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(57) Abstract

A process for the conversion of hydrocarbons in which a gaseous fuel is mixed with an oxygen containing gas in a
reactor (1) by passing one component through an annular space (5) and then through the holes (9) of a foraminous cone (2)
and the other component through the nozzle (3) located at the throat of the cone. The resultant fuel/oxygen containing gas
composition is fuel rich and is ignited (B) and reacted in the reaction chamber. The product of the process may be with-

drawn and collected.
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partial combustion of hydrocarbons

The present invention relates to a process for the partial
combustion of hydrocarbons to produce useful products.

It is desirable to convert readily available feedstocks such as
natural gas into more commercially useful products such as higher
hydrocarbons, unsaturated hydrocarbons, synthesis gas, and
methanol. The present invention relates to a conversion process for
such a purpose and which is flexible in operation.

Thus according to the present invention there is provided a
process for the conversion of hydrocarbons comprising the steps of
(a) passing a gaseous fuel or an oxygen containing gas through a

foraminous cone so as to mix with oxygen containing gas or a gaseous

. fuel issuing from a nozzle located at the throat of the cone, (b)

the fuel/oxygen containing gas composition being fuel rich, (c)
igniting and reacting the resultant mixture, and (d) withdrawing the
products of the process.

The fuel is suitably natural gas, liquid petroleum g3,
residual fuels, liquid containing dispersed solid fuels etc. and the
oxygen containing gas may be pure oxygen, oxygen—-enriched air or
air. The reactants are preferably pre~heated before introduction to
the reactor.

The reactor for the process has an external housing which
encloses the foraminous cone. The housing may have holes located
downstream of the cone in order to allow quenching e.g. by the use
of radially injected water, of the products to conserve any higher
hydrocarbons. Also the products may be quenched with gaseous or
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liquid hydrocarbons to increase the yields of higher hydrocarbons.
Thus the quenching stage may be used to control the final products
of the claimed process.

The materials of construction of the reactor include metals,
such as stainless steel, and ceramics and are chosen to withstand
the temperature and conditions of reactor operation. ,

The foraminous cone is preferably a cone having rows of holes
extending along radial lines from the throat of the come. The rows
may be straight or have a curved configuration. The cross-section
of the holes may increase from the throat to the mouth of the cone.
The hole size is dependent on the required thrbughput and pressure
drop of the reactor (the pressure drop usually being of the order
2-35% of the pressure in the system). The holes may be of various
shapes such as circular, square, diamond-like, oval etc.

The nozzle preferably has a plurality of outlets, each outlet
preferably being adapted to direct fuel or oxygen containing gas
between the rows of holes, most preferably one outlet being
associated with a specific row of holes. The nozzle may be cooled
e.g. by a steam or water line.

A reactor arrangement which may be adapted for use in the
present invention is disclosed in UK patent application
No 1575641. :

At atmospheric pressure the preferred fuel rich composition is
1.1 to 5 times the ratio of fuel/oxygen for complete combustion to
carbon dioxide and water (stoichiometric ratio), but these limits
are extendable if operation at system pressures of greater than
atmospheric are envisaged. The composition will vary dependent upon
the fuel used. Commercial reactor systems would probably be
operated at elevated pressures of up to 100 bar.

It is also envisaged that hydrogen or steam may be co-fed with
either the hydrocarbon fuel or the oxygen containing gas or both.

The products of the reaction vary depending upon the reactants,
conditions, quenching etec. and may include carbon monoxide,
hydrogen, water, carbon dioxide, methane and higher hydrocarbons.

It is envisaged that for the conversion of large quantities of
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fuel, an array of reactors could be used.

The invention will now be described by way of example only and
with reference to Figures 1 and 2 of the accompanying drawings.

The reactor takes the form of cylindrical housing 1 which
encloses a foraminous cone 2. A nozzle is located at the throat of
the cone 2 for supplying either oxygen or fuel to the interior of
the cone. The nozzle is supplied by tube 3 which has its
longitudinal axis co-axial with the axis of the housing.

In the present example, oxygen is supplied from feed pipes (not
shown) into the annular space 5 between the housing 4 and the tube 3
and passes through the holes 9. An intermediate tube (not showm) 1is
connected to a source of water or steam which acts as a coolant for
the nozzle 3. The tube 3 is connected to a fuel supply (not shown)
and the fuel emerges from outlets 6 in the nozzle.

