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SPECIFICATION

Production of Gas Mixtures Containing
Hydragen and Carbon Monoxide via the
Endothermic Partial Oxidation of Organic
Cempounds

Field of the Invention

The present invention relates to the production
of gas mixtures containing hydrogan and carbon
manoxide by endothermic partial oxidation
{cracking) of organic compounds with steam
and/or carbon dioxide at temperatures of ca. 300
to 1500°C and pressures up to 200 bar utilizing
thermal energy recovared from the gasification of
carbonaceous fuels to carbon monoxide and
hydrogsn.

Background of the Invention
Endothermic thermal or catalytic cracking of
organic compounds, especially hydrocarbons, in

- the presence of water and/or carbon dioxide to

produce carbon monoxide and hydrogen is an
establishad reaction which is operated industrially

- using various processes. Such a process can he

carried out in a tubutar reactor, the necessary heat
of reaction being supplisd via heat transport
through the walis of the tubas or in a medium of
externally heated solid heat axchangar, material
e.g. fine grained solid which is used in a fluidized
hed.

The known processes necessitate involved
technology and exhibit jow thermal efficiency.

In the autotharmic eracking of organic
compounds, the necessary tharmal energy is
supplied by the process itsalf via partial
combustion of the organic feedstock, This
technique is also technically invalved as well as
requiring uxygen.

Brief Description of the Invention

An oblect of the invention is te facilitate the
gndothermic cracking of hydrocarbons under
technically simpler conditions and in more
econcmical menner thereby anabling the cracking
of the carbon compounds with an optimal or naar
optimal consumption of energy and materials in
the manufacture of synthesis gas from
carbonaceous ash-forming fuels.

In accordance with the present invention, there
is provided a procass for producing a gas mixture
containing hydrogen and carbon monoxide,
comprising: endothermic partial oxidation of one
of more organic compounds with steam and/or
carbon dioxide at a temperature of 900 to
1000°C and a pressure of up to 200 bar; and
gasifying one or mare carbonaceous ash-forming
fuels with oxygen in the prasence of steam
whereby a gaseous product and liquid ash is
produced and to provide thermai anergy for said
endathermic partial oxidation; said carbon
menaxide and hiydrogen being produced ata
temperature abova the malting point of said ash.
By-products and waste products from chemleal
synthesis can be employed as the crganic
compounds.
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'n view of the deplation of oil reserves, the
gasification of carbonaceous, ash-forming fuels to
synthesis gas, which is a feedstock for many
heavy chemlcals, is a subject of growing interast.

Tha follawing carbanaceous, ash-forming fuels
are particularly suitable as feedstock for the
process according to the invention: hard coal,
lignite, solid and figuid carbon-containing residues
e.g. residuas from coal hydrogenation and scot
from oil gasification processes.

The gasification of carbonaceous feedstocks
can take place according to various established
processes.

These processes include coal gasification
variants, especially those in which pulverized or
dust-lika coal Is employed. The fluidized-bed
processes comprise for examgple, the Winkier, the
dust gasificatlon processes according to Koppsrs-
Totzek, Krupp-Koppers or Shell-Koppers, Texaco,
Rummel-Otto, Ruhrgas fluidized-bed Babcock and
Wilcox/Dupont or Lurgi-Ruhrgas process. Modern
multi-step processes are alsa sultable, A
comprehensive survey of the processes can be
found In “Chemierohstoffe aus Kohle”, editor J.
Falba, Thlame Verlag, Stuttgart {1977).

The gasiflcation of pulverized or possibly dust-
like fuels is particutarly important at temperaturas
around 900 to roughly 1600°C, preferably 1100
t0 1600°C and pressuras up to 200 bar,
preferably S to 100 bar, Coal is particularly
suitable as the pulverized or dust-like solid fuel, as
madern mechanized mining technoiagy leads to
the production of an increasing amount of dust-
Ikke coal. This type of coal can be readily metarad
and transported using a liquid medium. In
addition, aimast all types of coal dust,
indepandent of baking tendency and ash content,
can be convarted into synthesis gas.

The Texaco process will now be described as a
typical example of a coal gasification process
utllizing finely divided coal. In this pracess,
crushad coal is ground in @ miil tu a grain siza
below 0.1 mm and fed to a suspension vessal. On
introducing fresh and recycle water, a steble,
pumpable slurry rasults with a solld content
between 55 and 80% coal. The coal slurry is then
brought up to pressure by means of a pump and
fed to the burner at the top of the gasifier.

The coal-water suspension is gasified in the
presencs of oxygen at temperatures abava
1400°C. The reaction chamber is provided with a
refractory lining. Caoling of the reactor casing is
not required and only the burner is water-cooled.

