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SPECIFICATION

Production of gas mixturas containing hydrogen
and carbon monoxide

The present invention relates to the production of
gas mixtures containing hydrogen and carbon
monexide by endothermic reaction of organic
compounds with staam and/or carbon dioxide at
temperatures of 700 to 1500°C and pressures up (o
80 bar utilizing thermal energy recovered from the
partial oxidation of gasecus fuels to carbon mon-
oxide and hydrogen. The endothermic reaction of
grganic compounds with steam is described in
“Encyclopedia of chemical technology” by Kirk-
Othmer (3rd edition, 1980); Valume 21, paga 543.

Endathermic thermal or catalytic reaction of or-
ganic compounds, asnpacially hydrocarbons, in the
presance of staam and/or carbon dioxide to pro-
duece carbon monoxide and hydrogen is an estab-
lished reaction which is operated Industrially using
various processes. Such & process can be carried
out in a tubular reactor, the necessary heat of reac-
tion being supplied via heat transport through the
wells of the tubes or in a medium of externaily
heated solid heat exchanger material e.g. fine
grained solid which is used in a fluidized bed.

The knewn proccsses necessitate involved tech-
nology and exhibit iow thermal efficiancy.

I the autothermic partial oxidation of organic
compaunds, the necessary thermat energy is sup-
plied by the process itself via partial combustion of
the organic feadstock. This technique is also tech-
nically involved as well as requiring oxygen.

An object of the invention is to increase the ther-
mal efficiency of the conversion of hydrocarbons
into synthesis gas thereby enabling the reaction of
the curbon compounds with an optimal or near op-
timal consumption of energy and materials in tha
manufacture of synthesis gas from gaseous fusls,

In accordance with the prasant invention, there is
provided a process for producing a gas mixture
containing hydrogen and carbon monoxidse, cam-
prising: endothermic reaction of ong or more or-
ganic compounds with steam and/or carbon
dioxide at a termperalure of 700 to 1500°C and a
pressure of up 1o 80 bar; and partial oxidation of
one or more gaseous fuels with an oxygan-con-
taining gas in the presence of staam and/or carbon
dioxlde wheraby a gasacus product is produced
and tharmal energy for said endothermic reaction
is provided. By-products and waste products rom
chemical synthsasis and natural gas can be em-
ployed as the grganic compounds and/or the gas-
cous fuels.

The oxygen-containing gas may ba pura oxygsn,
air aor mixtiros of pure oxygen and air.

In vigw of the depletion of oil reserves, the par-
tial oxidation of gaseous fuals to synthesis gas,
which s a feadstock for many chemicals, is a sub-
ject of growing interest.

The partial oxidation of gaseous feedstocks can
take plage according to various established proc-
esses,

These processes include the Shall Gasification
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Process. A comprahansiva survey of this process
can be found in tha Qil and Gas .Journal, Septem-
ber 8, 1971, pp 85-980.

The partial oxidation of gasscus fuals Is usually
carried out at temperatures around 900 to roughly
1600°C, preferably 1100 to 1500°C and pressuras up
to 100 bar, preferably 5 16 100 bar.

As a consequence of the high partial oxidation
temperature and the use of gaseous fuels as ferd-
stocks, the resulling synthesis gas contains no ash,
slag, soot or tar, thereby eliminating the necessity
of using expensive purification steps. Raised pres-
sura, high temperature and a gaseous feed lead to
a high degree of conversion and relative to the voi-
ume of the gasification chamber, they effect a high
specific throughput. In the majority of plants in
which synihesis gas converted into products such
as ammonia, Oxo compounds, methanol or prod-
ucts from the Fischer-Tropsch synthesis or the coal
hydrogenation and which operate under pressure,
a considerable part of the investment reguired for
the compression can be saved on partial oxidizing
gaseous fuels under pressure. Comparcd to the es-
tablished gasification processes in which ash-con-
taining fuel is employed or which operate under
normal pressure, the pressure partial oxidiation of
gasecus fuel permits a considerable saving in the
manufacturing costs of synthesis gas,

The process according to the invention enabies
the use of the sensible hest of ithe gas for the en-
dothermiv reaction of organic compounds with
sleam and/or carbon dioxide, is used lo sou! the
synthesis gas.

