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30 There are also a number of processes that do not involve catalysts at all. These are genuine high
temperature autothermal cracking reactions and are exemplified by, for example, an article entitled
"Autothermal Cracking for Ethylene Production” by R.M. Deanesly in Petrol. Refiner, 29 (September, 1950),
217 and GB-A-794,157.

A desirable objective would be to convert ethane, propane or butanes in a single step to mono-olefins.

35 Recently, the production of olefins together with carbon monoxide and hydrogen from gaseous
paraffinic hydrocarbons, including ethane, by partial oxidation in spouted or fluid bed reactors has been
disclosed in, for example, our copending applications EP-A-0164864 and EP-A-0178853. EP-A-0178853
discloses a process for the preparation of synthesis gas (carbon monoxide and hydrogen) from a

S hydrocarbon feed wherein the saturated hydrocarbon and an oxygen-containing gas are introduced in a
— 4 ratio of 1.1 to 5 times the stoichiometric ratio of hydrocarbon to oxygen for complete combustion. The
process does not require a catalyst for operation.

The present invention provides a process for the production of a mono-olefin from a gaseous paraffinic
hydrocarbon having at least two carbon atoms or a mixture thereof which process comprises partially
combusting a mixture of the hydrocarbon(s) and a molecular oxygen-containing gas in a composition of

45 from 5 to 9 times the stoichiometric ratio of hydrocarbon to molecular oxygen containing gas for complete
combustion to carbon dioxide and water, in contact with a catalyst capable of supporting combustion
beyond the normal fuel rich limit of flammability.

As the gaseous paraffinic hydrocarbon there may suitably be used either ethane, propane or a butane,
or a mixture of two or more thereof. A suitable feedstock hydrocarbon is a mixture of gaseous paraffinic

s0 hydrocarbons, principally comprising ethane resulting from the separation of methane from natural gas.

As the molecular oxygen-containing gas there may suitably be used either oxygen or air. It is preferred
to use oxygen, optionally diluted with an inert gas, for example nitrogen. It is preferred to pre-mix the
oxygen-containing gas and the paraffinic hydrocarbon prior to contact with the catalyst. Additionally, other
feed components may be included if so desired to optimise process design. Examples of other suitable

56 feed components include methane, hydrogen, carbon monoxide, carbon dioxide and water.

The composition of the gaseous paraffinic hydrocarbon/molecular oxygen-containing gas mixture is
from 5.0 to 9.0 times the stoichiometric ratio of hydrocarbon to oxygen for complete combustion to carbon
dioxide and water, but these limits are extendible if desired. Typically, commercial reactors would be
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hersin, may be modified by the use of a catalyst capable of supporting combustion beyond the normal fuel
rich limit of flammability, for example a supported platinum group metal(s) as hereinbefore described,
instead of the steam reforming catalyst and the conditions modified in accordance with the process of the
s0 present invention to produce a mono-olefin as the principal product of the process. In a preferred
embodiment of the modified process of EP-A-0164864, hydrogen is co-fed to the process as described in
our copending EP-A-0178853 which is also incorporated by reference herein.

It is preferred to use the catalyst in a fixed bed. One reason for this preference Is that it largely avoids
the attrition problems generally encountered in moving bed operations. In the context of fixed bed operation

35 it is further preferred to use a monolith catalyst. Monolith catalysts are preferred over other forms of fixed
bed catalyst because (1) they are capable of sustaining a very low pressure drop along the bed, thereby
allowing large gas throughputs, (2) they present a high surface area to the gaseous combustion mixture, (3)
they are particularly free from attrition problems, (4) they can result in very low levels of soot formation and
as a result require less frequent de-coking and (5) they are available in various cell sizes and shapes and

40 their preparation by the soaking technique is relatively simple.

The elevated temperature employed in the process of the invention may suitably be in the range from
500 to 1200°C, though temperatures in the upper part of this range, for example 800 to 1000°C are
preferred.

It is preferred but not essential to co-feed hydrogen gas. By so-domg the yields of and selectivities to

45 desirable products can be improved. It is also preferred but not essential to preheat the feed gas, a suitable
temperature being in the range 300 to 500°C.

In a preferred embodiment the present invention provides a process for the production of ethylene from
ethane which process comprises contacting a mixture comprising ethane and oxygen in an ethane to
oxygen molar ratio of 1.7 to 2.1 with a platinum- or palladium-containing monolith fixed bed catalyst.

50 In addition to ethylene, small amounts of higher olefins, acetylenes, aromatics and carbon oxides, i.e.
carbon monoxide and carbon dioxide are co-produced.

The process of the invention will now be further illustrated by reference to the following Examples.

