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Description
Technical Field

[0001] The present invention relates to a process for producing sulfuric acid, oleum or liquid sulfur trioxide, in which
a starting gas containing sulfur dioxide at least partly reacts with molecular oxygen in at least one contact with at least
one contact stage to form sulfur trioxide, and in which the sulfur-trioxide-containing gas produced is introduced into an
absorber and converted to sulfuric acid, and to a corresponding plant.

[0002] Conventionally, the production of sulfuric acid is effected by the so-called double absorption process which is
described in Ullmann’s Encyclopedia of Industrial Chemistry, 5th edition, Vol. A25, pages 635 to 700. For catalyzing the
oxidation of sulfur dioxide to sulfur trioxide, catalysts containing vanadium pentoxide as active component are typically
used with an operating range of 380 to 640°C. While an irreversible damage of the catalyst occurs at temperatures
above 640°C, the same is inactive at temperatures below 380°C. To avoid a damage of the catalyst, starting gases with
a sulfur dioxide content of maximally 13 vol-% are usually charged thereto, as excessive temperatures are obtained in
the catalyst bed due to the exothermicity of the oxidation reaction, when gases of a higher concentration are used. The
result is that before being charged to the catalyst, gases of a higher concentration must first be diluted with air and/or
tonnage oxygen, and correspondingly large gas volumes must be passed through the catalyst. In particular when utilizing
pyrometallurgical waste gases as sulfur-dioxide-containing starting gases, which are produced for instance when cal-
cining and melting sulfidic copper and nickel concentrates and typically have a sulfur dioxide content of 20 to 60 vol-%,
a great dilution factor thus is necessary. This leads to, disproportionately high investment and operating costs of the
sulfuric acid plant.

[0003] Beside the temperature, the yield of sulfur trioxide is decisively influenced by the volumetric ratio of sulfur
dioxide to oxygen in the starting gas. The partial reactions taking place during the oxidation of sulfur dioxide to sulfur
trioxide by means of conventional vanadium pentoxide catalysts can be described in a simplified way by the following
formulae:

SO, + V,05 & SOz + V,0,

V,0,4 + % 0, & V,0s,
which corresponds to a total reaction of

SO, + %20, & SO3.

[0004] According to the principle of Le Chatelier, a higher yield of sulfur trioxide thus can be expected with increasing
partial pressure of sulfur dioxide in the starting gas. In practice, a hyperstoichiometric amount of oxygen therefore is
used for the oxidation of sulfur dioxide to sulfur trioxide, based on the amount of SO,, namely an amount of O, corre-
sponding to a volumetricratio O,/SO, greater than 0.75, preferably corresponding to aratio of 1 to 1.2, which corresponds
to a volumetric ratio SO,/O, of 1:1 to 1:0.83. Therefore, the sulfur-dioxide-containing starting gases, which in general
were obtained by combustion of sulfur, must be further diluted with air or tonnage oxygen, apart from the necessity to
adjust the sulfur dioxide content to a value below 13 vol-%, also for adjusting a favourable volumetric ratio of O, to SO,,
which contributes to the correspondingly large gas volumes to be passed through the catalyst and to the correspondingly
high investment and operating costs of conventional sulfuric acid plants.

[0005] Toovercome these disadvantages, processes for producing sulfuric acid have already been proposed, in which
starting gases with a sulfur dioxide content of more than 13 vol-% can be supplied to the catalyst.

[0006] Some of these processes provide an alternative catalyst, which can also be operated at temperatures higher
than 640°C (WO 99/36175 A1).

[0007] DE-OS 20 26 818 discloses a process for the catalytic oxidation of sulfur dioxide to sulfur trioxide in a plurality
of contact stages with an intermediate absorption of the sulfur trioxide formed, in which before being introduced into the
first contact stage, the starting gases are diluted with dilution air and with sulfur trioxide expulsed from oleum to obtain
a sulfur dioxide concentration of 10 to 20 wt-%. What is disadvantageous in this process, however, is the amount of
apparatus involved and the technical expenditure necessary for the continuous expulsion of sulfur trioxide from oleum
and the comparatively low utilization of the sulfur dioxide in the first contact stage, as only sulfur trioxide is recirculated,
but not the reactants sulfur dioxide and oxygen.

[0008] To be able to process starting gases with a sulfur dioxide content of 13 to 66 vol-% to sulfuric acid at low cost
by using conventional catalysts, DE 102 49 782 A1 proposes a process for producing sulfuric acid, in which from a
contact stage upstream of the last main contact stage a partial stream of the gas containing sulfur dioxide and sulfur
trioxide is withdrawn, this partial stream is mixed with the starting gas to obtain a contact gas with a sulfur dioxide content
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of more than 13 vol-% and is recirculated to the first contact stage. As a result of the dilution of the starting gas,
comparatively large gas volumes are, however, passed through the catalyst in this process as well.

[0009] FromUS 2,180,727 there is finally known a process for the catalytic conversion of sulfur dioxide to sulfur trioxide
with three contact stages, in which a contact gas with a maximum sulfur dioxide concentration of 16 vol-%, a ratio of
sulfur dioxide to oxygen of maximally 2.67:1, and a temperature of 412 to 415°C is supplied to the first contact stage,
and after the catalytic conversion the sulfur-trioxide-containing process gas withdrawn from the first contact stage is
mixed with a corresponding volume of air for cooling and adjusting a hyperstoichiometric oxygen content, before the
resulting gas mixture is supplied to the second contact stage and further oxidized therein. The gas leaving the second
contact stage is cooled again and, to adjust a hyperstoichiometric ratio of sulfur dioxide to oxygen, mixed with oxygen
and supplied to a third contact stage, before the gas leaving the third contact stage finally is supplied to an absorption
stage for forming sulfuric acid. However, this process is also limited as regards the maximum concentration of sulfur
dioxide in the starting gas supplied to the first contact stage, so that large gas volumes must be passed through the
individual contact stages. In addition, the vanadium catalyst used will deteriorate under the chosen process conditions
and will become inactive after a certain period.

[0010] DocumentEP 0218411 A1discloses the preparation of sulfur trioxide from sulfur dioxide by catalytic conversion.
The gas mixture led to first catalyst stage comprises more than 25 vol-% SO,, wherein the maximum molar ratio of sulfur
dioxide to oxygen is 4:1. This small ratio of sulfur dioxide to oxygen is generated by adding pure oxygen or oxygen-
enriched gas to the gas mixture upstream of its entry into the catalytic converter.

