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BACKGROUND OF THE INVENTION

Field of the Invention: This invention relates

to a process for the production of fuel gas or synthesis gas.
More specifically the present invention relates to the
production of methane-rich synthesls gas comprising HQ,

CO and CHq by the partial oxidation of a hydrocarbonaceous
fuel.

Description of the Prior Art: Gaseous mixtures

substantially comprising HE and CO and containing minor

amounts of impurities such as COQ, N H,. S5, and CH, may

22 e 1
be made by thp partial oxidation of a liquid hydro:arbon
fuel. In sucﬁ processes, about 0.2 to 2 pounds of steam
may be present In the reaction zone per pound of fuel oil.
Further, the temperature in the reaction zone was
maintalned in £he range of about 1800 to 3500°F and
preferably from 2200 to 2800°F. because 1t was believed
that oxygen would not react properly with the hydrocarbon
fuel at ‘a temperature below about 1800°F.

Prior art processes for inereasing the amount
of methane in the effluent gas by means of cracking
hydrocarbon fuel at elevated temperature may be represented
by general equation I, which follows. The amount of
methane produced in such processes is a direct function of
the téﬁperature in the reaction zone. Accordingly, tem-

peratures were Kept above about 1800°F.
J=% . r
Co Wy Sp 2 (- %) OHy +

n r
t{m-g+e)C+rHS (1)
Further, to prevent the following undesirable
endothermic methane consuming reaction as shown by equation
1L, the ratio of HQO to fuel was kept below about 2.

CH) + H,0 -~ CO + 3I, (11)

~1-

x
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Gas mixtures made by such contemporary
gasification processés may have a methane content in the
range of about .5 to 2 mole % and a maximurn gross heating
value of about 300 BTU per standard cubic foot (SCF).

By applicants' process the heating values of synthesis
gas have been considerably increased.
SUMMARY.

Fuel gas substantially comprising Hg, co, 002
and from about 10-26 volume % of Cﬁq was unexpectedly and
unobvicusly produced by the partlal oxidation of g hydré-
carbmaceous del ;n_the reaction zone of a free flow non-

catalytic synthe;is gas generator under the followling

unlgue conditions. The autogenous temperature in the reaction

zone was malintained below 1700°F. by holding the H20 to
fuel weight ratio in the range of about 3-5 and the oxygen
to carbon atomic ratio in the range of about 0.60-1.2.

The pressure in the reactlon zone was 15 to 250
atmespheres. The product gaé, after removal of CO2 ang Hés
was found fto have a gross heating value in excess of 400 BTU
per standard cublc foot (SCF) and a minimum HE/CO ratio
(mole/nole) of about 1.5.

It is therefore a principal object of:thé present
inventlon to provide a continuous process for economically
and efficiently producing a methane-rich gas having a high
gross heating value and a high HE/CO mole ratio.

Another obJect of the invention is tb produce
a stream of fuel gas or synthesis gas having a comparatively

high methane content and improved heating value.
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DESCRIPTION OF THE INVENTION

The present invention involves an improved
continuous process for the production of a gaseocus mixture
comprising carbon monoxide, hydrogen and methane suitable‘
for use as a fuel gas. The product gas having a minimum
mole ratioc H /00 of about 1.5 may also be used as a process
gas for the iynthesis of organic chemicals.

The term hydrocarbonaceous fuel as used herein
1s intended to mean such feedstocks as various petroleum
distillates and residua, naphtha, gas oil, residual fuel,
reduced crudqe wholg crude, coal tar oll, shale oill and
taf sand oil.‘ Aléo included are oil and water slurries
of selid hydrccarbonaceous fuels e.g. coal and petrolaum
coke.

The hydrocarbonaceous fuel is introduced into a
reactlon zone of a free-flow noncatalytic synthesis gas
generator along with oxygen and HQO. The amount of each
reactant is controlied so as to maintain an unusually low
auvtogenous temperature in the range of about 1200°F. to
1700°F. The oxygen may be supplied in the form of an
oxygen-rich gas, l.e, air, oxygen enriched air (22 mole %
02 and more), and preferably substantially pure oxygen
{95 mole % O2 and more). The amount of oxygen is conirolled
50 as ﬁo prevent complete oxidation of the fuel. The
atomic ratio of free (uncombined) éxygen to carbon in the
feed (0/C ratio) is maintained in the range of about 0.60
to 1.2, and preferably below 1.0. The E,0 may be supplied
to the ger i~ tor in liquld or gaseous phase. It will react
with CO and hydrocarbon fuel and moderate the temperature
in the reaction zone. The H50 may be introduced in admixture

with the oxygen-rich gas or with the hydrocarbon fuel.
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The synthesis gas genervator is a eylindrical shaped
vertically aligned steel pressure vessel whose inside
valls are lined with refractory. An axially aligned Tlanged
inlet port is located at the top of the vessel and a flanged
outlet port is located at the bottom. The synthesis gas
generator is free from packing or other obstructions to
the flow of the gases therethrough. The various feedstreams
may be dintroduced into the gas generator at ambient
temperature, but preferably at a temperature in the range
of about 100°. to 800°F. An annulus type burner such as
described in coassigned U.S. Patent No. 2,928,460 issued
to DuBois Easéman et al mounted in the top flanged port
may be employed to introduce the various feed streams into
the synthesls gas generator.