In accordance with a preferred embodiment of
the invention on leaving the partial oxidation reac-
tor the hot synthesis gas Is ImmedIfataly brought
into contact with the arganic campounds to be re-
acted with steam and/or carbon diaxide i.e, prefer-
ably in a fluidized bed-cantaining reacior.

With tha process of the ihvention, it is possible
to conduct the partial oxidiation of gaseous fuels,
under pressure, with optimal heat recovery in the
waste heat system whilst utilizing the highest pos-
sible temperature gradient. There is no blockage or
baking in the units which are located after the gasi-
fier, especially in the apparatus for recovering the
waste heat, Tha andothermic reaction of the
charge consisting of one or more organic com-
pounds has a cooling effect on the synthesis gas.
The process of the invenlion leads 1o the formation
ol an increased amount of synthesis gas as carbon
monexide and hydrogen result from the endoth-
armic reaction between the organic compounds
with steam or carban dioxide.

Hydrocarhons or oxygen-containing compounds
are particularly suitable as arganic compounds to
be converted into carbon monuxide and hydrogen
via the endothermic reaction with steam and/or
carbon dioxide, and/or the partial oxidiation with
an oxygen-containing gas. Some examples are
methane, ethane, ethylene, propane, propylens,
butane, butylenes naphtha, gasoil, flashed distit-
late, deasphalted oil, any nan-ashcontaining fuel,
mathanol, ethanol, propanol, formaldehyde, acetal-
dehyde, propianaldehyde, butyraldehydc, acetone,
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methyl ethyl ketone, diathyl ketone, dipropy| ke-
tones, dimethy! ether, mathyl ethyl ether, diethyl
ether, propyl formate, butyl formate, formic acid,
acetic acid, propignic gcid end phencls {aromatic
hydrexy compounds). They are reacted either
alone or as a mixture of any guantitative and quai-
tative content.

The endothermic reaction andfor the partial oxi-
dation are particularly suitable for the by-products
of those syntheses where synthesis gas is used as
feadstock.

For example, in the Fischar-Trapsch synthesis
lower hydrocarbons or oxygen-containing com-
pounds ere obtained as by-products. Ethars and
other oxygen-compounds are formed during the
mcthanol synthesis, while branched aldehydes and
hydrocarbons resuit as by-products of the olefin
hydrofarmylation.

Thus, the combination of the partial oxidation
with a chemical synthasis is of particular interest. [f
the non-required or undesired by-products are at
ieast in part recycled on removal from the synthe-
sis slage to the endothermic reaction stage to pra-
duce hydrogen and synihesiz gas, then the yields
relative to the carbon feed and the thermal effi-
ciency of the combined processes will be markedly
increased.

The Fischer-Trapsch synthesis can be taken as
an exampla. The plant consists of 2 synthesis gas
production unit, the actual Fischer-Trapsch synthe-
sis and the stage for processing the products, Con-
trol of the process as well as the total yield of
valuable products and the thermal efficiency can
e markediy improved when, in accordance with
the process of the invention, the undesired low
beiling by-products of the synthesis, e.g. msthane
as well as C,- and part of the C, hydrocarbons, are
recycled with water and/or carbon dioxide to the
endothermic reaction stage where they are con-
verted via an endothermic reaction to carbon mon-
oxide and hydrogen. While the thermai efficiency
of the combined partial oxidation, synthesis and fi-
nal processing steps {including the energy require-
ments of the conventional process) i.e. without
recyciing the Fischer-Tropsech by-products,
amounts to roughly 58%, the thermal efficiency of
the process of the invention increases to roughly
84% on recycling the by-products. Thara Is a simi-
tar situation with oxygen- containing by-products
of the Fischer-Tropsch synthesis, in particular with
lower aldehydes and alcohuols,

Utilizing the heat content of the synthesis gas
lraving the partial oxidation, which can be at a
temperaturs up to 1600°C, increases not oniy the
yield of valuable products on reacting the low-
value by-products with steam and/or CO, to carbon
monoexide and hydrogen but alse considerably
simplifias operation of the process. The endoth-
urmig reaction of the carbon-contalning com-
pounds with steam and/or CO, can still procead at
a sufficlent rate at only 800°C.

