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Abstract:

Thermal integration in synthesis gas production by partial oxidation

A process and a plant are proposed for producing a synthesis gas comprising hydrogen
and carbon oxides by partial oxidation of carbon-containing fuel in the presence of an
oxygen-containing oxidant and a moderator, wherein the obtained raw synthesis gas is
laden with soot particles. According to the invention the cooling of the raw synthesis gas
is carried out using a crossflow heat exchanger, a shell and tube heat exchanger or a
spiral heat exchanger, wherein the carbon-containing input stream or the oxidant stream
or the moderator stream or a plurality of these streams serve as the first coolant and are

thus preheated before introduction into the partial oxidation plant.

(Figure 1)
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Thermal integration in synthesis gas production by partial oxidation

Field of the invention

The invention relates to a process for producing a synthesis gas comprising hydrogen and
carbon oxides by partial oxidation of solid, liquid or gaseous carbon-containing input
streams, for example liquid fuels such as oil, heavy oil, pyrolysis oil or pyrolysis suspen-
sions, so-called pyrolysis slurries, in the presence of an oxygen-containing oxidant and a
moderator containing steam and/or carbon dioxide, wherein the obtained crude synthesis
gas has a significant proportion of solids in the form of fine particles, for example in the
form of soot, and is cooled using an instantaneous cooling (quench) arranged downstream

of the partial oxidation.

The invention likewise relates to a plant for performing the process according to the in-

vention.

Prior art
Synthesis gases are gas mixtures containing hydrogen and carbon oxides which are
used in various synthesis reactions. Examples thereof are methanol synthesis, the pro-

duction of ammonia by the Haber-Bosch process or Fischer-Tropsch synthesis.

A commonly used process for producing synthesis gases is autothermal entrained flow
gasification of gaseous, liquid or solid fuels by partial noncatalytic oxidation with an
oxygen-containing oxidant as described for example in DE 10 2006 059 149 B4. At the
top of a reactor an ignition and pilot burner are arranged centrally and a plurality of
gasification burners are arranged with rotational symmetry to the reactor axis. Via the
gasification burners the fuel with oxygen and steam as gasification agents is supplied
to a gasification space of the reactor in which the fuel is converted into a synthesis gas.
The hot gasification gas exits the gasification space together with the liquid slag and

passes into a quench space into which water is injected for instantaneous cooling of
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raw synthesis gas and slag. The water used as quench medium collects in the bottom
portion of the quench space as a water bath so that a quench water fill level forms in
the lower region of the quench space. The slag is deposited in the water bath and is
removed via a slag discharge. The quenched raw synthesis gas is withdrawn from the
quench space in a steam-saturated state and purified in subsequent purification stages.
Since the fuel is directly reacted with the oxidant, oxidant and fuel are supplied coaxially

or coannularly.

Depending on the employed inputs and the gasification conditions the gasification fur-
ther produces soot in the form of soot particles. These are likewise deposited in the

water bath.

Special technologies for gasification of liquid and gaseous fuels had already been de-
veloped by Texaco at the end of the 1940s and by Shell at the beginning of the 1950s.
In later years, Lurgi began marketing a third technology which is known as multipurpose
gasification (MPG) and was originally developed from the coal gasification process to

dispose of the tars produced in said process.

Certain key features of all three processes are similar. All are operated with entrained
flow reactors and the operating temperatures are similar, namely in the range from
1250°C to 1450°C. When operating with liquid feeds all three processes produce a
small amount of residual carbon which is necessary to eliminate the ash from the reac-
tor. The processes differ essentially in the details of the burner design, the method of

syngas cooling and the soot handling.
In the Texaco process the oil input material is mixed with steam as a moderator and

preheated in a heater. The Texaco burner is water-cooled in that steam and oil are

combined via an annular slot surrounding the central oxygen tube.
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The process steam is used to atomize the oil input material and good mixing is ensured
by swirling the two streams in opposite directions. The reactor itself is an empty, refrac-

tory vessel. Soot production is about 1% to 2% by weight based on the fuel input.

In one variant of the Texaco process the produced raw synthesis gas is cooled by direct
quenching/instantaneous cooling in direct heat exchange with water as the quench me-
dium. In this quench mode the hot raw synthesis gas exits the bottom of the reactor into
the quench section via a dip tube. The quenched synthesis gas was saturated with

water and exits the quench section at a temperature of about 250°C.

