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pur invention relates to the synthesis of hydrocaral
i bong, and especially to an improved process for gyntheslzing

| hydrocarbors of motor fuel range by the hyarogenation of car-
bon oxides.

The synthesis of hydrocarbons by the hydrogenaticn

| of carbon monoxide has been Operated on a commercial scale

for a number of years, but this process has had certain dis-

i advanteges, particularly in the character of the hydrocarbons‘
i produced. The motor fuels obtained by this process have not
been comparable irn anti-knock properties to motor fuels ob-

tainable from petroleum fracticns, and have generally had oc-

tane npumbers considerably below straight run and the;mally

~ |

craclked gasolines. ;

An object of the present invention is to provide &
process for the hydrogenation of carben oxides to produce mo- l
tor fuel hydrocarbons of improved anti-knock characteristics. ;

Another object of our inventlon is to provide an
improved reaction mixture for the vapor phase oatalytic hydro-
genation of carbon oxides to produce increased yields of hy-
drocarbons.

A further object of our invention is to provide a

sultable conbinuous cyclic process for effecting our improved

hydrogsnation reaction. !

Other objects and advantages of our invention will

h

be apparent from thes following description. |
In accordance with the present invention, the re- l

actant mixture for the hydrogenation contains, in addition to !
hydrogen and a carbon oxide; a gubstential proportion of a hy-?
i

drocarbon component comprising esgentially branched chain hy-

g drocarbons. The provisicon of & branched chain hydrocarbon in
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the reaction mixture increases the yield of hydrocarbons of
motor fuel range and above, and thus effects a marked im-
provement in the volweetric effliclency of the catalytic
unit. The use of a branched chain hydrocarbon in the re-
action mixture also medifies the characteristics of the re-
action products, and effects a marked improvement in the :
anti-knock characteristics of the motor fuel range hydrocar—?
bons. It is 5elieved that the branched chain hydrccarbon '
rescts with methylene radicals ot the catalyst surface to
produce branched chain hydrocarbons of higher mclecular
weight , rather than essentially straight chain hydrocarbons,
such ag are produced from carbon monoxide and hydrogen
alone. However, it is to be understood that our invention
is not limited to any particular theory by which it may ;
oparate. 5
Any branched chain hydrocarbon of lower molecular
weight than the desired reaction product may be employed in
our process, but we prefer to use & branched chain hydrocar-
bon which is in the vapor state under the hydrogenation con=-
ditlons employed, Isobutane, isobutylene, isopentane, the
methylbutenas and methylpentenss, 2,2-dimethylbutane, and
2,%-dlmethylbutane are examples of hydrocarbons of the é

praferred volatility range. When effecting the reaction

with a licuid phase in contact with the catalyst, higher
bolling branched chain hydrocarbons such as di-isobutylene,
tri-isobutylene, and the corresponding paraffing may be 3
employed. Aigixturé of such hydrocarbong may be smployed if
degired, but the recyecling of unreacted branched chain hydro—%

carbon in the substantial absence of straight chain hydro-

carbons will be simplified if onliy a sinsle branched chain
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hydrocarbon is used for this purpose. Although any branched

chain hydrocarbon will be operative in our process we prefer:

t0 use lsoparaffinsg of 4 to & carbon atoms, and cur inven-
tion will be specifically illustrated with respect to the
uge of iscbutane.

The amount of hydrocarbon to be incorporated in
the reaction mixture may be varied over relatively wide
limits, depending on the particular hydrocarbon employed,
and the nature of the synthetic hydrocarbens to be produced.
A larger amount cf hydrocarbons may be employed when the
catalyst and reaction conditions are chosen for the pro-
duction of a wide range product, including high molscular
weight constituents, than 1s desirable when the synthesis
ceonditions are designed to produce primarily light hydroear-
bons of motor fuel rangs. It i3 desirable to smploy at
lesast 5 mol per cent of isobutane, based on the carbon oxide
in the reaction mixture, and corresponding amounts of other
branched chain hydrocarbons. Amounts of 5 to 15 mol per
cent are sultabvls for obtaining a substantially modified
reaction product. However, a large excess of the branched
chain hydrocarton, e.g., 100 - 1000 mol per cent, may be
employed to minimize the formation of the usual carbon oxide
hydrogenation products. |

