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SIMULTANEOUS PRODUCTION OF HY-
DROCARBONS AND OXYGENATED

COMPOUNDS

Nerman L. Dickinson, Basking Ridge, N. J., as-
signor to. The M. W Kellogg Cempany, Jersey
City, N. J., a corporation of Delaware

Original application September 27, 1947, Serial

No. 776,518.

Divided and this apphcatlon

March 31, 1959, Serial No. 153,168

.9 Claims.

This invention relates to the synthesis of or-
ganic compounds. In one .aspect this invention
relates. to. the production’ of ‘a gas rich in hy-
drogen, useful for the synthesis of .organic com-
pounds.’ In another aspect this invention re-
lates to an integrated process invelving 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 eatalyst to produee hydrocarbons hav-
ing more than one carben atom per molecule
and oxygenated organic compounds.

- This appiication is a division of my United

10

States Application Serial No. 776,518, filed Sep- .

tember 27, 19247, now abandoned. -

- It has-been known for some time that a gas-
eous mixture eomprising hydrogen and carbon
monoxide may be produced either by the partial
combustion of -reiatively low-hoiling hydrocar-
bouns, such as'methane; or by the reaction of rela-
tively - low-boiling hydrocarbens ‘with steam.

The partial combustion.of - methane as well as-

the reaction of carkon dioxide with methans to

produce. hydrogen and: carbon rmonoxide pro-.

duces: these components-in a relatively low ratio
with respect to each other, usually in a mol ratio
less
about 1800 and about: 2500° F. On. the other
hand, the production: of hydregen and’ carbon
monoxide by the reaction between methane and
steam produces these components in a’ mol ratio
above-about 2:1% at a temperature of about 1250
to about-2460° F. . Bither of the above reactions
may be effected with or without a-catalyst: The
synthesis: of hydroearbons from' such gaseoLa

mixtures has been effecied in the presence of a
catalyst, such as a metal ora raetal oxide in
Group VIIT of the pericdic table, to produce or-
ganic compounds therefrom. | Generally the ratio
of “hydrogen {0 carbon monozide for the syn-
tlresis of hiydrocarbons is between about 1:1 and
about 3:1, preferably s ratio of about 2:1. It is,
the
ducinig a° synthesis. feed having the preferrs
composition of about 2:1 mol ratio of hydrogen
to carbon’ moenoxide. SR

It is.'an cbject of this invention to .produce a
synthesis gas comprising’ hydrogen and carbon
monozide in‘a ratio of about 2:1. ‘

It is- another object of this. mvenulon to pro-

then . about: 2:1 at temperatures hetween.

refore, desirable o provide a method for pro--
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, 2
vide a continuous process for the synthesis of
organic- compounds from relatively low-boiling
hydrocarbons.

Still anocther object of this invention is to pro-
vide an infegrated process.for the conversion of
a normally gaseous hydrocarbon into normally
liguid hydroearbons.

Still a further object of this invention is to
provide. a single integrated. process for the pro-
dugtion of both oxygenated organic compounds
and hydrocarbons as produets of the process.

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

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

According to this invention, methane, or other
normally gaseocus hydrocarbon or mikture 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  reac-
tion .in ‘a second zone. The product of. the
methane conversion - comprising hydrogen and
carbon-monoxide from each zone is:combined as
a synthesis feed mixture and passed through a
synthesis reaction zone under suitable conditions
of. operation and in the presence of a suitable
catalyst, -sugh: as iron to produce hydrocarbons:
having more than one carbon atom per molecule
and oxygenated organic compounds as the prin-
cipal preducts of the process.. Unconverted re-
actants; carbon dioxide and methane from the

synthesis reaction are recycled to .one or both
of the methane conversion zones. By effecting
the synthesis of organic compounds according
to this invention the efficiency of the process may
be greatly increased and a synthesis feed gas of
the degired composition  for  optimum  yield of
normally liguid organic compounds may be pro-

It'is desirable to'use a synthesis feed gas hav-
ing a relativply high ratio of hydrogen to carbon
monoxide,; such as a mol ratio of about 2:1, since
the useof a feed gas having a relatively low ratio
of hydrogen to carbon monoxide increases un-
desirable "side reactions” which’ results in- con-
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3
taminating the synthesis catalyst with carbon,
tars, waxes and relatively high-boiling organic
compounds.

For the best understanding of the present in-
vention a description of the process according
to the accompanying drawings will be under-
taken. »

Fig. 1 of the drawings comprises a diagram-
matic illustration of an arrangement of appa-
ratus for the manufacture of hydrocarbons hav-
ing more than one carbon atom per molecule
and - oxygenated =@ organic compounds from
‘methane in a single synthesis reaction unit. The
apparatus of Fig. 1 comprises a methane com-
bustion -unit 1, a methane reforming unit 14, a
synthesis reactor 2{ and suitable auxiliary equip-
ment.

Fig. 2 is a modification of the present inven-
tion for the manufacture of organic compounds
from methane in which the methane conver-
sion products are converted to organic com-
pounds in two synthesis reaction units.

According to the illustration of the present
process of Fig. 1, methane or a methane-con-
taining gas from any suitable source, such as
natural gas, is passed under pressure through
conduit 6 to a combustion zone 7. Although
methane is referred to specifically as the feed,
the use of other gaseous hydrocarbons, such as
ethane and propane, is within the scope of this
invention. Oxygen or an oxygen-containing gas
is passed to combustion zone T through conduit
8. Methane is preheated, such as by indirect heat
exchange with the combustion products from
combustion zone T as shown. Oxygen may also
be preheated if desired. In combustion zone 1,
methane is oxidized to hydrogen and carbon
monoxide according to the typical equation shown
below.