Positive resuMs are achieved with all syntheses
with carbon monoxide or a synthesis gas feed-
stock. The significance of the invention is therafore
not limited to the combination of synthesis gas
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production with the Fischer-Tropsch- synthesis. It
also encompasses in the same way the combina-
tion of synthesis gas production with methanol
synthesis, Oxo synthesis or other processes which
are based on a carbon monaxide or a carbon mon-
oxide and hydrogan fesd. The same applies to
processes for the hydrogenation of coal under
pressure whera tha hydrogen for the hydrogena-
tion is produced by partial oxidation of fuels espe-
cially ccel or solid-containing high boiling
hydrocarbon fractions which ara ebtained from the
coal hydrogenation.

It is particularly worth mentioning that, the proc-
ess according to the invention, does not merely
permit the utilization of the by-products from
chemical synthesis but also the use of carbon diox-
ide, which always rasults from the autothermic
gasification of fuels and/or subsequent CO-shift re-
actions.

The endothermic reaction of organic compounds
with steam and/ar €Q, can oceur at temperatures
as low as 800°C. Thus, the quantity of the organic
cotnpounds and therefore also the quantity of
water and/or carbon dioxide is determined by the
temperature af the synthesis gas leaving the reac--
tor. For each gram-atom of sarbon of the organic
compeund, at least 3 moles, usually 4 10 6 moles
of water and/or carban dioxide are introduced.

The extent of the increase in thermal efficiency
and vield of value products in connacted plants,
which according to the Invention consist of partial
cxidation and endothermic reaction units, depends
on the prevailing conditions, in parliculsr on reac-
tion eonditions, products and the efficiency of the
heat and praduct recovery plants.

in summary tha invention relates to a process for
the production of a gas mixture containing hydro-
gen and carbon monoxide via the endothermic re-
action of organic compounds with steam and/or
caurbon dioxide at ca. 700-1800°C and pressures up
to 80 bar. The process is characterizad by the fact
that the thermal enerygy regquired for the endoth-
ermic reaction is obtained from the sensible heat
of the carban monoxide/hydrogen mixture result-
ing frem the partial oxidation of gaseous fuels with
axygen or oxygen-cantaining gas mixtures in the
presence of steam.

Preferred embodiments of the invention are
summarized as follows:

1. Process as described hereinbefore in which nat-
urai gas is employed as the gaseous fuel and/or
the organic compound.

2. Process as described hereinbefare in which the
endothermic reaction of the arganic sompaounds
£nsues in @ zone situated after the gasification
Zone.

3. Process as described hereinbefore in which the
compounds to be endothearmally reactad are pre-
heated together wilh steam andfor carbon dioxide
hefare entering the reaction zone.

4, Process as descrlbed hereinbefore in which satu-
rated or unsaturated hydrocarbons with 1 to 3 car-
hon atoms are employed as the organic
compounds,

B. Process as described hereinbefore in which the
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products of the Fischer-Tropsch, methanof or Oxo
synthesis can be employed as the organic com-
pounds.

6. Process as describad hereinbefore in which the
endothermic reaction betwean the urganic com-
pounds and steam and/or carbon dioxide is carried
out in a fluid hed raactor in which a temperature of
800-950°C is advantageously maintained by routing
the organic compounds and at least part of the hot
product gas from the partial oxidation reactor to-
gether with steam and/er CQ, through a fluid bed
of particulate catalyst.