[0011] Document US 3,907,971 discloses a plant for the production of sulfuric acid wherein a part of the SO5 lean
cycle gas containing a rest of sulfur trioxide is recycled from the absorption tower to the contact vessel. The SOj; rich
gas leaving the contact stages is led to the subsequent contact stages.

[0012] Document WO2004/027719 A1 published after the priority date of the present patent application shows a
recirculation of the SO, containing gas from the main contact to the pre-contact.

Description of the Invention

[0013] Therefore, it is the object of the present invention to provide for the inexpensive production of sulfuric acid on
the basis of concentrated starting gases, in particular to provide a process for producing sulfuric acid, in which only small
gas volumes must be supplied to the first contact stage, based on the amount of sulfur dioxide used.

[0014] In accordance with the invention, this objectis solved by a process and a plant comprising the features of claims
1 and 17, respectively.

[0015] Preferred embodiments of the invention are evident from the dependent claims.

[0016] In accordance with the present invention it could surprisingly be found that the catalytic oxidation of sulfur
dioxide to sulfur trioxide with a understoichiometric oxygen content, namely a volumetric ratio SO,/O, of more than 8:1
or even more than 10:1, can be operated continuously when the starting gas has an SO, content of 80 to 99.99 vol-%.
The use of normal catalysts containing vanadium pentoxide is possible, a satisfactory yield also being achievable on an
industrial scale without damage to the catalyst. Due to the comparatively high SO, content on the one hand and the
comparatively low oxygen content on the other hand, considerably smaller volumes of starting gas, based on the amount
of SO,, are supplied to the first contact stage in the process of the invention as compared to the prior art. The investment
costs for the plant required for performing the process thereby are reduced considerably. In particular, this amount of
50 to 150 liters/daily ton of starting gas compared with the conventionally required amount of 160 to 250 liters/daily ton
of starting gas requires a substantially lower specific quantity of catalyst. The displacement of the equilibrium of the
oxidation reaction as aresult of the high SO, contenton the part of the products is compensated by the understoichiometric
oxygen content, based on the amount of SO, which displaces the thermodynamic equilibrium of the oxidation reaction
on the part of the educts. By correspondingly adjusting the SO, content on the one hand and the volumetric ratio SO,/O,
on the other hand, the temperature in the contact stage thus can be adjusted to a value below the temperature that leads
to an irreversible damage of the catalyst, in the case of the use of vanadium pentoxide to a temperature of maximally
640°C, and an overheating of the catalyst thus can be avoided.

[0017] The contact gas supplied to the first contact stage has a sulfur dioxide content of 80 to 99.99 vol-%, in particular
preferably more than 90 vol-%. In this way, the amounts of contact gas to be supplied to the first contact stage, based
on the amount of SO,, are particularly low.

[0018] To avoid an irreversible damage of the catalyst as a result of overheating, the volumetric ratio of SO, to oxygen
of the contact gas supplied to the first contact stage, in dependence on the amount of SO,, is more than 8:1, and highly
preferably more than 10:1.

[0019] In principle, all concentrated gas mixtures containing sulfur dioxide and oxygen, which were produced in any
way known to those skilled in the art, for instance corresponding gases produced in pyrometallurgical plants, can be
used as starting gases in the process of the invention. In particular gas mixtures obtained by combustion of elementary
sulfur with tonnage oxygen, which preferably has an oxygen content of at least 95 to 98 vol-%, preferably those with a
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sulfur dioxide content of 80 to 99.99 vol-%, an oxygen content of 0.01 to 10 vol-%, and a content of molecular nitrogen
or other inert gases of 0 to maximally 10 vol-%, and particularly preferably those with a sulfur dioxide content of 90 to
95 vol-%, an oxygen content of 3 to 7 vol-%, and with a content of molecular nitrogen or other inert gases of 0 to maximally
5 vol-%, or gas mixtures of the same composition, which were produced by other processes, turned out to be useful as
starting gases. The same can be supplied to the first contact stage undiluted or upon dilution with air or preferably
tonnage oxygen for adjusting a suitable volumetric ratio SO,/O, and a suitable SO, content. A particular advantage of
this embodiment consists in that due to the absence or the low content of molecular nitrogen in the contact gas, the
sulfuric acid obtained with the process of the invention contains no nitrogen oxide (NO,) impurities or at least, compared
with the processes known in accordance with the prior art, in which air with an N, content of about 79 vol-% is used as
combustion gas, contains nitrogen oxide (NO, ) impurities reduced by one order of magnitude. Accordingly, in dependence
on the purity of the tonnage oxygen used for the combustion of sulfur and/or of the tonnage oxygen possibly used for
diluting the sulfur-dioxide-containing starting gas, no or at best very small amounts of waste gas are produced, so that
the specific emissions, based on the amount of sulfuric acid formed, are substantially lower as compared to the con-
ventional processes. Furthermore, no drying tower for drying the ambient air is required for performing the process of
the invention, if no dilution gas or tonnage oxygen is used as dilution gas instead of air.

[0020] In principle, any catalyst known to those skilled in the art as useful for oxidizing sulfur dioxide to sulfur trioxide
can be used in the process of the invention. Good results are obtained in particular with conventional catalysts containing
vanadium pentoxide. What has also been used quite successfully are iron-containing catalysts, in particular granular
catalysts comprising a porous supporting material, preferably with a BET surface area of 100 to 2000 m2?/g and an Sio,
content of at least 90 wt-% and an active component containing 10 to 80 wt-% iron, the weight ratio of supporting material
to active component particularly preferably lying in the range from 1 to 100.

[0021] In the case of catalysts containing vanadium pentoxide, for instance, an inlet temperature of the contact gas
into the first contact stage of about 450°C, in particular of about 470°C and most preferably about 500°C turned out to
be particularly useful. When using granular catalysts comprising a porous supporting material of SiO, with an active
component containing 10 to 80 wt-% iron, the inlet temperature in this catalyst preferably is about 500°C, particularly
preferably about 520°C and quite particularly preferably about 540°C.