The liguid ash resulting at high temperatures
transported with the gas to a saparating chamber
where the ash falls into a water bath which is
usually an integral part of this chamber. The ash is
granulated to a fine slag and discharged via a lock
system.

The hot raw gas is then fad to a heat recovery
system where it is cooled to roughly 200°C, The
heat raleased in this process is used for steam
generation.

The raw gas is further coofed in a scrubber-
coolar on injecting water and, in addition, the fine
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coal and ash particles are removed. The wash
water is roughly clarified in a settler and recycled
to the scrubber-coolar. The concentrated sludge
than flows to the suspension tank via a pump.

As a consequence of the high gasification
temperatira, the resulting synthesis gas contains
only smatl amounts of tars, thereby eliminating
the necessity of using expensive purification
steps. Raisad pressura, high temperature and =
finely divided caal feed lead to a high degree of
canversion and relative to the volume of the
gasification chamber, they effact a high
gasification efficlency. in tha rajortty of plants in
which synthesls gas converted into products such
as ammonia, Oxo compuunds, methanol or
products from the Fischer-Tropsch synthesis or
the coal hydrogenation and which operate under
pressure, a considerable part of the investment
required for the compression can ba saved on
gasifying carbonaceous, ash-forming fueis under
prassure. Compared to the established ceat
gasification processes in which lumpy coal ls
emplayead or which operats under narmai
pressure, the pressure gasification of finely
divided coal permits & considerable saving in the
manufacturing costs of synthesis gag,

A requirament for the technically smooth and
economic operation of the pressurs gasification
using carbonaceaus, ash-forming fuels of high
thermal sfficiency is a rapid cooling and
soparation of tha mixture from the synthasis gas.
The latter [eaves tha reactor at a temperature of
1100 to 1500°C and tha light liquid ash droplets
are daposited on lowering the temperaturs below
the ash-melting point. In this way, the synthesis
gas Is freed from fine ash. The ash Is ssparated in
the usual mannar for example by quenching,
Immersion, feeding the total gas stream through a
water bath or cooling with cold recycle gas. A
disadvantage of this purification precess is the
mere or less great loss of the heat content of the
resulting synthesis gas (entropy loss) and thus,
the reduction in thermal efficiency of the total
process.

The process of the invention avoids thess
drawbacks in that an endothermic raaction,
namely the partial oxidation of organic
compounds with steam and/or carbon dioxide, js
used to cool the mixtura of synthesis gas and
liquid ash, This causes tha ash to be deposited in
the solid state.

in accordance with the invention on leaving tha
gasified the raw synthesis gas is immediately
brought into contact with the organic campounds
to be cracked with steam and/or carbon dioxide
i.e. preferably in the above-mentioned separatlon
chamber which is constructed as a mixing and
saparating chamber,

With the process of the invention, it is possible
to conduct the gasification of solid or liquid fuels,
preferably undar pressure, with optimal heat
recovery in the wasts heat system whilst utilizing
the highest passible temparature gradient. There
is no blockage or baking in the units which are
located aftar the gasifier, aspacially in the
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apparatus for recovering the waste heat. The
endothermic reaction of the charge consisting of
on& or more organic compounds has a cooling
effect on the synthesis gas and the light liquid
ash. tn this manner, a temperaturs below the ash
melting point is reached leading to a deposition of
solld ash particles. In addition, the process of the
invantion leads to the formatlion of an increased
amount of synthesis gas as carbon monaxlde and
hydrogen result fram the endothermic reaction
betwesn the organic compounds with water or
carboen dioxide,

Hydrocarbons or OXygen-cantaining

-Gompounds are particularly suitable as organic

compounds to be converted into carbon
monaoxide and hydrogen via the endothsrmic
partfal oxidation with steam or carbon dioxide.
Some examples are mathane, ethane, athylene,
propane, propylene, butane, butylenes, mathanol,
ethanal, propanol, formaldehyde, acetaldshyde,
propionaldehyde, butyraldehyde, acetone, meathyl
ethyl ketone, diethyl ketone, dipropyl ketanas,
dimethy! sther, methyl ethyl ether, diethyt ether,
propyl formate, butyl formate, formic acid, acetic
acid, propicnic asid and phencls (aromatic
hydroxy compounds). They are reactad either
alone or as a mixtura of any quantitative and
qualitative content.

This summary shaws that the endothermic
cracking is particularly suitable for the by-
products of those synthases where synthesis gas
is used as feedstock.