Example A - Preparation of Pt/cordierite monolith

A cordierite monolith (ex CORNING) was soaked in a solution of [(NHa )+ Pt]Cl2.Hz0. After 2 weeks the Pt
impregnated monolith was removed from the solution, allowed to drain and dried in air at 120°C. The
platinum loading, as determined by X-ray Fluorescence Spectroscopy was about 0.1% w/w.

4
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65 Example 2

into a 51 mm diameter quartz reactor was placed a catalyst in the form of previously calcined
Ptgamma-alumina spheres (2 mm diameter), supported on a coarse silica sintered disc.
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Claims
s0 1. A process for the production of a mono-olefin from a gaseous paraffinic hydrocarbon having at least
two carbon atoms or a mixture thereof which process comprises partially combusting a mixture of the
hydrocarbon(s) and a molecular oxygen-containing gas in a composition of from 5 to 9 times the
stoichiometric ratio of hydrocarbon to molecular oxygen containing gas for complete combustion to
carbon dioxide and water, in contact with a catalyst capable of supporting combustion beyond the
55 normal fuel rich limit of flammability.

thereof.

15

A process according to claim 1 wherein the catalyst is a supported platinum group metal or a mixture
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Platin/Cordierit-Mnolith ist. s5 & Verfahren nach Anspruch 5, wobei der
Katal ysator ein Platin/Millit-Mnolith ist. 9. Verfahren nach ei nem der
AnsprCche 1 bis 3, wobel der Katalysator aus einer netallischen Gaze
besteht, die ein Metall aus -der : uppe<erthalt. 70 10. Verfahren
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Claims

s0 1. A process for the production of a mono-olefin from a gaseous paraffinic hydrocarbon having at least
two carbon atoms or a mixture thereof which process comprises partially combusting a mixture of the
hydrocarbon(s) and a molecular oxygen-containing gas in a composition-of from 5 to 9 times the
stoichiometric ratio of hydrocarbon to molecular oxygen containing gas for complete combustion to
carbon dioxide and water, in contact with a catalyst capable of supporting combustion beyond the
55 normal fuel rich limit of flammability.

2. A process according to claim 1 wherein the catalyst is a supported platlnum group metal or a mixture
thereof.

15
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20 11. A process according to any one of the preceding claims whersin the molecular oxygen-containing gas
N is oxygen.

12. A process according to any one of the preceding claims wherein the gas hourly space velocity of the
mixture is at least 80,000 h=1.
25
18. A process according to any one of the preceding claims wherein hydrogen is co-fed.

14. A process according to any one of the preceding claims wherein the catalyst is in the form of a fixed
bed.
30
15. A process according to any one of the preceding claims wherein the mixture is partially combusted at a
temperature in the range from 500 to 1200°C.

16. A process according to claim 15 wherein the temperature is in the range from 800 to 1200°C.
35
17. A process according to claims 3, 5 and 14 wherein a mixture comprising ethane and oxygen with an
ethane to oxygen molar ratio of 1.7 to 2.1 is contacted with the catalyst.

Patentanspriiche

1. Verfahren zur Herstellung eines Monoolefins aus einem gasférmigen paraffinischen Kohlenwasserstoff
mit wenigstens zwei Kohlenstoffatomen oder einer Mischung davon, das die partielle Verbrennung einer
Mischung des Kohlenwasserstoffs (der Kohlenwasserstoffe) und eines molekularen Sauerstoff enthalten-
den Gases in einer Zusammensetzung vom 5- bis 9- fachen stSchiometrischen Verhéltnis von

45 Kohlenwasserstoff zum molekularen Sauerstoff enthaltenden Gas, das zur vollstiindigen Verbrennung
zu Kohlendioxid und Wasser notwendig wére, im Kontakt mit einem Katalysator, der zur Unterstlitzung
der Verbrennung Uiber die normale kraftstoffreiche Flammbarkeitsgrenze hinaus fihig ist, umfasst.

2. Verfahren nach Anspruch 1, wobei der Katalysator ein trigergestltztes Metall aus der Platingruppe
50 oder eine Mischung daraus ist.

3. Verfahren entweder nach Anspruch 1 oder Anspruch 2, wobei das Metall aus der Platingruppe
entweder Platin oder Palladium ist.

s6 4. Verfahren entweder nach Anspruch 2 oder Anspruch 3, wobei der Tréiger ein Aluminiumoxid ist.

