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1

This invention relates to the synthesis of hy-
drocarbons. In one aspect this invention relates
to the conversion of hydrogen and an oxide of
carbon into hydrocarbons. In still another aspect
this invention relates to the synthesis of nor-
mally liquid hydrocarbons by the interaction of
hydrogen and carbon monoxide in the presence
of a synthesis catalyst.

It has been known for some time that hydrogen
and carbon monoxide may be made to react
exothermically in the presence of certain cata-
lysts and under specific reaction conditions to
form hydrocarbons and oxygenated compounds.
The formation of hydrocarbons having more
than one carbon atom per molecule, especially
those hydrocarbons boiling within the gasoline
range, is favored by relatively low pressures and
low temperatures. In general, the synthesis of
hydrocarbons by the hydrogenation of carbon
monoxide is accomplished in the presence of a
metal chosen from group VIII of the periodie
table as a catalyst at pressures below about 500
pounds per square inch gage and at temperatures
below about 350° C. The synthesis feed gas com-
prises a mixture of about 2 moles of hydrogen
per mole of carbon monoxide, and is prepared by
the catalytic conversion of natural gas, steam and
carbon dioxide. It is highly desirable to produce
a product of predominantly normally liquid
hydrocarbons, especially a hydrocarbon fraction
boiling within the gasoline range. Whether a
normally gaseous, liquid or solid hydrocarbon is
produced depends to some extent upon the re-
action conditions, especially temperature, which
are used to effect the synthesis.

The application of thermodynamic principles
to the hydrogenation of carbon monoxide indi-
cates the feasibility of producing those hydro-
carbons boiling within the gasoline range. The
approximate linear free energy-temperature
relations for the synthesis of methane, ethane,
normal hexene, normal hexane, and normal
octane, are illustrated by the following over-all
equations for reactions occurring in the gas phase
with nickel or cobalt catalysts. These equations
are represented graphically in “The Chemistry
of Petroleum Derivatives” by Carleton Ellis, vol.
I1; 1934, page 1226,
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2

CO-+48H2=CHs-+H20(g);AF.°=—51,300+56.2T .

2C0+45H2=C2Hs+2H20x);
AF.°=-00,4004-117.4T

6CO-12Hz2=n-CsH12(s)+6H20();
AF.°=-—211,4004-316.3T

6CO+13Ha=n-CsHi4(s)+6H30¢g);
AP.°=—241,3004-350.2T

8CO+1THa=n~CsHiss)+8H20(p);
AP.°=—317,5004466.6T

The production of hydrocarbons from carbon
monoxide and hydrogen is favored thermo-
dynamically, as is evident from the large negative
values of the standard free energy change for
the over-all reactions. In the series, methane,
ethane, hexene, normal hexane, and normal
octane, the free energy change bhecomes more
negative with the size of the molecule so that
the formation of higher members of the series is
quite feasible., At about 300° C., and atmospheric
pressure, it should be possible to obtain any of
the paraffin hydrocarbons by reduction of carbon
monoxide in the presence of appropriate cata-
lysts. 'The validity of this conclusion has been

‘confirmed by the isolation and identification of

some of the reaction products which included
practically all the members of the aliphatic series
from ethane to hectopentacontane (CisoHzez).

An object of this invention is to increase the
yield of hydrocarbons having more than one
carbon atom per molecule in the hydrogenation
of carbon monoxide.

Another object is to synthetically produce nor-
mally liquid hydrocarbons boiling within the
gasoline range by the interaction of hydrogen
and an oxide of carbon in the presence of s suit-
able synthesis catalyst.

Other objects and advantages will become ap-
parent to those skilled in the art from the accom-
panying description and disclosure.

According to this invention, hydrocarbons are
synthesized by reacting hydrogen and an oxide
of carbon in the presence of a suitable synthesis
catalyst, and simultaneously contacting the
products of reaction with excess vaporous hydro-
carbons over and above those formed by the re-
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action between hydrogen and the oxide of carbon.
In one aspect of this invention, it has been found
that the yield of normally liquid hydrocarbons
can be increased by passing hydrogen and carbon
monoxide into a reaction zone under conditions
such that hydrocarbons having more than one
carbon atom per molecule are formed and simul-
taneously introducing a hydrocarbon or a mix-
ture of hydrocarbons into the reaction zone to
promote the formation of normally liquid hydro-
carbons therein. .

