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In a prior art method for regenerating a residual substance that contains sulfur, a drop stream containing the residual substance Is
Introduced Into a reactor, fed to a reaction zone comprised of hot flue gases, which are produced by combusting a fuel, and are
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heated thereln in order to thermally cleave the sulfurous compounds of the residual substance.
performance and an improvement in the economic viabillity of the method are attained by introd

=xpanding upon this, an increase In
ucing a drop stream containing fuel

Into the reactor at the same time as the drop stream containing the residual substance and feeding it to a pre-reaction zone, which
IS produced by introducing an oxygen-rich gas stream, whereby the residual substance Is, In part, thermally cleaved inside the pre-
reaction zone and Is subsequently fed to the reaction zone. An atomizing burner, which Is suited for carrying out saild method and
which has a long serviceable life, Is characterized In that a protective gas nozzle, which coaxially surrounds the inner nozzle, Is
provided between said inner nozzle and the outer nozzle, and In that the inner nozzle iIs connected to an Inlet for a residual
substance/fuel mixture, and the outer nozzle is connected to an inlet for an oxygen-rich gas stream.
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Abstract
In a prior art method for regenerating a residual substance that contains sulfur, a drop stream
containing the residual substance is introduced into a reactor, fed to a reaction zone comprised
of hot flue gases, which are produced by combusting a fuel, and are heated therein 1n order to
thermally cleave the sulfurous compounds of the residual substance. Expanding upon this, an
increase in performalice and an improvement in the economic viability of the method are
attained by introducing a drop stream containing fuel into the reactor at the same time as the
drop stream containing the residual substance and feeding it to a pre-reaction zone, which 1s
produced by introducing an oxygen-rich gas stream, whereby the residual substance is, 1n part,
thermally cleaved inside the pre-reaction zone and is subsequently fed to the reaction zone. An
atomizing burner, which is suited for carrying out said method and which has a long
serviceable life, is characterized in that a protective gas nozzle, which coaxially surrounds the
inner nozzle, is provided between said inner nozzle and the outer nozzle, and in that the inner
nozzle is connected to an inlet for a residual substance/fuel mixture, and the outer nozzle 1s

connected to an inlet for an oxygen-rich gas stream.
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Method for the regeneration of residues containing sulfur and
an atomizing bumer suited for executing the method

The present invention relates to a method for the regeneration of residues
containing sulfur in that a droplet stream containing the residue is introduced into
a reactor and fed to a reactlion zone consisting of hot flue gases that are gener-
ated by the combustion of a fuel, and heated in said reaction zone so that the
compmndé, of the residues containing sulfur are thermally cleaved.

Furthermore, the invention relates to an atomizing burner for executing the
method, camprising a central inner nozzle that serves to feed in the residues
containing sulfur and that is surrounded by an outer nozzle.

According tp the state of the art, residues containing sulfur such as, for example,
spent sulfuric acids (so-called “waste sulfuric acids") or ammonia sulfate solu-
tions, are treated by means of thermal cleavage in so-called cleaving installations.
In this pracess, the residues are fed into a heating zone of a reactor with a refrac-
tory lining, hereinaﬁer referred to as a “cleaving oven®, sald heating zone being
created by .hot flue gases, where these residues are thermally cleaved under
formation of sulfur dioxide. The heating zonse is created by burning a fuel with an
oxidant that contains oxygen. The process gases containing sulfur dioxide are

further processed according to the state of the art into sulfuric acid, fuming sulfu-
ric acid or spifur dioxide.
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Two different types of reactors are commonly used, which differ primarily in terms
of the process gas flow, namely, cleaving ovens with a vertical or with a horizon-

tal flow.

In the case of cleaving ovens with a vertical flow, the burners for generating the
hot flue gases are flanged directly onto the oven wall radially or tangentially in
one or more pianes. The flame first develops in the cleaving oven, whereby CO
and soot might form as a result of incomplete combustion, and there is a risk that
the sulfuric acid produced could acquire a brown coloration. Therefore, the more
modern cleaving installations are equipped with upstream combustion chambers,
called compustors, rather than with the directly flanged-on burners. Combustors
generate a hot, fully reacted flue gas at a temperature of about 2000°C [3632°F].