The high water loading makes the quenched gas suitable for CO conversion without
further steam addition. The quench removes the majority of the solids, for example soot,
in the gas and these are discharged from the quench vessel as a soot-water slurry or

“black water”.

In the Texaco process the soot is extracted from the carbon-water mixture with naphtha
and recycled into the reactor with the starting material where it is completely gasified.
The black water from the quench and the scrubber is cooled and contacted with the
naphtha in a decanter. The naphtha takes up the soot from the water and leaves behind

the majority of the ash present in the water phase (“grey water”).

The soot-naphtha mixture is withdrawn at the top of the decanter and mixed with fresh
oil input material. The naphtha is recovered in a distillation column and recycled into
the decanter and the soot-oil mixture is left behind as the bottoms product and recycled

to the gasifier.

Other gasification processes operate a less complex treatment of the obtained soot

filtercake; but it is at least subjected to drying before it is burnt or sent for disposal.

US patent document US 5670061 likewise teaches the separation of gasification soot

to obtain an aqueous slurry which is subsequently dried and then burnt.
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Pyrolysis oils and pyrolysis tars obtained by pyrolysis of biomass may also be used as
carbon-containing inputs for partial oxidation. The solid pyrolysis coke likewise formed
may either be separated or remains in the pyrolysis oil and pyrolysis tar in the form of
fine suspended particles, in which case the product is known as pyrolysis slurry or bi-

oslurry.

In gasification processes by partial oxidation, input preheating is an essential measure
to achieve the highest possible energy efficiency for the process. Especially in the gas-
ification of liquid fuels or bioslurries having a viscosity of above 50 mPas at ambient
temperature, achieving good atomization thereof in gasification burners requires that at

least the carbon-containing input stream is preheated to reduce its viscosity.

Accordingly the input streams, i.e. the carbon-containing input stream, the oxygen-con-
taining oxidant stream and optionally the moderator stream, are usually preheated sep-
arately using heating steam. In the case of raw gas cooling using a waste heat boiler
sufficient high pressure steam is available for effective input preheating. By contrast,
cooling of the produced raw synthesis gas with a water quench provides only low tem-
perature heat in the form of quench water which at typical gasification pressures of 25
to 80 bar(a) is typically in the range from 150°C to 250°C. In this case heating steam
for preheating the input streams must therefore be imported from other plant parts, thus
increasing the operating costs of the gasification plant. The required heating steam may
alternatively be produced by burning a fuel in a heating boiler, though this requires
additional plant components and will also result in elevated emissions of harmful sub-
stances. Finally, preheating could also be eschewed or the input materials preheated
electrically, though both of these approaches would impair the energy balance of the

process and increase the operating costs.
Description of the invention

It is accordingly an object of the present invention to propose a process for gasification of

carbon-containing fuels in which the input streams are preheated in energy-saving, cost-
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effective and ideally environmentally neutral fashion in order to avoid the abovementioned

disadvantages.

This object is achieved by a process having the features of claim 1. Further embodiments
of the process according to the invention are discernible from the dependent process
claims. The invention also relates to a plant for performing the process according to the

invention with advantageous embodiments according to the dependent plant claims.

Process according to the invention:

Process for producing a raw synthesis gas containing hydrogen and carbon oxides by
noncatalytic partial oxidation of a solid, liquid or gaseous carbon-containing input stream
with an oxygen-containing oxidant, comprising the following steps:

(a) providing the carbon-containing input stream in fluid or fluidized form, providing an
oxidant stream, optionally providing a moderator stream comprising steam and/or carbon
dioxide,

(b) providing a partial oxidation reactor comprising a reaction chamber having an inlet and
an outlet, a burner arranged at the inlet of the reaction chamber and a cooling chamber
arranged downstream of the outlet of the reaction chamber and in fluid connection there-
with,

(c) providing a cold, water-containing quench medium stream,

(d) introducing the carbon-containing input stream, the oxidant stream and the optional
moderator stream into the reaction chamber via the burner,

(e) at least partially reacting the carbon-containing input stream with the oxidant stream
under partial oxidation conditions in the burner and/or in the reaction chamber arranged
downstream of the burner to afford a hot raw synthesis gas stream,

(f) discharging the hot raw synthesis gas stream from the reaction chamber and introduc-
ing same into the cooling chamber,