[0022] Preferably, the contact gas is supplied to the first contact stage with a pressure of 1 to 30 bar, and particularly
preferably with a pressure of 3 to 12 bar. In this way, the amount of gas actually supplied to the first contact stage is
further reduced on the one hand, and on the other hand the thermodynamic equilibrium of the oxidation reaction is
displaced on the part of SO because of the elevated pressure. Since the yield of SO; in particular depends on four
parameters, namely the temperature, the pressure, the amount of SO, and the ratio SO,/O, in the first contact stage,
satisfactory yields of sulfur trioxide can be obtained even with a particularly high ratio SO,/O, due to the elevated
pressure. In this embodiment, it has also turned out to be expedient to produce the starting gas already under the chosen
pressure, in that for instance during the combustion of elementary sulfur both the liquid sulfur and the tonnage oxygen
used for combustion and/or the used combustion air are supplied to the combustion chamber with the indicated pressure
and the combustion chamber is operated at this pressure. The advantage is that the sulfuric acid plant requires no gas
blower for conveying the process gases through the contact and absorption stages.

[0023] To avoid an irreversible damage of the catalyst during operation of the first contact stage, the sulfur dioxide
content, the volumetric ratio SO,/O,, the inlet pressure and the inlet temperature of the contact gas supplied to the first
and all succeeding contact stages are chosen such that in the contact stage a temperature is obtained, which lies below
the temperature that leads to a damage of the catalyst, but above the operating temperature of the catalyst. In the case
of a catalyst containing vanadium pentoxide, the upper limit of the temperature to be adjusted is about 640°C, and the
lower limit is about 380°C.

[0024] In accordance with a first embodiment of the present invention, further contact stages, preferably 2 to 4 further
contact stages, are provided downstream of the first contact stage, the individual contact stages being combined to one
or more, preferably one or two contacts. Downstream of each contact, an absorber can be provided, in which sulfur
trioxide is at least partly, preferably completely removed from the process gas and converted to sulfuric acid, liquid SO4
or oleum in a manner known to those skilled in the art. The sulfur-trioxide-containing process gas leaving the first to
penultimate contact stages is mixed with oxygen for adjusting a suitable ratio SO,/O, and cooled to an inlet temperature
suitable for the next contact stage, before it is supplied to the respectively succeeding contact stage for further oxidation.
The adjustment of the necessary inlet temperature into the respectively succeeding contact stage can be achieved by
adding correspondingly tempered oxygen-containing gas, for instance liquefied O,, and/or by means of a heat exchanger.
It is mostly necessary to also operate the second and/or the succeeding contact stages with a contact gas with a
understoichiometric oxygen content, based on the SO, content. The process gas leaving the last contact stage is supplied
to an absorber, in which sulfur trioxide is removed from the process gas by forming sulfuric acid, liquid SO3 or oleum,
and the resulting waste gas can, if necessary, be removed via a chimney, for instance after a chemical posttreatment
in agas washing plantoperated e.g. with hydrogen peroxide, or be supplied to a further treatment in the sulfuric acid plant.
[0025] In accordance with a second embodiment of the present invention it is likewise provided that downstream of
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the first contact stage further contact stages, preferably 2 to 4 contact stages, are disposed, which are preferably
combined to one or two contacts, but that a partial stream of the contact gas leaving the first contact stage and/or one
or more of the succeeding contact stages is withdrawn and this partial stream or these partial streams is/are mixed with
the starting gas before the same enters the first contact stage. In this way, the sulfur dioxide content and the ratio SO,/O,
of the starting gas can be adjusted to a suitable value for the first contact stage. On the other hand, this results in a
better utilization of energy, as the recirculation of the thermal energy of the recirculated, partly converted and hot process
gas is utilized for preheating the starting gases. As a result, this procedure requires correspondingly smaller heat ex-
changers. In accordance with the invention, however, only such amounts of process gas are recirculated, which provide
a contact gas supplied to the first contact stage with a sulfur dioxide content of more than 16 vol-% and with a volumetric
ratio of sulfur dioxide to oxygen of more than 2.67:1.

[0026] As an alternative, it is also possible to withdraw and recirculate the partial stream or the partial streams not
directly at the outlet of the respective contact stages, but only after the intermediate or final absorption stages, so that
less sulfur trioxide, which displaces the thermodynamic equilibrium of the oxidation reaction on the part of the educts,
is introduced into the contact gas to be supplied to the first contact stage.

[0027] Furthermore, instead of being recirculated to the gas to be supplied to the first contact stage, the partial stream
withdrawn from a contact stage and/or from the first intermediate absorber can also be supplied to the gas (air or
preferably tonnage oxygen) used for the combustion of sulfur for producing the sulfur-dioxide-containing starting gas
and/or directly to the sulfur burner. As those skilled in the art will recognize, it is of course also possible to combine the
aforementioned alternatives in any way, for instance to supply one part of the partial stream to the gas to be supplied
to thefirst contact stage and the other part of the partial stream to the gas used for the combustion of the elementary sulfur.
[0028] Finally, in accordance with a third embodiment of the present invention, the process can be operated with only
one contact, which preferably consists of 1 to 3 contact stages, wherein preferably at least part of the process gas leaving
the contact and/or the absorber downstream of the contact is withdrawn and recirculated to the starting gas to be supplied
to the first contact stage and/or to the combustion gas to be supplied to the combustion of sulfur and/or directly into the
sulfur burner.

[0029] Preferably, the partial stream or partial streams in accordance with the second and third embodiments of the
invention, which was/were mixed with the starting gas before entrance thereof into the first contact stage, is/are dimen-
sioned such that the contact gas supplied to the first contact stage consists of 90 to 95 vol-% sulfur dioxide, 3 to 7 vol-
% oxygen, 0.01 to 5 vol-% sulfur trioxide and 0 to maximally 5 vol-% nitrogen or another inert gas.

[0030] Furthermore, the presentinvention relates to a plant for producing sulfuric acid, liquid SO or oleum from gases
rich in sulfur dioxide, which can be used in particular for performing the process of the invention.

[0031] In accordance with the invention, the plant includes at least one contact with a least one contact stage for
reacting a starting gas containing SO, with oxygen to obtain SO, and at least one absorber, wherein the inlet region of
the first contact stage is connected with the outlet region of one or more contact stages and with the outlet region of one
or more absorbers via one or more recirculation conduit(s).

[0032] Preferably, the at least one recirculation conduit leads from the outlet region of the first contact to the inlet
region of the first contact stage.