With the hprizontally arranged cleaving oven, usually one or more burners or
combustorg are flanged directly onto the end wall. The flame or the flue gas exit
horizontaliy.

Examples of possible fuels are combustible gases and liquid fuels, preferably
with a higl’i sulfur content, such as, for example, fuel oil. If there is a need to
increase the sulfuric acid production, liquid sulfur is also added as the fuel, and it
burns direc;ly In the cleaving oven to form sulfur dioxide. The oxidation medium
normally used is air, which is either added to the burner box at the ambient
temperature or else recuperatively heated.

The acid is fed into the cleaving oven by means of pressure atomizers, com-
pressed-air.atomizers or rotary atomizers that are made of acid-proof materials.

All cleavagq methods have in common the requisite very high cleavage tempera-
ture of 900°C to 1200°C [1652°F to 2192°F] at which the residues containing sul-
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fur are conyerted into sulfur dioxide, water vapor, axygen and optionally nitrogen
and carborj dioxide. The strong endothermic cleavage reaction takes place in the
cleaving ovens described above, requiring large amounts of energy in the form of
combustible gas or oil. Thus, for example, theoretically, about 1770 KWh of
energy peri ton of waste acid are needed for the cleavage of a 70%-solution of
waste sulfuric acid, consisting of 70% sulfurlc acid and 30% water.

When air lq used as the oxidant, the inert nitrogen fraction also has to be heated
to the clea):fage temperature of about 1000°C [1832°F), thus additionally raising
the energy :consumptlon and reducing the sulfur dioxide concentration as wel| as
increasing the process gas volume,

In principle,i the specific disposal costs per ton of waste acid can be reduced by
increasing ﬁhe sulfur dioxide concentration in the process gas.

Higher suH@r dioxide concentrations can be achieved either by cancentrating the
residues cantaining sulfur in a separate installation or by reducing the inert nitro-
gen fraction in the combustion air, which is normally achieved by using oxygen
as the oxidation medium:.

In order to -§mix oxygen with the fuels in the cleaving oven, so far, the following
methods have proven their worth in actual practice:

+ enrichment of the combustion air with oxygen,
* injection: of oxygen into the air flame,
* Uuse of a fuel/oxygen bumer.
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As a result of the oxygen enrichment and/or the oxygen injection, the flame
temperaturb rises, which can cause damage to the burners and/or to the refrac-

tory lining.

During the oxygen enrichment as well as during the oxygen injection, the
temperature of the flame is ralsed, thus promoting the thermal formation of nitro-
gen oxide, which is fundamentally disadvantageous for the cleaving pracess.

When a fuﬂloxygen bumer is used, fuels such as oil or combustible gas are
burned by means of a suitable burner, while being mixed externally with oxygen.
The oxygen burners can additionally be integrated into the reactor so as to
improve th§ performance of an existing cleaving oven, or else to replace air burn-

ers. The vary high flame tamperatures of up to 2900°C [5252°F] give rise to the
same problems as with the previously mentioned methods. Moreover, water-

cooled oxygen burners are maintenance-intensive since corrosion damage can
occur on thé cooled surfaces due to the condensation of sulfuric acid.

Owing to these drawbacks, the use of oxygen to improve the performance of
Cleaving ingtallations used for regenerating residues containing sulfur has only
been possiple o a limited extent. Thus, for example, cleaving ovens that were
equipped with combustors could not be operated with oxygen until now because
the oxygen 'enrichment as well as the oxygen injection cause the flame tempera-
ture to rise :s0 that the refractory lining of the combustor, which is already being
operated at its upper temperature limit, meits and moreover, due to the increased

formation of nitrogen oxide, the quality of the produced sulfuric acid is greatly
diminished due to elevated content of nitrosyl sulfuric acid.

Therefore, the present invention is based on the objective of providing a method
for the regeneration of residues containing sulfur in which oxygen can be intro-
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duced intq the cleavage oven without the above-mentioned drawbacks and
hmitations as an additional oxidation medium in order to enhance the perform-
ance and iljnprove the cost-effectiveness. Moreover, the invention is based on the
objective of providing a suitable atomizing burner with a tong service life for
executing the pProcess.

