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(57) ABSTRACT

A process is described for the production of one or more of
linear nitriles, amides and formamides which includes react-
ing a nitrogen containing compound, such as ammonia or
NO,, and a synthesis gas over a catalyst at a temperature of
between 160° C. and 400° C. and a pressure of between 1 bar
and 50 bar. A further process for the production of one or more
of linear phosphorous containing compounds is also
described, which includes reacting a phosphorous containing
compound, such as a phosphine, and a synthesis gas over a
catalyst at a temperature of between 160° C. and 400° C. and
a pressure of between 1 bar and 50 bar. A supported cobalt,
iron, ruthenium or rhodium catalyst or an unsupported (bulk)
promoted iron catalyst, modified with a promoter is used. The
synthesis gas is a mixture of hydrogen and carbon monoxide,
in a ratio from 0.5:1 to 5:1; or a mixture of hydrogen and
carbon dioxide; or a mixture of water and carbon monoxide.
The suppression of the formation of oxygenates in the process
is a feature of the invention and oxygenates may even be
included in the feed to become converted to corresponding
nitrogen containing compounds in the process.

15 Claims, No Drawings
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1
PROCESS FOR THE PRODUCTION OF
NITROGEN OR PHOSPHORUS CONTAINING
COMPOUNDS 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 nitrogen or phosphorus
containing compounds such as linear nitriles, amides, forma-
mides and linear phosphorous containing compounds 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, aldehydes
and acids can also be formed. The products can be used to
produce transportation fuels such as diesel and petrol as well
as waxes. Alternately, or in addition, valuable chemicals such
as olefins and oxygenates can be extracted from the product.

The synthesis gas can include carbon dioxide instead of
carbon monoxide and water instead of hydrogen, and may
alternatively include combinations of these reactants.

Literature from the 1960’s and 1970’s suggests that linear
primary amines may be formed upon co-feeding of ammonia
and other nitrogen-containing compounds to the synthesis
gas during Fischer-Tropsch synthesis or other reactions
involving synthesis gas. This may be a result of using iron
based catalysts prevalent at the time as iron is known to
catalyse ammonia production. Thus Kélbel H., Abdulahad I.,
Ralek M. Erd61 Kohle 28 (1975) 385 showed that the addition
of ammonia or amines to Fischer-Tropsch synthesis gas
results in the formation of higher alkyl substituted amines.

DE904891 describes adding of ammonia (1.3 Vol. %) to
Fischer-Tropsch synthesis gas (CO:H2=1:1) and reacting
over a copper or alkali promoted fused iron catalyst to yield
up to 18 wt. % nitrogen containing compounds in the liquid
product, primarily in the form of amines.

U.S. Pat. No. 2,821,537 describes the addition of ammonia
ormethylamine during Fischer-Tropsch synthesis over potas-
sium promoted precipitated iron catalyst. Addition of up to 2
vol % ammonia at 30 bar and 190 to 210° C. led to formation
ot 10-20 wt % nitrogen containing compounds with primary
linear amines making up the bulk of these.

U.S. Pat. No. 3,726,926 discloses the formation of linear
alkylamines of chain length 3-22 with a selectivity of 20 to 40
wt % during Fischer-Tropsch synthesis with ammonia addi-
tion to H, and CO over group VIII metal, supplemented by
smaller amounts of group III and group IA and IIA metals at
conditions ranging from 160-220° C. and 50-200 bar. Typical
feed composition ratios of NH;:CO:H, were 0.03-0.5:0.8-
1.2:1-3.

U.S. Pat. No. 4,272,452 discloses a process for the prepa-
ration of acetonitrile (CH;CN), a very short chain nitrile,
from CO, H, and ammonia at high temperatures (350-600°
C.) over transition metals such as molybdenum and iron.
These are not Fischer-Tropsch reactions conditions.