[0033] In accordance with a development of the invention it is proposed that the plant includes 3 to 5 contact stages,
which particularly preferably are combined in one or two contacts. In principle, the individual contact stages can include
any catalyst material known to those skilled in the art for this purpose. Preferably, however, conventional catalysts are
provided, for instance those on the basis of vanadium pentoxide with or without addition of caesium, or on the basis of
other metal oxides such as iron oxide.

[0034] In accordance with a particular embodiment of the present invention, the plant additionally includes a sulfur
burner with a combustion chamber for the combustion of elementary sulfur with tonnage oxygen or air, the sulfur burner
and/or the inlet region of the combustion chamber being connected with the outlet region of one or more contact stages
and/or with the outlet region of one or more absorbers.

[0035] The invention will subsequently be explained in detail with reference to embodiments and the drawing. All
features described and/or illustrated in the Figures form the subject-matter of the invention, independent of their inclusion
in the claims or their back-reference.

Brief Description of the Drawings
[0036]
Fig. 1  shows a process diagram of a process and a plant in accordance with the prior art;

Fig.2  shows a process diagram of a process and a plant in accordance with the prior art;
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Fig. 3  showsaprocessdiagram ofa process anda plantin accordance with a first embodiment of the presentinvention;

Fig. 4  shows a process diagram of a process and a plant in accordance with a second embodiment of the present
invention;

Fig.5 shows a process diagram of a process and a plant in accordance with a third embodiment of the present
invention.

Detailed Description of the Preferred Embodiments

[0037] The conventional plant as shown in Fig. 1 for producing sulfuric acid in accordance with the prior art, as it is
described for Instance in Ullmann’s Encyclopedia of Industrial Chemistry, comprises a sulfur burner 1, two contacts 2,
3, an intermediate absorber 4 and a final absorber 5. While the first contact 2 (primary contact) includes three contact
stages (catalyst layers) 64 to 65, which each have a catalyst on the basis of vanadium pentoxide, the second contact 3
(secondary contact) Includes two contact stages 6,4, 65. Between the individual contact stages 6, to 65, there is each
disposed an intermediate cooler (not shown), in which the process gas leaving the preceding contact stage 64 to 6, is
cooled down to a temperature suitable for entrance into the respectively next contact stage 6, to 6.

[0038] In the sulfur burner 1, starting gas with less than 13 vol-%, usually with 10 to 12 vol-% sulfur dioxide and with
avolumetric ratio SO,/O, of about 1:1 to 1:0.83 is produced by combustion of elementary sulfur with air. For this purpose,
elementary sulfur, generally in liquid form with a temperature of 140 to 150°C, is continuously supplied to the sulfur
burner 1 via supply conduit 7, and air which has possibly been dried in advance in a drying tower (not shown) is supplied
via supply conduit 8, wherein the hyperstoichiometric oxygen content in the resulting starting gas is controlled by the
amount of air introduced into the sulfur burner and/or adjusted by the subsequent addition of dilution air. Via conduit 9,
the starting gas is passed through a heat exchanger (not shown), in which the same is preheated to the inlet temperature
of the first contact stage 64 and is subsequently supplied to the first contact stage 64, before the gas mixture is sequentially
passed through the three contact stages 64 to 65 of the first contact 2 for oxidation. Gas leaving the first contact 2 is
supplied to the intermediate absorber 4 via conduit 10 and brought in contact with aqueous sulfuric acid, a large part of
the sulfur trioxide formed in the first contact being absorbed by forming sulfuric acid. Subsequently, the remaining gas
is supplied to the second contact 3 via conduit 11 and sequentially passed through its two contact stages 6, and 6g.
Gas leaving the second contact 3 is supplied via conduit 12 to the final absorber 5, in which the sulfur trioxide formed
is converted to sulfuric acid. While the waste gas is discharged from the plant via the chimney 13, the sulfuric acid
produced in the intermediate absorber 4 and in the final absorber 5 is combined and discharged from the plant as a
single mass flow via the product discharge conduit 14.

[0039] As can be taken from Fig. 2, the plant comprises the components of the conventional apparatus described
above, which for the sake of simplicity are provided with the same reference numerals, and in addition includes a plurality
of supply conduits 8, 15, 16 for tonnage oxygen, which lead into the sulfur burner 1, the gas supply conduit 9 and the
gas conduits provided between the contact stages 64 and 6, as well as 6, and 63, respectively.

[0040] In the process of the invention, in contrast to the prior art, a contact gas with a sulfur dioxide content of > 80
vol-% and with a volumetric ratio of sulfur dioxide to oxygen of more than 8:1 is supplied to the first contact stage. In the
process performed as shown in Fig. 2, this contact gas is produced in that elementary sulfur is continuously introduced
into the sulfur burner 1 via supply conduit 7, and tonnage oxygen as combustion gas is introduced via the supply conduits
16 and 8. By adjusting the amount of tonnage oxygen supplied to the sulfur burner 1 per unit of time, based on the
amount of elementary sulfur, the sulfur dioxide content of the resulting gas can be adjusted to the desired value, which
is more than 80 vol-% and particularly preferably more than 90 vol-%.

[0041] The highly concentrated gas produced is withdrawn from the sulfur burner 1 via conduit 9, and its oxygen
content, based on the sulfur dioxide content, is possibly adjusted to a desired value by means of tonnage oxygen supplied
via conduit 15, preferably to a volumetric ratio of sulfur dioxide to oxygen of more than 8:1 and highly preferably more
than 10:1. Subsequently, the gas mixture thus produced is passed through a heat exchanger (not shown), in which it is
heated to the suitable inlet temperature of the first contact stage 64, in the case of a catalyst comprising vanadium
pentoxide preferably to about 450°C and particularly preferably to about 470°C, and supplied to the first contact stage
6,4. To avoid a damage of the catalyst in the case of a continuous operation of the plant, the sulfur dioxide content, the
volumetric ratio SO,/O,, the inlet pressure and the inlet temperature of the contact gas supplied to the first contact stage
6, and to the succeeding contact stages 6, to 65 are chosen such that in the respective contact stage a temperature is
obtained, which lies below the temperature that leads to a damage of the catalyst, but above the operating temperature
of the catalyst.

