 390° F. having
s relatively high content of normal butylenes
and a relatively low content of isobutylene, and
reacting said gasoline hydrocarbons with a paraf-
fin hydrocarbon fraction comprising isobutane in
the presence of concenirated sulfurle acid and
in the substantial absence of iscbutylene and
aromatic hydrocarbons whereby isobutane is al-
kylated to produce normally liquid saturated hy-
drocarbons having a high anti-knock value and
boillng within the range for motor fuel.

2. The method according to claim 1 in which
the corversion of carbon monoxide and hydrogen
is effected at a temperature of around 330 to 400°
F. under a pressure ranging from about one fo
ten atmospheres, and with a molal ratio of hy-
drogen to carbon monoxide of not greater than
2:1, i

3. In a process for the manufacture of high
anti-knock motor fusi hydrocarbons, the steps
which comprise catalytically converting a mix~
ture of carbon monoxide and hydrogen to a syn-
thetle hydrocarhon mixture composed malnly of
hydrocarbons having from one to about ten car-
bon atoms per molecule, sald hydrocarbons belng
composed largely of normal oleflns, including
normal butylenes, and being comparatively Iree
from arcmatic and naphthenic constifuents, sep-
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arating from said synthetle mixture gasoline hy-
drocarbons boiling up to about 390° F. having a
relatively high content of normal butylenes and
g relatively low content of isobutylene, fractionat-
ing sald. separated gasoline hydrocarbons into a
pormally gaseous fraction containing around
50% and more of olefins by volume and & nor-
mally liquid fraction containing around 30% and
more of olefins by volume, separately reacting
each of sald fractions with isobutane in the pres-
ence of concentrated sulfuriec acid and in the sub-
stantial absence of isobutylene and aromatic hy-
drocarbons to produce saturated hydrocarbons of
high antl-knock value and biending the resulting. -
alkylated :hydrocarbons to produce motor fuel. - |
4. In a process for the manufacture of high-
enti-knock motor fuel hydrocarbons, the steps
which comprise catalytically converting carbon
monoxlde and hydrogen at a temperature of
around 330 fo 400° P, and under a pressure of
around cne to ten atmospheres so as to produce
a synthetic hydrocarbon mixture composed main-
1y of hydrocarhons having around one to ten car-
bon atoms per molecule and comprising normally
gaseous and' normally liquid hydrocarbons, said
normally gaseous hydrocarbons having an olefin
content of around 50 to 55% by volume and com-
posed largely of normal butylenes, separating
said synthetic hydrocarbon mixture into normal-
ly gaseous and normally liguid hydrocarbons
fractions, respectively, withdrawing the normally
gasepus fraction, reacting sald withdrawn frac-
tion with isobutane in the presence of concen-
trated sulfuric acld and in the substantial ab-
sence of isobutylene and aromstic hydrocarbons
whereby isobutane is alkylated to produce nor-
mally liquid saturated hydracarbons of high anti-
knock value and suitable for motor fuel.

ARTHUR R. GOLDSBY.





