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This invention relates to a process for the
manufacture of carbon monoxide and hydrogen
synthesis gas. In one of its more specific aspects
it relates to a process for the manufacture of
synthesis gas by the partial oxidation of natural
gas or methane and of heavier paraffin hydro-
carbons. In a preferred embodiment this inven-
tion relates to the manufacture of synthesis gas
of a hydrogen to carbon monoxide mol ratio in
the range of 1.7:1 to 2.3:1, and to the prevention
of excessive carbon and carbon dioxide forma-
tion.

In processes such as the manufacture of hy-
drocarbons by the Fischer-Tropsch method or
the manufacture of oxygen-containing com-
pounds such as aleohols from carbon monoxide
and hydrogen, it is usually desirable to use as
a charge material, synthesis gas in a mol ratio
of hydrogen to carbon monoxide of about 1.7:1
to 2.3:1. When such a ratio is not used, unde-
sirable side reactions take place and product
yields are undesirably reduced. Such a synthesis
gas as may be most advantageously used in these
processes is not, however, always readily. avail-
able because of the presence of parafiin hydro-
carbons heavier than methane in the feed to a
synthesis gas manufacturing process.

One common method for the preparation of
carbon monoxide and hydrogen synthesis gas is
by the partial oxidation of natural gas or meth-
ane. The partial oxidation of pure methane will
give the highest mol ratio of hydrogen to carbon
monoxide; because heavier hydrocarbons, some
of which are present in natural gas, have a lower
hydrogen to carbon mol ratio, thus causing a
concomitant lower ratio of hydrogen to carbon
monoxide in the synthesis gas made therefrom.
Because of the lower mol ratio of hydrogen to
carbon in hydrocarbons heavier than methane,
such- as ethane, propane, butane, and heavier,
it has been the practice to maintain their volume
at a minimum- in the charge stocks to partial
oxidation reactions for the preparation of syn-
thesis ‘gas. = A further reason for maintaining
only small quantities -of hydrocarbens heavier
than methane in such charge stocks is because
of their tendency to form carbon during the par-
tial oxidation reaction thus cutting down oper-
ating efficiency.

. An object of this invention is to provide a proc-
ess for the manufacture of carbon monoxide and
hydrogen synthesis gas.

Another object of this invention is to manu-
facture synthesis gas in the desired mol ratios
of hydrogen to carbon monoxide by an economi-
cal and novel process.
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Another object of this invention is to provide
a process for the manufacture of carbon mon-.
oxide and hydrogen synthesis gas wherein depo-
sition of carbon and formation of excessive car-
bon dioxide are materially inhibited. :

Another object of this invention is to manu-
facture hydrogen and carbon monoxide synthesis
gas in a ratio in the range of 1.7:1 to 2.3:1 from
methane or methane-containing gases such. as
natural gas which also contains up to 20 to 40
mol per cent of Cz2 and heavier paraffin hydro-
carbons. o i

Further objects and advantages of this inven-
tion will be apparent to one skilled in the art.
from the accompanying disclosure and discus-.
sion. :

I have discovered a process whereby synthesis.
gas of an optimum mol ratio of hydrogen to car-
bon monoxide may be produced by the partial
oxidation of methane or a methane-containing
gas such as natural gas containing as much as
20 to 40 mol per cent of C2 and heavier paraffin
hydrocarbons. I have also discovered that such
a synthesis gas may be made when hydrogen is
present along with the Cz and heavier parafiin
hydrocarbons. !

