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(57) ABSTRACT

A process is provided for the production of hydrocarbons
from synthesis gas wherein the synthesis gas is fed to areactor
in which a catalyst acts on the feed at a temperature of
between 160° C. and 400° C. and a pressure of between 1 bar
and 5 bar. The feed includes a compound containing one or
both nitrogen and phosphorus added to the reactor with the
synthesis gas. The compound containing nitrogen typically
constitutes at least 1 vol % and preferably of the order 0f 4 to
20 vol % or more of the feed. The carbonaceous gas may be
carbon monoxide with a ratio of hydrogen to carbon monox-
ide in the synthesis gas of from 0.5:1 to 5:1. The catalyst is
preferably a supported cobalt catalyst and may be modified
with a promoter. The process produces an enhanced propor-
tion of olefins, in the hydrocarbons produced.

18 Claims, 2 Drawing Sheets
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1
PROCESS FOR THE PRODUCTION OF
HYDROCARBONS INCLUDING OLEFINS
FROM SYNTHESIS GAS

FIELD OF THE INVENTION

This invention relates to a process for the production of
hydrocarbons from synthesis gas and, more particularly, to a
process in which the production of olefins, especially linear
olefins, during the relevant reactions of carbon oxides is
enhanced.

BACKGROUND TO THE INVENTION

Fischer-Tropsch carbon monoxide hydrogenation is a
catalysed process in which a carbon monoxide and hydrogen
mixture, typically referred to a “synthesis gas” or “syngas”, is
converted into liquid hydrocarbons, predominantly linear
hydrocarbons (olefins and paraffins) of different chain length.
Small amounts of oxygenates, mainly alcohols and alde-
hydes, can also be formed. The products can be used to
produce transportation fuels such as diesel and petrol. Alter-
nately, or in addition, valuable chemicals such as olefins and
oxygenates can be extracted from the product.

The synthesis gas can include carbon dioxide as well as
carbon monoxide or water as well as hydrogen, and may also
include combinations of all four of these reactants.

There is a considerable difference in the value of paraffins
and olefins with mixtures predominating in paraffins being of
relatively low value and primarily usable for the production of
transportation fuels and waxes, whilst olefins themselves, are
of substantially greater value and are usable for numerous
other purposes.

In recent times, cobalt based catalysts have become an
attractive alternative to iron based catalysts as those most
widely used in Fischer-Tropsch reactions. Studies have
reported that nitrogen containing compounds act as a poison
or inhibitor to these catalysts. In an attempt to overcome this,
published international patent application number WO 2005/
071044 discloses a process for pre-treating a catalyst such
that it loses no more than 50% of'its activity in the presence of
trace amounts of ammonia (parts per billion levels) in a feed
to a Fischer-Tropsch reaction.

WO 2001/049809 and WO 2001/049808 describe a pro-
cess in which ammonia is co-fed to the reduction gas during
catalyst pre-treatment. An increase of C5+ selectivity and
chain growth probability as well as a decrease in methane
selectivity was reported.

A further problem often encountered with Fischer-Tropsch
type reactions is that it is very difficult to selectively control
the production of valuable products, especially olefins.

OBJECT OF THE INVENTION

It is an object of this invention to provide a process for the
production of hydrocarbons from synthesis gas which at least
partially alleviates some of the problems mentioned above.

SUMMARY OF THE INVENTION

In accordance with this invention there is provided a pro-
cess for the production of hydrocarbons from synthesis gas
during the hydrogenation of a carbonaceous gas component
in a synthesis gas ina feed to areactor in which a catalyst acts
on the feed at a temperature of between 160° C. and 400° C.
and under a pressure of between 1 bar and 50 bar, the process
being characterised in that at least one compound containing
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one or both of nitrogen and phosphorous is fed to the reactor
together with the synthesis gas and in that the catalyst and
process conditions are selected to favour the production of
olefins.

Further features of the invention provide for the compound
containing nitrogen to constitute at least 1 vol % of the feed to
the reactor and preferably at least 4 vol % and most preferably
at least 20 vol %; for any compound containing phosphorous
to be at least 0.01 vol % of the feed; for the catalyst to be
selected from cobalt, iron, ruthenium and mixtures thereof,
preferably cobalt supported on a suitable carrier material such
as alumina, silica, titania or carbon, preferably alumina or
silica; for the catalyst to be modified with one or more pro-
moters and in the instance of a cobalt catalyst for the one or
more promoters to include a noble metal promoter such as
ruthenium, platinum, rhenium or palladium; for the nitrogen
containing compound to include ammonia, for any phospho-
rous containing compound to include phosphines; and for the
reactor to be selected from a slurry phase reactor, a fixed bed
reactor and a fluidised bed reactor.

