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This application Novem-
ber 28, 1951, Serial No. 258,623

(CL 252—373)

September 27, 1947.

. 8 Claims.
1
This invention relates to the synthesis of or-
ganic compounds. In one aspect this invention
relates to the production of a gas rich in hydro-~
gen, useful for the synthesis of organic com-
pounds. . In another aspect this invention re-
lates to an integrated process involving the pro-

. ‘duction of hydrogen and an oxide of carbon and

the subsequent interaction of the hydrogen and
the oxide of carbon in the presence of a hydro-
genation catalyst to produce hydrocarbons hav-

_ ing more than one carbon atom per molecule and

oxygenated organic compounds.

This application is a continuation of my ap-
plication Serial No. 776,538 filed September 27,
1947, now abandoned.

It has been known for some time that 2 gase-
ous mixture comprising hydrogen and carbon
monoxide may be produced either by the partial
combustion of relatively low-boiling hydrocar-

- bons, such as methane, or by the reaction of rela-

tively low-boiling hydrocarbons with steam
and/or carbon dioxide. The partial combustion
of methane as well as the reaction of carbon di-
oxide with methane to produce hydrogen and

carbon monoxide produces these components'in .

a relatively low ratio with respect to each other,
usually in-a mol ratio less than about 2:1 .at
temperatures between about 1800 and about

. 2500° F. On the other hand, the production of

hydrogen and’ “carbon “monoxide by the réeac-
tion between methane and steam produces:these
components in a mol ratio -above:about 2:17at a

. temperature of about 1250 to about’ 2400° F.

Either of the above reactions may be:éffected with
or without a catalyst. The synthesis of organic

. compounds from such gaseous mixtures has been
" effected in the presence of a catalyst, such as a
* metal or a metal oxide of group VIII of the pe-

riodic table.  Generally the mol ratio:of hydrogen

 to carbon monoxide for the synthesis of organic

compounds is between about 1:1 and about 3:1,
preferably a ratio of about 2:1. Tt is; therefore,
desirable to provide a method: for- producing a
synthesis feed having the preferred  composi-
tion of about 2:1 mol ratio of hydroaen to car-
bon monoxide.

- It is an object of this invention to produce a
synthesis gas comprising hydrogen and carbon
monoxide in a ratio of about 2:1.

It is another object of this invention to pro-
vide a continuous process for the synthesis of
organic compounds from relatively 10W—b0111n°‘
hydrocarbons.

Still another object of this invention is to pro-
vide an integrated process for the conversion of

10
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a normally gaseous hydrocarbon into normally
liguid hydrocarbons.

Another object of this invention is to provide
a more economic process for the synthesis of
organic compounds from methane.

Other objects and advantages of the present
invention will become apparent to those skilled
in the art from the accompanying descnptlon
and disclosure.

According to this invention, methane, or other
normally gaseous hydrocarbon or mixture there~
of, is converted simultaneously in separate zones
to hydrogen and carbon monoxide by partial
combustion with an oxygen-containing gas as
the primary reaction in one zone and by direct
reaction with steam as the primary reaction in a
second zone. The product of the methane con-
version comprising hydrogen and carbon mon-
oxide from each zone is combined as a synthesis
feed mixture and passed through a synthesis
reaction zone under suitable conditions of opera-
tion and in the presence of a suitable catalyst,
such. as iron, to produce hydrocarbons having
more than one carbon atom per molecule and
oxygenated organic compounds as the. principal
products of the process. Unconverted reactants,
carbon dioxide and methane from the synthesis
reaction are recycled to one or both of the
methane conversion Zzones, preferably to the
methane reforming zone when a considerable

. amount of carbon dioxide is produced in the

- synthesis reaction zone.
- thesis of organic compounds according to this

"By effecting the syn-

- invention the efficiency of. the process may be

35.

greatly inereased and a synthesis feed gas of the
desired composition for optimum yield of nor-

. mally 11qu1d orgamc compounds may be pro-
- duced.’