[0042] Upon cooling, process gas withdrawn from the first contact stage 64 is mixed with tonnage oxygen supplied
via conduit 16 for adjusting a volumetric ratio SO,/O, suitable for the second contact stage 6,, which in dependence on
the SO, content of the process gas can correspond to a understoichiometric or hyperstoichiometric oxygen content, and
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is possibly supplied to an intermediate cooler, the optimum volumetric ratio depending in particular on the SO, content
of the process gas and on the inlet pressure and the inlet temperature of the second contact stage 6,.

[0043] Due to the comparatively high SO, content on the one hand and the comparatively low oxygen content, based
on the SO, content, on the other hand, considerably smaller volumes of starting gas, based on the amount of SO,, are
supplied to the first contact stage in this process as compared to the known processes of the prior art, which on the
whole results in considerably lower investment costs as compared to the conventional processes. In particular, a sig-
nificantly lower specific quantity of catalyst is required as a result thereof.

[0044] In contrast to the apparatus shown in Fig. 2, the plant illustrated in Fig. 3 includes a plurality of recirculation
conduits 15, 17, 18, of which two recirculation conduits 17 each lead from the outlet of the third contact stage 65 and
the outlet of the fifth contact stage 65 to the gas conduit 9 leading to the first contact stage 64, and of which two recirculation
conduits 18 each lead from the outlet of the intermediate absorber 4 and the outlet of the final absorber 5 to the sulfur
burner 1, and via each of which a partial stream of the process gas is recirculated. In addition, via the recirculation
conduit 15 leading from the outlet of the sulfur burner 1 to the gas conduit 18, a partial stream of the SO,-containing
starting gas is recirculated to the sulfur burner 1.

[0045] By means of the recirculation of the process gases, a better utilization of energy is achieved as compared to
the conventional processes, as hereby the thermal energy of the recirculated, partly converted and hot process gases
is utilized for preheating the starting gases and/or the sulfur burner 1, so that merely a correspondingly smaller amount
of thermal energy must be supplied externally. Apart from this, the recirculation of partial process gas streams withdrawn
from the outlet of the two contacts 2, 3, which apart from SO, and O, also contain SO, effects a greater variability in
terms of process control. This is connected with the fact that SO 5 displaces the thermodynamic equilibrium of the oxidation
reaction on the part of the products, so that in this embodiment a total of five parameters, namely the inlet temperature,
the inlet pressure, and the SO,, O, and SO; contents, are available for controlling the temperature in the first contact
stage 64. Finally, the recirculation of the process gases also contributes to a greater yield. In accordance with the
invention, however, only such amounts of process gas are recirculated, which provide a contact gas supplied to the first
contact stage with a sulfur dioxide content of > 80 vol-% and with a volumetric ratio of sulfur dioxide to oxygen of more
than 6:1.

[0046] In contrast to the apparatus shown in Fig. 3, the plant illustrated in Fig. 4 includes only one contact 2, which
consists of the three contact stages 64 to 65, as well as an absorber 5. In addition, this embodiment Includes only one
recirculation conduit 18 extending from the outlet of the absorber 5, which via the partial conduit 18’ leads to the inlet
conduit 9 for the first contact stage 6, and via the partial conduit 18" to the sulfur burner 1. Due to the only one contact
2, the plant is correspondingly compact and inexpensive. A yield of nevertheless approximately 100%, even with the
use of highly concentrated starting gases, based on the amount of SO, for instance those with an SO, content of more
than 90 vol-%, can be achieved by a correspondingly high degree of recirculation.

[0047] The process diagram shown in Fig. 5 differs from the one shown in Fig. 4 in that beside a recirculating conduit
18 leading from the outlet of the absorber 5 into the sulfur burner 1 there are provided three recirculation conduits 17
extending from the outlet of the individual contact stages 6 to 65, which converge to one collecting conduit and lead to
the inlet conduit 9. By providing a recirculation conduit 17 after each contact stage 6, to 65, an even greater variability
of the process is achieved in terms of process control.

List of reference numerals:
[0048]

1 sulfur burner

2 first contact (primary contact)

3 second contact (secondary contact)
4 intermediate absorber

5 final absorber

6 contact stage

7 sulfur supply conduit

8 supply conduit for combustion gas

9 supply conduit to the first contact

10  gas conduit to the intermediate absorber
11 supply conduit to the second contact
12 conduit to the final absorber

13 chimney

14 product discharge conduit

15  bypass conduit



10

15

20

25

30

35

40

45

50

55

EP 1 742 869 B1

16 supply conduit for tonnage oxygen

17  recirculation conduit

18  recirculation conduit

Claims

1. A process for producing sulfuric acid, oleum or liquid sulfur trioxide, in which a starting gas containing sulfur dioxide
at least partly reacts with molecular oxygen in at least one contact (2, 3) with at least one contact stage (6) to form
sulfur trioxide, and in which the sulfur-trioxide-containing gas produced is introduced into an absorber (4, 5) and
converted there to sulfuric acid, characterized in that a contact gas with a sulfur dioxide content of 80 to 99.99 vol-
% and having an oxygen content of 0.01 to 10 vol-% and with a volumetric ratio of sulfur dioxide to oxygen of more
than 8:1 is supplied to the first contact stage (6).

2. The process as claimed in claim 1, characterized in that the contact gas supplied to the first contact stage (64)
has a sulfur dioxide content of more than 90 vol-%.

3. The process as claimed in claim 1 or 2, characterized in that the volumetric ratio of sulfur dioxide to oxygen of the
contact gas supplied to the first contact stage (64) is more than 10:1.

4. The process as claimed in any of the preceding claims, characterized in that the contact gas supplied to the first
contact stage (64) consists of 90 to 95 vol-% sulfur dioxide, 3 to 7 vol-% oxygen, and 0 to maximally 5 vol-% nitrogen
or another inert gas.

5. The process as claimed in claim 4, characterized in that the contact gas is produced by combustion of elementary
sulfur with tonnage oxygen.

6. The process as claimed in any of the preceding claims, characterized in that the first contact stage (64) includes
a catalyst comprising vanadium pentoxide.

7. The process as claimed in claim 6, characterized in that the contact gas is supplied to the first contact stage (64),
which includes a catalyst comprising vanadium pentoxide, with a temperature of at least 450°C, and particularly
preferably of at least 470°C.

8. The process as claimed in any of the preceding claims, characterized in that the contact gas is supplied to the first
contact stage (6,) with a pressure of 1 to 30 bar, and particularly preferably of 3 to 12 bar.