In accordance with my invention a gaseous hy--
drocarbon material such as natural gas or meth~
ane, containing as much as 20 to 40 mol per cent
of C2 and heavier paraffin hydrocarbons may be -
partially oxidized by an exothermic reaction with
oxygen or an oxygen-containing gas-such as.air
at an elevated temperature in the range of 2000
to 2500° F, to produce carbon monoxide and hy-
drogen synthesis gas. Generally it is preferred
to use those hydrocarbons heavier than methane
which fall in the range of Cz to Cs in the charge
stock. The heavier the hydrocarbon the lower .
is its hydrogen to carbon ratio, and therefore the
greater the quantity of hydrogen required: to-:
bring the ratio of hydrogen to carbon monoxide )
in the synthesis gas to within the range of 1.7:1 ..
to 2.3:1. Since it is desirable to maintain the
partial oxidation step on an exothermic: basis,
only a limited amount of steam may be added ;
to raise the hydrogen to carbon monoxide-mol :
ratio. The following equation shows how the.’
amount of hydrogen may be increased by the use
of steam, however, since this reaction -is..endo- .
thermie, it may not be utilized fully. Therefore, -
the difference between the desired guantity of
hydrogen and the hydrogen produced is made -
up according to my process by utilizing hydrogen
produced in the cracking step hereinafter dis-
cussed. In one embodiment of my invention it-is .
not necessary to use steam at all to increase :the :
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quantity of hydrogen since the deficiency may be
made up completely from that produced in the
cracking step.

@:. C2He4-2H20->2C04-5H;

The product of the exothermic partial oxidation
reaction which comprises carbon monoxide, hy-
drogen, steam, carbon dioxide, and some unre-
.acted hydrocarbon, is rapidly quenched by con-
tacting a cracking stock such as, for example,
propane, a propane-rich stock, or paraffin hydro-
carbons in the range of C2 to C4 in indirect heat
exchange and thereby causing thermal cracking
of said cracking stock and rapid quenching of
the product gases to a temperature in the range
of 1200 to 1600° F. Heavier cracking stocks may
be used, however, because they may generally be
cracked at temperatures lower than those re-
quired for C2 to C: paraffins; the contact time
must be very short. It is also more desirable to
use the Ca to Cs cracking stocks because the
heavier hydrocarbons deposit a good bit of coke
or carbon when cracked at temperatures prevail-
ing in the quenching step of my invention. Such
quenching may be accomplished by passing the
cracking stock through a system of heat ex-
change tubes in the same reaction chamber and
adjacent to the partial oxidation zone so that
uniform contacting with the product synthesis
gas is obtained. Following the quenching step
wherein the temperature of the partial oxidation
product is substantially reduced, the product is
further cooled by ordinary heat exchange means
such as waste heat boilers and the like to effi-
ciently utilize the remaining exothermic heat
of oxidation and to rapidly cool the product ma-
terial to a temperature below 900° F. By such
rapid quenching and cooling I am able to reduce
the temperature of the partial oxidation prod-
ucts below the temperature at which the water
gas shift shown below in Equation 2 is effective,
thus reducing substantially the amount of carbon
dioxide present in the synthesis gas.

2) CO-+H20€2C024-Hz

By controlling the water gas shift reaction in
this way by rapidly quenching the partial oxida-
tion products through the temperature range at
which it takes place, valuable carbon monoxide
is kept from reacting with steam to form carbon
dioxide and hydrogen.  The hydrogen to carbon
monoxide mol ratio is less than that obtained
by letting the water gas shift take place, how-
ever, this may be circumvented by the addition
of hydrogen from the cracking step. Direct
quenching of the synthesis gas with- Co—Cs par-
affins may also be used, but is less preferred, since
the individual reaction conditions are more dif-
fieult to control in such an operation.

The product from the thermal cracking which
contains hydrogen, methane, ethylene and other
hydrocarbons, depending on the particular
charge stock, is separated in such a manner that
an overhead fraction containing hydrogen and
methane is recovered. At least a portion of this
hydrogen-methane fraction may be introduced
to the partial oxidation reaction along with the
other charge stock. By so operating I have found
that the amount of carbon deposition is reduced,
possibly because the hydrogen thus added to some
extent inhibits the carbon deposition due to
cracking of the heavier hydrocarbons.

Further, the introduction of the hydrogen

builds up the mol ratio of hydrogen to carbon -

monoxide to the desired value which is prefer-
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4

ably in the range of 1.7:1 to 2.3:1. The quanti-
ties of hydrogen necessary will vary with the
charge stock used in the partial oxidation and
their determination is well within the skill of the
art. It is within the scope of my invention, and
in some cases, depending on the charge stock to
the partial oxidation process, it may be desirable,
to separate the hydrogen from the hydrogen-
methane fraction to be introduced to the syn-
thesis gas reaction zone and introduce it instead
to the cooled product synthesis gas.