40

“Instead of the partial combustion of methane,
conversion of coal or coke with steam and
oxygen may be substituted therefor without de-
parting from the scope of this invention. The
‘conversion of ‘coal or coke may be effected with

3 moving bed of solids or with a fluidized finely

45

divided solids process kriown to those skilled in

. the art. The effuent from the conversion of coal

comprises hydrogen and carbon monoxide in a
mol ratio of less than about 2: 1 usually about
1:1.

It is desirable to use a synthesis feed. gas
having a relatively high ratio of hydrogen to car-
bon monoxide, such as a mol ratio of about 2:1,
since the use of a feed gas having a relatively
low ratio of hydrogen to carbon monoxide in-

creases undesirable side reactions which results
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in contaminating the synthesis catalyst with car-
bon, tars, waxes and relatively high-boiling or-
ganic compounds. In this respect, the present
process provides a method for producing & syn-
thesis feed gas of the preferred comyposition.

For the best understanding of the present in-
vention a description of the process according to
the accompanying drawing will be undertaken.

The drawing comprises a diagrammatic. illus-

tration of an arrangement of apparatus for the ]

manufacture of hydrocarbons having more than
one carbon atom per molecule and oxygenated
organic compouunds from methane. The appa-
ratus of the drawing comprises a methane com-
bustion unit 7, a methane refoerming unit 14,
a synthesis reactor 21 and suitable auxiliary
equipment.

According to the illustration of the present
process in the drawing, methane or a methane-
containing gas from any suitable source, such
as natural gas, after removal of HaS therefrom
by ccnventional methods, is passed under pressure
through conduit 8 to a combustion zone 7. Al-
though methane is referred to specifically as the
feed, the use of other gaseous hydroecarbons, such
as ethane and propane, is within the scope of
this invention. Oxygen or an oxygen-containing
gas is passed to combustion unit T through con-
duit 8. Methane is preheated, such as by indi-
rect heat exchange with the combustion products
from the combustion zone of unit 7 as shown.
Oxygen may also be preheated if desired. In
combustion unit 7, methane is oxidized to hydro-
gen and carbon monoxide according to the typical
equation shown below.

CH4+ 502> 2H24-CO

Combustion unit 7 may comprise a pressure
vessel formed of a carbon steel shell capable of
withstanding the pressure «of operation and pro-
tected from excessive temperature by a cast lining
of a suitable refractory material, such as zirconia,
including a burner fabricated of a heat resistant
alloy and cooled by circulating water or steam
through it.

When the source of methane is natural gas, the
feed gas composition will ke approximately that
shown in Table I below:

Table I
. Mol per cent .

N o e e e 1.3
CO2 e 0.5
CHe e e e N
CoHEB e e 12.1
CsHs oo e 4.7
CaH10 — e 1.2
O e e e e 0.5

100.0

The temperature of combustion in unit 7 is
ketween about 1700 and about 2600° F., preferably
it is a temperature of about 1800 to about 1900° F.
when using a catalyst, such as nickel, and a
temyperature of about 2350 to about 2500° ¥. when
not using a catalyst. A pressure between about
cne atmosphere and about 500 pounds per square
inch gage "corresponding - substantially to the
pressure in the subsequent synthesis reaction
zone is maintained in combustion unit 7. Pref-

erably, the reaction is effected with a catalyst 7

comprising nickel or nickel oxide supported on
a heat resistant support, such as alundum. The
catalyst is maintained in a stationary ked in
various forms, such as pellets or granules, porous

tubes of ceramic material impregnated with 7
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catalyst, or tubes of the metal catalyst. The re-
action is exothermic requiring only preheating
of the methane stream to effect reaction. The
mol ratio of oxygen to methane entering the re-
action zone is between about 0.5:1 to about 0.7:1.
A reaction effluent comprising hydrogen and car-
bon monoxide in a mol ratio of less than about
2:1 is continuously removed from reaction unit
1 through conduit 1l. Since the temperature of
reaction is a function of the ratio of oxygen to
methane, a specific ratio within the above range
is chosen to give the desired temperature at which
conversion is substantially complete and carbon
formation is minimized. The specific mol ratio
of hydrogen to carbon monoxide in the product
from combustion unit T is between about 1.7:1
and about 1.9:1 when no tail gas is recycled from
the synthesis reaction system. The composition
of a typical reaction effluent for the partial com-
bustion of methane is shown below in Table II
and it will be understood that such composition
depends upon such operating conditions as tem-
perature, ratio of methane and oxygen, etc.