The hydrocarbon introduced into the reaction
zone comprises a hydrocarbon having not less
than about 5 carbon atoms per molecule and not
more than about 12 carbon atoms per molecule.
Preferably, the hydrocarbon is an unsaturated
aliphatic hydrocarbon, such as & hexene, a
heptene, or an octene. The hydrocarbon may be
introduced alone or in admixture with other
hydrocarbons: When the hydrocarbon is intro-
duced as a hydrocarbon mixture, preferably the
mixture comprises a predominantly olefinic hy-
drocarbon fraction boiling within the range be-
tween about 25 and 200° C., such as a fraction
obtained from a refinery cracking process. !

Although the hydrocarbon may be introduced
into the reaction zone as a liquid, conditions of
temperature and pressure are maintained in the

reaction zone such that substantially all of the -

hydrocarbon is volatilized and passes through the
reaction zone as a vapor with the hydrogen and

reaction zone with a suitable synthesis catalyst
under reaction conditions such that hydrocar-
bons having more than one carbon atom per

. nolecule are produced, withdrawing an effiuent
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carbon monoxide. In some instances it may be -

desirable to introduce the hydrocarbon into the
reaction zone directly as a vapor.

The hydrocarbon may be injected into the
reaction zone separately or in admixture with
the hydrogen and carbon monoxide. Multipoint
injection of the hydrocarbon separately into the
reaction zone along the path of flow of the re-
actants is within the scope of this invention. The
manner of introducing the hydrocarbon or mix-
ture of hydrocarbons into the reaction zone is
not considered limiting, but it is preferable that
the hydrocarbon be present in the reaction zone
as a vapor rather than as a liquid.

The exact mechanism of the reactions induced
by the presence of the hydrocarbon is not defi-
nitely known. However, when using an un-
saturated hydrocarbon, the unsaturated hydro-
carbon probably reacts with the normally gaseous
hydrocarbons formed in the reaction zone to
produce heavier hydrocarbons as is evidenced by
the increased yield of heavier hydrocarbons. The
reaction may be that of alkylation, or conjunct
polymerization, or both. Nevertheless, the pres-
ence of a relatively heavy hydrocarbon in the re~
action zone, whether saturated or unsaturated,
results in a substantially increased yield of
heavier hydrocarbons, especially normally liquid
hydrocarbons. The addition of such a hydro-
carbon to the synthesis reaction does not con-
sume any substantial amount of hydrogen, and
thus the consumption of hydrogen is not in-
creased above that consumed by the normal syn-
thesis reaction “without the addition of the
hydrocarbon.

An effluent is withdrawn from the reaction zone
and products of the process separated therefrom.

It has been found that the reintroduction of
an intermediate fraction separated from the total
hydrocarbon product of the synthesis reaction is
particularly effective in increasing the yield of
normally liquid hydrocarbons. The preferred
- embodiment of this invention comprises con-
tacting hydrogen and an oxide of carbon in the
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irom the reaction zone, and separating and re-
cycling to the reaction zone at least a portion of
the hydrocarbon product boiling within the range
between about 25 and about 200° C.

In general, that portion of the hydrocarbon
product which boils within the gasoline range is
recycled to the reaction zone. Such a fraction
ranges from Cs hydrocarbons to about Cs or Cs
or even Cio hydrocarbons. From about 5 to about
7 parts by weight of recycle to about 10 parts of
total hydrocarbon product is recycled.

Since it is preferred to introduce a hydrocar-
bon mixture which has a substantial proportion
of unsaturated hydrocarbons therein, the syn--
thesis reaction is carried out in such a manner
that the proportion of unsaturated hydrocarbons
formed by the initial interaction of hydrogen
and carbon monoxide is relatively high. The
proportion of unsaturated hydrocarbons is in-
fluenced by the catalyst and by the ratio of hy-
drogen to carbon monoxide.

The relative tendency to form unsaturated
hydrocarbons in the presence of various synthesis
catalysts is shown in Table I below:

TABLE I
Catalyst: :
Sintered iron Unsaturated
on
Cobalt-thoria
Nickel
Ruthenium Saturated

Sintered iron or an iron catalyst is preferred
as the synthesis catalyst to be used in effecting
the formation of hydrocarbons from hydrogen
and carbon monoxide when additional hydro-
carbons are introduced into the reaction zone.

Upon use the catalyst may decrease in activity
as the result of the deposition of carbonaceous
deposits thereon. Regeneration of the catalyst
may be achieved in the conventional manner,
such as by treatment with hydrogen at elevated
temperatures.