CH:s+1/202~>2H24-CO

Combustion zone 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,
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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 be approximately
that shown in Table I below:

Table I

: Mol percent

N2 oo S S Y SV SR 1.3
CO2 0.5
CHY e 9.7
CoHe o e 12
CsHs e 47
CaF10. oo 1.2
G5 e i e 0.5
100.0

. The-temperature of combustion zone 7 is be-
tween about 1700 and about 2§00° F., preferably
it is at a temperature of about 1800 to about
1900° P. when using a catalyst, such as nickel, and
ab a temperature of about 2350 to about 2500° F.
when not using a catalyst.. A pressure between
about one atmosphere and about 500 pounds per
square inch gage correspending substantially to
the pressure in the subsequent synthesis reaction
zone . is maintained in combustion zone 7. Pref-
erably, the reaction is effected with a catalyst

comprising nickel or nickel oxide supported on.
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4
a heat resistant support as alundum. The cat-
alyst is usually contained in a stationary bed in
various forms, such as pellets or granules, porous
tubes of ceramic material impregnated with cat-
alyst, or tubes of the metal catalyst. The reac-
tion is exothermic requiring only preheating of
the methane stream to effect reaction. The mol
ratio of oxygen to methane entering the reac-
tion zone is between about 0.5:1 to about 0.70:1.
A reaction effluent comprising hydrogen and car-
bon monoxide in a mol ratio of less than about
2:1 is centinuously removed from reaction zone
1 through conduit 1. 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 chamber 7 is between
about 1.7:1 and about 1.8:1 when no tail gas is
recycled from the synthesis reaction system and
between about 1:1 and about 1.7:1 when tail gas
including carbon dioxide is recycled. The com-
position of typical reaction effluents for the par-
tial combustion of methane are shown below in
Table IT and it will be understood that such com-
position depends upon such operating conditions
as temperature, ratio of methane and oxygen,
efe.
Table IT

No Re-

cycling Recycling

1
9
5

(AR

(212
PO NN
o | oo~

2.
0.
100
L

= [ ~q0o~moo

Total (Dry Basis)
H:CO Ratio

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
exothermic heat of reaction liberated in combus-
tion zone 17, indirect heat exchange of the re-
action products with water to produce steam may
be effected in conduit § as shown. The steam
thus produced may be used for producing power,
for heating purposes or may be used in the re-
action between methane and steam to be de-
scribed more fully hereinafter.

Simultaneously, with the production of hy-~__

drogen and carbon monoxide in combustion unit
1, methane is continuously passed from conduit 6
through conduit i2 to reforming unit i4. Steam
is introduced into reforming unit 14 through con-~
duit 13. Heat is supplied to reforming unit 13
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 conventional tubular reforming. furnace of the
type known to those skilled in the art with cat-
alyst in the reaction tubes.. The pressure of the
reaction mixtuer of methane and steam in the
tubes of the reforming furnace [4 is below about

- 100 pounds per square inch gage and is prefer-

ably between about 15 and about 50 pounds per
square inch. A ratio of steam to methane in ths
feed mixture to the reforming unit {4 is about. 2
mols of steam per mol of methane, although
higher ratios may be used without departing
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from the scope of this invention. Carbon dioxide
may be employed to replace a portion of the
steam used. For example, one mol of steam and
.one mol of carbon dioxide may be employed per
mol of methané without departing from the scope
of .this invention. Typical equations for the re-
-action of niethane with steam ‘and carbon dioxide
are shown below:

CH:+-H20-CO+43Hs
CH:-+CO02-2C0+-2Hs

“The'interaction of methane with steam or car-
“bon dioxide is effected in the presence of a suit-
-able catalyst in reforming unit I4. A suitable
reforming catalyst may comprise nickel or nickel
oxide-supported on aluminga or other supporting
material, such as, for example, a catalyst con-
ta1n1ng in parts by ‘weight 1NiO, 0.2Cr:03,

6810z, 0.9MgO. Other reforming catalysts com-~
pmse molybdenum, cobalt and chromium - and
their oxides and sulfides.  'The catalyst is con~
‘tained 'in a stationary bed. of granular material
in-the tubes. A regenerative type reformer fur-
nace constructed of ceramic material may be
used. instead of the aforementioned tubular type
furnace. With g regeneratlve type furnace; tem-
‘peratures as high as 2400° F. are possible thus
obviating the necessity. of a catalyst. A gaseous
-effluent comprising hydrogen and’ earbon mon-
oxide in a mol ratio greater than about 2:1,
usually about 4:1 with no reeycle of tail gas, is
removed from reforming unit 1§ through con-
duit' 16." Such -a gaseous effluent has approxi-
mately a composition as shown in Table TII below
when natural gas is the source of methane.
will’ be. understood that the composition of the
efiuent will depend upon the reforming operat-
ing - conditions, such ‘as temperature, space
velocity, steam to methane ratio, ete.

Table 11T

Mol per cent

N i 0.3
Ho il 735
CO 18.1
CO2 ol Ll 6.3
CHe vl il il o 18
Total: (dry basis) ... . - ' 100.0

The effiuent in conduit 16 is passed through a ¢

cooler 17 -for cooling the efffuent to a temperature
below about 100° F. to.condense the steam-in the
effluent, which steam is removed.as- -condensate
from cooler i7. through conduit i5: Usually the

temperature of the efluent is cocled to about 100° &

F. before. compressing. From. cooler-1¥ the re-
forming unit effluent - is  continuocusly  passed
through conduit 18 and compressed if necessary
(not shown) to be combined. with the effluent of
combustion. unit 7 in.conduit 11, . The resulting
mixture from-conversion units 1 and {4 is con-
tinuously passed through.conduit.{9.to a-con-
ventional synthesis. reactor: 21,

Synthesis reactor 21 may compr se-any of sev-
eral types. of conventional , reaction. chambers,
such as fixed bed. or fluid bed reaction units,
known to thoseé skilled in the art, and may. com-
prise several reactors in series or-in parallel. The
combined synthesis feed in conduit 48 comprises
hydrogen and carbon monocxide in a mel ratio
of ‘about 2:1. ¢
thesis reactor.21.in contact with a St uitable cab-
alyst such'as iron or other metal or metal ox‘de
of group VIII of the periodic:table; under. condi-

tzons of reactmn such that hydrocarbons hav ing 3

It g

This feed is passed through. syn-
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more:than one carbon -atom per molecule and
oxygenated organic compounds are produced as
products of the process. The temperature of re-
action in synthesis reactor 21 is usually between
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° F. is appropri-
ate. - When employing a cobalt catalyst a tem-
perature belew 450° F. is .employed. Sufficient
contact time between reactants  and reaction
products with the catalytic material is afforded
in reacior 2! to produce the desired product of
the process. Usually, a contact time of ‘gases
and catalyst between about 2 and 20 seconds is
appropriate.