Table I1

Mol per cent

N e e e e e e 1.8
H e 59.6
CO e 35.1
CO2 e 2.8
CH4 oo e 0.7
Total (dry basis) .- 100.0
H2:CO ratio i 1.7:1

Although substantially pure oxygen is pre-
ferred as the oxidizing agent for the methane
combustion, air or other oxygen-containing gas
may be used also without departing from the
scope of this invention. In order to recover ex-
othermic heat of reaction liberated in the com-
bustion zone of unit 7, indirect heat exchange of
the reaction products with water to produce
steam may be effected in conduit 9 as shown.
The steam thus produced may be used for pro-
ducing power, for heating purposes or may he
used in the reaction between methane and steam
to be described more fully hereinafter.

Steam formed by the partial combustion of
methane in unit 7 may be _removed from the
effuent in conduit 11 by cooling the effluent and
condensing the steam therefrom, if desired.

Simultaneously, with the production of hydro-
gen and carbon monoxide in combustion unit 7,
methane is continuously passed from conduit 8
through conduit 12 to reforming unit 14.- Steam
is' imtroduced into reforming unit {4 through
conduit 13. Heat is supplied to reforming unit
14 by the combustion of a fuel in indirect heat
exchange with the mixture of steam and methane
to produce a temperature between about 1400
and about 1600° F. Reforming unit 14 comprises
a econventional tubular reforming furnace of the
type known to those skilled in the art, with cata-
lyst in the reaction tubes. The pressure of the
reaction mixture of methane and steam in the
tubes of the reforming furnace 4 is usually
kelow about 100 pounds per square inch gage
and is preferably between about 15 and akout 59
pounds per square inch gage. The ratio of steam
to methane in the feed mixture to the referming
unit 14 is about 2 mols of steam per mol of
methane, although higher ratios may be used
without departing from the scope of this inven-
tion. Carbon dioxide may be employed to re-
place a portion of the steam used, such as by re~
cycling tail gas or carbon dioxide from the
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synthesis reaction. For example, one mol of
steam and one mol of carbon dioxide may be
employed per mol of methane.
tions for the reaction of methane with steam
and carbon dioxide are shown below:

CHs--H20->CO-|3H2
CH:+4-CO2—~>2CO4-2H2

The interaction of methane with steam or car-
bon dioxide is effected in the presence of a suif-
able catalyst in reforming unit 14. A suitable re-
forming catalyst may comprise nickel or nickel
oxide supported on aluming or other supporting
material, such as, for example, a catalyst con-
taining in parts by weight 1 NiO, 0.2 Cr0s,
1.68 Si02, 0.2 MegO. Other reforming catalysts
comprise molybdenum, cobalt and chromium and
their oxides and sulfides. The catalyst is main-
tained in a stationary bed of relatively small
pieces of solid material in the tubes. A regenera-
tive type reformer furnace constructed of ceramic
material may be used instead of the aforemen-
tioned tubular type furnace. With a regenerative
type furnace heated at intervals by direct con-
tact with combustion gases, temperatures as high
as 2400° F. are possible, which high temperature
obviates the necessity of a catalyst. A gaseous
effluent comprising hydrogen and carbon monox-
ide in a mol ratio greater than about 2:1, usually
about 4:1 with no recycle and about 3:1 with re-
cycle of tail gas or carbon dioxide, is removed
from reforming unit {4 through conduit 18. Such
a gaseous efluent has approximately a composi-
tion as shown in Table III below when natural
gas is the source of methane. It will be under-
stood that the composition of the effluent will de-
pend upon the reforming operating conditions,
such as temperature, space velocity, steam to
methane ratio, ete.