Azide from the use of a branched chain hydrocarbon
in the reaction mixbure, the hydrogenation reaction may bhe
effected in accordance with prior practices in the art.
Bither carbon menoxide or carbon dicxide may be employed,
using the known ratios of hydrogean to carbon oxide in sach
case. However, carbon monoxide is usually to be preferred,

and further discussion herein will refer specifically to

carbon monoxide.

i
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i Ths ugual catalysts, comprising metals of the

eighth group of the periodic system, together with activating
i constituents, such as aluminum, mﬂgnesium, thorium, their I
oxides, and the like may be employed in our process. Any f

catalyat which is effective for the reaction of carbon mon-

oxide and hydrogen alone, will be found to be operative with

the remction mixtures of the present invention. Such cat-

alystd may be prepared, reduced, and conditicned in the
usual manner, and may be uged in the dry state for a fully
vapor phase process, or may be used in the form of a slurry
in a high boiling hydrocarbon or other liguld carrier.

The hemperature and pressure conditions for tioe
reaction may be the same as those employed with the parti-
cular catalyst for the reaction of carbon monoxide and ay-
drogen mlone. Temperaturse of 325 to B50F,., and preferably
390 to 450°F., or in the range about 325 to 7000F., and
pregsures up to 100 atmospheres but preferably from atmos-~
pherie to fifteen atmospheres, constitute suitable condi-
tions with most catalystsf

The contact tims need not be modified when incor-

porating a branched chain hydrocarbon in the reaction mix-

ture, although improved yields of light motor fuel fractions

may be obtained in some cases by utilizing a somewhat
shorter contact time than would be employed in the absence i
of & hydrocarbon reactant.

In order to operate the hydrogenation processes
goonomically, 1t ig desirable t0 recycle the unreacted car-

bon monoxide and hydrogen, and to utilize the methane and

other low molecular weight hydroearbons which are produced

in the process, The fized gases, including the ndn7dbnden—
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sable hydrocarbons, may be separated from ths reaction pro-
auct and recycled, but it is usually preferable to oxidize the
hydrocarbon component to carbon monoxide prioer to reéycling.
For this purpose, the fixed gases may be nixed with steam or
other oxygen-containing gas, and passed over & suitable cat-
alyst, such as nickel, at a tempsrature of 1200-1500°T. The
resulting carbon monoxide-hydrogen mixturs, after cooling by
suitable heat exchange, may then be recycled to the hydro-
genation reaction, preferacly being mixed with the fregh
make-up reactants prior to entering the reaction vessel.
This procedure, and other known expedients fdr cyclic opera-
tion of the hydrogenation process, may be used in conjunciion
with our present improvements; eand our invention is not
limited to the use of any particular procedures or reaction
conditions for effecting recycle of carbon monoxide and hy-
drogen.

In order to utilize a branched chain hydrocarbon
in the reaction most economically, it‘is also desiravle that
the unreacted hydroecarbon be recycled in the prosess. For
this purpose, the particular hydrocarbon employed may be
geparated from the light liquid hydrocarbon reaction product
by conventional methods, such as multiple stage fractiona-
tion, azeotropic distillation, and the like.

One advantageous method of separating an unreacted

isoparaffin comprises the recovery of a fraction containing ~|™

only the isoparaffin and the olefins of substantially the
sams bolling point, reacting the olefin content of this
fraction to produce higher boiling hydrocarbons, separating
the latter, and recycling the ilsoparaffin teo the hydrogena-

tioen reaction. In thig type of operation, the olefin content
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of the narrow ﬁoiling fraction may be subjected to polymeri-
zation, alkylatlon, or other conventional reactions for the
production of the higher boiling hydrocarbons. The alkyla-
tion reaction is particulérly advantageous, however, since
the separated narrow boiling fraction contains both the iso=-
paraffih and the olefins reguired for the alkylation re-
action.