When it cames to the method, this objective, based on the method described
above, is achieved according to the invention in that a droplet stream containing
fuel is fed into the reactor simultaneously with the droplet stream containing the
residue, and is introduced into a pre-reaction zone that is created by feeding in
an oxygen-rich gas stream, whereby the residue in the pre-reaction zone is par-
tially thermally cleaved and subsequently fed into the reaction zone.

The droplet stream containing the residue and the droplet stream containing the
fuel are fed Into a pre-reaction zone. This zone is created in that finely distributed
residue and fuel react with the oxygen-rich gas. In the pre-reaction zone, the resi-
due contairjing sulfur is partially cleaved and subsequently fed into the reaction
zone having a higher temperature and consisting of the hot flue gases. The pre-
reaction zone is thus separate from the actual reaction zone. As a result, the
additional energy needed in the pre-reaction zone to enhance the performance
can be supplied without this causing an increase in the flame temperature in the
actual reaclion zone and hence without exceeding the temperature limits in this
area or else increasing the formation of nitrogen oxide.

The pre-reaction zone is created in that fuel is burned there with the oxygen-rich
gas stream. The fuels for forming the pre-reaction zone and the actual reaction
zone can b? identical. The oxygen-rich gas stream consists of pure oxygen or of

an oxygen—éir mixture with an oxygen concentration between 25 vol.-% and 100
val.-%.
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Due to the joint introduction of the residue and of the fuel into the pre-reaction
zone and the partial cleavage of the residue, the thermal cleavage of the residue
can be camied out in the actual reaction zone at low reaction temperatures, which
translates into a low formation of nitrogen oxide at high reaction rates in the over-
all process'. The reaction products from the pre-reaction zone that had not yet
been completely cleaved are transferred to the actual reaction zone having a
higher temperature, where the complete cleavage and combustion of the reaction
products takes place without the additional formation of nitrogen oxide.

Preferably,,a maximum temperature in the range between 800°C and 1300°C
[1472°F and 2372°F], especially preferred between 850°C and 1100°C [1562°F
and 2012°F], is set in the pre-reaction zone. This ensures that a low thermal load
on the refrquw lining and a low thermal nitrogen oxide formation. The tempera-
ture in the Pre—reaction zone can be regulated by separately setting the volume
flows of the residue containing sulfur, the fuel and the oxygen-rich gas. These
are set independently of each other in such a way that the temperature in the
pre-reactioﬁ zone lies within the above-mentioned preferred temperature ranges.

Preferably, a reducing atmosphere is maintained in the first reaction zane in that
the oxygen content in the pre-reaction zone is set sub-stoichiometrically with
respect to the oxidizable components of the residue and of the fuel.

In particular, & method in which the residue and fuel are introduced into the reac-
tor by means of an atomizing medium has proven its worth, whereby the atomiz-
INg mediuméis formed at least partially by the oxygen-rich gas stream. Otherwise,
it is also pagsible to use, for example, compressed air or steam as the atomizing
medium. The term atomizing medium here is defined as the media that are SUp-
plied to the gtomzzer and that directly or indirectly contribute to the atomization of
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the residud and the fuel. In particular, this also refers to such media that are sup-
plied to the atomizer with the objective of surrounding the atomization cone that
is forming ti:luring the atomization. Pressure atomizers, rotary atomizers or injec-
tor atomizers are used as the atomizers.

Advantagebusly. a residue-fuel mixture in the form of residue-fue! droplet siream
is fed into the reactor. In this context, the residue-fuel mixture is created outside
of the reacior- This mixture is supplied to an atomizer in order to form the resj-
due-fuel droplet stream and then the mixture is introduced Into the pre-reaction
zone by th‘f: atomizer. The oxygen-rich gas stream is fed into the pre-reaction
zone together with this mixture or else separately.

It has been found that it is especially advantageous for the oxygen-rich gas
stream to sprround and penetrate the residue-fuel droplet stream as a sheathing
gas stream, thus creating the first reaction zone. The sheathing gas stream in
this context; Is completely or partially formed by the oxygen-rich gas stream or by
part thereof. Here, the sheathing gas stream is also advantageously used par-
tially or entirely as the secondary atomizing medium for the residue-fuel mixture.