Table IIT

No Recycle.]| Recycle,
mol per- | mol per-
cent cent

0.3 1.2
73.5 67.2
18.1 23.6
6.3 7.1
1.8 0.9
Total (Dry Basis) oo 100.0 100.0

The effluent in conduit 16 is passed through a
cooler {7 for cooling the efiuent to a temperature
below about 200° F. to condense the steam in the
efluent, which steam is removed as condensate

from cooler {7 through conduit 5. Usually the

effluent is cooled to a temperature of about 100° F.
before compressing. From cooler 17 the reform-
ing unit efluent is continuously passed through
conduit 18 and compressed, if necessary, by a

compressor (not shown) and then combined with ¢

the effiluent of combustion unit 7 leaving conduit
fi. The resulting mixture from conversion units
71.and i4 is continuously passed through conduit
19 to a conventional synthesis reactor 21.
Synthesis reactor 21 may comprise any of sev-
eral types of conventional reaction chambers,
such as fixed bed or fluid bed reaction units,
known to those skilled in the art, and may com-
prise several reactors in series or in parallel. The
combined synthesis feed in conduit {8 comprises
hydrogen and carbon monoxide in g mol ratio of
2:1 or thereabouts. This feed is passed through
synthesis reactor 2{ in contact with a suitable
catalyst, such as iron or other metal or metal
oxide of group VIII of the periodic table, under

Typical equa-

10
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6

conditions of reaction such that hydrocarbons
having more than one carbon atom per molecule
and oxygenated organic compounds are produced
as products of the process. The temperature of
reaction in synthesis reactor 21 is usually be-
tween about 300 and about 700° F. and a pressure
is maintained between about atmospheric and
about 500 pounds per square inch gage, prefer-
ably between about 100 and about 300 pounds per
square inch gage. When employing an iron or
iron oxide catalyst, a temperature between about
450 and about 650° P, is appropriate. When em-
ploying a cobalt catalyst a temperature below
450° F. is employed. Sufficient contact time of
reactants and reaction products with the catalyst
material is afforded in reactor 21 to form the
desired products of the process. Usually, a con-
tact time of gases with catalyst of about 2 to 20
seconds is appropriate.

A reaction effluent comprising hydrocarbons,
oxygenated organie compounds, steam, carbon
dioxide and unreacted reactants including some
methane from the synthesis gas, is removed from
reactor 21 through conduit 22 and passed to a
primary condensation unit 23. Condensation
unit 23 comprises a conventional condenser and
accumulator and auxiliary equipment for partial
condensation of the efluent. Unit 23 comprises
a single or a series of condensation units and
accumulators. The temperature of the efluent in
condensation unit 23 is reduced to about 300° F.
or lower and the efluent in condensation unit 23
is maintained at substantially the samse pressure
as that existing in reactor 21. The cooling of the
effluent results in the formation of either one or
two liquid phases in primary condensation unit
23. These liquid phases comprise a lighter hydro-

. carbon-rich phase and a heavier water-rich phase

id

o

6o

W

containing dissolved oxygenated organic com-.
pounds. Gases comprising hydrogen and/or car-
bon monoxide and including methane and car-
bon dioxide are removed from condensation unit
23 through conduit 24 and may be recycled to.
synthesis reactor 21 through conduit 26 in order
to supplement the composition with respect to
any component of the synthesis feed in conduit 19
and to alter the ratio of hydrogen to carbon
monoxide in reactor 2. When formed, the water-
rich phase. in primary condensation unit 23 is
removed therefrom through conduit 27-and may
be passed to subsequent conventional separation
and recovery equipment (not shown) for the re-
moval of dissolved oxygenated organic compounds
therefrom as products of the process.

