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Process for production of synthesis gas in
which a saturated hydrocarbon and an oxygen con-
taining gas having a ratio of hydrocarbon to oxygen
of greater than the stoichiometric ratio for complete
combustion are introduced into a bed of particulate
material. The bed comprises material which is catal-
ytically active for partial oxidation and/or steam re-
forming reactions. The upward flow rate of the hy-
drocarbon/oxygen containing gas stream is suffi-
ciently large to cause a spouting action of the bed
material. The hydrocarbon and oxygen react togeth-
er and the products of the reaction are withdrawn.
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PROCESS FOR PRODUCING SYNTHESIS GAS BY PARTIAL COMBUSTION
OF HYDROCARBONS

The present invention relates to a process for the production
of a gaseous mixture principally comprising carbon monoxide and
hydrogen (hereinafter referred to as synthesis gas) in a particulate
bed reactor. '

Catalytic processes for the conversion of synthesis gas into
hydrocarbons and/or ogygenated hydrocarbons, such as the
(Fischer-Tropsch process) and methanol synthesis, are well-known in
the art. The production of synthesis gas for use in these processes
is generally accomplished by either steam reforming, autothermal
reforming or non-catalytic partial oxidation of light hydrocarbons.
All of these processes generally result in synthesis gas in a form
which requires considerable intermediate steps prior to conversion

into useful products.
Steam reforming is a highly endothermic reaction which is

~carried out in multitubular reactors with excess steam to prevent

carbon build-up on the catalyst. The product synthesis gas has a
hydrogen to carbon monoxide ratio of a least 3:1 depending upon the
excess steam used, which is higher than the ratio generally required
for subsequent conversion into, for example methanol, which requires
a ratio of about 2:1. For methanol production, therefore the
synthesis gas resulting from steam reforming requires further
treatment by way of adjustment of the hydrdgen to carbon monoxide
ratio.

Non-catalytic partial oxidation is effected in burners
specially designed for partial combustion of rich fuel/oxygen
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mixtures. In order to achieve useful conversions and product gas
compositions, however, excess oxygen has to be used, with associated
expense in oxygen plant.

Autothermal reforming is a combination of steam—reforming and
partial oxidation wherein the heat of reaction for highly
endothermic reforming reactions is supplied in part by partial
combustion of the feed in oxygen. Excess steam is also necessary in
this process to limit coke deposition on the catalyst.

We have now found that the disadvantages associated with the
prior art processes can be substantially reduced while at the same
time producing synthesis gas requiring minimal intervening
processing for conversion into useful products by application of
spouted bed techmology.

Spouted bed technology comprises passing a high velocity stream

~ of gas vertically upwards through a mass of solid particlés. The

high velocity gas stream causes the particles to ascend rapidly in a
hollowed central spout within the bed. In addition to particle
motion within the spout there is particle back mixing in the area
‘surrounding the spout giving a particle circulation pattern in the
bed. The feed gas may have sufficient upward flow to create a
fountain of particles above the bed or in a deeper bed may give a
very high circulation rate of solid particles within the bed. In
each case a cycle of solid particle movement is established. A
review of developments in spouted bed technology appears in the
Canadian Journal of Chemical Engineering, Volume 52, page 129, 1974.
Our UK Patent Application No. 8408804 relates to a conversion
process in which fuel rich saturated hydrocarbon/oxygen containing
gas mixtures are reacted in a particulate bed reactor to produce
synthesis gas and higher hi&rocarbons. It has now further been
found that catalytic partial oxidation can be achieved by reacting
fuel rich saturated hydrocarbon/oxygen containing gas mixtures in a
spouted bed reactor, the reactor bed comprising catalytically active
particles. The product of the catalytic partial oxidation is
synthesis gas which may be used as a feed for further coaversion

processes, producing for example, methanol and hydrocarbons.
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Thus according to the present invention there is provided a
process for the production of synthesis gas in which (a) a saturated
hydrocarbon and an oxygen containing gas having a ratio of
hydrocarbon to oxygen of greater than the stoichiometric ratio for
complete combustion are introduced into a bed of particulate
material, the bed comprising material which is catalytically active
for partial oxidation and/or steam reforming reactions, (b) the
upward flow rate of the hydrocarbon/oxygen containing gas stream
being sufficiently large to cause a spouting action of the bed
material, (e¢) the hydrocarbon and oxygen reacting together and (d)
the products of the reaction being withdrawn.