A reaction effluent comprising hydrocarbons,
oxygenated organic compounds, steam and un-
reacted reactants including some methane, is re-
moved from reactor 21 through conduit. 22 and
passed to.a primary condensation unit 23. Con-
densation unit- 23 comprises a conventional con-
denser and accumulator and auxiliary equip-
ment for partial condensation of the efluent,
Unit 23 may comprise a single or a series of
condensation units and accumulators.  The tem-
perature of the effluent in. condensation unit 23
is reduced to. about .300° P. or. lower but the
efluent in condensation unit 23 is main-
tained at substantially the same pressure as that
existing in reactor 21. The cooling of the effluent
results in the formation of two liquid phases in
primary condensstion unit 23.. These liquid
phasss comprise a lighter hydrocarbon-rich
phase and a heavier agueous-rich phase contain-
ing - dissolved oxygenated organic compounds.
Gases comprising hydrogen and/or carbon
monoxide and including some methane and-ear-
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 as to any com-
ponent . of the synthesis feed in_ conduit 9 and
to alter the ratio of hydrogen to carbon mon-
oxide in reactor 21. The aquesous-rich phase in
primary condensation unit 28 is removed there-
from thx ough ‘conduit 27 and may be passed to
subsequent conventional separation and recovery

“equipmenf (not: shown) for the removal of dis-

solved oxygenated organic compounds therefrom
as products of the process.

Al portion of all of the uncondensed compon-
ents of the'effluent from reactor 21 and the liquid
hydrocarbon-rich phase are removed from con-
densation unit 23 through conduit 28 and passed
to a'secondary ¢ondensation unit 29 which may
comprise a lean oil circulating system. - Conden-
sation unit 28 may also comprise suitable con-
densers and aceumulators for further condensa-
tion 'and : accumulation of reaction ' products.
The' temperature: of condensation unit. 28 is
maintained below about 100° F. and a pressure
is-maintained  substantially - equivalent to the
pressure existing in synthesis reactor-2{. " Pres-
sures- higher than the pressures existing in re-
actor 21 and condenser 2% and refrigeration may
be employed in connection ‘with unit 29 without
departing from the scope of this invention.. In
condensation unit. 28 further condensation of the
gaseous components is effected  and: the liquid
hydroearbon. condensate is removed- therefrom
through  conduit 31 and passed to subsequent
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"conventional separation and recovery equipment
(not shown) for the recovery of products of the
process. Any water condensed in condensation
unit 29 is withdrawn therefrom through conduit
32. Uncondensed components of the reaction
efffuent comprising hydrogen and/or carbon
monoxide, carbon dioxide, methane and unre-
covered hydrocarbons heavier than methane, are
removed from condensation unit 29 through con-
duit 33 and are recycled in whole or in part to
conduit 6 and combustion unit 7 by means of a
recycle conduit 34. A portion or all of the gases
or vapors from the primary condensation unit 23
may also bhe recycled to combustion unit 7
through conduits 24, 34 and 6. Recycling of
gases from condensation units 23 and 29 to com-
bustion unit 7 is desirable in order to utilize the

‘relatively high pressure existing on the gases.
This pressure is substantially the same as the
pressure existing in synthesis reactor 21 which
is usually under a pressure substantially the
‘same as that in combustion unit T, except for the
additional pressure needed for the pressure drop
required for flow through the system. If the
pressure in combustion unit 1 is lower than that

“‘of the recycled gases, the pressure may be de-

creased by expansion into conduit 6 in which

case compression will be effected in conduit i

or 19 by means not shown. However, if the pres-~

sure of the recycle gases is lower than the pres-
sure existing in combustion unit 7, a suitable
compressor - (not shown) must be provided for
raising the pressure of the recycle gases to the
pressure existing in combustion unit 7. Prefer-
ably, combustion unit 7 is operated at substan-

tially the same pressure as synthesis reactor 21
with no compression of the combustion unit

effluent and in this manner of operation only a

relatively small amount of compression of the re-

cycled gases is necessary.

Alternatively, the recycled gases from conden-
sation units 23 and 29 may be passed in whole
or in part to reforming unit {4 through conduits
34 and 41 without departing from the scope of
this invention although recycling to reformer 14
is not as desirable in most instances as recycling
to unit 7. Recycling of at least a portion of the
recycle gases to reforming unit 14 is particularly
desirable when the synthesis reaction is effected
in the presence of an iron or an iron oxide cata-
lyst since with such a catalyst the synthesis
reaction efluent contains appreciable amounts of
carbon dioxide. With a reduced iron ecatalyst
the composition of synthesis reaction efluent
may comprise as much as 20 to 50 per cent car-
bon dioxide. As vreviously discussed, carbon
dioxide reacts with methane and, therefore, re-
cyeling of the carbon dioxide-rich gases to re-
forming unit (4 is particularly desirable and re-
sults in a higher methane conversion at given
conditions and in a lower endothermic reaction
duty per unit of carbon monoxide manufactured
as compared with the use of steam and methane
alone.

' ‘The recycled gases in conduit 34 may be passed

in entirety fo either combustion unit T or to re-

forming unit (4 as will be most efficient and eco-
nomical under conditions of operation, or the re-
cycling gases in conduit 34 may be divided and

a_ portion passed to combustion unit 7 and the

other portion passed to reforming unit 4.

A typical composition of recycle gases is illus-
trated ‘in Table IV below when using an 1ron
synthesis catalysb
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Table IV

Mol per cent

Nz _._ 24
Ha . 474
Cco .. - 6.3
CO2 323
CH: . —— 85
Ce+ . e e 3.1
Totalo e 100.0

As is evident from the above typical composi-
tion a considerable amount of hydrogen and
combined carbon is present in the recycle gases.