For example, in the Fischer-Tropsch synthesis
lower hydroearbons or oxygen-containing
compounds ara obtained as by-products, Ethers
and other oxygen-compounds are formed du ring
tha methanol synthesls, while branchad
aldehydes and hydrocarbons result as by-
products of the olefin twdraformylation,

Thus, the combination of the gasification with
a chemical synthesis is of particular interest. if the
non-required or undesired by-products are
recycled on ramoval fram the synthesis stage to
the mixing and separating stage of the gasifier to _
praduce hydregen and synthesis gas, then the
yields relative to tha carbon feed and the thermat
efficiency of the combined processes will be
markedly increased.

The Fischer-Tropsch synthesis can be takan as
an example. The plant consists of a synthesis gas
preduction unit, the actual Fischer-Tropsch
synthesis and the stage for processing the
products. Control of the process as well as the
total yieid of valuabie products and the thermal
efficiency can be markedly improved when, in
accordance with the process of the inventlon, the
undesired low haiiing by-products of the
synthesis, e.g. methane as well as €, and part of
the C, hydrocarbons, are recycled with water
and/or carbon dioxide to the mixing and
separation zona of the gasifier whare they are
convarted via an endothermic reaction to carbon
monoxide and hydrogen, Whila the thermal
efficiency of the combined coal gasification,
synthesls and final processing steps {including the
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__' processes which are based on a carbon monoxide

energy requirsmants of the conventional process) 65
i.. without recycling the Fischer-Tropsch by-
praducts, emounts to roughly 44%, the thermal
efficiency of tha process of the invention
increases to roughly 52% on recycling the by-
products. Thers is a similar situation with oxygen-
containing by-products of the Fischer-Tropsch
synthesis, in particular with iower aldeshydes and
alcohols,

Utilizing the heat contant of the synthesis gas
leaving the pasifier, which can be at a
temparature up to 1500°C, ingreases not only the
yield of valuable products on cracking the
waorthiess by-products to carbon monoxide and
hydrogen but also considerably simplifies

-operatlon of the process. The endothermic

cracking of the carbon-containing compounds can
stili procaad at a sufficient rate at only 900°C.
The advantage of this i sitw cooling with a
simuitanecus incraase in vield ¢can be so great
that, for example, in the case of the Fischer-
Tropsch synthesis, tha carbon monoxide
component of the residual gas is converted into
methane which ¢an be readily separatsd from
nitrogen and, in accordance with the process of
the invantlon, be then recycled to the gasification
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Similar positive results are achieved with all
syntheses with carbon monoxide or a synthesis
gas feedstock or in hydrogenation processes. The
significance of the invention Is therefore not
limited to the combination of synthasis gas
preduction with the Fischer-Tropsch-synthasls, it
also ancompasses in the same way the
combination of synthesis gas production with
methanol synthesis, Oxo synthesis or other
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or a carban monaxlde and hydrogen feed. The
sams applies to processes for the hydrogenation
of coal under pressure where the hydrogen for the
hydrogeanation is praducad by partial oxidation of
fuels especially coal or solid-containing high
boiling hydrocarbon fractions which are obtained
from the coal hydrogenation. It is alzo
advantageous to recycle the lower hydrocarbons
or phanois from the hydrogenation process or
from the make-up stages of the hydrogenation
process to the thermal cracking.

it is particularly worth mentioning that, the
process accaording te the invention, does not
merely permit the utilizatlon of the by-products
from chemical synthesis but alsc the use of
carbon dioxide, which always rasults from the
autotherrnic gasification of fuels.

. The endothermic cracking of organic
compounds can cccur at temperatures as low as
900°C. Thus, the quantity of the organlc
compounds and therefore also the gquantity of
water and/or carbon dioxide Is dstermined by the
temperature of the synthesis gas leaving the
reactor. For sach gram-atom of carbon of the
organic compaund, at iaast 3 moles, usually 4 to
6 moles, of water and/or carbon dioxide are
introducad.
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Briaf Description of tha Drawing

The accompanying drawing shows
diagrummatically an apparatus for carrying out a
process according to the invention.

Description of Preferred Embodiment

The apparatus shown in the drawing is suitable
for conducting the process according ta the
invention. This apparatus comprises a gasifier 1
connactad to a mixing and separating chamber 2.
Compounds to be andothermally cracked are fad
to the mixing and separating chambar 2 through 2
pipe 3. In order to aveid deposition of soot at the
feeding section, steam and/or carbon dioxide is
introduced together with the compounds tc be
endothermally cracked, 't is particularly
advantageous to preheat the components to be
endothermally cracked together with steamn
and/or carbon dioxide before they enter the
mixing and separating zone. Due to the heat
consumption in the mixing and separating
chamber 2, light liquid slag droplats sofidify and
are deposited in a water bath 4. The ash in then
removed through an ash lock 5. At this stage the
hot synthesis gas, which is virtually free of ash
particles, is fed to a conventional convection
boiler 6 connected to the mixing and separating
chamber 2. These measures ensure that no
deposits occur in the convection boiler which
would reduce the heat transfer or cause erosion.