(g) subjecting the hot raw synthesis gas stream in the cooling chamber to the cold, water-
containing quench medium stream to obtain a cold raw synthesis gas stream and a stream

of hot, liquid quench medium laden with solids particles,
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(h) discharging the cold raw synthesis gas stream from the partial oxidation reactor for
further processing or further treatment,

(i) discharging the hot, liquid quench medium stream laden with solids particles from the
partial oxidation reactor and introducing at least a portion of the hot quench medium
stream into a first heat exchanger for cooling the hot quench medium stream by indirect
heat exchange against a first coolant to obtain the cold quench medium stream, wherein
the first heat exchanger is selected from the group of:

(i1) crossflow heat exchangers, wherein the coolant is passed through tubes which have
the hot quench medium stream flowing around them,

(i2) shell and tube heat exchangers, wherein the coolant flows through the tube side and
the hot quench medium stream flows through the shell side,

(i3) spiral heat exchangers,

wherein the carbon-containing input stream or the oxidant stream or the moderator stream
or a plurality of these streams serve as the first coolant and are thus preheated before
introduction into the burner,

(j) discharging the cold quench medium stream from the first heat exchanger and recycling
at least a portion of the cold quench medium stream to the cooling chamber to form a

quench medium stream circuit.

Plant according to the invention:

Plant for producing a raw synthesis gas containing hydrogen and carbon oxides by non-
catalytic partial oxidation of a solid, liquid or gaseous carbon-containing input stream with
an oxygen-containing oxidant, comprising the following constituents:

(a) means for providing the carbon-containing input stream in fluid or fluidized form, means
for providing an oxidant stream, optionally means for providing a moderator stream com-
prising steam and/or carbon dioxide,

(b) a partial oxidation reactor comprising a reaction chamber having an inlet and an outlet,
a burner arranged at the inlet of the reaction chamber and a cooling chamber arranged
downstream of the outlet of the reaction chamber and in fluid connection therewith,

(c) means for providing a cold, water-containing quench medium stream,
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(d) means for introducing the carbon-containing input stream, the oxidant stream and the
optional moderator stream into the burner,

(e) means for discharging a hot raw synthesis gas stream from the reaction chamber and
means for introducing same into the cooling chamber,

(f) means for subjecting the hot raw synthesis gas stream in the cooling chamber to the
cold, water-containing quench medium stream,

(g) means for discharging a cold raw synthesis gas stream from the partial oxidation re-
actor,

(h) means for discharging a hot, liquid quench medium stream laden with solids particles
from the partial oxidation reactor, a first heat exchanger, means for introducing at least a
portion of the hot quench medium stream into the first heat exchanger, wherein the first
heat exchanger is selected from the group of:

(h1) crossflow heat exchangers configured such that the coolant is passed through tubes
which have the hot quench medium stream flowing around them,

(h2) shell and tube heat exchangers configured such that the coolant flows through the
tube side and the hot quench medium stream flows through the shell side,

(h3) spiral heat exchangers,

means for supplying the carbon-containing input stream or the oxidant stream or the mod-
erator stream or a plurality of these streams to the first heat exchanger as the first coolant,
(j) means for discharging the cold quench medium stream from the first heat exchanger
and means for recycling at least a portion of the cold quench medium stream to the cooling

chamber.

Partial oxidation conditions/gasification conditions are to be understood as meaning the
reaction and process conditions known per se to a person skilled in the art, in particular
of temperature, pressure and residence time, as discussed in detail in the relevant litera-
ture and under which at least partial conversion but preferably industrially relevant con-
versions of the reactants into synthesis gas products such as CO and hydrogen is ef-

fected.
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Fluid connection between two regions or plant components is to be understood here as
meaning any kind of connection that enables flow of a fluid, for example a reaction
product or a hydrocarbon fraction, from one to the other of the two regions, irrespective

of any interposed regions, components or required conveying means.

Fluids are to be understood as meaning substances which continually deform and
therefore flow under the influence of shear forces. In this context “fluidized” is to be
understood as meaning that finely divided, for example particulate, solids such as
dumped beds are brought into a fluid-like state via process engineering measures such

as mixing in order that they are conveyable and move together with the fluid phase.

A means is to be understood as meaning something that enables or is helpful in the
achievement of a goal. In particular, means for performing a particular process step are
to be understood as including all physical articles that would be considered by a person
skilled in the art in order to be able to perform this process step. For example, a person
skilled in the art will consider means of introducing or discharging a material stream to
include all transporting and conveying apparatuses, i.e. for example pipelines, pumps,
compressors, valves, which seem necessary or sensible to said skilled person for per-

formance of this process step on the basis of his knowledge of the art.