‘The presence of such components is a readily

available source of synthesis feed gas (CO-}-Hz)
and, thus, the recycle of the normally gaseous
components of the synthesis efiluent to the meth-
ane conversion units is desirable. The hydrogen
in the recycle gases is not only a source of hydro-
gen for the synthesis reaction, but is known to
decrease carbon or coke formation during par-
tial combustion of methane such as is effected in
combustion unit 1.

In order to-prevent the build-up of nitrogen in
the system, particularly when using air as a
source of oxygen for combustion unit 1, a por-
tion of the recycle gases is continuously or in-
termittently passed to a carbon dioxide absorp-
tion unit 36 through conduits 24 and 37 or con-
duit 33. In absorption unit 38 the gases are
contacted with a suitable solvent for the removal
of carbon dioxide therefrom in the conven-
tional manner. Such solvents may comprise
monoethanolamine or other ethanol amines.
Nitrogen and other unabsorbed gases, such as
methane, are removed from absorption unit 36
through conduit 38 and vented to the atmosphere
or used as fuel. Carbon dioxide is recovered
from the rich solvent by stripping, by reducing
the total or partial pressure, or by heating, and
then the resulting lean solvent is returned for
the absorption of more carbon dioxide. The
desorbed carbon dioxide is removed from absorp-
tion unit 36 through conduit 39 and returned to
recycle conduit 24 for return to either combus-
tion unit 7 or reforming unit 4.

With regard to stripping the rich solvent of
absorption unit 36 by reduction of the partial

 pbressure, as a modification of this invention the
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rich solvent containing dissolved carbon dioxide
therein is contacted countercurrently with the
methane feed stream from conduits 6 or 12 and,
as the result of the reduced partial pressure of
carbon dioxide during contact with the methane
stream, the carbon dioxide is desorbed. A meth-
ane stream containing the desorbed carbon diox-
ide is then passed to either or both of methane
conversion units 7 and 14, as desired. By this
method of desorbing carbon dioxide from the
rich solvent, the necessity of heating the rich
solvent is obviated or at least minimized and the
carbon dioxide is converted to carbon monoxide
in the methane conversion zones, particularly in
reforming unit (4. )

Fig. 2 comprises a. diagrammatic arrangement
of apparatus illustrating a modification of the
present invention in which two synthesis reac-
tion units are employed rather than the single
synthesis reaction unit of - Fig. 1. For the
best understanding of this modification, a de~
scription thereof will be undertaken in ac-
cordance with the arrangement of apparatus of
Fig. 2. ' In Fig. 2, methane, natural gas or other
relatively low-boiling hydrocarbons are - con-
tinuously passed through conduit 51 by means of
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& condpressor (hot shown), if necessaty, to cofi-
duit 52 and thence -in ‘indirect heat exchange
with the reaction products of a combustion unit
53 to the inlet of combustion unit §3. Oxygen
is combined with the inlet methane stream by
means of conduit 54 and the resulting mixture
is burned under conditions of partial combustion
in- combustion unit 53 under similar conditions
and in g similar manneér as deseribed in Fig. 1.
The preheated methane stream may be ¢om-
bined: with steam injected therein throvgh con-
duit 386, if desired, in order to minimize the for-

mation of carbon and increase the conversion of -

methane. The temperature of combustion unit
53 is usually above 1800° F. and in order to re-

cover-at least a portion of the exothermic heaf -

of the réaction, water may be passed in indirect
heat exchange through conduit 58 with ¢ombus-
tion unit §3-to produce steam which may be used
for heating purposes, for compression vpurposes
or for use in the reaction between stéam and
methane. - A gaseous effluent comprising hydro=
gen and carbon monoxide in-a mol ratio less than
about 2:1, usually about 1:1 when fail gas is re-
cycled from the synthesis reaction, is removed
from combustion unit 53 through conduit 57 and
is passed to a conventional synthesis reactmn
unit 59.

Synthesis reaction unit 53 comprises a eohi=
ventional stationary or fixed bed reactor or a
conventional fluid bed reactor with - suitable
auxiliary equipment combined therewith Known
to those skilled in the art. . Synthesis reaction
unit 58 may comprise a plurality of reactors in
series or in parallel. . The reaction conditions of
operatiod will depend upon the product desired

and upon the particular catalyst used and will’

usually be within the aforesaid conditions-.of op-
eration with respect to synthesis unit-21 of Fig. 1,
except with regard to changes necessitated by
the charnge in composition of the synthesis feed.
Since the reaction effluent has a- relatively ‘low
ratio of hydrogen to carbon monoxide therein;
the most suitable catalyst for such low ratios is

iron and thus this catalyst is preferred. How--

ever, other conventional synthesis ¢atalysts, such

as cobalt or nickel, may be used: in syntheésis unit
59 without depau"t‘,mor from the scope of this in-
vention.

Synthesis .unit 59 comprises, in addition: to a;

reactor, .suitable condensation and separation
equipment. for separating normally ‘gasesus comm=
ponents, such as unreacted reactants, dnd nog-
mally liquid products of the Pprocess from. the
reaction efluent as:shown in Fig. 1 and: previously
destribed. A gaseous mixture comprising unre-

acted hydrogen and/or carbon monoxide, carbon’
dioxide and methane, is removed from. unit 59

through conduit 11 corresponding to-either con-
duit 24 or 33 of Fig. 1. Since the synthesis feed
to the:synthesis unit 59 has a relatively low mol
ratio ‘of hydrogen to carbon monoxide, usually
below about 2:1, the reaction efluent will contgin

a- relatively small proportion of “hydrogen -and

will'be rich:in carbon dioxide, especially when an
iron catalyst is used. ..An"analysis of -4 typical
recycle gas in conduit Ti is shown in Table V
below:

Table V Mol per cent
Na e s Ll 3:3
Ho i 28:1
CO e et 114
C02 o et s v e e At e e o 47.6
CHu oo e 6:1
G2+ _________ ——— - e 35
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Such a composition of recyele gas of course de-
pends on such operating ecnditions of synthesis
unit 9, as temperature, pressure, catalyst, space
velocity, composition of feed gas, etc. Accord-
ing to this modification, the gases are passéed
througn conduits 71 and 61 to a reformmg unit
€3 in 4 similar manner and for similar redasons as
described with regard to the recyclinig of a high
caibon dioxide content recycle gas to reforming
unit {4 of Fig. 1. Tt is desirable in this par-
ticular instance when there is a relatively low
concetitration of hydrogen and-carbon monoxide
and g relatively high concentration of carbon
dioxide in the récycle gases in conduit 71 not to
recycle such gases to combustion unit 53 béecause
carbon dioxide requires additional oxygen ahd
lowers thé hydrogen to carton monoxide ratio
of the product gas. Normally liquid hydrocar-
bonis' and oxygéenated organic compounds are
withdrawn from synthesis unit 58 through con-
duit 13 and passed through conduit 7% to con-
ventional purification and recovery units (not
shown) for the recovery - of products of the
process.

Simultaneously, with the partial oxidation of
methane in combustion unit 53 reforming of
methane is being effected in & reforming unit 63.
Consequently, methane is continuously passed
from conduit 5i through cenduit 84 to reforming
unit 68 and steam from conduit 82 is admixed
with the methane stream in reforming unit 63
to effect the reaction between steam and meth-
ane to produce hydrogen and carbon monoxide.
The operation of reforming unit 83 is similar to
theé operation of reforming unit {4 of Fig. 1 and,
therefore, the operating conditions, the con-
struction of the reforming unit and the manner
of operation need not be discussed in detail here.
The reforming operation is effected at a tem-
perature between about 1400 and about 1600° F.
in theé ‘presence of 'a catalyst by the indirect heat—
ing of the methane-steam mixture in tubes of a
conventional reforming furnace 63. A reaction
efluent comprising hydrogen and carbon ‘mon-
oxide in a -mol ratio greater than about 2:1 is re-
moved from reforming unit €3 through conduit
64 and is passed through & cooler 66 in which
steam is condensed from the efiient and removed
therefrom through conduit 67. The Teaction
effluent is cooled by cooler 66 to a temperature
below about 100° F. Fromm écoler 66 the cooled
effluent is passed, with or without compressmn
and/or- preheating (not shown), through con-
duit 68 to'a conventional synthesm reaction unit,
69 comprising either a conventional fixed or fluid
bed redctor, suitable auxﬂlary equipment and
conventional' condensation” and -accumulating
units for-the separation’ of products of reaction
and normally gaseous components of the efffuent.
The catalyst in synthesis reaction unit' €9 may
be any of the various conventional hydrogenat-~
ing céatalysts-for the production’ of hydrocarbons
and oxygenated organic-compounds, such as iron,
cobalt and nickel. The synthesis reaction con-
ditions are substantially the same as those de-
seribed with respect to synthesis reactor 21 of
Fig. 1-and synthesis unit 59 of Fig. 2. “Since ‘the’
synthesis feed comprises hydrogen' and carbon
rionoxide at a ratio greater than about 2:1, &
conventional and suitable catalyst in this step
comprises' cobalt. A cobalt catalyst may be ad-
vantageously employed in synthesis unit 69 be-
cause’ cobalt is charscterized for its' use with a
molar feed ratio of hydrogen to carbon mon-
oxide Between about 2:1 to 3:1, An iron cata-
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lyst, particularly a low alkali iron catalyst, can
be used and is preferable in some instances.

Since reforming unit 63 is operated at rela-
tively low pressures below about 160 pounds per
square inch gage, synthesis unit 69 can he op-
erated at relatively low pressures and may be
operated at pressures as low as 100 pounds per
square inch gage or lower, especially when using
a cobalt catalyst. The operation of unit 69 at
low pressures eliminates the necessity of com-
pressing the effluent from reforming unit #3.
Nevertheless, synthesis unit may be operated at
pressures as high as 500 pounds per sguare inch
gage without departing from the scope of this
invention.

Recycle gases are withdrawn from synthesis
unit 69 through conduit 72 which corresponds
to either conduit 24 or conduit 33 of Fig. 1. Re-
cycle gases from synthesis unit 69 contain a rel-
atively high concentration of hydrogen and a
relatively low concentration of carbon dioxide
because the original synthesis feed to that unit
contains a relatively high ratio of hydrogen to
carbon monoxide. A typical recycle gas com-
position passing through conduit 72 is shown in
Table VI below which composition depends upon
the operating conditions existing in synthesis
unit 69.

Table VI

Mol percent

N2 e 2.
Ha - _— e 135
CO e 5.4
CO2 . O S 9.7
L 6.8
O e 1.9
Total — e 100.0

Since the recycle gases in conduit 72 have such
a composition, it is very desirable on account of
their high pressure and the presence of hydro-
gen and methane to recycle these gases to com-
bustion unit §3 through conduits 72 and 82 as
previously described with regard to Fig. 1. The
presence of hydrogen in combustion unit 53 shifts
the production of carbon dioxide to the produc-
tion of carbon monoxide and results in a greater
volume of hydrogen in the reaction efluent from
combustion unit 53. Products of the process are
withdrawn from synthesis unit 69 through .con-
duit 74 and are combined with the products. of
the process in conduit 73 and are passed through
conduit 16 to conventional purification and re-
covery units (not shown).

In the event synthesis unit 69 is operated at
a pressure below the pressure existing in com-
bustion unit 53, a compressor (not shown) is pro-
vided in conduit 72 for compressing the recycle
gases to the inlet pressure of combustion unit 53.
Compression of the gases in conduit 72 instead
of in conduit 68 reduces the compression costs he-
cause the quantity of gases to be compressed is
less.