According to one aspect of the invention there is provided
for the carbonaceous gas to be predominantly carbon mon-
oxide; and for the ratio of hydrogen to carbon monoxide in the
synthesis gas to be from 0.5:1 to 5:1.

According to a second aspect of the invention there is
provided for the carbonaceous gas to include carbon dioxide.

According to a third aspect of the invention there is pro-
vided for the synthesis gas to be a mixture of water and carbon
monoxide.

According to a fourth aspect of the invention there is pro-
vided for the synthesis gas to be a mixture of all of hydrogen,
water, carbon monoxide and carbon dioxide.

In order that the invention may be more fully understood
two examples thereof will now be described with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG.11is a graphical representation showing the increase in
the production of olefins after the addition of ammonia and
with increasing ammonia concentration during Fischer-Trop-
sch synthesis in a slurry reactor using a supported cobalt
catalyst.

FIG. 2 is a graphical representation showing the increase in
the production of olefins after the addition of ammonia during
Fischer-Tropsch synthesis in a fixed bed reactor using a sup-
ported cobalt catalyst and a supported iron catalyst.

DETAILED DESCRIPTION WITH REFERENCE
TO THE DRAWINGS

Example 1

The invention will now be further described by way of
example 1. In this example hydrocarbons were produced
using a feed of a hydrogen/carbon monoxide synthesis gas
and ammonia in a slurry reactor over a 30 wt % cobalt/silicon
dioxide catalyst.

The catalyst was prepared via precipitation of cobalt nitrate
with ammonia solution on a silica support (Sigma Aldrich
Davisil 646; (BET)=110 m?, pore volume=0.3 ml/g). The
catalyst precursor was reduced for 16 hat 430° C. in hydrogen
flow and afterwards transferred into the slurry reactor embed-
ded in wax to avoid reoxidation.

The reactor was maintained at a temperature of 240° C. and
atotal pressure of 11 bar. The ratio of carbon monoxide (CO)
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to hydrogen (H,) was 1:2 and the residence time was 15
seconds. Ammonia concentrations of 0 vol %, 2.3 vol %, 4.7
vol %, 13.2 vol % and 26.4 vol % of the feed gas were used.

Surprisingly, analysis of the product indicated that the con-
version of carbon monoxide was not significantly affected by
the addition of ammonia. In some experiments an increase of
conversion was even observed. Also the chain growth prob-
ability and the Cg and higher hydrocarbons selectivity
remained unchanged. The reasons for these observations are
at this time unexplained and quite contrary to what the prior
art indicates.

Importantly, the production of olefins was increased after
addition of ammonia. With increasing ammonia concentra-
tion an increase of the content of olefins was obtained. At the
highest ammonia partial pressure the content of olefins was
twice as high compared to the reference experiment without
any addition of ammonia. The results are shown in Table 1
(see page 7) and a graphical representation thereof is illus-
trated in FIG. 1.

Furthermore, up to 1 wt. % of nitrogen containing com-
pounds were detected in the total organic product. These
tended to be amines and amides in the ratio 20:80. The chain
length of these compounds was 1 to 7 carbon atoms.

Example 2

Two supported catalysts containing 15 wt. % cobaltand 15
wt. % iron on silica, respectively, (Sigma Aldrich Davisil 646;
surface(BET)=110m>, pore volume=0.3 ml/g) were prepared
via impregnation using the corresponding metal nitrate salts.
The catalyst precursors were dried and then 165 mg of it was
reduced in-situ in the fixed bed reactor using a flow of 60
ml/min of hydrogen for 9 h at 500° C. The reaction was
carried in the gas phase at an absolute pressure of 5 bar and at
temperatures of 170 to 320° C. The products were analysed
by on-line gas chromatography.

The effect of ammonia on the cobalt catalyst was investi-
gated at 170° C. and the effect on the iron catalyst at 300° C.
The applied gas mixture contained 25 vol. % CO, 50 vol. %
H, and 25 vol. % NH,.

On the iron containing catalyst the addition of ammonia to
the synthesis gas slightly increased the formation of higher
olefins at 320° C. (FIG. 2) whereas conversion of CO, selec-
tivity of methane and chain growth probability showed no
significant changes due to addition of ammonia.