The hydrocarbon and oxygen containing gas may be pre-mixed
before being introduced into the bed through a nozzle.Alternatively
the reactant gases may be allowed to mix at the point of injection
to the bed.

The saturated hydrocarbon is preferably a gaseous paraffinic
hydrocarbon such as substantially pure methane or ethane or mixtures
of hydrocarbons comprising substantial proportions of methane and/or
ethane, for example those obtained from natural hydrocarbon gas
reservoirs which may also contain carbon dioxide. Alternatively,
the saturated hydrocarbon may be a liquid hydrocarbon such as
liquified petroleum gas. The oxygen containing gas may be for
example air or an air/oxygen mixture. Also the oxygen containing
gas may be pure oxygen.

The hydrocarbon and/or the oxygen containing gas may be
pre-—heated, if required prior to introduction to the bed.

The composition of the saturated hydrocarbon/oxygen containing
gas will depend upon the nature of the hydrocarbon. The ideal
stoichiometry is according to:-

Culapty + n/2 09 = nCO + (n + 1) Hy

The preferred ratio of oxygen to hydrocarbon will be some value
higher than ideal to satisfy the heat requirements of the reaction
and to prevent Boudouard carbon formation according to:—

C0y + C = 2CO
Using a methane feed typically the preferred methane/oxygen
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molar ratio will be in the range 1.6 - 1.9.

Commercial reactor systems would probably be operated at

pressures above atmospheric and up to 50 bar or evem higher.

 The particulate material of the bed comprises material which
is catalytically active for partial oxidation and/or steam reforming
reactions-r Suitable catalytically active materials include a metal
or metals of Group VIII of the Periodic Table of the Elements
deposited on a porous refractory support. Nickel and iron are known
catalytically active materials which may be used in the process of
the invention. Mixtures of Group VIII metals, optionally containing
alkali metal, may also be employed. Porous, particulate,
free-flowing catalyst support materials suitable for use in the
particulate bed include silica, alumina, silica~-alumina, zirconia,
titania, hafnia, silicom carbide, boron phosphate, diatomaceous
earth and pumice. The particle shape and size distribution must be
consistent with the requirements for the spouting action of the bed
material. The bed may be diluted with inert temperature resistant
refractory materials such as firebrick, quartz, ceramics. The
shape of the'particulate bed material may be, for example,
spherical, or amorphous. The particle size may vary from 0.0l to
10 mn in diameter dependent upon the particle density, the diameter
of the reactor and feed inlet and the feed gas flow rate. The
particle size distribution is preferably as uniform as possible.

The upward flow rate of the hydrocarbon/oxygen containing gas
stream is sufficiently large to cause a spouting action of the bed
material. The flow rate of the upward gas stream may cause a
fountain of the particulate material to be thrown up above tﬁe bed
surface. Alternatively, the flow rate may be insufficient to cause
a fountain above the bed surface but to give a very high circulation
rate of the particulate material within the bed in the form of én
internal spouting action.

The'ﬁaterials of construction of the reactor vessel may be for
example steel, quartz, carbon fibre or refractory matérial.dependent
upon material availability and location and size of the reactor.

The reactor may be insulated to reduce heat loss.
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The reaction may be initiated in a number of ways. For
example, the particulate material may be pre-heated by igniting and
burning a near stoichiometric mixture of a fuel and oxygen
containing gas in the bed until the bed temperature is great enough
to sustain the partial oxidation reaction. A typical steady state
operating bed temperature is of the order 800-1200°C without

external heating.
The products of the reaction are preferably withdrawn from

above the bed and used as a feed for subsequent synthesis processes
or separated into the constituents for other applications.

The reactor vessel containing the bed of particulate material
may be shaped so as to encourage recirculation of the bed particles
in a vertical direction. For a single inlet feed nozzle, the
preferred shape of the base portion is conical. The cone angle
measured from the vertical is preferably from 10° to 40°.