The extent of the increase in thermal efficiency
and yiald of value products in connected plants,
which according to the invention canslst of
gasification and synthesis units, depands on tha
prevailing conditions, in particular an reaction
conditions, synthesis products and the efficiency
of the heat and product recovery plants.

Preferred embodiments of the invention may
be summarized as follows:

1. Process for the production of a gas mixture
containing hydrogen and carbon monoxide via tha
endothermic partial oxidation of organic
compounds with steam and/or carban dioxids at
ca. 300 1000°C and pressures up to 200 bar.
The process is characterized by tha fact that the
thermal energy required far the partial oxidation is
obtained from the sensibie heat of the carbon
monoxide/hydrogen mixture resuiting from the
gasification of carbonaceous ash-forrning fuels
with oxygan or oxygen-cantaining gas mixturas in
the presence of steam, The resulting carbon
monoxide and hydrogen are produced at
temperatures above the ash melting points either
at pressures up to 200 bar or at atmaspheric
pressura, By-products and wasts products from
chemical syntheses ars suitabla arganic
compounds. - .

2. Procass according to Summary 1
characterized by the fact that finely divided coal is
employed in the gasification as the carbonaceous
ash-forming fuel.

3. Process according to Summaries 1 and 2
sharacterized by the fact that the gasification is
conducted at 1100 to 1500°C and 5 to 100 bar,

4. Process according to Summaries 1 to 3,
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characterized by the fact that tha endothermic
partial oxidation of the organic compounds
ensues in mixing and separation zone situated
aftar the gasification zona.

5. Process according to Summary 4,
characterized by the fact that the compeunds ta
be endothermally cracked are praheated togethar
with steam and/or carbon dioxide befare entering
the mixing and separating zone.

8. Process according to Summarles 1 1o 4,

- characterized by the fact that saturated or

unsaturated hydrocerbons with 1 to 3 carban
atems are employed as the organie compounds.

1. Pracess according ta Summaries 1 to 4,
charactarized by the fact that the products of tha
Fischer-Tropsch, meathanol or Oxa synthesis can
be empleyed as the organic compounds.

8. Apparatus to conduct process according to
Summaries 1 to 7, said apparatus conslsting of a
paslfication reactor {1), a connected mixing and
separating chamber (2}, a water bath (4] for
precipitation and a lock (5) for discharging the ash
and a convection bailer (6).

Claims

1. A process for producing a gas mixture
containing hydrogen and carbon monoxide,
comprising: endotharmic partial oxidation of one
or more arganic compeunds with steam and/or
carbon dioxide at a temperature of 900 to
1000°C and a pressure of up to 200 bar: and
gasifying cna or more carbonacesus ash-forming
fuels with axygen in the presence of steam
wharsby a gaseous product and liquid ash is
praduced and to pravide thermal enargy for said
endothermic partial oxidation; said carbon
monoxide and hydrogen belng produced at a
temperature above the melting point of said ash.

2. A process according to clalm 1, wherain the
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carbonaceous ash-farming fuel is finely divided
coal.

3. A process according o either preceding
claim, wherein the gasification is conducted ata
temperature of 1100 to 1500°C and a prassure
of 5 to 100 bar.,

4. A process according to any preceding clalm,
wherein the gasification is carried out in a
gasification zone, the endothermic partjal
axidation is carriad out in g mixing and separating
zone, and products of the gasification are fed from
the gasification zone into the mixing and
separgting zone.

5. A process accerding to claim 4, wherein said
one or more arganic compounds are heated
together with steam and/or carbon dioxide before
entering the mixing and separating zone.

8. A process according to any praceding claim,
wherein said one ar more organic compounds
comprise one or more saturated or unsaturated
hydrocarlyons having 1 to 3 carben atoms in the
malecule,

7. Aprocess according to any praceding claim,
wherein said one or more organic compounds
comprise ong or more products of the Fischer-
Trapseh, methanol or Oxo synthasis.

8. A process according to ¢laim 1, substantially
as described harein.

8. An apparatus for carrying out a process
according to clalm 1, comprising: a gasification
reactar; a separating chamber connected to the
gasification reactor and providing a water bath; a
lock for discharging ash from the water bath; and
@ convection boiler connected to tha separating
chamber,

10. An apparatus according to claim 9,
substantially as described herein with raference to
and as illustrated in the BCCOmpanying drawing,
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