A conﬁgurqttion of the method according to the invention that has especially
proven its ﬁorth IS one in which the sheathing gas stream is partially made up of
an air stregm, whereby the oxygen content in the sheathing gas stream is set
between 25 vol.-% and 100 vol.-%. The oxygen content in the sheathing gas
siream Is st as a function of the ratio of the flow volumes of the air stream to the
oxygen-rich:gas stream and its oxygen content

Moreover, it has proven to be advantageous to atomize the residue using an
atomizing burner having a central inner nozzle that feeds in the residue-fuel mix-
ture and that is coaxially surrounded by an inert gas nozzle and by a ring-shaped
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nozzie thatifeeds the oxygen-rich sheathing gas stream, whereby inert gas is fed
through the inert gas nozzie. The inert gas fed through the inert gas nozzle
serves to protect the central inner nozzle from the oxygen-rich sheathing gas
stream. Cohsequently. the Inner nozzle can be made of a material that would oxi-
dize readily at the prevalling high temperatures if it comes into contact with the
oxygen—rlcﬁ sheathing gas stream.

In an especi:ialty preferred embodiment of the method according to the invention,
the oxygenirrich gas stream comprises a pre-heated hot air stream and an oxy-
gen-rich gais stream that is handled separately from it. The oxygen content of the
oxygen-rich gas stream is preferably at least 80 vol.-%.

As far as thia atomizing burner is concerned, on the basis of the atomizing burner
described above, the objective set forth is achieved according to the invention in
that, betwef.'n the inner nozzle and the auter nozzle, there is an inert gas nozzle
that coaxially surrounds the inner nozzle, and in that the inner nozzle is con-
nected to ah nlet for a residue-fuel mixture and the outer nozzle is connected to
an inlet for {an oxygen-rich gas stream.

In the atomizing burner according to the invention, there is an inert gas nozzle
between the inner nozzle and the outer nozzle, The inert gas nozzle surrounds
the inner noizzle coaxially. As a result, an inert gas can be fed in through the inert
gas nozzle,:whereby sad inert gas is inert vis-a-vis the inner nozzle and it pro-
tects the inner nozzle from the outside environment. This, in turn, means that it is
it possible tp make the inner nozzle out of a material that is resistant to the resi-

duss containing sulfur, but that is not stable vis-a-vis the medium coming out of
the outer nozzle.
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In the atomﬁizing burner according to the invention, the inner nozzle is connected
to an inlet !‘or a residue-fuel mixture, and the outer nozzie is connected to an inlet
for an oxygen-rich gas stream. As already explained above with reference to the
method acgording to the invention, the oxygen-rich gas straém as set forth in the
present in{rention nas an axygen content between 25 vol.-% and 100 vol.-%. An
in-depth description has been given above on the effect of feeding in this gas
stream in brder to improve the performance of the regeneration of residues
containing Fuifur IN a reactor, in conjunction with feeding in a residue-fuel mixture
thus creatirig a prereaction zone in the reactor.

The atomiziing burner according to the invention makes it possible to atomize the
residue whjle feeding in an oxygen-rich gas stream or a part thereof through the
outer nozzle, whereby the inner nozzle can be protected from the oxygen-rich
gas stream%by feeding in a suitable inert gas through the inert gas nozzle. Conse-
quently, the inner nozzle can be made of a material that would otherwise be
susceptibleito corrosion under the ambient conditions.

}

Preferably the Inner nozzie is made of zirconium. Zirconium stands out for its
high acid r:psistance and durability, but at high temperatures (for example, at
1000°C [18P2°F]), due o its affinity, it oxidizes readily or might even be ighited in

pure oxygen, which is prevented by the medium fed in through the inert gas noz-
zle.

Another improvement of the atomizing burner according to the invention consists

in that therg are swirling devices in the outer nozzle. In the method according to
the inventio'p, the swirling devices bring about an additional secondary atomiza-
tion of the rgsidue-fuel mixture.
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An especiglly simple embodiment of the atomizing bumer is one in which ths
outer nozzie is configured as an annular gap that coaxially surrounds the inert
gas nozzle.

In an alten:f\ative and likewise preferred embodiment, the outer nozzle is config-

ured as an annular gap in which a plurality of individual nozzles are distributed
along the guter perimeter of the inert gas nozzle. With this embodiment of the
atomizing burner, a first gas can be fed in through the annular gap and a second

gas through the individual nozzles. For example, the first gas can be preheated
air and thq second gas can be an oxygen-rich gas stream as set forth in this
Invention, having an oxygen content of preferably at least 80 vol.-%.