7. Prucess as described hereinbefore in which the
endothermic reaction between the organic com-
pouncds and steam andfor carbon dicxide is carried
out in a flui¢ hed reactor in which a tcmperature of
200-950°C is advantageously maintained by routing
the organic compounds together with steam and/or
carbon dioxide through a fluid bed of particulate
catalyst, which catalyst has heen indirectly heated
by means of at least part of the hot product gas
from the partial oxidation reactor and thereafter
has been recirculated ta the endothermic fluid bed
reactor.

8. Process as deseribed harsinbefore in which the
endothermic reaction batween the organic com-
pounds and steam and/or carbon dioxide is carrled
out in a fluid bed reactor in which a temperature of
800-950°C is advantageously maintained by routing
the crganic compounds tugether with steam and/or
carbon dioxida through a fluid bed of particulate
catalyst which is indirectly heated by means of at
least part of the hol product gas from the partial
oxidation reactor being passed through at least
ohe pipe situsted in the fluid catalyst bed.

9. Process as described hareinbefore in which the
endothermic reaction between the organic com-
pounds and steam andfor carbon dioxide is carried
out in a fixed catalyst bed situated in at least one
pipe in which a tempsrature of 800-950°C is advan-
tageously maintained by routing at least part of
hot product gas from the partial oxidation along
the pipe{s).

10. Procass as described hereinbefore in which the
endotharmic reaction between tha organic com-
pounds and steam and/or carhon dioxide is carried
out in a fixed catalyst bed situated in at least one
pipe in which a temperature of 800-950°C is advan-
lagosously maintatned by means of at least one
heat transfer medium, e.g. liguid metal or a fluid
bed, which madium has been heated by means of
at least ane other pipe through which at |gast part
nf tha hot product gas from the partial oxidation
reactor is passed,

11. Process as described herginbefora in which at
laast one gaseous by-praduct from at least one
synthesis where synthasis gas |s used as feed-
stock, is burnt in a gas turbine and at least part of
the hot exhatist gas from the gas turbine Is used
far preheating at [east part of tha organfc com-
pounds to be reactad with steam and/or carbon
dinxide, at least part of the gaseous fuel to be par-
tially oxidized and/or at least part of the staam,
carbon dioxide and/or oxygen- contalning gas to
be used in said reactions.

76

75

BQ

85

8¢

g5

100

106

110

115

120

125

130

12. A procass as described hereinbefore in which
at least part of the hot gas from the partial oxida-
tion reactor and/or at least part of the hot gas ob-
tained by the reaction of one or more organic
compounds with steam andfor carbon dioxide is
passed together with one or more light hydroear-
bons, an oxygen-conlaining gas and optionally
steam andfor CO, tu a catalytic partial oxidation
1nit in order to increase the amount of synthasis
gas produced.

By the process according to the invention and its
prefarred embodiments the following advantages
arg obtained over the pricr art processes:

1} a better yield of synthesis gas;

2} an increased H,/CO ratio in the syntheésls gas ob-
tained; '

3] a lower usage of oxygen per m?of syngas ob-
tained;

4} a lower capital cost af the plant for the produc-
tion of CO- and H,-containing gas mixiures,

CLAIMS

1. A process for producing a gas mixture con-
taining hydrogen and carbon monoxide, compris-
Ing: endothermic reaction of one or mora organic
compounds with stearn and/or carbon dioxida at &
temperature of 700 to 1500°C and a prassure of up
to B0 bar; and partial oxidation of one or more
gaseous fuels with an oxygan-containing gas in the
presence of steam wherehy a gasecus product is
produced and thermal energy for seid endothermic
reaction is provided.

2. A process according to claim 1, wherein the
gaseous fusl is natural gas.

3. A process according to either preceding
claim, wherein the partial oxidation is conducted at
a temperature of 1100 to 1500°C and a pressure of
5 to 100 bar.

4, A pracess according to any preceding claim,
wherein the pariial oxidation is carried out in a
partial oxidation zone, the andathermic reaction is
carried aut in an andothermic reaclion zone, and
products of the partial oxidation are fed from the
partial oxidation zone into the endethermic reac-
tion zone,

5. A process according te claim 4, wharein one
or more organic compounds are heated together
with steam and/or carbon dioxide before entering
the endothermic reaction zone.