Kolbel, H., and Ralek M 1984, ‘The Koélbel-Engelhardt
Synthesis’ in R. B. Anderson (ed), The Fischer-Tropsch Syn-
thesis, Academic Press, pp. 287-288 discloses the formation
of'primary aliphatic amines (C,-C,,) to up to 25 wt. % of total
product from a CO, H,O and ammonia feed. It is further
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reported that higher partial pressure of ammonia results in
shorter hydrocarbon chains of the amines formed. Typical
catalysts used were precipitated iron bulk catalyst promoted
with 0.2 wt. % Cu and 0.6 wt. % K. Typical reaction condi-
tions were 11 bar and 219-235° C. No formation of nitriles or
amides is reported in this document and the use of a slurry
reactor as opposed to a fixed-bed reactor was reported to be
unfavourable.

More recently, cobalt based catalysts have become an alter-
native to iron based catalysts as the most widely used in
Fischer-Tropsch reactions and studies have found that nitro-
gen and nitrogen containing products act as a poison to these
catalysts. Thus, whilst it is highly desirable to produce linear
nitriles, amides and formamides from a synthesis gas feed, the
prior art indicates that this is not viable as only amines are
produced and as nitrogen based compounds poison cobalt
based catalysts.

In this specification, linear phosphorous containing com-
pounds shall mean organic compounds which include a phos-
phorous atom.

OBIECT OF THE INVENTION

It is an object of this invention to provide a process which
at least partially alleviates some of the abovementioned prob-
lems.

SUMMARY OF THE INVENTION

In accordance with this invention there is provided a pro-
cess for the production of at least one nitrogen or phosphorus
containing compound selected from linear nitriles, amides,
formamides and linear phosphorous containing compounds
from synthesis gas during the hydrogenation of carbon mon-
oxide and or carbon dioxide in a synthesis gas in a feed to a
reactor 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 characterized in that at
least one nitrogen and phosphorous containing compound 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 said at least one nitrogen or phosphorus con-
taining compound selected from linear nitriles, amides, for-
mamides and linear phosphorous containing compounds.

Further features of the process provide for the catalyst to be
selected for the catalyst to be selected from cobalt, iron,
ruthenium and rhodium or mixtures thereof, for the catalysts
to be modified with one or more promoters, but preferably
unsupported promoted iron; for the iron catalyst preferably to
be modified with one or more promoters including an alkali
promoter such as potassium and a reduction promoter such as
copper and a structural promoter such as alumina or silica; for
the nitrogen containing compound to include ammonia and
NO,; 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 synthesis gas to be a mixture of hydrogen and carbon
monoxide; and for the ratio of hydrogen to carbon monoxide
to be from 0.5:1 to 5:1.

According to a second aspect of the invention there is
provided for the synthesis gas to be a mixture ot hydrogen and
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.
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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 one variation of the invention a process for the produc-
tion of one or more of linear phosphorous containing com-
pounds includes reacting a phosphorous containing com-
pound and a synthesis gas over the catalyst.

A further feature of this variation of the invention provides
for the phosphorous containing compounds to include phos-
phines.

The invention also provides a process for the suppression
of oxygenates formation during the hydrogenation of one of
carbon monoxide or carbon dioxide in a synthesis gas which
includes co-feeding a compound containing either or both of
nitrogen and phosphorous with the synthesis gas to the reac-
tor.

The oxygenates typically include alcohols, aldehydes and
acids.

The hydrogenation reaction may occur as a Fischer-Trop-
sch reaction.

The invention still further provides a process for converting
an oxygenate to a corresponding nitrogen containing com-
pound which includes hydrogenating a feed which includes
the oxygenate, a compound containing either or both of nitro-
gen and phosphorous and a synthesis gas over a catalyst at a
temperature of between 160° C. and 400° C. and a pressure of
between 1 bar and 50 bar.

DETAILED DESCRIPTION BY WAY OF AN
EXAMPLE

The invention will now be further described, by way of
example only. In this example a feed of a hydrogen/carbon
monoxide synthesis gas and ammonia was reacted in a slurry
reactor over a potassium promoted iron catalyst (mass ratios:
100 g Fe: 2 gK).