A portion or all of the uncondensed compo-
nents of the effluent from reactor 2{ and the
liquid hydrocarbon-rich phase are removed from
condensation unit 23 through conduit 28 and
passed to a secondary condensation unit 2§ which
may comprise a conventional lean oil circulat-
ing system known to those skilled in the art.
Condensation unit 2% also comprises suitable
condensers and accumulators for further con-
densation and accumulation of reaction prod-
uets. The temperature of condensation unit 29
is-maintained below about 1060° P. and a pres~
sure is maintained substantially equivalent fo
the pressure existing in synthesis reactor 21.
Fressures higher than the pressures existing in
reastor 2 and condenser 28 and/or refrigera- =
tion may be employed in connection with unit
29 without departing from the scope of this in-
vention. . In condensation unit 2§ further con-
densation of the gaseous components is eifected
and an organic condensate is removed therefrom
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through: .conduit:3f and passed-to:subsequent .
conventional separation-and recovery equipment -
(not: shown). for the recovery-of: products of the .

process.: Any water condensed in condensation
unit 29 is withdrawn:therefromthrough conduit
22.: Uncondensed “components: of the reaction
effiuent.” comprising - hydrogen. and/or.. carbon
monoxide, carbon dioxide, methane and unre-
covered hydrocarbons: heavier  than methane,
are removed from condensation unit 29 through
conduit 23 and are:reeycled in:whole -or in part
to. conduit {2 and.reforming unit' 14 by means
of recycle conduits 34 and 41.. A portion or all
of ‘the. gases or. vapors. from:the primary con-
densation unit 23 may also be recycled to reform-
ing -unit {4 thiough conduits 24,:34, 41 and 12.
Récycling of gases from: condensation units 23
and-29 to reforming . unit: 14 is desirable in order
to utilize the methane and:carbon dioxide con-
tent:of ‘the -gases for. production: of "additional
synthssis gas.

Réeycling of at- least a.portion of the recycle
gases to reforming uniti4 is particularly desir-
abls when the synthesis reaction is .effected in
the presence of an iron.or an iron oxide catalyst
sinige -with such: a -catalyst the synthesis reac-
tion effiuent - contains appreciable amounts of
carbon dioxide.: With=a reduced iron: catalyst
the - composition of : synthésis reaction efiluent
may -comprise as much®as 20 to 50 volume per
cent carbon dioxide. As previously discussed,
carbon dioxide reacts with'methane, and, there-
fore, recyeling of the carbon' dioxide-rich gases
to reforming unit 12 is particularly desirable and
results in a higher methane conversion at given
conditions and in a:lower endothermic reaction
duty per unit of carbon monoxzide manufactured
as compared-with the use-of steain and methane
alone.

In some-instanceswhere -the -carbon  dioxide
content -of ‘the- recycle -gases -is ‘relatively low,
such as-helow about 20 per-cent, and thé pressure
existing on the -recycle- gases-'is -approximately
the -same -or- higher than-:in combustion  unit -1,
a portion- of the ‘recycle - gases -is conveniently
and advantageously ‘recycled to unit T to utilize
the pressure of the-gases- by avoiding compres-
sion-of the recycle gases and their methane and
hydrogen content.

The pressure of ‘the-recycle gases -is substan-
tially the same as the pressure- existing in syn-
thesis reactor 2 which'is usually under a pres-
sure. substantially ‘the same as that in-combus-
tion unit 7, except for the -additional pressure
needed to induce flow through the system. If

the pressure in combustion unit 7 is lower than

that of the recycled gases, the pressure may be
decreased by expansion into conduit § in which
cage compression will be effected in conduit !
or ‘1§ by means not shown. However, if the
pressure of the recycle gases is lower than the
pressure existing in combustion unit 7 as will
usually be the case, a suitable compressor (not
shown) must be provided in conduit 34 for rais-
ing the pressure of the reeycle gases to the pres-
sure existing in combustion unit 7. Combustion
unit 7 may be operated at substantially the same

10

30
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pressure as synthesis reactor 24 with no com-

pression of the combustion unit efffuent and in
this manner of operation only a relatively small
amount. of compression of the recycled gases is
necessary.

The recycled gases in conduit 34 can be passed
in entirety either to combustion unit 7, or pref-
erably .to.-reforming unit 14, as will be most ef-

70

8
ficient:-and-economical under conditions::of:op-~-
eration, or the recycling -gases in-conduit 34 may.
be-divided and a pertion passed- to-combustion.
unit 7 and the other porticn: passed to veform-
ing unit 4.