The recited solid, liquid and gaseous/vaporous states of matter should always be con-
sidered in relation to the local physical conditions prevailing in the respective process
step or in the respective plant component unless otherwise stated. In the context of the
present application the gaseous and vaporous states of matter should be considered to

be synonymous.

Pressures reported in the unit bar(a) relate to absolute pressure in bar absolute.

The invention is based on the recognition that the hot quench medium stream provides

sufficient energy for preheating the carbon-containing input stream, the oxidant stream

and an optional moderator stream. The hot quench medium stream constitutes a heat
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transfer medium not utilized in modern plants. The proposed process makes it possible to
utilize the water hitherto unused as a heat transfer medium. Especially for liquid inputs
that are thermally unstable or have a propensity for coking, a hotspot-avoiding, highly
uniform preheating to a temperature level of about 200°C is possible. Especially when the
input has a propensity for thermally induced reactions, for example polymerizations, as is
the case for pyrolysis oil for example, the use of this heat transfer medium is advanta-
geous since the preheating is effected to a lower temperature level than in the case of

preheating with high-pressure steam.

The hot quench medium stream is withdrawn either at the bottom of the cooling chamber
or at its side wall. In the case of a highly solids-laden quench medium stream, a further
settling container may optionally also be connected to the quench region. The temperature
of the quenching water is in the range from 190°C to 250°C, depending on the gasification
pressure. At very low solids loadings (soot, ash, slag), hot quench medium stream may
after cooling be reused directly as quench medium or else as washing liquid at another
point in the process or in an adjacent process. By contrast, at relatively high loadings of
ash, slag or soot it is advantageous before reuse thereof to decompress the hot quench
medium stream and separate its solids content, for example by filtration using a band filter

or filter press.

In respect of the first heat exchanger to be employed the relatively large amount of hot
quench medium lends itself to the use of crossflow heat exchangers since they require
the smallest heat transfer area, thus allowing a compact construction despite high fouling
factors on account of the solids-laden quench medium. It is alternatively possible to em-
ploy shell and tube heat exchangers, wherein the hot, solids-laden quench medium is
passed through the heat exchanger on the shell side, thus allowing easy cleaning of the
apparatus. It must be ensured that the tube spacing (pitch) is sufficient to prevent blocking
or plugging of the passage of quench water by larger solids particles (pieces of lining, ash,

slag).
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In the case of liquid inputs having a propensity for polymerization or for coking (residue
oils, pyrolysis oils) it has been found that especially spiral heat exchangers are suitable
since they are easy to clean and, in addition, a self-cleaning effect brought about by local

velocity elevations efficiently prevents deposits.

Preferred embodiments of the invention

An advantageous embodiment of the process according to the invention is characterized
in that at least a second heat exchanger for cooling the hot quench medium stream by
indirect heat exchange is present, wherein the second heat exchanger is operated with a
second coolant selected from the group of. carbon-containing input stream, oxidant
stream, moderator stream. This allows preheating of a further operating medium stream
and there is an additional degree of freedom in the adjustment of the preheating temper-

ature for this additional operating medium stream.

A further aspect of the process according to the invention is characterized in that a pro-
portion of the hot or cooled quench medium stream is discharged from the quench medium
stream circuit as a purge stream and quantitatively replaced by fresh water or solids-free
condensate streams, for example steam condensate. This makes it possible to avoid ac-
cumulation of certain, especially dissolved or colloidally dispersed, impurities in the

quench medium circuit.

In a further advantageous embodiment of the process according to the invention the
quench medium stream is supplied to an apparatus for solids separation before recycling
to the cooling chamber. This reduces the propensity for blocking of the apparatuses, for

example nozzles, used for introducing the cold quench medium into the cooling chamber.

Alternatively or in addition to the last-mentioned embodiment a further advantageous em-
bodiment of the process according to the invention provides that the hot quench medium
stream is supplied to the apparatus for solids separation before introduction into the first

heat exchanger. This makes it possible to separate solids particles, thus reducing the
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propensity for blocking of the first heat exchanger arranged downstream thereof and al-

lowing said exchanger to be operated for longer without a shutdown for cleaning.