A molar ratio of hydrogen to carbon monoxide
between about 3 to 1 and about 1 to 1 is used in
effecting the synthesis reaction. However, since
a decrease in the amount of hydrogen present in
the synthesis reaction increases the tendency for
the formation of unsaturated hydrocarbons, a
molar ratio of hydrogen to carbon monoxide be-
tween about 3 to 2 and about 1 to 1 is preferred.
When the feed mixture contains a ratio of hydro-
gen to carbon monoxide within the above ranges,
this ratio remains substantially constant
throughout the reaction. The recycle or intro-
duction of a hydrocarbon fraction containing
unsaturated hydrocarbons does not consume ap-
preciable amounts of hydrogen and thus does
not effect the hydrogen to carbon monoxide ratio.

A space velocity between about 80 and about
300 volumes of reactants per volume of catalyst
per hour is adequate for effecting the synthesis
reaction. Preferably, a space velocity between
about 100 and about 150 is used. When using a
sintered iron catalyst a space velocity of fresh
reactants of about 300 to 400 is used with a re-
cycle ratio of total efluent of about 100:1. The
recycle or introduction of a normally liquid hy-
drocarbon fraction into the reaction zone does
not appreciably change the space velocity. For
example, using a space velocity of about 100, the
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recycle of a fraction as previously described will
increase the space velocity to only about 102.

Table II below shows preferred temperatures
and pressures for various catalysts which may be
used in accordance with this invention.

TABLE I

é
fied effluent of hydrogen and carbon monoxide is
then passed to heater {4 by line {3 and thence to
reactor 16 by line 8.
In reactor 18 hydrocarbons are synthesized un-
8 der reaction conditions similar to those previously

Preferred ranges of operation of some common
catalysts for the production of synthetic hydro-

carbons
Temperature, °C. Pressure, D. 8. i. g..
Catalyst
Broad Range Prgf. Range | Broad Range | Pref. Range
1| Cobalt-Thoria......_. 180-250 190-210 15-500 100
2 | Iron-Alkali and/or
Copper............ 210-280 230-260 15-500 75300
3 | Sintered Iron._. 265-350 310-330 15-500 220-300
4 | Ruthenium____ 180-250 190-210 | 1,000-2,000 | 1,200-1, 500
5 { Nickel-Thoria_....... 175-220 190-210 15-100 15-50
6 | Nickel -Manganese-
Alumina___.__._____ 175-220 190-210 15-100 15-50
7| Cobalt...__......_... 175-220 180-200 15-500 100

Another modification of the present invention
comprises separating a hydrocarbon product
boiling above about 200° C. from the synthesis
process and cracking the same under known con-
ditions, either thermally or catalytically.. The
cracked hydrocarbon fraction is then recycled
to the hydrocarbon synthesis reaction zone to
promote the formation of normally liquid hydro-
carbons. In this modification, substantially all
of the hydrocarbon products of the synthesis
process are utilized, and an increased. yield of
normally liquid hydrocarbons is realized.

In some instances, depending on operating
conditions, the catalyst used, and the composition
of the recycle fraction, ete., the normally liquid
hydrocarbon product may contain undesirable
unsaturated hydrocarbons. Under such circum-
stances the hydrocarbon product may be hydro-
genated in the conventional manner to produce
a more saturated hydrocarbon product.

The accompanying drawing diagrammatically
represents apparatus for a typical process for
the synthesis of hydrocarbons embodying the
present invention.

In order that this invention may be more
clearly understood and its applicability realized,
a brief description of a process embodying fea-
tures of the present invention will be illustrated.
Natural gas containing methane, steam and car-
bon dioxide obtained from suitable sources are
introduced into reactor 8 through lines 5, 6 and
1, respectively. Hydrogen and carbon monoxide
are formed in reactor 8 in the presence of a suit-
able catalyst, such as nickel, at approximately
atmospheric pressure and at a temperature be-
tween about 700 and about 800° C. The effluent
from reactor 8 contains hydrogen and carbon
monoxide in a molar ratio of about 2:1, and about
0.5 to about 1.0 mole per cent impurities, such as
sulfur.