A portion of the recycled gases in conduits Tf
and 12 may be vented through conduits 17 and/or
18, in order to prevent the build-up of inert gases,
such as nitrogen, in the system. The gases from
conduits 17 and 18 may be vented to the atmos-
phere or used as fuel, or passed through & car-
hon dioxide absorption unit similar to unit 36
of Fig. 1, and the carbon dioxide recovered and
recycled to either or both of conduits 71 and 72,
preferably to conduit Ti.

Since relatively low ratios of Ha2:CO are con-
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ducive to CO: formation rather than water for-
mation, synthesis unit 89 of Fig. 2 can be con-
veniently operated with a high alkali iron cata-
lyst (1.0 to 2.0% alkali) to produce water sol-
uble oxygenated organic compounds, such as al-
cohols, acids, etc. The small quantity of water
produced decreases the cost of recovery of the
water soluble chemicals from the water. In
combination with the production of oxygenated
corapounds in synthesis unit 89, unit 69 is ad-
vantageously operated to produce the maximum
yvield of hydrocarbons, such as by use of a low
alkali iron catalyst or a cobalt catalyst. The
combination of chemical production in unit §3
and hydrocarbon production in unit 69 results
in a well-balanced process since it provides a
source of gasoline and chemicais from a single
integrated process.

Another single integrated process for the pro-
duction of gasoline and diesel fuel is provided by
the present invention when a low alkali iron cata-
lyst is used in the low ratio H2:CO unit §9 and
a2 cobalt catalyst is used in the high ratio
H2:CC unit 68. - The low alkali iron catalyst pro-
duces a high yield of gasoline motor fuel and the
cobalt catalyst produces a high yield of diesel
fuel. Of course, various operating conditions
characteristic for each catalyst and product,
which are known to those skilled in the art, may
be employed.

It is within the scope of this invention to re-
cycle a portion of the recycle gases directly to the
synthesis reaction zones of Fig. 2. Recycle gases
in conduit 71 may be divided and a portion passed
directly to synthesis unit 69, the recycle gases
being prepared by any of the methods described
with regard to Fig. 1. Additionally or alterna-
tively to the above, a portion of the recycle gases
in conduit 72 can be recycled directly to synthesis
unit 5. )

Certain valves, coolers, heaters, accumulators,
distillation columns, pumps, etc. have been
omitted from the drawings as a matter of conven-
ience and their use and location will become ob-
vious to those skilled in the art. - The length of
certain conduits of Figs. 1 and 2 of the drawing
are not proportional 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 com-
position of gases and theory in connection with
this invention are offered as illustration and
should not be construed to be unnecessarily limit-
ing to the invention.

Various modifications and alterations of the.
present invention may become apparent to those
skilled- in the art without departing from the
scope of this invention. For example, conversion
of coal or coke with steam and oxygen may be
substituted for the partial combustion of methane
in unit 3 to produce a synthesis feed gas of a
relatively low ratio of hydrogen to carbon mon-
oxide. Moreover, it may be necessary to remove
H2S from the feed stream in conduit 5f when the
feed is natural gas in order to prevent injury to
the catalysts and equipment.

I claim: s

1. An improved process for producing organic
compounds from normally gaseous hydrocarbons
which comprises reacting a carbonaceous feed
with oxygen in a first conversion zone under con-
ditions to produce the gaseous effluent compris-
ing hydrogen and oxides of carbon in a mol ratio
less than about 2:1, passing said gaseous effluent
from said first conversion zone to a first synthesis
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teaction zone under conditions such that hydro-
gen and an oxide-of carbon are converted:to or-
ganic ~compounds,:. simultaneously:: reacting a
normally ‘gaseous. hydrocarbon with steam in a
second:conversion zone. under. conditions to pro-
duce:.a gaseous efiluent comprising hydrogen and
oxides of carbon in a mol ratio greater than about
2:1,ipassing: said efluent:from said second con-
version:zone to. a second:synthesis reaction zone
under conditions such that -hydrogen :and .an
oxide of carbon .are converted to organic.com-
pounds, recycling normally ‘gaseous: components

10

of the efluent from said first synthesis reaction: -

zone to said second:conversion zone, and recycling

normally ‘gaseous -compounds. from. said ' second

15

. synthesis ‘reaction zone t;o said ﬁrst conversion:

zone.

2: Ari 1mproved mtegl ated process for produc- :

ing-organic compounds from: a normally gaseous
- hydrocarbon which comprises reacting a nor-
mally: gaseous hydrocarbon with oxygenina com=
bustion zone at a temperature between about 1700
and about 2600 degrees Fahrenheit and at a pres-
sure: between atmospheric and about. 500 pounds
per square inch gage to produce a gaseous effluent
comprising -hydrogen and carbon monoxide in a
mol ratio less than about 2:1, passing said efffuent
from said combustion. zone to a first synthesis
reaction zone, maintaining said first synthesis re-
action zone at a temperature between about 300
and about 700 degrees Fahrenheit and at a pres-

20

25

:30

sure between about atmospheric and at about 500

pounds per square. inch . gage, contacting . the
efiluent from said combustion zone in said syn-
thesis reactlon zone -with catalyst to produce. a
gaseous.-effluent comprising - organic: compounds
as-products of the. process and-a relatively large
proportlon of carbon d10x1de separating normally
gaseous compounds from said efffuent of said first
.synthesis.reaction zone, simultaneously reacting
a normally gaseous hydrocarbon with steam :in
a reforming zone at a temperature between about
1250 and about 2400 degrees Fahrenheit and.a
pressure below about. 100 pounds per square inch
gage -to produce a gaseous effluent . comprising
hydrogen and. carbon -monoxide in a mol. ratio
greater than about 2:1, passing said efluént from
said reforming zone-to a second synthesis re-
-action zone in contact with a catalyst therein,
maintaining a .temperature of reaction in said
second synthesis reaction zone between ahout 300
and about 450: degrees Fahrenheit to produce an
efluent. comprising organic compounds, hydrogen