Alternatively or in addition to the two last-mentioned embodiments a further advantageous
embodiment of the process according to the invention provides that the cold quench me-
dium stream is supplied to the apparatus for solids separation after discharging from the
first heat exchanger. This makes it possible to separate especially finer solids particles
that have passed through any upstream solids separation stages. This reduces the pro-
pensity for blocking of the apparatuses, for example nozzles, used for introducing the cold

quench medium into the cooling chamber.

A further aspect of the process according to the invention is characterized in that when
using a shell and tube heat exchanger or a crossflow heat exchanger the tubes traversed
by the coolant are arranged vertically and the hot quench medium is run in crossflow,
cocurrent or countercurrent relative to the flow direction of the coolant, wherein the flow
direction of the quench medium through the heat exchanger is substantially vertically up-
wards or downwards and wherein a storage volume for accommodating solids deposits
and a service opening for removal of the solids deposits are provided at the bottom of the
heat exchanger. The vertical arrangement of the tubes traversed by the coolant has the
result that their propensity for fouling is very low. Solids deposits settle at the bottom of
the heat exchanger, for example in the storage volume intended therefor, by sedimenta-
tion and may readily be removed via the service opening. If the service opening is in the
form of a valve, solids removal may even be carried out when the process/plant is in on-

going operation.

A further aspect of the process according to the invention is characterized in that a pyrol-
ysis oil or pyrolysis slurry is used as the carbon-containing input stream and a spiral heat
exchanger is used as the first heat exchanger. In the case of such inputs having a pro-
pensity for polymerization or for coking it has been found that especially spiral heat ex-
changers are suitable since they are easy to clean and, in addition, a self-cleaning effect

brought about by local velocity elevations efficiently prevents deposits.
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A further aspect of the process according to the invention is characterized in that the pres-
sure in the reaction chamber and in the cooling chamber is between 25 and 80 bar(a) and
the temperature of the hot quench medium stream is between 150°C and 250°C. This is
a typical operating pressure of a partial oxidation reactor which results in an economically
advantageous space-time yield and is matched to downstream process stages. Surpris-
ingly the temperature of the thus obtained hot quench medium stream is particularly ad-
vantageous for preheating operating medium streams since excessive temperatures

which result in undesired side reactions such as polymerization and coking are avoided.

A further aspect of the process according to the invention is characterized in that the pre-
heating temperature of the carbon-containing input stream before introduction into the
burner is between 200°C and 400°C for gaseous input streams, between 150°C and
300°C for liquid input streams and between 20°C and 150°C for pyrolysis oils or pyrolysis
slurries as the input stream. Investigations have shown that by maintaining these temper-
ature ranges an efficient preheating performance is obtained while simultaneously avoid-
ing overheating of the respective medium, wherein gaseous input streams are least sen-

sitive and pyrolysis oils and pyrolysis slurries are particularly sensitive to overheating.

A further aspect of the process according to the invention is characterized in that the pre-
heating temperature of the oxygen-containing oxidant before introduction into the burner
is between 120°C and 250°C. Investigations have shown that by maintaining this temper-

ature range a particularly energy-efficient preheating of the oxidant stream is achieved.

In a particular embodiment of the plant according to the invention said plant comprises a
second heat exchanger in fluid connection with the quench medium stream. This allows
preheating of a further operating medium stream and there is an additional degree of
freedom in the adjustment of the preheating temperature for this additional operating me-

dium stream.
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In a further particular embodiment of the plant according to the invention said plant com-
prises an apparatus for solids separation in fluid connection with the quench medium
stream. This makes it possible to separate solids particles, thus reducing the propensity
for blocking of the first heat exchanger arranged downstream thereof and allowing said

exchanger to be operated for longer without a shutdown for cleaning.

A further aspect of the plant according to the invention is characterized in that in the case
of the tube bundle heat exchanger or the crossflow heat exchanger the tubes traversed
by the coolant are arranged vertically and a storage volume for accommodating solids
deposits and a service opening for removing the solids deposits are provided at the bottom
of the heat exchanger. The vertical arrangement of the tubes traversed by the coolant has
the result that their propensity for fouling is very low. Solids deposits settle at the bottom
of the heat exchanger, for example in the storage volume intended therefor, by sedimen-
tation and may readily be removed via the service opening. If the service opening is in the
form of a valve, solids removal may even be carried out when the process/plant is in on-

going operation.

Working example

Developments, advantages and possible applications of the invention are also apparent
from the following description of exemplary embodiments and the drawing. All the features
described and/or shown in images, alone or in any combination, form the invention, irre-
spective of the way in which they are combined in the claims or the dependency refer-

ences therein.