Below, the invention will be explained in greater depth with reference to embodi-
ments and a drawing. The drawing shows the following in detail:

Figure 1 — = the atomizing burner according to the invention in a first embodi-
- ment,

Figure2 — the atomizing burner according to Figure 1 in a top view of the
opening of the atomizing nozzle,

Figure 3~ a second embodiment of the atomizing bumer according to the
- invention having an outer nozzle fitted with a swirling device,

Figure4 — the atomizing burner according to Figure 3 in a top view of the
- epening of the atomizing nozzie,
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Figure 5 ~ a third embodiment of the atomizing burner according to the inven-
tion having an outer nozzle with individual nozzles arranged therein,
and

Figure 6 — the atomizing burner according to Figure & in a top view of the
opening of the atomizing nozzle.

The atomiéing purner shown in Figure 1 has a central inner nozzle 1 that is
coaxially s@rrounded by a ring-shaped gas separation nozzle 2 and by another
ring-shaped outer nozzle 3. The inner nozzle 1 has an inlet 4 for a mixture of
residues ccintaining sulfur and fuel such as, for example, light oll or heavy fuel oil.
waste oll of solvent, the gas separation nozzle 2 is provided with an air inlet 5
and the outer nozzle 3 is provided with an inlst 6 for an oxygen-air mixture whose
oxygen content can be varied between 20.6 vol.-% and 100 vol.-%.

The inner nozzle is formed by a tube 8 made of zirconium that is tapered coni-
cally in the direction of the nozzle opening 7. The remaining walls of the nozzles
(2; 3) consi?ts of heat-proof, sulfur-resistant, high-alloy stainless steel in the form
of two coaxjal tubes (9; 10).

Insofar as the same reference numerals are used in the representations of Fig-
ures 2 to 6 as those used in Figure 1, these refer ta identical or equivalent parts

or compongnis of the atomizing burner according to the invention as they have
l
already been explained with reference to Figure 1.

The top -vie\}v of the atomizing burner according to Figure 2 shows the coaxial ar-
rangement of the individual tubes (8; 9; 10) and of the nozzles (1, 2, 3) of the
atomizing burner according to Figure 1.
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In the embodiment of the atomizing burner according to the invention shown in
Figure 3, in the lower area of the outer nozzle 3, just before the nozzle opening 7,
there i1s a swirling device in the form of lamellae 12 that are set up inside the
outer nozzle 3 at a slant in the flow direction 13.

The top view of the atomizing burner according to Figure 4 shows the coaxial
arrangement of the individual tubes (8; 9; 10) and of the nozzles (1, 2, 3) as waell

as the lamellae 12 inside the outer nozzle 3 of the atomizing burner according to
Figure 3.

Figure & shows an embodiment of the atomizing burner according to the inven-
tion in which, inside the ring-shaped outer nozzle 3, a plurality of individual noz-
zles 14 (in the embodiment, there are eight individual nozzles 14) are arranged in
a circular gross section. The individual nozzles 14 are uniformly distributed
around the gas separation nozzle 2. They consist of tubes made of austenitic
material whose upper end facing away from the nozzle opening 7 Is connected to

an oxygen inlet 15. In this atomizing bumer, the outer nozzle 3 is connected to an
inlet 16 for hot air.

Through this arrangement of the individual nozzles, the oxygen is separated from
the preheatgd oxygen-air mixture until the nozzle opening 7. In this manner, any
desired amount of oxygen or air can be safely fed into the oven.

The top view of the opening of the atomizing nozzle according to Figure 6 shows
the coaxial arrangement of the individual tubes (8; 9; 10) and of the nozzles (1, 2,
3) as well as the arrangement of the circular individual nozzles 14 around the gas
separation nozzle 2 in the atomizing burner according to Figure 5.
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The advaniages of the method according to the invention will be explained in
greater detail with respect to the examples without this constituting a limitation of
the scope af the invention.