35

40

50

and a relatively small proportion of carbon di-: :

ox1de separating normally. gaseous compounds
from. said effluent from said second synthesis re-
action zZone, recychng normally gaseous. compo-
nents of the efluent. from said first synthesis re-
action zone to said reforming zone, recycling nor-

mally gaseous: components of the effluent from

said second synthésis reaction zone to said com-~
bustion zone, and recovering said organic com-
pounds produced in said synthesis reaction zones
as products of the process, ;

“3. An 1mproved integrated process for produc-
ing organic compounds from a.normally gaseous
hydrocarbon which comprises reacting a normal-
ly.gaseous hydrocarbon with oxygen.in a combus-
tion. zone at. a tempﬂrature between about 1700
and abotit. 2600 degrees, Fahrenheit and at a pres-
sure between atmospheric and about. 500 pounds
per square: inch. gage to produce. a. gaseous efflu-
ent comprising hydrogen ‘and carbon monoxide

in; a-mol. ratio. less than about 2:1, passing: said:
emuent from. said: combustion zone to. a first.

55
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65

70
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synthesis teaction. zone, maintaining’ said. first:
synthesis reaction zone.at a temperature ‘be-
tween about 300 and about 700 degrees Fahren~
heit.and at a pressure between atmospheric:and
2t:-about-500 pounds per square inch gage cor-
responding approximately to the pressure exist-
ing :in 'said .combustion . zone, ‘contacting the

effluent from said combustion zone in said syn-
thesis ‘reaction  zone ‘with catalyst comprising
iron .to: ‘produce -a - gaseous effluent comprising
organic compounds as products of the process and
a-‘relatively large proportion-of carbon dioxide,
separating. normally gaseous- compounds from
said-effluent of said-first synthesis reaction zone,
simultaneously ‘reacting :a normally gaseous hy=:
drocarbon with steam in a reforming zone at &
temperature between about 1250 and about 2400
degrees ‘Fahrenheit: and :a pressure: below -about:
100- pounds per-square’ inch ‘gage to produce a
gaseous effluent comprising hydrogen and carbon
monoxide in a mol ratio greater than about2:1,

passing said effluent from said. reforming zone
to-a second synthesis reaction zone in contact
with a’catalyst comprising cobalt therein, main-
taining a temperature of reaction. in said sec-
ond- synthesis reaction zone between about 300
and about 450 degrees Fahrenheit-and a: relative-
ly -low ‘pressure corresponding approximately to
the pressure-prevailing in:said. reforming zone
to produce an -effluent comprising:organic coms=
pounds, hydrogen: and a rélatively small propor=
tion of carbon: dioxide, separating normally gase~-
ous-compounds from said effluent. from: said’ sec~
ond ‘synthesis- reaction zone, recycling normal-
ly:-gaseous compounds:from said first synthesis
reaction zone to said reforming zone, recycling
normally  gaseous compoeunds from :said. second
synthesis reaction zone to said combustion:zone,

and recovering said organic’ compounds::pro-
duced -in said synthesis reaction zones as prod-
ucts of -the process.

"4 An improved: mtegrated process for ‘the
simultaneous production of - oxygenated organic
compounds and - hydrocarbons which comprises
reacting a normally gaseous hydrocarbon  with
oxygen-in a combustion zone ‘under conditions
such that a gaseous effluent. comprising hydro-
gen and carbon- monoxide ‘in a mol ratio less:
than about 2:1 is produced, passing said.efluent
from said combustion zone to a first. synthesis
reaction ‘zone wherein: hydrogen and  carbon
monoxide. are converted to oxygenated organic
compounds, contacting said effluent from :said
combustion zone with a high alkali iron catalyst
in:said ‘first synthesis reaction zone under con-
ditions such-that a relatively high yield of oxy~
genated organic .compounds are produced, ;sep=
arating normally gaseous compounds including
a" relatively large .proportion of carbon dioxide
from' said - first ‘synthesis reaction' zone,: simul«
taneously : reacting “a normally gaseous. hydro-
carbon with steam in' a reforming zones: under
conditions such'that an efluent comprising hy-
drogen. ‘and. carbon monoxide in. @ mol. ratio
greater than about 2:1 is produced, passing said
efluent. - from: said reforming zone to a second
synthesis reaction zone wherein ‘hydrogen: and.
carbon monoxide are converted to hydrocarbons;:
contacting said efluent from said reforming zone
in- said second synthesis reaction zone with ‘g
low: alkali iron catalyst under conditions ‘such
that hydrocarbons .are produced in a relatively:
large yield, separating normally gaseous: com-
pounds including a- relatively large proportion
of hydrogen: from said' second synthesis reaction:
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zone,; reeycling the normally gaseous compounds
from -said first synthesis reaction zone to said
reforming zone, recycling the normally gaseous
compounds from said second synthesis reaction
zone to said combustion zone, and recovering
said oxygenated organic compounds and hydro-

carbons: produced in said synthesis reaction

zones as products of the process.

5. An improved integrated process for the
simultaneous production of gasoline and diesel
fuel which comprises reacting a normally gase-
ous hydrocarbon with oxygen in a combustion
zone under conditions to produce a gaseous
effluent. comprising hydrogen and carbon mon-
oxide .in a mol ratio less than about 2:1, pass-
ing said effuent from said combustion zone to
a first synthesis reaction zone in contact with a
1ow alkali iron catalyst, maintaining said first
synthesis reaction zone under conditions such
that hydrogen and carbon monoxide are convert-
ed to-gasoline quality hydrocarbons in the pres-
ence of said low alkali iron catalyst, separating
the normally gaseous compounds from said first
synthesis reaction zone, simultaneously react-
ing a normally gaseous hydrocarbon with steam
in a reforming zone under conditions to pro-
duce a gaseous effluent comprising hydrogen and
carbon monoxide in a mol ratio greater than
about ‘2:1, passing said effiuent from said re-
tforming zone to a second synthesis reaction zone
in contact . with a catalyst comprising cobalt,
maintaining said second synthesis reaction zone
under ‘conditions such that diesel fuel-quality
hydrocarbons are produced in the presence of
said cobalt catalyst, separating normally gase-
ous compounds from said second synthesis reac-
tion zone, recycling normally gaseous compounds
from said first synthesis reaction zone to said
reforming zone, recycling normally gaseous com-
pounds from said second synthesis reaction zone
to said combustion zone, and recovering said
gasoline quality and diesel fuel quality hydro-
carbons as products of the process.