The cone 2 which may be fabricated from say stainless steel,
ceramic materials, or quartz has rows of holes 9 extending along
radial lines from the throat of the cone. The rows have a slightly
curved configuration and the cross-section of the holes increases in
size from the throat to the mouth of the cone. In the present
example the diameter of the holes was in the range 2 to 3 mm
(Figure 2).

The nozzle has a plurality of outlets capable of directing fuel
along the internal surface of the cone. The nozzle outlets are
adapted to direct the fuel between the rows of holes, each outlet
being associated with one row of holes.

The reactor may be used either (a) with fuel gas emerging from
the nozzle outlets so as to mix with oxygen or an oxygen containing
gas passing through the holes of the cone or alternatively (b) with
Oxygean or an oxygen containing gas emerging from the nozzle outlets
80 as to mix with fuel passing through the holes of the cone. The
present example is directed towards alternative (a).

During use of the reactor, fuel gas in the form of methane is
supplied to the tube 3 and emerges in a series of jets from the
nozzle outlets. Oxygen or oxygen-enriched air is supplied from the
plenum chamber (not shown) and emerges from outlets into the annular
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space 5 and thereby passes through the holes into the interior of
the cone. The angle of the methane and oxygen jets intimately mixes
the methane and oxygen. The methane/oxygen mixture is ignited
within the cone by means of a spark igniter 8. The products of the
reaction are drawn off downstream from the cone.

Further holes 7 in the housing may be used to pass quenching
gteam or water into the reaction zone.

Figure 2 shows the cone 2 in greater detail. The ten dat&m
lines 20 are equi-spaced at 36° intervals. For example, relative to
each datum line is a toﬁ of four holes, there being a total of forty
holes in the cone. The cross section of the hole increases in the
direction from the throat to the mouth of the cone. Figure 2(a) is
a view from the inside of the cone and figure 2(b) is a side view.

The table shows results obtained for the conversion process
using natural gas as fuel and oxygen or oxygen enriched air as the
oxygen containing gas. There was no pre~heating of the reactant
gases and there was little or no soot formation.

Run numbers 1 to 4 show the effect of increasing oxygen content
of the reactant gases, and run numbers 5 to 10 show the production
of Cy+ in the products. By variation of the oxygen content of the
reactant gases, the relative yields of Cy+, carbon monoxide and
hydrogen in the product gases may be controlled. Further
flexibility of control may be achieved by suitable application of a
quenching step (run numbers 5 to 12 are the subject of water

quenching) to give enhanced yields of Ca+.
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Claims:

1 A process for the coaversion of hydrocarbons comprising the steps
of (a) passing a gaseous fuel or an oxygen containing gas through a
foraminous cone so as to mix with oxygen containing gas or a
gaseous fuel issuing from a nozzle located at the throat of the
cone, (b) the fuel/oxygen containing gas composition being fuel
rich, (c) igniting and reacting the resultant mixture, and (d)
withdrawing the products of the process.

2 A process according to claim 1 in which the gaseous fuel is
natural gas or methane.

3 A process according to claim 1 or claim 2 in which the oxygen
containing gas is pure oxygen, oxygen-enriched air or air.

4 A process according to any of claims 1 to 3 in which the cone has
rows of holes extending along radial lines from the throat of the
cone.

5 A process according to claim 4 in which the rows are straight or
have a curved configuration.

6 A process according to claim 4 or claim 5 in which the
crogs~section of the holes increases from the throat to the mouth of
the cone.

7 A process according to any of the preceding claims in which the
nozzle has a plurality of outlets.

8 A process according to claim 7 in which each outlet is adapted to
direct the fuel or the oxygen containing gas between the rows of

holes of the cone.
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9 A process according to claim 8 in yhich each outlet is associated
with a specific row of holes.

10 A process according to any of the preceding claims in which the
products of the reaction are quenched prior to withdrawal.

11 A process according to any of the preceding claims in which
hydrogen or steam is co-fed with the fuel or the oxygen coantaining
gas or both.

12 A process according to any of the preceding claims which is
operated at elevated pressure.

13 A process according-to any of the preceding claims in which one
or both of the gaseous fuel and oxygen containing gas are pre-heated

prior to ignition and reaction.
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FIG. 2(a)

FIG.2(b)
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