A typical composition of recycle gases is illus-
trated in Table IV helow when-using an iron
synthesis catalyst 'and when recycling to re-
forming unit 14.

Table IV

Mol per cent

N e e e 2.4
o o e 47 .4
CO e 6.3
CO2 e 32.3
[ 03 17 8.5
G e e 31
Tobal oo 160.0

As is evident from the above typical composi-~
tion a considerable amount of hydrogen -and
compined carbon is present in the. recycle gases.
The presence of .such. components is a readily .
available source of synthesis feed gas (CO--Hz2)
and, thus, the.recycle. of the normally gaseous
components of the synthesis efiluent 6 the meth-
ane conversion units is desirable. . The hydrogen
in the recycle gases is. not. only a.source of hy-
drogen for the synthesis reaction, but is known
to decrease carbon or coke formaticn during par-
tial combustion of methane, such as is effected.
in combusiion unit 7.

T4 is to be understood that the ratio of hydro-
gen to .carbon monoxide in. the combined syn-
thesis feed gas is.a-function. of both the total
quantity of hydrogen and.carbon monoxide .in
each separate gas.stream and the ratio. ¢f hydro-
gen to carbon monoxide in each separate gas
stream, from combustion unit ¥ 'and reforming
unit {4. The total ‘guantity of hydrogen and
carbon monoxide produced is a function of the
quantity of raw materials freshly introduced and
introduced by way: of the recycle gases. In order
to oktain a combined synthesis gas of a particu-
lar composition, the total quantily of hydrogen.
and carbon monoxide produced in each.conver-
sion zone is adjusted with relation to the ratio
cf hydrogen to carbon monoxide in the product
streams from each conversion zone. To some ex-
tent the composition cf the synthesis feed gas can
be regulated for a given .total quantity of hydro-
gen . and carbon.monozide pradueed in sach con-
version. zone. by -adjusting the -hydrogen.io.car-
born monoxide ratio. within. the .aforementioned
ranges of .the -separalc streams from.the con-.
version zones:

In.order-to prevent the puild-up.of nitrogen-in
the system, particularly when using.air as a
source of oxygen for combustion unit 7 or.when
it is desirable to recycle COs alone or in a higher
concentration. to reforming unit. {4, a. pertion of
the recycle gasas is continuously or intermitiently
passed. to a carbon. dioxide.absorption: unit 33
through conduits. 24 and 37 or.conduit 33. In
absorption unit 3§ -the gases are contacted with
g suitable solvent. for the rernoval of carbon:di-
oxide therefrom in :the conventional manner.
Such solvents may comprise monoethanolamine
or other ethanol amines.  Nitrogen and .other
unabsorbed gases, such -as methane, are removed
from absorption unit 3§ through congduit 3% and
vented to the atmosphere-or used.as fuel. Car-
bon- dioxide is recovered.from the rich solvent
by stripping, by reducing the total pressure,-or by
heating, and. then.the resulting lean. solvent is
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returned for the absorption of more carbon di-
oxide. The desorbed carbon dioxide is removed
from absorption unit 36 through conduit 39 and
returned to recycle conduit 34 to be combined
with recycle gases therein for return to either
combustion unit 7 or reforming unit {4, or re-

“eyeled directly to reforming unit i4 through con-

duits 42 and 44.

Certain valves, coolers, heaters, accumulators,
distillation columns, pumps, etc. have been
omitted from the drawings as a matter of con-
venience and their use and location will become
obvious to those skilled in the art. The lengths
of the conduits of the drawings are not propor-
tional to the distance travelled but are merely
diagrammatical. It is not intended to limit any
particular location of inlets and outlets as shown
in the drawings. The examples of composition of
gases and theory in connection with this inven-
tion are offered as illustration and should not
be construed to be unnecessarily limiting to the
invention.