The catalyst was prepared via precipitation from aqueous
iron nitrate solution using an aqueous ammonium carbonate
solution. The precipitate was then dried at 120° C. and cal-
cined under air flow at 350° C. for 4 hours. The catalyst was
then promoted via incipient wetness impregnation using an
aqueous potassium nitrate solution, and again dried and cal-
cined at 350° C. for 4 hours. The catalyst was then reduced in
flowing hydrogen at 350° C. for 16 hours and transferred into
a slurry reactor. The reactor was maintained at a temperature
at 250° C. and a synthesis gas pressure of 5 bar, with a fixed
synthesis gas flow rate of H,:CO (2:1) of 75 ml(n)/min. The
ammonia was added to the synthesis gas at different levels,
the total pressure was raised accordingly so that partial pres-
sures of H, and CO did not change during the series of
experiments. The following ammonia feeds were used:

Ammonia partial

Ammonia in Reactor pressure in feed
feed (%) pressure (bar) (bar)
0 5.0 0
2 5.1 0.1
5 5.3 0.3
10 5.6 0.6
20 6.3 1.3

It was found that the conversion of synthesis gas decreased
slightly from 45% to 30% during the experiments. An analy-
sis of the products obtained from the reactions is shown in
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Table 1 (see page 8). No changes in methane selectivity and
chain growth probability were observed upon addition of
ammonia.

The formation of nitrogen containing compounds was con-
firmed by means of gas chromatograph (GC)/mass spectrom-
eter (MS) detection. As reported in the prior art, linear amines
were formed (up to 6.6%, carbon number C, to C,,). Accord-
ing to the invention, however, long chain nitriles (carbon
numbers C, to C,,) were also formed with these totaling up to
4.3% of the compounds formed.

Small amounts of linear amides and formamides were also
detected. These have not reported in the prior art for this type
of reaction.

The addition of ammonia led to a significant decrease of
levels of alcohols and aldehydes. This suggests that these may
be involved in the reactions as precursors to the nitrogen
compounds.

Importantly, the formation of acids was also seen to have
been suppressed to levels that were not detectable where 5%
and more ammonia was present in the synthesis gas. This is
highly desirable as acids are typically not sought after in such
reactions.

The formation of a white solid, possibly ammonium car-
bonate, was observed in experiments with high levels of
ammonia in the feed gas.

The process of the invention allows valuable nitrogen com-
pounds, particularly nitriles, amides and formamides, to be
obtained in a relatively simple and cost-effective manner
from a Fischer-Tropsch reaction whilst having little effect on
the overall result of the process.

The process also lends itself to both suppressing oxygenate
formation and to converting oxygenates, such as alcohols,
aldehydes and acids, into corresponding nitrogen containing
compounds by co-feeding the oxygenates to the reactor. This
may be particularly useful in the case of glycerine which is
produced in large quantities as a by-product of biodiesel
production.

It will be appreciated, however, that many other embodi-
ments of a process exist which fall within the scope of the
invention, particularly regarding the feed materials, reaction
conditions, reactor type and catalyst. For example NO_, being
any one or more of N,O, NO and NO,, could be used instead
of ammonia. It may have the benefit of providing similar
product but with a different selectivity which may favour the
production of amides.

TABLE 1
% Ammonia

0 2 5 10 20
Paraffins
C, 11.8 14.2 13.4 13.5 13.4
C,-Cs 9.6 9.7 8.8 8.3 8.2
C4-Cs 7.1 6.7 6.6 6.6 6.7
Cy3-Cyg 4.1 3.8 3.3 3.5
C-Cyq 32.6 34.4 32.1 31.9 28.2
Olefins
C,-Cs 32.5 36.3 34.1 32.5 424
C4-Cs 17.7 17.7 17.7 17.7 24.2
Cy3-Cyg 3.9 4.4 5.0 5.6
C,-Cy 54.1 58.3 56.7 55.8 66.5
Alcohols
C,-Cs 43 0.5 0.4 1.1 0.9