By adjusting the mol ratio of oxygen to the
hydrocarbon material which is partially oxidized
according to my process to maintain an oxidizing
atmosphere in the partial oxidation step, one is
able to further reduce the formation of elemental
carbon. For example, when natural gas is the
source of the hydrocarbon to be oxidized, a de-
sirable mol ratio of oxygen to hydrocarbon to
maintain an oxidizing atmosphere has been
found to be from 0.7:1 to 0.9:1. Obviously, this
will vary, depending on the hydrocarbon oxi-
dized, however, one skilled in the art may readily
determine such ratios.

The heavier product from the thermal cracking
step which will generally contain considerable
quantities of olefins, i. €., the C2 and heavier
product, may be wused for such processes as
alkylation or polymerization where it is reacted
to form still heavier hydrocarbons. Any of the
many alkylation processes may be used such as
boron ftrifluoride, aluminum chiloride, sulfuric
acid, hydrofiuoric acid, and thermal alkylation.
Such a process provides for the formation of
hydrocarbons, such as for example those which
are suitable for use in gasoline, by the reaction
of an isoparaffin with an olefin. The particular
alkylation process used will often depend on the
materials to be treated and therefore my inven-
tion is not to be limited by the selection of one
particular process.

When the C2 and heavier product from the
thermal cracking step of my invention is used
as part of the feed to a catalytic alkylation proc-
ess, it is first desirable to remove the acetylene
which will deactivate the catalyst quite rapidly.
It is also desirable to remove it as a valuable
by-product of the process. Any suitable method
for selectively removing acetylene known to those
skilled in the art may be employed, such as, se~
lective catalytic oxidation; selective solvent ex-
traction using high pressure water, acetic acid,
or ammoniacal cuprous or silver salts; or selec-
tive catalytic hydrogenation. It is also desirable
to remove diolefins, such as butadiene, from the
alkylation feed.

The cracked hydrocarbon product containing
olefins from which a hydrogen-methane fraction

has been removed, and from which may also be

removed an acetylene fraction when desired, is
passed to an alkylation process along with an
isoparaffin such as isobutane. At present it is
usually not desirable to use isoparaffins heavier
than isobutane as charge to an alkylation process
because they are more valuable as motor fuel
constituents, however, it is within the scope of
my invention to use such hydrocarbons, Any
barafin or other hydrocarbons present in the
cracking product may be passed through the
alkylation process where some of them -may
alkylate to some extent or they may be removed
before alkylation by conventiona] means such as
fractional distillation or by solvent extraction.

If it is desired to polymerize the product from:
the cracking step of my invention, any of the
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conventional thermal or catalytic processes may
be employed. One advantage of using ‘a poly~
merization process to treat the cracked materials
is that no other material need be utilized along
with the olefins to produce heavier hydrocarbons,
as is the case when employing alkylation. Suit~
able catalysts for use in catalytic polymerization
of the cracked materials have been found to be
solid phosphoric acid, sulfuric acid, promoted
metal oxides, and the like.

10

The product from either alkylation or poly- -

merization of the thermally cracked materials
is separated and used as desired. Usually it is
most economical to separate the Ca to Cs: par-
affins from such products for recycle to the
cracking step, and then separating the remaining
materials as ‘desired, such as in the case of
alkylation, into gasoline range hydrocarbons, and
heavier alkylate. The polymerization products
may be similarly separated as the economics of
the process demand. If is also within the scope
of the invention to isolate individual olefins from
the cracking product and use them individually
to alkylate isoparafins in separate alkylation
zones under optimum conditions for each olefin.

A more clear understanding of some of the
many aspects of my invention may be had by
referring to the attached drawing, which is a
schematic flow diagram, in conjunction with the
following discussion, Various valves and other
conventional equipment necessary for the prac-
tice of this invention will be familiar to one
skilled in the art and have been omitted from
the drawing for the sake of clarity. The dis-
closure provides one method for operating my
process, however, while this is representative in
general of my proocess, various minor changes
may be made in adapting the process to the vari-
ous conditions within the scope. of the invention.