Various modifications and alterations of the
process of the present invention may become ap-
parent to those skilled in the art without depart-
ing from the scope of this invention. For ex-
ample, different hydrocarbons may be converted
in each reaction zone and the reaction effluent
combined to produce a synthesis gas of the de-
sired composition. Accordingly, in one modifi-
cation propane is the major component of the

feed stream to combustion unit T and methane

is the major component of the feed to reform-
ing unit {4. The efluents from each conversion
zone have a different composition and these
effluents are combined to produce a synthesis
gas of the desired composition. A convenient
and readily available source of propane for such
a modification is from the synthesis reaction
effluent itself.

I claim: :

1. A process for the preparation of a hydrocar-
bon synthesis feed gas which comprises intro-
ducing a normally gaseous hydrocarbon from
an external source into two separate conversion
zones arranged in parallel, reacting the hydro-
carbon with steam .in the first conversion zone
under reforming conditions to produce a gaseous
efluent comprising hydrogen and carbon mon-
oxide in a relatively high mol ratio, simultane-
ously reacting the hydrocarbon with free oxygen
in a second conversicn zone under partial com-
bustion conditions to produce.a gaseous effluent
comprising hydrogen and carbon monoxide in a
relatively low mol ratio, simultaneously introduc-
ing into one of said conversion zones a recycle
product stream containing hydrogen and com-
bined carbon of an efffuent from a synthesis re-
action for the production of hydrocarbons from
carbon monoxide and hydrogen, and combining
the effluents from said conversion zones to pro-
duce a hydrocarbon synthesis feed gas.

2. A process for the preparation of a hydro-
carbon synthesis feed gas which comprises in-
troducing a normally gaseous hydrocarbon from
an external source into two separate conversion
zohes arranged in parallel, reacting the hydro-
carbon with steam in the first conversion zone
under reforming conditions to produce a gaseous
effiuent comprising hydrogen and carbon mon-
oxide in a mol ratio greater than about 2:1,
simultaneously reacting the hydrocarbon with
free oxygen in a second conversion zone under
partial combustion conditions to produce a
gaseous effluent comprising hydrogen and carbon
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monoxide in a mol ratio less than about 2:1,
simultaneously introducing into one of said con-
version zones a recycle product stream contain-
ing hydrogen and combined carbon of an efluent
from a synthesis reaction for the production of
hydrocarbons from carbon monoxide and hydrc-
gen and combining the efiuents from said con-
version zones to produce a hydrocarbon synthesis
feed gas.

3. A process for the preparation of a hydro-
carbon synthesis of feed gas which comprises
introducing a normally gaseous hydrocarbon
from an external source into separate reforming
and combustion zones arranged in parallel; re-
acting at relatively low pressure under reforming
conditions steam, said gaseous hydrocarbon and

_ a recycle product stream containing hydrogen

20
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and carbon dioxide of an efiluent from an iron-
catalyzed synthesis rezction for the production
of hydrocarbons from carbon monoxide and hy-
drogen to produce in the reforming zone a gase-
ous mixture comprising hydrogen. and carbon
monoxide in a mol ratio greater than about 2:1;
simultaneously reacting said gaseous hydrocar-
bon with free oxygen in the combustion chamber
at relatively high pressure under partial com-
bustion conditions to produce a gaseous mixture
comprising hydrogen and carbon monoxide in a
mol ratio less than about 2:1, and combining the
efffuents from the reforming and combustion zones
to produce a hydroearbon synthesis feed of the
desired hydrogen-carbon monoxide mol ratio.

4. A process for the preparation of a hydro-
carbon synthesis feed gas which comprises intro-
ducing a normally gaseous hydrocarbon from an
external source into separate reforming and com-
bustion zones arranged in parallel; reacting
steam, said gaseous hydrocarbon and at least a
portion of a recycle product stream containing
hydrogen and carbon dioxide of an effluent from &
synthesis reaction for the production of hydro-
carbons from carbon monoxide and hydrogen to
produce in the reforming zone a gaseous mixture
comprising hydrogen and carbon monoxide in a
mol ratio greater than about 2:1 at a temperature
between dbout 1250 and about 2400 degrees
Pahrenheit under a pressure between atmos-
pheric and about 100 pounds per square inch
gage; simultaneously reacting said gaseous hy-
drocarbon with free oxysen in the combustion
zone under partial combustion conditions at a

" temperature between about 1700 and about 2600
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70

75

degrees Fahrenheit under superatmospheric pres-
sure to produce a gaseous mixture comprising
hydrogen and carbon monoxide in'a mol ratio
less than about 2:1, and combining the effluents
from the reforming and combustion zones to pro-
duce a hydrocarbon synthesis feed gas of the de-
sired hydrogen-carbon monoxide mol ratio.