From reactor 8, the effluent passes to sulfur
removal unit 12 by line 9 and through cooler 1.
Both inorganic and organic sulfur are removed
from the effluent in unit 12 by conventional
methods known in the art. Inorganic sulfur may
be removed by solvent extraction with an amine
solution. Organic sulfur compounds are decom-
posed in the presence of a suitable catalyst, such
as a copper oxide-lead chromate combination, at
an elevated temperature of about 400° C. The
resulting hydrogen sulfide from the decomposi-
tion is removed by solvent extraction. The puri-

described and in the presence of a suitable cata-
lyst. A hydrocarbon fraction boiling between
about 25 and about 300° C. is introduced into
reactor 16 through lines (71, 18 and 19. This
hydrocarbon fraction may be obtained from vari-
ous sources; preferably, however, the fraction is
obtained by separating a portion of the hydro-
carbon product of the process and recycling the
same to reactor {6 through lines 54 and 7.

From reactor 16 an efluent containing hydro-
carbons is passed to cooler 22 via line 2f where
partial condensation is effected and the conden-
. sate is collected in accumulator 23 and discharged
therefrom through line 24. A portion of the ef-
fluent may be recycled to reactor {6 via line 20,
if desired. This condensate comprises heavy hy-
drocarbons and waxes. The temperature of the
effluent gases leaving reactor 16 is about 200° C.
and cooling the gases to-about 150° C. is sufficient
to accomplish the degree of partial condensation
desired in accumulator 23. Uncondensed gases
from accumulator 23 are passed to cooling tower
2T by line 28 wherein gases are condensed by a
spray of water which cools them to about 25° C
Water and lquid hydrocarbons are withdrawn
from tower 27 through line 29 and are passed to
settler 31 for a liquid phase separation between
hydrocarbons and water.

Uncondensed gases leave settler 31 through line
32 and pass to mineral seal oil absorber 33. Re-
covery of propane, butane and heavier hydrocar-
bons is effected in absorber 33 by absorption of
these hydrocarbons in mineral seal oil in the
conventional manner. The hydrocarbon rich-
mineral seal oil is withdrawn from the lower por-
tion of absorber 33 and is passed to a stripping
column 36 via line 34. Light hydrocarbons, such
as propane, butane, etc., are stripped from the
mineral seal oil by lowering the pressure or heat-
ing in stripping column 36. Recovered hydro-
carbons from stripping column 36 are passed via
line 38 and condenser 39 to accumulator &1.
Stripped mineral seal oil is recirculated to ab-
sorber 33 by means of line 42. Light gases such
as hydrogen, methane, carbon monoxide, are re-
moved from absorber 33 through line 43 and dis-
carded or used as fuel, if desired. These gases
may also be passed to a second and smaller re-
actor (not shown) for the conversion of the re-
maining hydrogen and carbon monoxide to hy-
drocarbons.

Liquid hydrocarbons from settler 3{ and ac~
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cumulator 41 are passed via lines 48, 47 and 48
to fractionator 49 wherein desired products are
separated and recovered. Light gases are with-
drawn from fractionator 49 through line 5i.
Hydroc¢arbons boiling between about 25 and about
200° C/ are withdrawn through line 52 for process-
ing into a finished gasoline, and heavier hydro-
carbons boiling above about 200° C. are removed
by line 53. A portion of the fraction separated
which boils between about 25 and about 200° C.
is recycled to reactor 16 through lines 54 and 11
to promote the yield of normally liquid hydro-
carbons formed by the hydrogenation of the car-
bon monoxide. Xf desired, a portion or all of the
heavier hydrocarbons boiling above 200° C. may
be passed to cracking unit 57 where the heavier
hydrocarbons are thermally or catalytically

10

15

cracked under appropriate conditions known in -

the art to lighter hydrocarbons, usually olefinic
hydrocarbons, boiling in a range between about 25
and 200° C. From cracking unit §71, this light
hydrocarbon fraction is then passed to reactor
18 through lines 58, 54 and 17 to promote the yield
of normally liquid hydrocarbons. Both hydro-
carbon fractions from line 52 and line 58 may be
introduced simultaneously into reactor {6, or
either of the fractions may be sufficient alone;
thus, either one or both of the fractions may be
introduced into reactor 16. A portion or all of
the effluent from cracking unit 57 may be dis-
charged from the system through line 59 for
other uses or further treatment, if desired.

EXAMPLES

The following examples illustrate the utility
and advantages of recycling a portion of the syn-
thesis product to the reaction zone. Example I
shows the synthesis of hydrocarbons from 100
liters of synthesis gas comprising hydrogen and
carbon monoxide in the presence of a cobalt-
thoria catalyst without recycling or introducing
a hydrocarbon into the reaction zone as described
in this invention.