Comparative Example 1

In order to ¢leave residues containing sulfur, an existing cleaving installation hav-
ing a cleaving oven with a vertical flow is used; here, the residues are injected at
the oven head and the process gas flows through the cleaving oven from the top
to the bottom. The cleaving oven is fired with heavy fuel oil S as the fuel and pre-

heated air as the oxidation medium by means of two tangentially arranged
combustors.

The residue that is injected from the top by the atomizing nozzie is thermally
cleaved in the hot flue gases generated by the combustors.

The residue used was 12 m’h of a waste acid from the production of methyl
methacrylate having the following composition:

* 41.3% by weight of sulfuric acid
* 27.3% by weight of ammonia sulfate
« 27.5% by weight of water

» 3.7% by weight of organic substances.

The atomization is carried out with a conventional atomizing nozzle. In this case,
the fed-in residue quantity of 12 m°/h corresponds to the maximum capacity of
the instailation. The results achieved are compliled in bulleted form below.

' R L T R TP TR e —— e . -
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Table 1: Results {Comparative Example 1)
. throughput rate of residue containing sulfur: 12 m*h
» fuel throughput rate: 1700 kag/h
» air throughput rate: 27,000 m°/h (under standard conditions)

oxygen throughput rate: O m°/h (under standard conditions)

+ tamperature at oven head: 890°C [1634°F]

» temperature at oven outlet: 1000°C [1832°F]

« SO concentration in the reaction gas: 8.3 vol.-%, dry

» NOy concentration in the reaction gas: 140 mg/m® (under standard condi-
tions), dry

» S0s concentration in the reaction gas: 8.8 mg/m® (under standard condi-
fions), dry

Example 1

For the experiments according to the invention, the same cleaving oven was

used as for Comparative Example 1, but equipped with the burner according to
the invention described in Figures 1 and 2.

The same residue containing sulfur with the identical residue feed as in
Comparative Example 1 was used. Puré oxygen was blown into the reaction
chambaer vig the concentric atomizing nozzie 3.

With an oxygen throughput rate of 1000 m*h, the fuel and air volumes in the
combustors were reduced and, at the same time, 420 kg/h of heavy fuel oil S

were admixed with the residue containing sulfur and sprayed in a finely distrib-
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uted form into the pre-reaction zone by means of the oxygen atomizing burner
according to the invention. The droplet cone of the residue-fuel mixture was
sheathed and penetrated by the oxygen siream generated by means of the
concentric nozzle 3, thus creating the pre-reaction zone. The complete thermal
cleavage tgkes place in the reaction zone in the hot flue gas stream that was
generated jn the combustors. The comparison of the SO values to those of
Comparative Example 1 shows that the thermal cleavage of the residues took
place completely.

Due to the reduced process gas volume flow, the SOz concentration in the reac-
tion gas increases from 8.3 vol.-% to 10.4 vol.-%. The temperatures at the oven
head and at the oven outlet were virtually identical. The nitrogen oxide values
measured in the reaction gas at the oven outlet do not reveal any increase with
respact to Comparative Example 1. The results achieved are compiled in bulleted
form below.

Table 2: Results (Example 1)

« throughput rate of residue containing sulfur: 12 m¥h
« fuel throughput rate: 1620 kg/h
» air throughput rate: 21,000 m*>h (under standard conditions)

+ Oxygen throughput rate; 1000 m*h (under standard conditions)
* temperature at oven head: 868°C [1594.4°F]

» temperature at oven outlet: 1002°C [1835.6°F)
» S0z concentration in the reaction gas: 10.4 vol.-%, dry

* NOx concentration in the reaction gas: 165 mg/m® (under standard condi-
tions), dry

TN P M e e AT LTIV T 4y o e e ke
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- S0 concentration in the reaction gas: 8.8 mg/m® (under standard condi-
tions), dry

Example 2

In Example 3, with the same composition of the residue as in Example 1, the
throughput rate of residue containing sulfur was increased by 33.3%, from 12
m>h to 16 m>/h. The oxygen volume was 2000 m/h. The energy needed for the
additional cleavage was fed via the atomizing bumer according to the invention,
which is shown in Figures 1 and 2, by admixing 510 kg/h of heavy heating 0il S
with the residue containing sulfur and introduced into the pre-reaction zone. In
spite of tha elevated throughput rate, the degree of cleavage was only slightly
higher, as can be seen on the basis of the SOs values. No increase in the
temperature at the oven head was cobserved. The temperature at the cleaving
oven outlet was constant. Vis-a-vis Comparative Example 1, with a virtually con-
stant process gas volume flow, the SOz concentration rose from 8.3 vol.-% to
11.4 vol.-%. The nifrogen oxide concentration was somewhat lower relative to the

SOz content. The results obtained are compiled in bulleted form below.