The use of isobutane as the branched chain hydro-
carbon in the reaction mixture, and the use of alkylation to
separate isobuﬁane for recycle, constitutes a preferrsed pro-
cedure for carrying out‘our invention, and one modification
of this process is illustrated in the flow diagram constitu~

ting the accompanying drawing. As may be seen from this dia-

gram, the hydrogenation reaction, recovery of reaction prod-

ucts, separation of rixed gases, oxidation of the hydrocarbon
content of the fixed gmses by catalytic reaction with steam
8t high temperaturs,; and récycle of the resuliting carbon mon-

oxide~hydrogen mixture, are effected in accordance with con-

- ventional procedures. This representation, however, is only

diagramatic, and additibnal expedients which are commonly em-
pioyed, sﬁch gg the use bf activated charcoal adsorbers to
effect complete recocvery of prpducts from the gas mixture,
may alsc be used. In this phase of the process, the onl&
distinction of our procedurs over prior practices is the in-
corporation of isobutane in the reaction mixture.

In order to recovér isobutane from the reaction
produet for recydle, the ?fimary fractionator is operated teo
separate propane and propylene as overhead, and to obiain as

a side-cut a 1ight liguid hydroearbon fraction coantalning the

‘butanes and butylenes. The latter fracticn is then debutan-

-

t
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ized, and the debutanlzer overhead is fractionated to obbtain

an isobutane-butene distillate, which is employed in the al-

kylation step of the process.

The alkylation may be effected in accordance with
any of the usual methcds, utilizing catalysts such as sul-
furic acid, hydrofluoric acid, slumihum chloride, and the
like. In the modification illugtrated, sulfuric acid is
used as the catalyst, and the reaction and separation of the
reaction product are effected in the conventional manaer.
The alkylate debutanizer overhead supplies recycle isobutane
for either the alkylation reaction, the hydrogenation reac-
tion, or both, &s may be desired. The make-up isobutane for
the process may likewise be supplied only to the alkylation
step, or to the hydrogenatlon step, Or to both, az desired.
Generally, we prefer to supply the make-up isobutane to the
hydrogenation step and utilize most or all of the recycle
igobutane to supply the large excess degired in the élkyla-
tion reaction. The particular distribution of the make-up
and recycle isobutane, however, will be determined in any
case by the relative amounts of reactants employed in the
hydrogenation and alkylation reactions.

It may be seen that the procedure deseribed above
hes the advantage of improving the yield and quality of the
motor fuel hydrocarbdns produced in the hydrogenation re-
action, and also yielding additional motor fuel hydréharbons
of high guality f;om the gaseous olefins produced in the
hydrocgenation.

The following specific example illustrates the use

of the procedure described sbove:

-G
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EXAMPLE
A hydrogenaticn catalyst comprising cobalious
oxide with mincr amounts of mangensse, thorium, and magnesium

oxides, supported on kieselguhr, and reduced with hydrogen

at an increasing tempesrature from 650° to 770°F., is employed_

for the hydrogenation of carbon monoxide, with and without
igsobutane in the reactlon mixture. The charge rates,

essential reaction conditions, and the hydrocerbon yields
which are obtained under these conditions are shown in the

table below:

CHARGE TEM-| PRES- SPACE  [HYDROCARBON

" Monoxide gen  bu-

PIRA~| SURE | VELOCITY YIELD
ou.ft./hr. per cu.ft.| TURE cu.ft. of |lbs./1000 cu.
of catalyst charge/hr.|ft. of charge,
per cu.ft.|recoverable by
. of ecata~ |condensation
Cerbon  Hydro- Iso- lyst |{and adscrption

tane | °F. atm,

B3.35 - 66.67 0.00 395 1 160 6.83

21,00  62.00 7.00 | %95 | 1. | 100 11.25

The OFRM octane number of the motor fuel fraction in the ™
fipst case apove ig only about 45, whereas the octane number
of the motof fuel-fraction in the second case may be as high
as 65, or even higher. If the sulfuric acid alkylate from
the 1sobutane-butene fraction of the hydrogenation product
is blended with the motor.fuel fraetlion, the octane number
of the overall motor fuel produced may be increased to 63,
or higher.