Surprisingly, ammonia showed a pronounced effect on the
reaction on the cobalt catalyst at 170° C.: The addition of
ammonia led to a decrease of the conversion of CO and the
selectivity of methane. The amount of olefins in the fraction
of hydrocarbons increased significantly (FIG. 2).

The process of the invention is surprising in a number of
ways. Firstly, the relatively large amounts of ammonia do not
deactivate the catalysts as indicated in the prior art where
trace amounts were reported to poison the catalysts. Sec-
ondly, the process permits highly selective production of
olefins and relatively small amounts of paraffins. It is sus-
pected that the reason for this is that ammonia blocks hydro-
genation of olefins to paraffins. For this reason, it is suspected
that phosphorous containing compounds, for example PH;,
may be equally effective in this role. Thirdly, the other selec-
tivities of the process remain largely unchanged. The process
can thus be relatively easily implemented in existing sites
without altering synthesis gas feedstocks or catalysts.

It will be appreciated, however, that many other embodi-
ments of the invention exist which fall within the scope of the
invention, particularly regarding the feed materials, reaction
conditions, reactor type and catalyst type.
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TABLE 1

Olefins in linear hydrocarbons (mol %)
(paraffins substantially make up the balance)

0 23 47 132 26.4
C- Vol% Vol % Vol % Vol % Vo %
Number  NH, NH, NH, NH, NH,
3 514 545 58.0 572 69.8

4 455 5.6 57.1 56.0 66.3

5 30.8 415 55.1 534 66.3

6 23 35.1 48.8 479 63.1

7 253 28.0 417 108 58.1

8 19.7 218 35.0 339 51.4

9 15.2 16.7 30.0 26.6 2.7

10 10.5 12.7 21.4 20.1 324

11 6.0 6.9 13.1 207

12 49 5.5 9.8 14.1

The invention claimed is:

1. A process for the production of hydrocarbons from syn-
thesis gas, the process comprising:

Feeding to a reactor:

(a) a synthesis gas comprising at least one carbonaceous
gas component that is carbon monoxide or carbon diox-
ide; and

(b) at least one compound comprising nitrogen wherein the
nitrogen compound constitutes at least 4 vol % of the
feed

wherein the reactor comprises a catalyst that acts on the
synthesis gas at a temperature of between 160° C. and
400° C. and under a pressure of between 1 bar and 50 bar
and the process conditions that are selected to favor the
production of olefins over other hydrocarbons.

2. The process of claim 1, wherein the nitrogen compound

constitutes at least 20 vol % of the feed.

3. The process of claim 1, wherein the at least one com-
pound further comprises a phosphorous compound and
wherein the phosphorous compound constitutes at least 0.01
vol % of the feed.

4. The process of claim 1, wherein the catalyst is selected
from cobalt, iron, ruthenium and mixtures thereof.

5. The process of claim 2, wherein the catalyst is a cobalt
catalyst supported on a suitable carrier material including any
one or more of alumina, silica, titania and carbon.

6. The process of claim 1, wherein the catalyst is modified
with one or more promoters.

7. The process of claim 6, wherein the catalyst is a cobalt
catalyst modified utilizing one or more promoters selected
from a noble metal promoter including ruthenium, platinum,
rhenium or palladium.

8. The process of claim 1, wherein the nitrogen compound
is ammonia.

9. The process of claim 1, wherein the reactor is selected
from a slurry phase reactor, a fixed bed reactor and a fluidised
bed reactor.

10. The process of claim 1, wherein the carbonaceous gas
component is predominantly carbon monoxide.

11. The process of claim 7, wherein the synthesis gas
comprises hydrogen and carbon monoxide and the ratio of
hydrogen to carbon monoxide in the synthesis gas is from
0.5:1to 5:1.

12. The process of claim 1, wherein the carbonaceous gas
component comprises carbon dioxide and wherein the syn-
thesis gas is predominantly a mixture of hvdrogen and carbon
monoxide and/or carbon dioxide.

13. The process of claim 1, wherein the synthesis gas
comprises hydrogen, water, carbon monoxide and carbon
dioxide.
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14. The process of claim 3, wherein the phosphorous com-
pound is a phosphine.

15. The process of claim 1, wherein the at least one com-
pound comprises nitrogen and phosphorous.

16. The process of claim 1, wherein the process conditions §
comprise a temperature ranging from 160° C. and 400° C. and
a pressure ranging from 1 bar and 50 bar.

17. The process of claim 16, wherein the process condi-
tions comprise a temperature ranging from 170° C. to 320° C.

18. The process of claim 1, wherein the process conditions 10
are selected to favor the production of olefins over paraffins.

* %k k%
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