5. Verfahren nach Anspruch 2 oder Anspruch 3, wobei der Triger ein Monolith ist.
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est _solfs ¥0pMprEshgn gach|einpmider, yorhemghengdanAnsprtiche, yobej er qas@mgmﬁ@md@hlalégs-
revendi cat i 89EohERRIIBrapancButan pdoreine Mischng davoRift- ange est sounis 20 a une
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& IFFse dans |'intervalle de 800 & 1200 - C. 25 17.
Proc6 Sy r ' ' , Qs

conpr enant &gse%rabﬁ-f%ﬁ%@%&&ﬂﬂ?g%g%ngg%ﬁéha'njwdbﬁgppor tntﬂrfr?r:ﬂlﬁ)l gﬁrﬁebgﬁfgﬁ}ﬂ@?ﬁ g?lse &
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13. Verfahren nach einem der.vorhergehenden Ansprliche, wobei Wasserstoff mit eingespeist wird.
.. 20
o/ 14. Verfahren nach einem der vorhergehenden Ansprliche, wobei der Katalysator in Festbettiorm vorliegt.

15. Verfahren nach einem der vorhergehenden Anspriiche, wobei die Mischung bei einer Temperatur im
Bereich von 500 bis 1200 °C teilweise verbrannt wird.
26
16. Verfahren nach Anspruch 15, wobei die Temperatur im Bereich zwischen 800 und 1200 °C liegt.

17. Verfahren nach Ansprlichen 3, 5 und 14, wobei eine Ethan und Sauerstoff umfassende Mischung mit
einem molaren Verhilinis von Ethan zu Sauerstoff von 1.7 bis 2.1 mit dem Katalysator in Kontakt
30 gebracht wird.

Revendications
1. Procédé pour la production d'une mono-oléfine & partir d'un hydrocarbure paraffinique gazeux ayant au
35 moins deux atomes de carbone ou d'un mélange de tels hydrocarbures, procédé qui comprend la
combustion partielle d'un mélange du ou des hydrocarbures et d'un gaz contenant de I'oxygéne
moléculaire ayant une composition de 5 & 9 fois le rapport stoechiométrique de I'nydrocarbure au gaz
contenant de I'oxygéne moléculaire pour parvenir & une combustion totale en anhydride carbonique et

o en eau, en contact avec un catalyseur capable d'entretenir la combustion au-deld de la limite normale
S 40 de richesse en combustible pour I'inflammabilité.

2. Procédé suivant la revendication 1, dans lequel le catalyseur est un métal du groupe du platine fixé sur
un support ou un mélange de tels métaux.

45 3. Procédé suivant la revendication 1 ou la revendication 2, dans lequel le métal du groupe du platine est
le platine ou le palladium.

4. Procédé suivant la revendication 2 ou la revendication 3, dans lequel le support est une alumine.
so0 5. Procédé suivant la revendication 2 ou la revendication 3, dans lequel le support est un monolithe.

6. Procédé suivant la revendication 2, dans lequel le catalyseur consiste en platine/sphéres de gamma-
alumine.

s5 7. Procédé suivant la revendication 2, dans lequel le catalyseur consiste- en platine/monolithe de
cordiérite.

8. Procédé suivant la revendication 5, dans lequel le catalyseur consiste en platine/monolithe de mullite.

17
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9. Procédé suivant I'une quelconque des revendications 1 & 3, dans lequel le catalyseur consiste en une
toile métallique contenant un métal du groupe du platine.

10. Procédé suivant I'une quelconque des revendications précédentss, dans lequel I'hydrocarbure paraffini-
5 que gazeux consiste en éthane, propane, butane ou un de leur mélange.

4

11. Procédé suivant I'une quslconque des revendications préoédentés. dans lequel le gaz contenant de
I'oxygéne moléculaire est I'oxygéne.

10 12. Procédé suivant I'une quelconque des revendications précédentes, dans lequel la vitesse spatiale
horaire de gaz du mélange est au moins égale & 80 000 h™.

138. Procédé suivant l'une quelconque des revendications précédentes, dans lequel de I'hydrogéne est
introduit conjointement.
15
14. Procédé suivant l'une quelconque des revendications précédentes, dans lequel le catalyseur est sous
forme d'un lit fixe.

16. Procédé suivant I'une quelconque des revendications précédentes, dans lequel le mélange est soumis

_ 20 4 une combustion partielle & une température comprise dans I'intervalle de 500 & 1200°C.
o
16. Procédé suivant la revendication 15, dans lequel la température est comprise dans l'intervalle de 800 &
1200°C.

25 17. Procédé suivant les revendications 3, 5 et 14, dans lequel un mélange comprenant de I'éthane et de
I'oxygéne en un rapport molaire de P'éthane & l'oxygéne de 1,7 & 2,1 est mis en contact avec le
catalyseur.

80
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