For the conversion of large quantities of hydrocarbon and
oxygen, an array of reactors may be used. The array of reactors

may take the form of a plurality of integral units, may comprise a

.single compartmentalised bed or may comprise a multi spouted bed.

It is also possible if desired to introduce further gaseous or
liquid hydrocarbon/oxygen containing gas feeds to the bed through a
further nozzle or nozzles. This further feed may have the same
composition as the saturated hydrocarbon/oxygen containing gas feed
or may be different. The further nozzle or nozzles may direct the
further feed in a counter current, parallel, perpendicular or other
direction relative to the spouting hydrocarbon/oxygen containing
gas feed direction.

It is also possible if desired to introduce carbon dioxide or
water (steam) to the bed together with the feed gases or through a
separate injection point. This may be used to control the
hydrogen/carbon monoxide ratio in the products and reduce carbon
formatioﬁ.

Carbon dioxide may be introduced by recycle of the product gas
from subsequent synthesis reactions. This allows efficient

utilisation of both carbon and oxygen in an integrated process.
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The invention will now be described by way of example only and

with reference to the accompanying drawing.

The drawing shows a schematic layout of a particulate bed
reactor and ancillary equipment.

The reactor 1 takes the form of an elongated quartz or Inconel
column 2 having a conical base portion 3, the angle of the cone from
the vertical being 20°. The base portion of the reactor contains a
particuléte material 4, in the present example, steam reforming
catalysts of particle size of the order 0.6 - 1.2 mmdiameter. The
base of the column is adapted to receive a nozzle 5 for the
introduction of reactants. The nozzle outlet may be adjusted
vertically within and above the bed of particulate material. The
upper portion 6 of the reactor is open to form an outlet for
withdrawal of the product gases. A line 10 enables samples of the
products to be withdrawn from the product gas stream. '

‘ The nozzle is connectable to a supply of air 7 or other oxygen
containing gas under appropriate pressure and to a supply of
hydrocarbon 8. A suitable supply may comprise cylinders of
hydrocarbon e.g. methane and air linked to the nozzle through a
mixer and gas pressure and flow rate measuring devices such as
mauometeré and rotameters. (not shown). '

The reactor may also have an additional nozzle or nozzles for
supplying the hydrocarbon or a further hydrocarbon to the bed (not
shown in the drawing). The reactor 1 is lagged with a suitable
insulating material 9.

A number of techniques may be used for start up of the
reactor. In the present example, the ignition source was a gas
burner (not shown) located at the outlet portion 6 of the column.

During start up of the reactor, a pre-mixed gas stream of
hydrocarbon and air was passed under pressure to the nozzle 5 in the
base portion 3 of the column. The velocity of the gas stream was
sufficient to cause a vertical spout or fountain 11 of bed particles
in the freeboard above the bed. TIn the present examples the
hydrocarbon feed was methane. ) .

The gas mixture was ignited by the:gas burner and a flame
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stabilised at the exit of the reactor. The air flowrate was
increased, bringing the mixture closer to stoichiometric, until the
flame began to move slowly back down the reactor. A flame was
stabilised at the surface of the bed and the methane flowrate
reduced slightly. When the bed temperatures had equilibrated, the
methane flowrate was increased and a low flowrate of oxygen was
added to the feed. The air flowrate was then reduced and both the
methane and the oxygen increased to maintain the stable flame and
the spouting action of the bed. This procedure was repeated until
the feed composition was entirely methane and oxygen of the desired
proportions for the partial oxidation reaction.

The methane/oxygen mole ratio was at least 1.5 in those
examples using pure oxygen as the oxygen containing gas. The
composition of the products was ascertained by gas chromatography,
the principal products being carbon monoxide and hydrogen (synthesis

gas).
The experiments were carried out in three reactors, the details

of which are shown in Table 1.

Table 2 gives data obtained at atmospheric pressure using
various feed compositions, catalytic materials and flow rates in
reactor A. The term H/C refers to hydrocarbon products mainly 7
ethylene and acetylene. Only in the comparative example was soot
formation observed. \

Examples 1, 2, 5, 6 show that the substitution of a steam
reforming catalyst for an inert bed (comparative example) results in
an lncrease in conversion of methane with increased selectivity for
synthesis gas. Hydrocarbon and soot formation are markedly
suppressed in the presence of the catalyst.