Oxygen 1s mixed with the fuel mixture and gteam
in the reaction zone of the synthesis gas generator and
reaction takes place at an unusually low autogenous
temperature in the range of about 1200 to 1700°F. and
with an unusuelly high H20 to hydrocarbon fuel ratio l.e.,
3-5 parts by weight of HQO to 1 part by weight of fuel.

By operating in this manner a stream of synthesis gas
unexpectedly and unobviously lssued from the gas generabor
which contained 10 to 26 percent methane by volume on a
dry baéis while containing an acceptable yield of scot
(about L to 5 weight #). Further, the mole ratio H,/CO
was 3/1 or higher when the steam/fuel weight ratio was 4/1
er higher.

The carbon dioxide and hydrogen sulfide may be
removed from the product gas by a sultable conventional
process e.g. refrigeration, solvent absorption with
mono or triethanclamine or hot carbonate, or a conbination

of sald processes. Advantageously, H?S, Ccos, and 002
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mey be readlly removed from the product gas by means of the
Rectisol (process-developed by Lurgi) and Purisol (process-
developed by Lurgl and Linde}, as described in Industrial
and Englineering Chemistry Vol. 62, No. 7, July, 1970 pages
39-43, After removal of acid gases the methane content may
be increased to about 40 mole percent.

The following example 1s offered as a better
underatanding of the present invention, but the invention
ia not to be construed as unnecessarily limited thereto.

EAAMPLE T

The process fuel oll in this example had a gravity
of 16.9°API, a gross heating value of 18,585 BTU/1b., and
the following analysis in weight percent: ¢ 85.10, H 12.18,
0 0.00, N 0.72, 8 1,96, and ash 0.04, 240.7 pounds per
hour of sald procesz fuel oll at a temperature of about
229°F, were charged into the reaction zone of a noncatalytic
free-flow unpacked synthesis gas generator, Substantielly
pure oxygen (99.5 mole % of 02 or higher) was preheated to
a temperature of 100°F, and was supplled to sald reaction
zone at a rate of 2,729.,5 standard cublc feet per hour
(230.2 lbs/hr) 1n admixture with B52.6 pounds per houg of
process steam at a temperature of TY0°F. The resulting
mixture of oil, steam and oxygen was reacted in a 2,14 cubic
foot genarator at an autogenous temperature of 1690°F. and
at a pressure of 2200 psig.

9,538.2 standard cubic feet per hour of effluent
gas was dlischarged from the reaction zone having the
followlng analysis in mole percent {dry basis): carbon
monoxide 13,73, hydrogen 34.57, methane 20,45, carbon
dioxide 30.77, and hydrogen sulflide 0.30., In additiom,

about 4,03 weight percent of particulate carbon (basis
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carbon in the fuel) was present in the effiuent gas.

The carbon dioxide and hydrogen sulfide may be
removed from the effluent gas by means of the previously
described Rectlsol system. The resulting preoduct gas
which may be used as a fuel gas or synthesis gas has a
gross heating value of about 528 BTU per standard cubic

feet and comprises about 30 volume % of methane.

The process of the invention has been deécribed
generally and by example with reference to materials of
particular compositions for purposes of clarity and
illustration only. "It will be apparent to those skilled
in the art from the foregoing that varlous modificaticns
of the process angd materials disclosed hereln can be made

wlthout departure from the spirit of the invention.

6
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The embodiments of the invention in which an
exclusive property or privilege 18 clalmed are defined as
Tfollows:

1, In a process for the production of.fuel gas or
synthesis gas by the partial oxidation of a hydrocarbon-
aceous fTuel with an oxygen-~rich gas‘and HEO in the reaction
zone of a noncatalytlc, free-flow synthesls gas generator
the improvement cemprising, intreducing the charge into said
reaction zone at & welght ratioc of H20 to fuel in the range
of about 3-5 to 1 and an atomlc ratio of free oxygen to
carbon (0/C ratuain the range of about 0.60 to 1.2, and
reacting said materials by partial oxidation in sald resction
zone at an autogenous temperature in the range of about
1,200° to 1,700°F. and at a pressure up to about 250
atmospheres, wherein the effluent gas mixture from the
reaction zone principally comprises hydrogen, carbon oxldes
and a minimum of about 10 volume percent of methane on a

dry basis.

2, The process of Claim 1 wherein said hydrocarbon-
aceous fuel is a liquid hydrocarbon selected from the
group consisting of petroleum distillate and residuas,
naphtha, gas oil, residual fuel,»reduced crude, whele crude,tar
oll, shele oil and tar sand oll.

3+ The process of Claim 1 whereln sald 0/C ratio is
less than 1.0 and with the added step of removirg acid
gases from sald effluent gas to produce a fuel gas having a
minimum molecular ratioc HE/CO of 1.5 and a gross heating

value of at least 400 BTU per standard cuble foot.
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i, The process of Claim 1 wherein said hydrocarbon-
aceous fuel is a slurry of solid hydrocarbonaceous fuel in a
llgutd selected from the group cousisting ¢f oll and water.

5. The process of Claim I wherein said hydrocarbon-
aceous fuel 1s selected from the group consisting of coal and
petroleunm coke.

6. The process of Claim 1 wherein sald oxygen-rich
#gas 1s selected from the group consisting of air, oxygen
enriched air (22 mole % O2 and more), and pure oxygen {95 mole

% 0, and more).