It is 4o be understood, of course, that the above
example is merely illustrative and does not limit the scope

of cur invention. Other branched chain hydrocarbons may be

Py P
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used in the reaction mixture, in place of isobutane, and the
resction conditions may be modified in various respects, as
pointed out in the preceding di scussion. Similarly, cther
equivalent procedures may be employed for recovering un-
reacted branched chain hydrocarbon for recyeling to the hy-
drogenation reacticn. In general, it may be sald that the
use of any squivalents or modifications of procedure which
would naturally occur to those skilled in the art, is in-
eluded in the scope of our invention. Only such limitations
should be imposed on the scope of our invention as are in-

dicated in the appended clalrms.

-]
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WE CLAIM:

1. In a catalytic prccess for synthesizing hydro-
carbons by the hydrogenation of a carbon cxide, the method
which comprises continuously pasgsing to a reaction zone a
reactant feed comprising carbon monoxide, hydrogen and iso-
paraffin hydrocarbon having from 4 to 6 carbon atoms per
molecule, subjecting the reactant feed in the gas phase to
contact with a hydrogenation catalyst comprising a metal of
the elghth group of the poriodic systen, and a minor amcunt
of a metal oxide having the sssential promoting mction of
thorium and magnesium oxides, effecting contact between the
reactants and the catalyst at a temperature in the range
%25 to 550°F. and under & pressure ranging frqm,atmospheric
to about 15 atmospheres, continuously removing from the re-
action zone a stream of reaction products comprising unre-
acted isoparaffin and synthesized hydrocarbons, separating
unreacted isoparaffin from the reaction products, and re-
cycling sald sa?arated isoparaffin to the reaction zone, the
amount of isoparaffin entering the reaction zone being at
least 5 mol per cent based on the carbon oxide in the re-

actlon mixture.

3. The method according to Claim 1 in which the

isoparaffin 1s iscbutane.

3, The method according to Claim 1 in which the

isoparaffin is isopentane.

4. In a catalytic process for synthesizing hydro-
carbons by the hydrogenation of a carbon oxide, the method

which comprises continuously passing to a reaction zone a




reactant feed comprising carbon monokide, hydrogen and iso-
paraffin hydrocarbon having from 4 to 6 carbon atomg per
molecule, subjecting the reactant feed in the gas phese to
contact with a hydrogenation catalyst comprising a metal of
the eighth group of the periodic system and & minor amount
of a metal oxide having the essential promoting action of
thorium and magnesium oxides, effecting contaet betwsen the
reactant apd the catalyst at a temperature in the range 350
to 450%F., and under supstantially atmospheric¢ pressure, con-
tinuwously removing from the reaction gone a gtream of reac-
tion products comprising unreacted isoparaffin and synthe-
slzed hydrocarbons, separating unreacted isoparaffin from
the reaction products, and recyecling said separated iso-
paraffin to the resction zone, the amount of isoparaffin
eatering the reaction zone being about 5 to 15 mol per cend

nagsed on the carbon oxide in the reaction mixture.

5. . The method according to Claim 4 in which the.

isoparaffin is isobutene.

8. The method according to Claim 4 in which the

isoparaffin is isopentane.

7. In a catalytic process for synthesizing hydro-
carbons by the hydrogenaticn of a carbon oxide, the method-
which comprises continuously passing to a reaction zone a
reactant feed comprising carbon monoxide, hydrogen and iqo-
paraffin hydrocarben having from 4 %o 6 carbon atoms per
molecule, subjecting the reactant feed in the gas phase to
contact with an active synthesis catalyst comprising a metal
of the eighth group of the periodic system, gffecting con-

tact between the reactants and the catalyst at a temperature

/‘L’
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in the range about 325 to 700°F. and under & pressure
ranging from atmospheric to about 100 atmospheres, con-
tinuously removing from the reaction zone a stream of re-
action products comprising unreacted isoparaffin and syn-
thesized hydrocarbons, separating unreacted isoparaffin from
the reaction products, and recycling gaid separated lso-
paraffin to the reasction zone, the amouwnt of isoparaffin
entering the reaction-zone being at least 5 mel per cent

based oo the carbon oxide in the reaction mixture.

8, The method according to Claim 7 in which the

+

igoparaffin is isobutane.

9. The method according to Claim 7 in which the

isoparaffin is isopentane.
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