Examples 3 and 4 show the production of synthesis gas using air
instead of oxygen.

Example 7 shows the production of synthesis gas using a
platinum containing catalyst (Pt/Al;03).

The analyses of the catalysts are given in Table 3.

Examples 8 = 10 (Table 4) show the effect of adding carbon
dioiide to the feed at atmospheric pressure. The hydrogen/carbon
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monoxide mole ratio of the product synthesis gas is reduced as
additionel carbon dioxide is added.

Examples 11 -~ 13 (Table 5) show the production of syhthesis gas
at elevated pressures. In examples 12 and 13, the feed was

5 preheated to achieve the bed temperature indicated.
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- Table 1
Internal Cone Reactor |Bed Particle| Bed
5 Reactor | Diameter Angle Material Diameter {(Volume
(mm) (off centre)|{ ~— i (mm) ' (mls)
A 47 20° Quartz 0.6 - 1.2 60
10
B 25 20° Quartz 0.6 - 1.2 25
15 C 47 20° Inconel 0.6 = 1.2 30
Table 3
20
% Weight
(+ - no analysed)
25 Mg Ca NL AL Pt
(Steam Reforming) Cata;yst 1 4+ 179.2 |10.4 (138.4 +
(Steam Reforming) Catalyst 2 + + {11.0 {47.0 +
30
(Steam Reforming) Catalyst 3 [44.0 { 6.0 | 3.1 | 1.1 +
Catalyst & + + + + 0.78
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Claims:
1. A process for the production of synthesis gas in which (a) a

saturated hydrocarbon and an oxygen containing gas having a ratio of
hydrocarbon to oxygen of greater than the stoichmetric ratio for
complete combustion are introduced into a bed of particulate
material, the bed comprising material which 1is catalytically active
for partial oxidation and/or steam reforming reactions, (b) the
upward flow rate of the hydrocarbon/oxygen containing gas stream
being sufficiently large to cause a spouting action of the bed
material, (c) the hydrocarbon and oxygen reacting together and (d)
the products of the reaction being withdrawn.

2. A process according to claim 1 in which the catalytically
active material comprises a metal or metals of Group VIII of the
Periodic Table of the Elements deposited on a porous refractory
support.

3. A process according to claim 2 in which the metal or metals is
nickel, iron or platinum.

4. A process according to claim 2 in which the catalytically
active material comprises a mixture of Group VIII metals deposited
on a porous refractory support.

5. A proceés according to claim 4 in which the catalytically
active material also comprises an alkali metal. .

6. A process according to any of claims 2 to 5 in which the porous
refractory support comprises silica, alumina, silica~alumina,
zirconia, titania, hafnia, silicon carbide, boron phosphate,

diatomaceous earth or pumice.
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7. A process according to any of the preceding claims in which the
bed material 1s diluted with inert temperature resistant refractory
material.

8. A process according to claim 7 in which the inert temperature
resistant refractory material is firebrick, quartz or a ceramic
material. 7

9. A process according to any of the preceding claims in which the
upward flow rate of the hydrocarbon/oxygen containing gas stream is
sufficiently large to cause a fountain of the particulate material
to be thrown up above the bed surface.

10. A process according to any of claims 1 to 8 in which the upward
£low rate of the hydrocarbon/éxygen containing gas stream is
sufficient to cause an internal spouting action of the particulate
material.

11. A process according to any of the preceding claims in which the
saturated hydrocarbon is a gaseous paraffinic hydrocarbon.

12. A process according to claim 11 in which the gaseous paraffinic
hydrbcarbon is methane, ethane or mixtures of hydrocarbons
comprising methane and/or ethane.

13. A process according to any of the preceding claims in which the
oxygen countaining gas is air, oxygen enriched air or pure oxygen.

14. A process according to any of the preceding claims in which the
reaction pressure is above atmospheric pressure.

15. A process according to any of the preceding claims in which the
saturated hydrocarbon and oxygen containing gas are pre-mixed at the
point of introduction to the bed. ' )

16. A process according to any of the preceding claims in which the
saturated hydrocarbon and/or oxygen containing gas are pre~heated
prior to introduction to the bed.