The sole figure

Fig. 1 shows a preferred embodiment of the process according to the invention/the

plant according to the invention.

In the plant 1 shown in schematic form in fig. 1 for synthesis gas production by noncatalytic

partial oxidation of a pyrolysis oil as a liquid, carbon-containing input stream, the reaction
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chamber 10 is supplied via the burner 11 with the media pyrolysis oil via conduits 13 and
3, steam as a moderator via conduit 2 and oxygen as an oxidant via conduits 14 and 4.
The detailed media path is not depicted in the figure; thus a pre-mixing of one or more of
the media, for example of the pyrolysis oil or the oxidant or both, with the moderator may
be carried out upstream of the burner or in the burner itself, wherein steam or carbon

dioxide or mixtures of these substances are used as the moderator.

The reaction of the pyrolysis oil with the oxidant to afford a raw synthesis gas is carried
out under partial oxidation conditions in the burner 11 and/or in the reaction chamber 10

arranged downstream of the burner to afford a hot raw synthesis gas stream.

Via conduit 12 the raw synthesis gas laden with soot particles enters the cooling chamber
20 which is configured as a quench. By spraying water which is supplied via conduits 21
and 22 as a cold quench medium stream, said quench instantaneously lowers the tem-
perature of the raw synthesis gas to a temperature between 150°C and 250°C at a typical
pressure between 25 and 80 bar(a). The thus obtained cooled raw synthesis gas largely
freed of solids particles is subsequently discharged from the partial oxidation plant via

conduit 15 and sent for further processing or further treatment.

The hot, liquid quench medium laden with solids particles collects in the lower region of
the cooling chamber and forms a liquid fill level therein. The hot quench medium is then
discharged from the cooling chamber 20 via conduit 24 and passed to the first heat ex-
changer 30 via conduit 24. When the hot quench medium is discharged at the lowest point
of the cooling chamber 20 as shown, said medium is advantageously applied to an appa-
ratus for solids separation (not shown) to separate at least a portion of the entrained solids
particles before the hot quench medium is passed on to the first heat exchanger 30. This

allows especially coarse solids fractions to be kept away from the first heat exchanger 30.
It is alternatively possible to discharge the hot, particle-laden quench medium not at the

lowest point of the cooling chamber 20 but rather slightly thereabove. This advantageously

effects a certain solids preseparation, so that the first heat exchanger 30 is subjected less
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in the way of solids. The solids accumulating at the lowest point of the cooling chamber
by sedimentation may then be discharged from the cooling chamber continuously or dis-
continuously, and separately from the hot quench medium. Continuous discharging may
be realized for example via a rotary star valve. This solids preseparation may also be
amplified by configuring the bottom of the cooling chamber as a relaxation zone, for ex-

ample through the use of internals such as dividing walls.

Since the present working example uses pyrolysis oil as the liquid carbon-containing input
stream for the partial oxidation it is advantageous for heat exchanger 30 or 40 or both to
be configured as spiral heat exchangers. In the case of such inputs having a propensity
for polymerization or for coking it has been found that especially spiral heat exchangers
are suitable since they are easy to clean and, in addition, a self-cleaning effect brought

about by local velocity elevations efficiently prevents deposits.

If the first and/or second heat exchanger are configured as a crossflow or shell and tube
heat exchanger it is advantageous when the tubes traversed by the coolant are arranged
vertically and the hot quench medium is run in crossflow, cocurrent or countercurrent rel-
ative to the flow direction of the coolant, wherein the flow direction of the quench medium
through the heat exchanger should be substantially vertically upwards or downwards and
wherein a storage volume for accommodating solids deposits and a service opening for
removal of the solids deposits are advantageously provided at the bottom of the heat ex-
changer. The vertical arrangement of the tubes traversed by the coolant has the result
that their propensity for fouling is very low. Solids deposits settle at the bottom of the heat
exchanger, for example in the storage volume intended therefor, by sedimentation and
may readily be removed via the service opening. If the service opening is in the form of a
valve, solids removal may even be carried out when the process/plant is in ongoing oper-

ation.
The first heat exchanger 30 performs a first partial cooling of the hot quench medium in

indirect heat exchange against the oxidant stream supplied via conduit 14 as the first

coolant which is thus preheated and passed to the burner 11 via conduit 4. The partially
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cooled quench medium is then passed to the second heat exchanger 40 via conduit 32.
The second heat exchanger 40 performs the further partial cooling of the quench medium
in indirect heat exchange against the carbon-containing input stream (presently pyrolysis
oil) supplied via conduit 13 as the second coolant which is thus likewise preheated and

passed to the burner 11 via conduit 3.