9. Theprocess as claimedin anyofthe preceding claims, characterized in that the sulfur dioxide content, the volumetric
ratio SO,/O,, the inlet pressure and the inlet temperature of the contact gas supplied to the first contact stage (64)
are chosen such that in the contact stage (64) a temperature is obtained, which is below the temperature that will
lead to a damage of the catalyst, but above the operating temperature of the catalyst.

10. The process as claimed in any of the preceding claims, characterized in that downstream of the first contact stage
(64), 2 to 4 further contact stages (65, 63, 6,4, 65) are provided, which preferably are combined to one or two contacts
(2, 3).

11. The process as claimed in claim 10, characterized in that the process gas leaving the first to penultimate contact
stages (64, 65, 63, 64) is mixed with oxygen, possibly upon passage through an intermediate absorber (4), is adjusted
to an inlet temperature suitable for the next contact stage (65, 63, 64, 65), and is supplied to the respectively next
contact stage (6,, 63, 64, 65).

12. The process as claimed in claim 10 or 11, characterized in that the process gas leaving the last contact stage (65)
is supplied to an absorber (5).

13. The process as claimed in any of claims 10 to 12, characterized in that from the process gas leaving the first

contact stage (6,) and/or from one or more of the process gases leaving the second to last contact stages (6, 63,
6,4, 65) at least one partial stream is withdrawn, and this partial stream is mixed with the starting gas before the same
enters the first contact stage (64) and/or with the combustion gas used for the combustion of elementary sulfur for
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producing the sulfur-dioxide-containing starting gas and/or is supplied directly to the sulfur burner (1).

The process as claimed in any of claims 10 to 12, characterized in that from the process gas leaving the intermediate
absorber (4) and/or the final absorber (5) at least one partial stream is withdrawn, and this partial stream is mixed
with the starting gas before the same enters the first contact stage (6,) and/or with the combustion gas used for the
combustion of elementary sulfur for producing the sulfur-dioxide-containing starting gas and/or is supplied directly
to the sulfur burner (1).

The process as claimed in any of claims 1 to 9, characterized in that only one contact (2) with downstream absorber
(5) is provided, from the process gas leaving a contact stage (64, 65, 63) a partial stream is withdrawn before and/or
after the absorption stage (5), and this partial stream is mixed with the starting gas before the same enters the first
contact stage (64) and/or with the combustion gas used for the combustion of elementary sulfur for producing the
sulfur-dioxide-containing starting gas and/or is supplied directly to the sulfur burner (1).

The process as claimed in any of claims 10 to 15, characterized in that the contact gas supplied to the first contact
stage (6,) consists of 90 to 95 vol-% sulfur dioxide, 3 to 7 vol-% oxygen, 0.01 to 5 vol-% sulfur trioxide, and 0 to
maximally 5 vol-% nitrogen or another inert gas.

A plant for producing sulfuric acid, oleum or liquid sulfur trioxide, in particular for performing a process as claimed
in any of claims 1 to 16, with at least one contact (2, 3) comprising at least one contact stage (6,) for reacting a
starting gas containing sulfur dioxide with oxygen to obtain sulfur trioxide, and at least one absorber (5), characterized
in that the inlet region of the first contact stage (64) is connected with the outlet region of one or more contact stages
(64, 65, 63, 64, 65) and/or with the outlet region of one or more absorbers (4, 5) via one or more recirculation conduits
(17, 18) and that a sulfur burner (1) with a combustion chamber for the combustion of elementary sulfur with tonnage
oxygen or air is connected with the outlet region of one or more contact stages (64, 65, 63, 64, 65) and/or with the
outlet region of one or more absorbers (4, 5).

The plant as claimed in claim 17, characterized in that the at least one recirculation conduit (17, 18) leads from
the outlet region of the first contact (2) to the inlet region of the first contact stage (6).

The plant as claimed in claim 17 or 18, characterized in that the same includes 3 to 5 contact stages (64, 65, 63,
6,4, 65), preferably combined in one or two contacts (2, 3).

Patentanspriiche

Verfahren zur Herstellung von Schwefelsdure, Oleum oder flissigem Schwefeltrioxid, bei dem ein Schwefeldioxid
enthaltendes Ausgangsgas mit molekularem Sauerstoff in wenigstens einem Kontakt (2, 3) mit wenigstens einer
Kontaktstufe (61) zumindest teilweise zu Schwefeltrioxid reagiert und bei dem das erzeugte schwefeltrioxidhaltige
Gas in einen Absorber (4, 5) gefiihrt und dort zu Schwefelsdure umgesetzt wird, dadurch gekennzeichnet, dass
der ersten Kontaktstufe (64) ein Kontaktgas mit einem Schwefeldioxidgehalt von 80 bis 99,99 Vol.-% und mit einem
Sauerstoffgehalt von 0,01 bis 10 Vol.-% und mit einem volumetrischen Verhaltnis von Schwefeldioxid zu Sauerstoff
von mehr als 8:1 zugefihrt wird.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass das der ersten Kontaktstufe (6,) zugefiihrte Kontakt-
gas einen Schwefeldioxidgehalt von mehr als 90 Vol.-% aufweist.

Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das volumetrische Verhaltnis von Schwefel-
dioxid zu Sauerstoff des der ersten Kontaktstufe (6,) zugefiihrten Kontaktgases mehr als 10:1 betrégt.

Verfahren nach einemdervorhergehenden Anspriiche, dadurch gekennzeichnet, dass das der ersten Kontaktstufe
(64) zugefiihrte Kontaktgas aus 90 bis 95 Vol.-% Schwefeldioxid, 3 bis 7 Vol.-% Sauerstoff und 0 bis maximal 5

Vol.-% Stickstoff oder einem anderen Inertgas besteht.

Verfahren nach Anspruch 4, dadurch gekennzeichnet, dass das Kontaktgas durch Verbrennung von elementarem
Schwefel mit technischem Sauerstoff hergestellt wird.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass die erste Kontaktstufe
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(64) einen Katalysator umfassend Vanadiumpentoxid enthalt.