Table 3: Results (Example 2)

« throughput rate of residue containing sulfur: 16 m¥%h

+ fuel throughput rate: 2020 kg/h

« air throughput rate: 23,500 m*/h (under standard conditions)

- oxygen throughput rate: 2000 m%h (under standard conditions)
» temperature at oven head: 872°C [1601.6°F)

- temperature at aven outlet : 1000°C [1832°F]

' T
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« S0 concentration in the reaction gas: 11.4 vol.-%, dry

+ NO, concentration in the reaction gas: 180 mg/m"° (under standard condi-
tions), dry

» 80, concentration in the reaction gas: 9.5 mg/m® (under standard condi-
tions), dry

After several weeks of production, no damage to the refractory lining or to the
combustars had occurred, nor to the atomizing burner according to the invention.
The methad is suitable for enhancing the performance of existing cleaving

installations as well as for reducing the insiallation size when new installations
are built.

.........
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Patent Claims

1. A method for the regeneration of residues containing sulfur in that a droplet
stream containing the residue is introduced into a reactor and fed to a reaction
zone consisting of hot flue gases that are generated through the combustion of a
fuel, and heated in said reaction zone so that compounds of the residues
containing sulfur are thermally cleaved, characterized in that a droplet stream
containing fuel is introduced into the reactor simultaneously with the droplet
stream containing the residue, and 1s fed into a pre-reaction zone that is created by
feeding in an oxygen-rich gas stream, whereby the residue in the pre-reaction
zone 1s partially thermally cleaved and subsequently fed into the reaction Zone,
and that the residue 1s atomized using an atomizing burnér having a central inner
nozzle that feeds in the residue-fuel mixture and that is coaxially surrounded by
an 1nert gas nozzle and by a ring-shaped nozzle that feeds the oxygen-rich

sheathing gas stream, whereby inert gas is fed through the inert gas nozzle.

2. The method according to claim 1, characterized in that a maximum temperature in

the range between 800°C and 1300°C [1472°F and 2372°F] is set in the

pre-reaction zone.

3. The method according claim 1 or 2, characterized in that the oxygen content in
the pre-reaction zone is set sub-stoichiometrically with respect to oxidizable

components of the residue and of the fuel.

4. The method according to one of claims 1 to 3, characterized in that the residue
and fuel are introduced into the reactor by means of an atomizing medium,

whereby the atomizing medium is formed at least partially by the oxygen—rich gas

stream.
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The method according to claim 4, characterized in that a residue-fuel mixture in

the form of a residue-fuel droplet stream 1s fed into the reactor.

The method according to claim 5, characterized in that the oxygen-rich gas stream
surrounds and penetrates the residue-fuel droplet stream as a sheathing gas

stream, thus creating the first reaction zone.

The method according to claim 6, characterized in that the sheathing gas stream 1is
used partially or entirely as the secondary atomizing medium for the residue-fuel

mixture.

The method according to one of claims 6 or 7, characterized 1n that the oxygen

content in the sheathing gas stream is set between 25 vol.-% and 100 vol.-%.

The method according to one of claims 1 to 8, characterized in that the oxygen-
rich gas stream comprises a pre-heated hot-air stream and an oxygen-rich gas

stream that 1s handled separately from it.

Use of an atomizing burner, comprising a central inner nozzle surrounded by an
outer nozzle and between the inner nozzle (1) and the outer nozzle (3), an inert
gas nozzle (2) that coaxially surrounds the inner nozzle (1), for carrying out a
process for the regeneration of sulfur containing residues, whereby a residue-fuel
mixture 1s fed to the inner nozzle (1), inert gas is fed to the nozzle (2)
concentrically surrounding the inner nozzle, and an oxygen-rich gas stream is fed

to the outer nozzle (3).

The use according to claim 10, characterized in that the inner nozzle (1) is made

of zirconium.