The cold quench medium is discharged from the second heat exchanger 40 via conduit
42 and, via conduits 44, 22, 21 and pump 23, recycled as cold quench medium to the
cooling chamber 20, thus forming a closed quench medium circuit. A small proportion
compared to the recirculating mass flow of the quench medium is continuously discharged
from the process via conduit 46 to limit contamination of the circulating quench medium
by fine solids fractions and undesired dissolved substances. The discharged mass flow of

the quench medium is continuously replaced by fresh water via conduit 48.

The specified choice of the first and the second coolant offers particular advantages: The
oxidant less sensitive to overheating encounters the still-hot quench medium stream as
the first coolant in the first heat exchanger while the already partially cooled quench me-
dium is further cooled with pyrolysis oil as the second coolant in the second heat ex-
changer. In this way the pyrolysis oil as the carbon-containing input stream is preheated,
but overheating, which can result in undesired side reactions on account of the reactivity

of several ingredients, is avoided.
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Industrial applicability
The invention proposes an advantageous process for producing a synthesis gas by partial
oxidation of solid, liquid or gaseous carbon-containing input streams which achieves high

thermal integration by utilizing the hot quench medium for preheating operating streams.
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Claims:

1. Process for producing a raw synthesis gas containing hydrogen and carbon oxides
by noncatalytic partial oxidation of a solid, liquid or gaseous carbon-containing input
stream with an oxygen-containing oxidant, comprising the following steps:

(a) providing the carbon-containing input stream in fluid or fluidized form, providing an
oxidant stream, optionally providing a moderator stream comprising steam and/or carbon
dioxide,

(b) providing a partial oxidation reactor comprising a reaction chamber having an inlet and
an outlet, a burner arranged at the inlet of the reaction chamber and a cooling chamber
arranged downstream of the outlet of the reaction chamber and in fluid connection there-
with,

(c) providing a cold, water-containing quench medium stream,

(d) introducing the carbon-containing input stream, the oxidant stream and the optional
moderator stream into the reaction chamber via the burner,

(e) at least partially reacting the carbon-containing input stream with the oxidant stream
under partial oxidation conditions in the burner and/or in the reaction chamber arranged
downstream of the burner to afford a hot raw synthesis gas stream,

(f) discharging the hot raw synthesis gas stream from the reaction chamber and introduc-
ing same into the cooling chamber,

(g) subjecting the hot raw synthesis gas stream in the cooling chamber to the cold, water-
containing quench medium stream to obtain a cold raw synthesis gas stream and a stream
of hot, liquid quench medium laden with solids particles,

(h) discharging the cold raw synthesis gas stream from the partial oxidation reactor for
further processing or further treatment,

(i) discharging the hot, liquid quench medium stream laden with solids particles from the
partial oxidation reactor and introducing at least a portion of the hot quench medium
stream into a first heat exchanger for cooling the hot quench medium stream by indirect
heat exchange against a first coolant to obtain the cold quench medium stream, wherein

the first heat exchanger is selected from the group of:
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(i1) crossflow heat exchangers, wherein the coolant is passed through tubes which have
the hot quench medium stream flowing around them,

(i2) shell and tube heat exchangers, wherein the coolant flows through the tube side and
the hot quench medium stream flows through the shell side,

(i3) spiral heat exchangers,

wherein the carbon-containing input stream or the oxidant stream or the moderator stream
or a plurality of these streams serve as the first coolant and are thus preheated before
introduction into the burner,

(j) discharging the cold quench medium stream from the first heat exchanger and recycling
at least a portion of the cold quench medium stream to the cooling chamber to form a

quench medium stream circuit.

2. Process according to Claim 1, characterized in that at least a second heat ex-
changer for cooling the hot quench medium stream by indirect heat exchange is present,
wherein the second heat exchanger is operated with a second coolant selected from the

group of: carbon-containing input stream, oxidant stream, moderator stream.

3. Process according to Claim 1 or 2, characterized in that a proportion of the hot or
cooled quench medium stream is discharged continuously or batchwise from the quench
medium stream circuit as a purge stream and quantitatively replaced by fresh water or

solids-free condensate streams.