Example i
Conditions:

Feed stock

Temperature ___. 200°C.

Pressure 100 p.s.i.g.

Space velecity _.. 100 ,

Hydrocarbon product: )

Components: Weight per cent
Hydrocarbons boiling below 25°C..__. 2
Hydrocarbons boiling between 25 and
T 200° C. o e 58
Liquid hydrocarbons boiling above

200° C. e 34
WaXes — o e 6

100

Molar ratio of H2:CO=2:1
100 liters of gas.

Analysis of liquid fraction boiling below

200° C.:

Total unsaturates

~ Yield:

6 cc. of hydrocarbons boiling be-
tween 25 and 200° C. per 100 liters
of synthesis gas. )

Total hydrocarbons above ethane in
efluent=65 weight per cent..

Ezxample 11
Example II shows the results obtainable in the
presence of a cobalt-thoria catalyst when an in-

termediate fraction bhoiling between 25 and
900° C. is separated from the hydrocarbon prod-
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uct and is recycled to the reaction gotie under
similar reaction conditions to those in Example I.

Conditions: : .
Feed stock._____ Molar ratio of H2:CO=2:1

B 100 liters of gas
Temperature_.._. 200° C.
Pressure._._____ 100 p. 8. 1. g.
Space velocity_.. 100
Recycle of
25-200°
C.fraction_.___. 4 volumes of recycle per
100 volumes of feed
stock. L .
Product:
Weight
Components: A Per cent-
Hydrocarbons boiling below 25° C.. 1
Hydrocarbons  boiling between 25 N
and 200° C__________.___._______ 60
Hydrocarbons boiling above 200° C__ 39
100

Yield:
10 cc. of hydrocarbons boiling between

25 and 200° C. produced per 100 liters
of synthesis gas.

It is evident, therefore, that the recycle of a
hydrocarbon fraction increases the yield of nor-
mally liquid hydrocarbons as much as 66% or
more. i . .

Various modifications of the present inven-
tion may become apparent to those skilled in the
art without departing from the scope of this in-
vention. ‘

I claim: '

1. A process ior the synthesis of normally
liquid hydrocarbons by the interaction of hydro-
gen and carbon monoxide, which comprises con-
tacting hydrogen and carbon monoxide in a re-
action zone in the presence of g sintered iron
synthesis catalyst at a temperature between
about 265 and 350° C. and a pressure between
about 15 and 500 pounds per square inch gage,
maintaining the molar ratio of hydrogen to car-
bon monoxide about 3:2 and about 1:1, main-
taining a space velocity between about .100 and
200, withdrawing an effluent from said reaction
zone comprising unsaturated aliphatic hydro-
carbons, separating a predominantly unsaturated
aliphatic hydrocarbon fraction boiling between
about 25 and 200° C. from said effluent, recycling
the fraction thus separated to said reaction zone,
and maintaining conditions of temperature and
pressure within the aforesaid limits such that
substantially all of said recycled hydrocarbons

. are in the vapor phase.

70

7

2. A process for the synthesis of normally liquid
hydrocarbons by the interaction of hydrogen and
carbon monoxide, which comprises contacting
hydrogen and carbon monoxide in s reaction
zone in the presence of an iron synthesis cata-
Iyst at a temperature between about 210 and 280°
C. and a pressure between about 15 and 500
pounds per square inch gage, maintaining the
molar ratio of hydrogen to carbon monoxide be-
tween about 3:2 and about 1:1, maintaining a
space velocity between about 100 and 200, with-
drawing an effluent from said reaction zone com-
prising unsaturated aliphatic hydrocarbons, sepa-
rating a predominantly unsaturated aliphatic hy-
drocarbon fraction boiling between about 25 and
200° C. from said efluent, recycling the fraction
thus separated to- said reaction zone, and main-
taining conditions of temperature and pressure
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within the aforesaid limits such that substan-
tially all of said recycled hydrocarbons are in the
vapor phase.