6. An improved . integrated process for the
simultaneous -production of oxygenated organic
compounds and -hydrocarbons which comprises

reacting a normally gaseous hydrocarbon with

oxygent’ in a combustion zone under conditions
such that a gaseous effluent comprising hydrogen
and carbon monoxide in a mol ratio less than
about 2:1 is produced, passing said effluent from
said combustion zone to a first synthesis reaction
zone wherein hydrogen and carbon monoxide are
converted to oxygenated organic compounds, con-

tacting said effluent from said combustion zone -

with a high alkali iron catalyst in said first syn-
thesis reaction zone under conditions such that g
relatively high yield of oxygenated organic com-
pounds are produced, separating normally gaseous
components including a relatively large propor-

tion of carbon dioxide from the effluent of said.

first synthesis reaction zone, simultaneously re-
acting & normally gaseous hydrocarbon with
steam in a reforming zone under conditions such
that an efluent comprising hydrogen .and carbon
monoxide in a mol ratio greater than about-2:1
is produced, passing said effluent from said re-
forming zone to a second synthesis reaction zone
wherein hydrogen and carbon monoxide are con-
verted to hydrocarbons, contacting said effluent
from said reforming zone in said second synthesis
reaction zone with g cobalt catalyst under condi-
tions such that hydrocarbons are produced in a
relatively large yield, separating normally gase-
ous components including a relatively large pro-
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portion of hydrogen from the effluent of said see~
ond synthesis reaction zone, recycling the nor-
mally gaseous components from said first syn-
thesis reaction zone effiluent to said reforming

" zone, recycling the normally gaseous components

from said second synthesis reaction zone effluent
to said combustion zone, and recovering said oxy-
genated organic compounds and hydrocarbons
produced in said synthesis reaction zones as prod-
ucts of the process. :

7. An improved integrated process for produc-
ing orgahic compounds from methane which com-
prises reacting methane with oxygen in the pres-
ence of a nickel-containing catalyst in a com-
bustion zone at a temperature between about 1800
and about 1900 degrees Fahrenheit and at a pres-
sure between atmospheric and about 500 pounds
per square inch gage to produce a gaseous effluent
comprising hydrogen and carbon monoxide in a
mol ratio less than about 2:1, passing said efluent
from said combustion zone to a first synthesis re-
action zone, maintaining said first synthesis reac-
tion Zone at a temperature between about 450 and
about 650 degrees Fahrenheit and at a pressure
between atmospheric and at about 500 pounds
per square inch- gage corresponding approxi-
mately to the pressure existing in said combus-
tion zone, contacting the efiluent from said com-~
bustion zone in said synthesis reaction zone with-
catalyst comprising iron to produce a gaseous
efluent comprising organic compounds-as prod-
ucts of the process and a relatively large propor-
tion of carbon dicxide, separating normally gase-
ous compounds from said effluent of said first syn-
thesis reaction zone, simultaneously reacting
methane with steam in the presence of a reform-
ing catalyst in a reforming zone at a tempera-
ture between about 1400 and about 1600 degrees’
Fahrenheit and a pressure below about 100
pounds per square inch gage to produce a gaseous
effiuent comprising hydrogen and carbon mon-
oxide in a mol ratio greater than about 2:1, pass-
ing said efluent from said reforming zone fo &
second synthesis reaction zone in contact with a
catalyst comprising cobalt therein, maintaining
a temperature of reaction in said second synthesis
reaction zone between about 300 and about 450
degrees Fahrenheit-and g relatively low pressure
corresponding approximately to the pressure pre-
vailing in said reforming zone to produce an
effluent comprising organic compounds, hydrogen
and a relatively small proportion of carbon diox-
ide, separating normally gaseous compounds from
said efluent from said second synthesis reaction
zone, recycling normally gaseous compounds from.
said first synthesis reaction zone to said reform-
ing zone, recycling normally gaseous compounds’
from said second synthesis reaction zone to said
combustion zone, and recovering said organic
compounds produced in said synthesis reaction
zones as products of the process, )

8. Im the process wherein gases comprising car-
bon monoxide and hydrogen in hydrocarbon syn-
thesis proportions are generated in a synthesis
gas generation zone, and wherein said gases are
reacted under hydrocarbon synthesis conditions
in the presence of an iron type hydrocarbon syn-
thesis catalyst in a hydrocarbon synthesis reac-
tion zone, and wherein the gaseous reaction prod-
uct of the reaction between hydrogen and carbon
monexide comprises carbon dioxide, the steps
comprising -scrubbing at least a portion of said
gaseous reaction product with a solvent for car-
bon dioxide, countercurrently contacting the so-

5 Jution thus obtained with natural gas as a strip-
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ping gas whereby carbon dioxide is stripped from
said solution, passing at least a portion of said
stripping gas containing stripped carbon dioxide
to.said process and converting said stripping gas
and said carbon dioxide in said process.

8. In the process wherein gases comprising car-
bon monoxide and hydrogen in hydrocarbon syn-
thesis proportions are generated in a synthesis
gas generation zone, snd wherein said gases are
reacted under hydrocarbon synthesis conditions
in the presence of an iron type hydrocarbon syn-
thesis catalyst in a hydrocarbon synthesis reac-
tion zone, and wherein the gaseous reaction prod-
uct of the reaction between hydrogen and carbon
monoxide comprises carbon dioxide, the steps
comprising scrubbing .at least a portion of said
gaseous reaction product with a solvent for car-
bon dioxide, contacting the solution thus obtained

10
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with natural gas as a stripping gas whereby car-
bon dioxide is stripped from said solution, passing
at least a portion of said stripping gas containing
stripped carbon dioxide to said process and con-
verting said stripping gas and said carbon dioxide
in said process.
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