4. Process according to Claims 1 to 3, characterized in that the quench medium
stream is supplied to an apparatus for solids separation before recycling to the cooling

chamber.
5. Process according to Claim 4, characterized in that the hot quench medium stream

is supplied to the apparatus for solids separation before introduction into the first heat

exchanger.
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6. Process according to Claim 4, characterized in that the cold quench medium
stream is supplied to the apparatus for solids separation after discharging from the first

heat exchanger.

7. Process according to Claims 1 to 6, characterized in that when using a shell and
tube heat exchanger or a crossflow heat exchanger the tubes traversed by the coolant
are arranged vertically and the hot quench medium is run in crossflow, cocurrent or coun-
tercurrent relative to the flow direction of the coolant, wherein the flow direction of the
quench medium through the heat exchanger is substantially vertically upwards or down-
wards and wherein a storage volume for accommodating solids deposits and a service
opening for removal of the solids deposits are provided at the bottom of the heat ex-

changer.

8. Process according to Claims 1 to 6, characterized in that a pyrolysis oil or pyrolysis
slurry is used as the carbon-containing input stream and a spiral heat exchanger is used

as the first heat exchanger.

9. Process according to any of the preceding claims, characterized in that the pres-
sure in the reaction chamber and in the cooling chamber is between 25 and 80 bar(a) and

the temperature of the hot quench medium stream is between 150°C and 250°C.

10. Process according to any of the preceding claims, characterized in that the pre-
heating temperature of the carbon-containing input stream before introduction into the
burner is between 200°C and 400°C for gaseous input streams, between 150°C and
300°C for liquid input streams and between 20°C and 150°C for pyrolysis oils or pyrolysis

slurries as the input stream.
11.  Process according to any of the preceding claims, characterized in that the pre-

heating temperature of the oxygen-containing oxidant before introduction into the burner
is between 120°C and 250°C.
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12.  Plant for producing a raw synthesis gas containing hydrogen and carbon oxides by
noncatalytic partial oxidation of a solid, liquid or gaseous carbon-containing input stream
with an oxygen-containing oxidant, comprising the following constituents:

(a) means for providing the carbon-containing input stream in fluid or fluidized form, means
for providing an oxidant stream, optionally means for providing a moderator stream com-
prising steam and/or carbon dioxide,

(b) a partial oxidation reactor comprising a reaction chamber having an inlet and an outlet,
a burner arranged at the inlet of the reaction chamber and a cooling chamber arranged
downstream of the outlet of the reaction chamber and in fluid connection therewith,

(c) means for providing a cold, water-containing quench medium stream,

(d) means for introducing the carbon-containing input stream, the oxidant stream and the
optional moderator stream into the burner,

(e) means for discharging a hot raw synthesis gas stream from the reaction chamber and
means for introducing same into the cooling chamber,

(f) means for subjecting the hot raw synthesis gas stream in the cooling chamber to the
cold, water-containing quench medium stream,

(g) means for discharging a cold raw synthesis gas stream from the partial oxidation re-
actor,

(h) means for discharging a hot, liquid quench medium stream laden with solids particles
from the partial oxidation reactor, a first heat exchanger, means for introducing at least a
portion of the hot quench medium stream into the first heat exchanger, wherein the first
heat exchanger is selected from the group of:

(h1) crossflow heat exchangers configured such that the coolant is passed through tubes
which have the hot quench medium stream flowing around them,

(h2) shell and tube heat exchangers configured such that the coolant flows through the
tube side and the hot quench medium stream flows through the shell side,

(h3) spiral heat exchangers,

means for supplying the carbon-containing input stream or the oxidant stream or the mod-

erator stream or a plurality of these streams to the first heat exchanger as the first coolant,
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(j) means for discharging the cold quench medium stream from the first heat exchanger
and means for recycling at least a portion of the cold quench medium stream to the cooling

chamber.

13.  Plant according to Claim 12, characterized in that it comprises a second heat ex-

changer in fluid connection with the quench medium stream.

14. Plant according to Claim 12 or 13, characterized in that it comprises an apparatus

for solids separation in fluid connection with the quench medium stream.

15.  Plant according to Claims 12 to 14, characterized in that in the case of the shell
and tube heat exchanger or the crossflow heat exchanger the tubes traversed by the cool-
ant are arranged vertically and a storage volume for accommodating solids deposits and
a service opening for removing the solids deposits are provided at the bottom of the heat

exchanger.
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