3. A process for the synthesis of normally liquid
hydrocarbons by the interaction of hydrogen and
carbon monoxide, which comprises contacting
hydrogen and carbon monoxide in a reaction zone
in the presence of a cobalt-thoria synthesis cata-
Iyst at a temperature between about 180 and 250°
C. and a pressure between about 15 and 500
pounds per square inch gage, maintaining the
molar ratio of hydrogen to carbon monoxide be-
tween about 3:2 and about 1:1, maintaining a
space velocity between about 100 and 200, with-
drawing an effluent from said reaction zone com-
prising unsaturated aliphatic hydrocarbons, sepa-
rating a predominantly unsaturated aliphatic
hydrocarbon fraction boiling between about 25
-and 200° C. from said effluent, recycling the frac-
tion thus separated to said reaction zone, and
maintaining conditions of temperature and pres-
sure within the aforesaid limits such that sub-
stantially all of said recycled hydrocarbons are
in the vapor phase.

4. A process for the synthesis of normally liquid
hydrocarbons by the interaction of hydrogen and
carbon monoxide, which comprises contacting hy-
drogen and carbon monoxide in a reaction zone
in the presence of a synthesis catalyst at a tem-
perature between 180 and 350° C. maintaining
the molar ratio of hydrogen to carbon monoxide
between about 3:2 and about 1:1, withdrawing
an effluent from said reaction zone comprising
unsaturated aliphatic hydrocarbons, separating
a predominantly unsaturated aliphatic hydro-
carbon fraction thus produced boiling between
about 25 and 200° C. from said efluent, recycling
the fraction thus separated to said reaction zone
in an amount between 5 and 7 parts by weight
per 10 parts of product, and maintaining con-
ditions of temperature and pressure such that
substantially all of said recycled hydrocarbons
are in the vapor phase.

5. A process for the synthesis of normally
liquid hydrocarbons by the interaction of hydro-
gen and an oxide of carbon, which comprises con-
tacting hydrogen and an oxide of carbon in a
reaction zone in the presence of a suitable syn-
thesis catalyst under reaction conditions such
that olefinic hydrocarbons are produced, with-
drawing an efluent from said reaction zone, sepa-
rating a predominantly olefinic fraction so pro-
duced boiling within the range between about 25
and about 200° C. from said efluent, and recycling
same to said reaction zone.

6. A process for the synthesis of normally liquid
hydrocarbons by the interaction of hydrogen and
an oxide of carbon, which comprises contacting
hydrogen and an oxide of carbon in a reaction
zone in the presence of a suitable synthesis cata-
lyst under reaction conditions such that unsatu-
rated aliphatic hydrocarbons are produced, with-

10

15

20

25

30

10

45

50

66

60

10

drawing an effluent from said reaction zone, sepa-
rating a predominantly unsaturated aliphatic
hydrocarbon fraction so proauced boiling within
the range between about 25 and about 200° C.
from said efiuent, and recyecling between about 5
and about 7 parts by weight of hydrocarbons
boiling within the aioresaid temperature range
per 10 parts of total hydrocarbon product to said
reaction zone.

7. The process for the synthesis of normally
liquid hydrocarbons by the hydrogenation of car-
bon monoxide, which comprises passing a mix-

ture of hydrogen and carbon monoxide through a

reaction zone in the presence of a suitable syn-
thesis catalyst under conditions such that hydro-
carbons are produced, withdrawing an effluent
from said reaction zone, separating at least a por-
tion of hydrocarbons produced boiling above
about 200° C., cracking said hydrocarbons thus
separated under conditions such that lower-boil-
ing unsaturated hydrocarbons are produced, and
passing a resulting effiuent from the aforesaid
cracking step to said reaction zone.

8. In a process for the synthesis of hydrocar-
bons having more than one carbon atom per
molecule, wherein hydrogen is reacted with an
oxide of carbon in the presence of a suitable syn-
thesis catalyst in a reaction zone under conditions
which effect the formation of said hydrocarbons,
the_ improvement which comprises introducing
into said reaction zone a predominantly olefinic
hydrocarbon fraction of said synthesis in liquid
form boiling between 25° and 200° C. in an
amount between 5 and 7 parts by weight per 10
parts of product, and maintaining reaction con-
ditions in said zone which effect the vaporiza-
tion of substantially all of said hydrocarbon frac-
tion in said zone whereby the yield of said hydro-
carbons is increased over the yield obtained with-
out the introduction of said hydrocarbon frac-
tion into said reaction zone.

9. The process of claim 7 in which the syn-
thesis temperature is between 180 and 350° C.,
the ratio of hydrogen to carbon monoxide is be-
tween 3:2 and 1:1, and the space velocity is be-
tween 100 and 200.

ALFRED CLARK.
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