CA 02434343 2008-12-22

20
12. The use according to claim 10 or 11, characterized in that there are swirling
devices (12) 1n the outer nozzle (3).
13.  The use according to one of claims 10 or 12, characterized 1n that the outer

nozzle (3) is configured as an annular gap that coaxially surrounds the nozzle (2).

14.  The use according to one of claims 10 to 13, characterized in that the outer nozzle
(3) is configured as an annular gap in which a plurality of individual nozzles (14)

are distributed along the outer perimeter of the inert gas nozzle (2).

15. The method of claim 2, wherein the maximum temperature in the pre-reaction

zone 1s set between 850°C and 1100°C [1562°F and 2012°F]



CA 02434343 2003-06-19

t N

113

\
"

m

1!

iy F v 4

m
/
“
“
/
“

VAV A BN A A S A A A A "‘

yr 2 2 & & .27 & v 2 £ 2. 208 8 £ & .0 & 2 &L 7 & F o £ S ke F  F F gy J F F £

AV AN S B 8 A A AW A A Ay A A

r"."‘..' .

AW A5 AV 3w

‘

A . L R . .

gt . W, D N, . W, T, " S, R, W k. . W . . e i, . W W T, . W W, WL U W, . . . . ., U N A W U, . . N .

”l"'""""’

r”""‘."..‘.’""‘." WYAE LY 5 Y P"‘.".

\‘.‘. “..

1 |

10} T I
. A ‘.t.tl'....t--'...'..‘.‘l“l‘l! S L B VNN g, -

. & % % § X B 8 N NFN 8 RN A R S e ."‘.'“‘.‘"““

I R

- W

T e
_— .

‘

v - r—— rarws W g 1 AT e, e 4 e ey drree ey e ey = e 4+ .



CA 02434343 2003-06-19

iy 7 7 P 4

|

p

¥ A A A LT A i

L S R C RV CES LSS S S A ASFS L A N R S S ’.”i‘l/’.

7 .1‘ “.‘-
f
N v k‘ ‘ S SN T N RO AT S SR S S S SR S N S N DO S S Sy S SO S B S M S B A S & !.‘.blnl.." -
e

j R

""“"".”""“”l"”"”"."" % % % 5 9 'l"‘r‘ .

-

' ‘t‘..'-.l"-l--'....ﬂ'.'l'-".\' v A A v A ﬂ--.‘-ltl-n‘f“

A R

a*
VMR A ARMBART AARESERY RSN ARMABERESR R R

X

£ L £ F r e f & o & F &L 4

m
\
"
\
|

W T W L A W LW,

Faff v = 1 cde. AWAAEY WIS Y m g

b4 ey



CA 02434343 2003-06-19

16

T
, 4
f y
f /
/ y

. I
/ 1

| 1

/’

'l."”"‘ﬂ""

s O L0 'L % SN % N % SIN N N N B N N N N N N ."'r/
e —————
] ——

r e L redrsd

LIy

ALLARAR AR LSRR
LLLLLRL L AR,

\
.

15




-

m

‘ | 4
._“
d Y
H .

|V 7 7 4

B W T W R Y D e

) r’“"*"'.ﬂ".ﬂ“""“

3
\
:
\
\
l
t
\
!
t
i
\
:
!
l
E
n
\
\
\
\
\
\
y
a
'

A 2

W e, W

3
2
1
7

r‘..,..'.' L % S 1 1 R % % R 8 % % N R R R W N P""‘r"".’

VAL -
oy ]

T

S Y, W W W W W, b, Vet “EE, "l i, P WP W A ek, D, whn ik W L . S W W, . W W W Y, W, T W W W Wik, i, S, M. ‘.".‘ ;

sy, Wi, i R, v, vl S, W . W W W W W W S S, e, W . . Wb, S W T, T, S W W, W " . T N - ", e i N -

L

A SR S St A st 2B B BN AR A A S S A Sl SR AR AR Y Sy SN A SN AV AW SR Sy B TR tt.‘t‘\.‘t

A AR B i A A A A A A

.".‘.‘"‘ -

- W

T =
.l-
B

UL $ N $ S S AN SN S N S S % 8 N ""‘-’“‘r"’“

A AT A A A



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - abstract drawing