Verfahren nach Anspruch 6, dadurch gekennzeichnet, dass das Kontaktgas der ersten, einen Vanadiumpentoxid
umfassenden Katalysator enthaltenden Kontaktstufe (64) mit einer Temperaturvon wenigstens 450°C und besonders
bevorzugt von wenigstens 470°C zugefihrt wird.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass das Kontaktgas der ersten
Kontaktstufe (64) mit einem Druck von 1 bis 30 bar und besonders bevorzugt von 3 bis 12 bar zugeflhrt wird.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass der Schwefeldioxidgehalt,
das volumetrische SO,/O,-Verhaltnis, der Eintrittsdruck und die Eintrittstemperatur des der ersten Kontaktstufe (64)
zugeflhrten Kontaktgases derart gewéhlt sind, dass sich in der Kontaktstufe (6,) eine Temperatur einstellt, welche
unterhalb der zu einer Schadigung des Katalysators fiihrenden Temperatur, aber oberhalb der Arbeitstemperatur
des Katalysators liegt.

Verfahren nach einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, dass der ersten Kontaktstufe
(64) 2bis 4 weitere Kontaktstufen (6,, 63, 6,4, 65) nachgeschaltet sind, die vorzugsweise zu einem oder zwei Kontakten
(2, 3), zusammengefasst sind.

Verfahren nach Anspruch 10, dadurch gekennzeichnet, dass das aus der ersten bis vorletzten Kontaktstufe (6,
65, 63, 6,4) austretende Prozessgas ggf. nach Flihrung durch einen Zwischenabsorber (4) mit Sauerstoff vermischt,
aufeine fir die néchste Kontaktstufe (65, 63, 6,4, 65) geeignete Eintrittstemperatur eingestellt und der jeweils nachsten
Kontaktstufe (6,, 64, 64, 65) zugeflihrt wird.

Verfahren nach Anspruch 10 oder 11, dadurch gekennzeichnet, dass das aus der letzten Kontaktstufe (65) aus-
tretende Prozessgas einem Absorber (5) zugefiihrt wird.

Verfahren nach einem der Anspriiche 10 bis 12, dadurch gekennzeichnet, dass aus dem aus der ersten Kontakt-
stufe (6,) austretenden Prozessgas und/oder aus einem oder mehreren aus der zweiten bis letzten Kontaktstufe
(65, 63, 64, 65) austretenden Prozessgasen zumindest ein Teilstrom abgezogen und dieser Teilstrom mit dem
Ausgangsgas vor dessen Eintritt in die erste Kontaktstufe (6,) und/oder mit dem zur Verbrennung von elementarem
Schwefel zur Herstellung des schwefeldioxidhaltigen Ausgangsgases eingesetzten Verbrennungsgas vermischt
und/oder direkt dem Schwefelofen (1) zugefiihrt wird.

Verfahren nach einem der Anspriiche 10 bis 12, dadurch gekennzeichnet, dass dem aus dem Zwischen- (4)
und/oder Endabsorber (5) austretenden Prozessgas zumindest ein Teilstrom abgezogen und dieser Teilstrom mit
dem Ausgangsgas vor dessen Eintritt in die erste Kontaktstufe (6,) und/oder mit dem zur Verbrennung von elemen-
tarem Schwefel zur Herstellung des schwefeldioxidhaltigen Ausgangsgases eingesetzten Verbrennungsgas ver-
mischt und/oder direkt dem Schwefelofen (1) zugeflhrt wird.

Verfahren nach einem der Anspriiche 1 bis 9, dadurch gekennzeichnet, dass nur ein Kontakt (2) mit nachgeschal-
tetem Absorber (5) vorgesehen ist, dem aus einer Kontaktstufe (64, 6,, 63) austretenden Prozessgas vor und/oder
nach der Absorptionsstufe (5) ein Teilstrom abgezogen und dieser Teilstrom mit dem Ausgangsgas vor dessen
Eintritt in die erste Kontaktstufe (64) und/oder mit dem zur Verbrennung von elementaren Schwefel zur Herstellung
des schwefeldioxidhaltigen Ausgangsgases eingesetzten Verbrennungsgas vermischt und/oder direkt dem Schwe-
felofen (1) zugefihrt wird.

Verfahren nach einem der Anspriiche 10 bis 15, dadurch gekennzeichnet, dass das der ersten Kontaktstufe (64)
zugeflhrte Kontaktgas aus 90 bis 95 Vol.-% Schwefeldioxid, 3 bis 7 Vol.-% Sauerstoff, 0,01 bis 5 Vol.-% Schwe-
feltrioxid und O bis maximal 5 Vol.-% Stickstoff oder einem anderen Inertgas besteht.

Anlage zur Herstellung von Schwefelsdure, Oleum oder flissigem Schwefeltrioxid, insbesondere zur Durchfihrung
eines Verfahrens nach einem der Anspriiche 1 bis 16, mit wenigstens einem Kontakt (2, 3) umfassend wenigstens
eine Kontaktstufe (6,) zur Umsetzung eines Schwefeldioxid enthaltenden Ausgangsgases mit Sauerstoff zu Schwe-
feltrioxid und wenigstens einem Absorber (5), dadurch gekennzeichnet, dass der Eintrittsbereich der ersten Kon-
taktstufe (6,) Uber eine oder mehrere Rezirkulationsleitungen (17, 18) mit dem Austrittsbereich einer oder mehrerer
Kontaktstufen (64, 65, 63, 64, 65) und/oder mitdem Austrittsbereich eines oder mehrerer Absorber(s) (4, 5) verbunden
ist, und dass ein Schwefelofen (1) mit einer Verbrennungskammer zur Verbrennung von elementarem Schwefel

10
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mit technischem Sauerstoff oder Luft mit dem Austrittsbereich einer oder mehrerer Kontaktstufen (64, 65, 65, 64, 65)
und/oder mit dem Austrittsbereich eines oder mehrerer Absorber(s) (4, 5) verbunden ist.

Anlage nach Anspruch 17, dadurch gekennzeichnet, dass die wenigstens eine Rezirkulationsleitung (17, 18) von
dem Austrittsbereich des ersten Kontakts (2) zu dem Eintrittsbereich der ersten Kontaktstufe (64) fuhrt.

Anlage nach Anspruch 17 oder 18, dadurch gekennzeichnet, dass diese 3 bis 5 Kontaktstufen (64, 6,, 63, 64, 65),
vorzugsweise zusammengefasst in einem oder zwei Kontakten (2, 3), aufweist.

Revendications

10.

1.