Refer now to the drawing. Natural gas is in-
troduced to partial oxidation zone A of reaction
chamber {0 by line {f along with oxygen intro-
duced through lines 12 and 11 and/or steam and
carbon dioxide introduced through lines 13, 12,
and 11. These materials are burned together at
a temperature in the range of 2000 to 2500° F.
and for a period of time in the range of 0.02 to 2
seconds, but preferably in the range of 0.1 to 1.5
seconds in such a manner that a partial oxida-
tion of the hydrocarbon takes place thus pro-
ducing carbon monoxide and hydrogen as the
principal constituents of the efluent material.
The effluent from zone A of chamber {8 is passed
to zone B where it contacts heat exchange tubes
{4 through which is passed a propane cracking
stock introduced through line I5. By so contact~-
ing the heat exchange tubes the cracking stock
is heated to an elevated temperature at which
it is thermally cracked or dehydrogenated, and
the partial oxidation preducts are quenched by
removal of exothermic heat used in said cracking.
The cracked material from coils 14 is passed via,
line {6 to a separation zone i1, such as a frac-
tional 'distillation column, flash chamber, or
charcoal adsorption unit, wherein a hydrogen-
methane fraction is separated from a C2 and
heavier fraction. The hydrogen-methane frac-
tion is removed vig line {8 and may be passed
vig lines 19 and {1 back to the partial oxidation
zone. However, it is within the scope of my in-
vention that only portions of this light fraction
may be passed to the partial oxidation zone or
none at all, depending on the feed stock to zone
A. This is necessary because of the varying ratio
of hydrogen to carbon monoxide which may be
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introduced to coils {4 via line {5.

obtained: dépénding upon the particular charge-
stock used. For example, in one case a synthesis
gas may be obtained having a ratio of hydrogen
to carbon monoxide of 1.5 to 1 and thus it would
be desirable to introduce a guantity of hydrogen
to increase this ratio to at least 1.7 to 1. Like-:
wise, a product may contain hydrogen to carbon
monoxide in a ratio of only 1.3 to 1 and a greater
quantity of hydrogen will be necessary to raise
the hydrogen content of this mixture to that of
at least 1.7 to 1 than would be necessary in the
previous example. Therefore, it is obvious that
under different circumstances it will be desirable
to add different quantities of hydrogen.  There-
fore, it may be necessary to send a portion or all
of the hydrogen-methane fraction separated in .
zone 1T to storage means or to other use via::

“line 20.

The C2 and heavier fraction from the cracking
step, containing appreciable quantities of olefins,
which is removed from zone 17 via line 2f is
passed to alkylation zone 22 via line 23 or line
24. In one case, that of introdueing this fraction
through line 23 to the alkylation zone, the frac-
tion contacts the material to be alkylated within
zone 22, and in the other case it is admixed with
the material to be alkylated such as isobutane
prior to introduction to the alkylation zone. The
above mentioned alkylation may advantageously
take place in the presence of a catalyst such as
aluminum chloride or other well-known alkyla-
tion catalysts as have been previously discussed.
The total efiuent from alkylation zone 22 is
passed via.line 25 to separation zone 26 where it
is separated into desired fractions. A CxCi
paraffin fraction may be removed from zone 2§
via line 27 and passed to line {5 where it is ad~
mixed with the propane cracking stock which is
By thus re-
cyeling propane, the cracking stock is reacted to -
extinetion. Unreacted isobutane is also separated
in zone 26 and passed via lines 28 and 24 to
alkylation zone 22. A C: fraction is removed
from zone 2§ via line 28. Light alkylate and
heavier alkylate fractions are removed from this
same zone via line 36 and 31 respectively.

The quenched partial oxidation products are
removed from zone B of chamber {0 via line 32
and are utilized for heating steam and the like
in waste heat boiler 33. Cooled synthesis gas in
an average ratio of hydrogen to carbon monoxide
of about 2 to 1 is recovered via line 34 for use in
such processes as Fischer-Tropsch synthesis and.
methanol synthesis.

Thus it may be seen that advantages of my
process are the production of a synthesis gas
which may contain hydrogen and carbon mon-
oxide in a mol ratio above that obtained by the
usual partial oxidation reaction; economical uti-
lization of heat of oxidation; rapid quenching of
partial oxidation products to substantially reduce
the formation of carbon dioxide by the water gas
shift reaction; and the formation of alkylate or
other hydrocarbon fractions suitable for use in
gasolines, solvents, and the like.