8. A process according ta any preceding claim,
wherein said one or more organic compounds
comprise one or more saturated or unsaturated hy-
dracarbaons having 1 to 3 carbon atoms in the mol-
acuie.

7. A process according to any preceding clalm,
wherein said one or more arganic compounds
comprise one or more organic compounds com-
prise one or mare preducts of the Fischer-Tropsch,
methanal ar Oxo synihesis.

8. Process according to any ona of claims 1 to
7, characterized by the fact that the endothermic
reaction betwsen tha organic compounds and
steam and/or carbon dioxide is carried out in a
fiuld bed reactor in which a temperature of 800-
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950°C is advantageausly maintasined by routing the
organic compounds and et least part of the hot
product gas from the partial oxidation reactor to-
gsther with steam andfor CO, through a fluid bed
of particulate catalyst.

a. Process according to any one of claims 1-7,
characterized in that the endothermic reaction be-
tween tha organic compounds and steam andfor
carbon dioxide is carried out in a fluid bed reactor
in which a temperature of 800-950°C is advanta-
geously maintained by routing the organic com-
potnds together with steam and/or ecarbon dioxide
thraugh a fluid bed of particulate catalyst, which
catalyst has been indirectly heated by means of at
least part ol the hot product gas from the partial
oxidation resctor and thareafter has been recircu-
lated to the endothermic fluid bed reactor.

10. Process according to any one of claims 1 to
7, characterized by the fact that the endothermic
reaction between the organic compounds and
stesm and/for carbon dioxide is carried out in a
fluid bed reactor in which a temperature of 800-
950°C js advantagecusly maintalnad by routing the
organic compeunds together with steam andfor
carban dioxide through a fluid bed of particulate
catalyst which is indirectly heated by means of at
least part of the hot praduct gas from the partial
oxidation reactor heing passed through at least
one pipe situated in the fluid catalyst bed.

11. Process according to any ona of ctaims 1 to
7, characteriszed by the fact that the endothermic
reactiun between the organic compounds and
steam and/or carbon dioxide Is carried outin a
fixed catalyst bed situated in at least one pipe in
which a tamperature of 800-950°C is advanta-
gecusly maintained by routing at teast part of hot
product gas from the partial oxidation along tha
pine(s).

12. Progess according to any gne of claims 1 to
7, characterized by the fact that the endothermic
reaction between the organic compounds and
steam andfor carbon dioxide Is carriad outin a
fixed catalyst bed situated in at least one pipe in
which a temperature of 800-950°C is advanta-
geously malntained by means of at Isast one heat
transfer medium, e.g. liquid metal or a fluid bed,
which medium has been heatad by means of at
least ane ather pipe through which at least part of
the hot praduct gas from the partial oxidation reat-
tor is passed.

13. A process according to any one of claims 1-
12 characterized by the fact that at least one gas-
gous hy-product from at least one synthesis where
synthesis gas is used as feedstock, is burnt in &
gas turbing and at least part of tha hot exhaust gas
from tha gas turbing is used for preheating at least
part of the organic compounds to be reacted with
steam and/or carbon dioxide, at least part of the
gaseous fuel to be partially oxidized andfor at least
part of the steam, carbon dioxide andfor oxygen-
containing yas to he used in ssid reactions.

14, A process according to any one of claims 1-
14 characterized by the fact that at least part of the
hot gas from the partial oxidatfon reactar and/or at
Jsast part of the hot gas obtained by reaction of

70

ane or more organic compaunds with steam and/
or carban dioxide is passed togethar with ong or
mare light hydrocarbons, an oxygen-containing
gas and aptionally steam and/or CO, v a catalytic
partisl oxidation unit in order to increase the
amount of synthesis gas produced.

15. A process as claimed in ¢laim 1, substan-
tially as described hereinbefore.
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