5. A process according to claim 4 in which the
normally gaseous hydrocarbon is methane,

6. A process for the preparation of a hydro-
carbon synthesis feed gas which comprises in-
troducing methane from an external source into
separate and reforming combustion zones ar-
ranged in parallel; reacting steam, methane and
a recycle product stream containing hydrogen
and carbon dioxide of an efluent from an iron-
catalyzed synthesis reaction for the production
of hydrocarbons from carbon monoxide and hy-
drogen to produce in the reforming zone a gase-
ous mixture comprising hydrogen and carbon
monoxide in a mol ratio greater than about 2:1
at a temperature between about 1250 and about
2400 degrees Fahrenheit under a pressure between
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atmospheric-and-about 100 pounds per square
inch gage; simultaneously reacting the methane
with' free oxygen in the combustion chamber
under partial combustion conditions at a tem-
perature between about 1700 and about 2630 de-
grees Fahrenheit under :superatmospheric pres-
sure to produce a gaseous mixture comprising
hydrogen and carbon monoxide in- a mol -ratio
less than about 2:1, and combining the éffluents

from' the- reforming and combustion- zones to

produce a hydrocarbon synthesis feed gas of the

-desiréd hydrogen-carbon monoxide mol ratio.

~ 7. A-process-for ‘the production of a hydrocar-

~bon-synthesis feed-gas-which comprises reacting
a hydrocarbon gas from an external source ¢on-::

taining propane as the major cemponent :with
free oxygen in a first conversion zone under par-
tial combustion conditions to:produce a gaseous
mixture comprising hydrogen and .carbon mon-

oxidein a relatively low mol ratio, simultaneously ¢

reacting " a hydrocarbon gas from an external
source -containing methane as the major com-
ponent - with ‘steam -in-a separate second con-
version zone under reforming conditions to-pro-

~duce a gaseous mixture comprising hydrogen and

carbon monoxide:in a -relatively high mol ratio,
simultanecusly introducing into one of said con~
version zonhes propane obtained from an effluent
of -a synthesis reaction for the production of hy-

--drocarbons from carbon monoxide and hydrogen, -

and combining the effluents from said conversion
zones ‘to produce-a hydrocarbon synthesis feed
gas.

-8. A-process for the preparation of a hydro-
carbon synthesis feed gas which comprises in-
troducing a normally gaseous hydrocarbon from

[*)8

10

25

an external source into -separate reforming and
combustion zones arranged in parallel; react-
ing steam, said gaseous hydrocarbon and: a re-
cycle product stream containing hydrogen and
carbon dioxide of an effluent from a synthesis
reaction for the production of hydrocarbons from
carbon monoxide and hydrogen from which water
and organic compounds having a Cs and higher
carbon content have been removed in the reform-
ing zone at a temperature between about 1250
and about 2400 degrees Fahrenheit, under a
pressure between - atmospheric and about 100
pounds per sguare inch gage to produce a gase-
ous effluent comprising hydrogen and carbon
monoxide in a mol ratio greater than about 2:1;
simultaneously reacting in the combustion zone
under partial combustion conditions at a tem-

~perature between about 1700 and about 2600 de-

grees Fahrenheit and a superatmospheric -pres-
sure free oxygen with said gaseous hydrocarbon
to produce a gaseous effluent comprising hydro-
gen and carbon monoxide in a mol ratio less than
about 2:1, and combining the effluents of the
reforming and combustion zones to produce a
synthesis feed gas of the desired hydrogen-
carbon monoxide mol ratio.
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