17. A process according to any of the preceding claims in which
further hydrocarbon is introduced into the bed.

18. A process according to claim 17 in which the further
hydrocarbon is different in composition from the saturated
hydrocafbon.

19. A process according to any of the preceding claims in which

[}

fa)
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carbon dioxide or water (steam) is introduced into the bed together
with the hydrocarbon/oxygen containing gas stream or through a

gseparate injection point.
20. A process according to claim 19 in which the carbon dioxide is

5 introduced by recycle of the product gases from subsequent synthesis

reactions.
21. A process according to any of the preceding claims which is

carried out in an array of reactors.

22. Synthesis gas whenever prepared by a process according to any

10 of claims 1 to 21.




PCT/GB85/00186

WO 85/05094

/1

=
A

O\

)

1

Lr//////////////

ol

\

\




INTERNATIONAL SEARCH REPORT
international Application No PCT/GB 85/00186

I. CLASSIFICATION OF SUBJECT MATTER (it several classification symbols apply, :ndicate ail) ¢
According to international Patent Classification (IPC) or to both National Classification and IPC -

4
IPC : C 01 B 3/44

ll. FIELDS SEARCHED

Minimum Cocumentation Searched 7

Classification System | Classification Symbois

IPc4 C 01 B

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are included in the Fields Searched ¢

Ill. DOCUMENTS CONSIDERED TO BE RELEVANT®
Category * I Citation of Document, 't with Indication, where appropriate, of the relevant passages 12

Relevant to Claim No. 13

X FR, A, 1182135 (BASF) 23 June 1959, |
see page 1, left-hand column, paragraph 2; 1,4,7
page 2, right-hand column, paragraphs 3+4

A GB, A, 568913 (STANDARD OIL DEVELOPMENT) 26
April 1945

A FR, A, 2374954 (OSAKA GAS) 21 July 1978

“T" [ater document published after the international filing date

® Special categories of cited documents: 10 ! |
or priority date and not in conflict with the appiication but

“A" document defining the general state of the art which is not =07
considered to be of particular relevance ic';:e.%ttignundorstand the principie or theory underiying the
“E" earliar document but published on or after the international ux* document of particular relevance; the ciaimed invention
filing date ) cannot be considered novel of cannot be considered to
“ d%cumont which may éllﬁr%wt rfoubtbll on priority cl:im(l)hOf invoive an inventive step
which is cited to establis| e publication date of another wyn g K . .
; 3 ocument of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to invoive an inventive step when the
“Q" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
“P" document published prior to the international filing date but in the art. '
later than the prionty date claimed “&" document member of the same plton/t{nmuy

IV. CERTIFICATION \

Date of the Actual Completion of the international Search Date of Mailing of this International Szlrch sfiort

8th August 1985 3 0 AOUT1985

International Searching Authority Signature of Authorized Officer LL L (/(/
e

EUROPEAN PATENT OFFICE

G.L.M.

nbe

Form PCT/ISA/210 (second sheet) (January 1985)




INTERNATIONAL APPLICATION NO. PCT/GB 85,/00186 (SA 9449)

This Annex lists the patent family members relating to the )

patent documents cited in the above-mentioned international

search report. The members are as contained in the European

Patent Office EDP file on 21,/08/85

The European Patent Office is in no way liable for these

particulars which are merely given for the purpose of

information.

Patent document Publication Patent family Publication

cited in search date member(s) date

report

FR-A~- 1182135 None

GB-A- 568913 None

ER=-A=- 2374954 21/07/78 DE-A- 2757477 06,/07/78
US-A=- 4147660 03/04/79
JP=-A=- 53078990 12/07/78
UsS-A- 4190554 26/02/80
UsS-A- 4228033 14/10/80
GB-A~- 1579984 26/11,/80
JP=A- 53100987 02/09/78
JP=-A- 53132482 18/11/78
JP=-A- 53132483 18/11/78
JP=-A- 53133596 21/11/78

For more details about this annex

see Official Journal of the European Patent Office, No.

12/82

Vo