Although this process has been described and
exemplified in terms of its preferred modifica-
tions, it is understood that various changes may
be made. without departing from the spirit and.
scope of the disclosure and of the claims.

I claim:

1. A process for the manufacture of hydrogen
and carbon monoxide synthesis gas, which com-
prises subjecting a C1 to Cs parafiin hydrocarbon
to partial oxidation in the presence of an oxygen
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containing gas. at, 4 temperature in the range of

2000:to 2500° F: and for a penod of time in the,\
range of: 0 02 to 2;seconds, rapidly. quenching the.

product of said partial oxidation by indirect heat.
exchange with a cracking stock and. thus rapidly
cooling said. product to a temperature in the
range.of 1200.t0.1600° F: and. thermally cracking

said cracking.stock, rapidly.cooling the quenched.

partial oxidation product. to a.temperature below.
about: 9002 F. to.prevent the. formation of. ex-
cessive carbon dioxide, separating the. product of.
said thermal cracking and recovering a hydro-
gen. and methane fraction therefrom, a.portion
of which is. passed. to.the partial oxidation reac-
tion, and recovering. hydrogen and carbon mon-
oxide from said- partlal oxidation in an. optimum.
ratio in the range of 1.7:1 to 2.3:1.

2. A process for the manufacture of hydmgen
and carbon. monoxide synthesis gas in a ratio in
the range of 1.7:1 to 2.3:1, which comprises
partxally oxidizing a methane-containing gas
whxch contains not more than 20 to 40 mol per
cent Cz and heavier parafﬁn hydrocarbons in the
presence of an oxygen- -containing gas at a tem-
perature in the range of 2000 to 2500° F. and for
a period of 0.1 to 15 seconds, rapidly quenching
the product of said partial oxidation by indirect
heat exchange with a Cz to Cs« paraffin cracking
stock and thus reducing the temiperature of said
partial oxidation product to within the range of
1200 to- 1600° F. and thereby supplying heat for
cracking said paraffin, cooling the quenched par-
tial oxidation product to a temperature below
about 900° F. to prevent the formation of exces-

sive carbon dioxide by the water gas shift reac- ¢

tion, and recovering the synthesis gas product
of said partial oxidation as a product ‘of the
process; separating the product of said thermal
cracking and recovering a hydrogen and methane
fraction therefrom, and passing 4 sufficient quan-
tity of the hydrogen and methane fraction. to
said partial oxidation to raise the hydrogen con-
tent of the product synthesis gas so that a ratio
of hydrogen to carbon monoxide in the range of
1.7:1 to 2.3:1 is obtained,

10

8.

4, A process accordlng to clalm 2 whexem the
oxygen-contaxmng gas is air.

5. A process. accordmg to claim 2 _wherein the
methane-contaxmng gas is natural gas.

6. A process for. 'the manufa,cture of hydrogen
and carbon monoxide synthesis gas, which com-
prises subjecting natural gas which contains not
more than 20 to 40 mol per.cent Ca to C¢ paraffin
hydrocarbons to partial oxxdatmn in the presence'
of an oxygen-contmnmg gas at a temperature in
the range of 2000 to 2500° F. and for a period of
time in"the. range of 0.1 to 1.5 seconds, rapidly
quenching. the “product. of said partial ox1dat10n

by mdlrect héat exchange with a propane crack-

40,

ing, ‘stock and thus rap1d1y cooling said ‘product
to. a témperature in the ‘range 0f'1200 to 1600° F.
and thermally crackmg said propane crackmg
stock rapldly cooling. said quenched partial oxi-
dation product to a temperature below about 900°.
F."to prévent the formation of carbon d10x1de by
the water gas shift reaction, separating the prod-
uct of said cracking and recovering a hydrogen,
and. methane fraction therefrom, and passing a
sufficient quantity. of said hydrogen-meéthane
fractmn to said partial oxidation to bring the
ratio ‘of hydrogen to carbon monoxide in the
product in"the range of 1.7:1 to 2.3:1 and re-
covering. thls synthesxs gas as a product of t;he,
process.
S GRANT STEWART.
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