US 8,513,463 B2

5
TABLE 1-continued

% Ammonia

0 2 5 10 20
CeCos 33 0.8 0.8 0.5 0.1
Ci3-Cyg 0.7 0.2 0.0 0.3
C-Cyq 8.2 1.5 1.2 1.9 1.0
Aldehydes
C,-Cs 2.7 0.8 0.0 0.0 0.0
CeCos 2.3 0.4 0.1 0.1 0.0
Ci3-Cyg 0.0 0.0 0.0 0.0
C-Cyq 5.0 1.2 0.2 0.1 0.0
Acids
C,-Cs 0.1 14 not det not det not det
CeCio
Ci3-Cyo
C-Cyp 0.1 14 not det not det not det
Nitriles
C,-Cs 0.7 0.5 0.8
CsCps 0.7 2.5 2.0 4.3
Ci3-Cyg 0.1 0.1 0.3
C-Cyq 1.5 3.1 3.0 4.3
Amines (primary)
C,-Cs 0.9 2.0 2.1 wa
CsCps 0.6 4.1 4.6 wa
Ci3Cso
C-Cyq 1.5 6.1 6.6 wa
Amides
Cy-Cs
CsCps 0.1 0.3 0.3 wa
Ci3Cso
C-Cyq 0.1 0.3 0.3 wa
Formamides
Cy-Cs
CeCos 0.1 0.3 0.3 wa
Ci3Cso
C-Cyq 0.1 0.3 0.3 wa

The invention claimed is:

1. A process for the production of at least one nitrogen or
phosphorus containing compound selected from linear
nitriles, amides, formamides and linear phosphorous contain-
ing compounds from synthesis gas during the hydrogenation
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of carbon monoxide and or carbon dioxide components in a
synthesis gas in a feed to a reactor 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 characterized in that at least one nitrogen and phospho-
rous containing compound is fed to the reactor together with
the synthesis gas and in that the catalyst is heterogeneous and
the process conditions are selected to favour the production of
said at least one nitrogen or phosphorus containing com-
pound selected from linear nitriles, amides, formamides and
linear phosphorous containing compounds.

2. A process as claimed in claim 1 in which the formation
of oxygenates during the process is suppressed.

3. A process as claimed in claim 1 in which one or more
oxygenates is co-fed to the reactor to become converted to one
or more corresponding nitrogen containing compounds.

4. A process as claimed in claim 1 in which the catalyst is
selected from cobalt, iron, ruthenium and rhodium or mix-
tures thereof.

5. A process as claimed in claim 4 in which the catalyst is
unsupported promoted iron.

6. A process as claimed in claim 5 in which the iron catalyst
is modified with one or more promoters selected from an
alkali promoter, a reduction promoter and a structural pro-
moter.

7. A process as claimed in claim 1 in which the nitrogen
containing compound includes ammonia and NO,.

8. A process as claimed in claim 1 in which the synthesis
gas is a mixture of hydrogen and carbon monoxide.

9. A process as claimed in claim 8 in which the ratio of
hydrogen to carbon monoxide is from 0.5:1 to 5:1.

10. A process as claimed in claim 1 in which the carbon-
aceous gas includes carbon dioxide.

11. A process as claimed in claim 1 in which the synthesis
gas includes water and carbon monoxide.

12. A process as claimed in claim 1 in which one or more of
linear phosphorous containing compounds is produced by
reacting a phosphorous containing compound and a synthesis
gas over the catalyst.

13. A process as claimed in claim 12 in which the phos-
phorous containing compounds include phosphines.

14. A process as claimed in claim 1 in which the oxygen-
ates include alcohols, aldehydes and acids.

15. A process as claimed in claim 1 in which the hydroge-
nation reaction occurs as a Fischer-Tropsch reaction.

#* #* #* #* #*
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