Processus pour produire de I'acide sulfurique, de I'oléum ou du trioxyde de sulfure liquide, dans lequel un gaz
d’amorgage contenant du dioxyde de soufre réagit au moins partiellement avec de 'oxygéne moléculaire dans au
moins un contact (2, 3) comprenant au moins une étape de contact (64) afin de former du trioxyde de soufre, et
dans lequel le gaz contenant le trioxyde de soufre produit est introduit au sein d’un absorbeur (4, 5) et y est converti
en acide sulfurique, caractérisé en ce qu’un gaz d’amorgage avec une teneur en acide sulfurique allant de 80 a
99,99 % en volume et possédant une teneur en oxygene allantde 0,01 a 10 % en volume et avec un taux volumétrique
du dioxyde de soufre par rapport a 'oxygéne de plus de 8 : 1 est fourni au premier stade de contact (61).

Processus selon la revendication 1, caractérisé en ce qu’un gaz de contact fourni au premier stade de contact
(64) posséde une teneur en dioxyde de soufre de plus de 90 % en volume.

Processus selon la revendication 1 ou la revendication 2, caractérisé en ce que le taux volumétrique du dioxyde
de soufre par rapport a 'oxygéne du gaz de contact fourni au premier stade de contact (64) est de plus de 10 : 1.

Processus selon 'une quelconque des revendications précédentes, caractérisé en ce qu’un gaz de contact fourni
au premier stade de contact (64) est constitué de 90 a 95 % en volume de dioxyde de soufre,de 3 a7 % en volume
d’ oxygene, etde 0 a un maximum de 5 % en volume d’azote ou d’un autre gaz inerte.

Processus selon la revendication 4, caractérisé en ce que le gaz de contact est produit par combustion de soufre
élémentaire a l'aide d’'oxygéne de tonnage.

Processus selon 'une quelconque des revendications précédentes, caractérisé en ce que le premier stade de
contact (64) inclut un catalyseur comprenant du pentoxyde de vanadium.

Processus selon la revendication 6, caractérisé en ce que le gaz de contact est fourni au premier stade de contact
(64), qui inclut un catalyseur comprenant du pentoxyde de vanadium, & une température d’au moins 450 °C, et
particulierement de préférence d’au moins 470 °C.

Processus selon 'une quelconque des revendications précédentes, caractérisé en ce que le gaz de contact est
fourni au premier stade de contact (6,) & une pression allant de 1 a 30 bar, et particulierement de préférence de 3
a 12 bar.

Processus selon I'une quelconque des revendications précédentes, caractérisé en ce que la teneur en dioxyde
de soufre, le taux volumétrique de SO, par rapport a O,, la pression d’entrée et la température d’entrée du gaz de
contact fourni au premier stade de contact (6,) sont choisies de sorte que dans le stade de contact (6,) une tem-
pérature estobtenue, quiestinférieure alatempérature quientrainera des dommages du catalyseur, mais supérieure
a la température de fonctionnement du catalyseur.

Processus selon 'une quelconque des revendications précédentes, caractérisé en ce qu’en aval du premier stade
de contact (64), de 2 a 4 nouveaux stades de contact (6,, 63, 64, 65) sont fournis, qui sont de préférence combinés
en un ou deux contacts (2, 3).

Processus selon la revendication 10, caractérisé en ce que le gaz de procédé sortant du premier a 'avant dernier
stade de contact (64, 65, 63, 64) est mélangé avec de I'oxygene, possiblement aprés le passage a travers un
absorbeur intermédiaire (4), est ajusté a une température d’entrée convenable pour le prochain stade de contact
(65, 63, 64, 65) et est fourni respectivement au prochain stade de contact (65, 63, 64, 65).

11
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Processus selon la revendication 10 ou la revendication 11, caractérisé en ce que le gaz de procédé sortant du
dernier stade de contact (65) est fourni a un absorbeur (5).

Processus selon 'une quelconque des revendications 10 a 12, caractérisé en ce qu’a partir du gaz de procédé
sortant du premier stade de contact (6,) et/ou a partir d’'un ou de plusieurs des gaz de procédé sortant du second
au dernier stade de contact (6,, 65, 6,4, 65) au moins un courant partiel est retiré, et ce courant partiel est mélangé
au gaz d’amorgage avant que celui-ci n’entre dans le premier stade de contact (6,) et/ou avec le gaz de combustion
utilisé pour la combustion du soufre élémentaire pour la production du gaz d’amorgage contenant du dioxyde de
soufre et/ou est fourni directement au bruleur a soufre (1).

Processus selon I'une quelconque des revendications 10 a 12, caractérisé en ce qu’a partir du gaz de procédé
sortant de I'absorbeur intermédiaire (4) et/ou de 'absorbeur final (5) au moins un courant partiel est retiré, et ce
courant partiel est mélangé au gaz d’amorgage avant que celui-ci n’entre dans le premier stade de contact (64)
et/ou avec le gaz de combustion utilisé pour la combustion du soufre élémentaire pour la production du gaz d’amor-
¢age contenant du dioxyde de soufre et/ou est fourni directement au bruleur a soufre (1).

Processus selon 'une quelconque des revendications 1 a 9, caractérisé en ce que seulement un contact (2) avec
labsorbeur en aval (5) est fourni, & partir du gaz de procédé quittant une étape de contact (64, 65, 63) un courant
partiel est retiré avant et/ou aprés I'étape d’absorption (5), et ce courant partiel est mélangé au gaz d’amorgage
avant que celui-ci n’entre dans le premier stade de contact (64) et/ou avec le gaz de combustion utilisé pour la
combustion du soufre élémentaire pour la production du gaz d’amorgage contenant du dioxyde de soufre et/ou est
fourni directement au bruleur a soufre (1).

Processus selon 'une quelconque des revendications 10 a 15, caractérisé en ce que le gaz de contact fourni a la
premiére étape de contact (6,) consiste de 90 & 95 % en volume de dioxyde de soufre, de 3 &2 7 % en volume
d’oxygeéne, de 0,01 a 5 % en volume de trioxyde de soufre, et de 0 a 5 % maximum en volume d’azote ou un autre
gaz inerte.

Usine pour la production d’acide sulfurique, d’oléum ou de trioxyde de soufre liquide, en particulier pour réaliser un
procédé selon 'une quelconque des revendications 1 a 16, avec au moins un contact (2, 3) comprenant au moins
une étape de contact (64) afin de faire réagir un gaz d'amorgage contenant du dioxyde de soufre avec de 'oxygéne
pour obtenir du trioxyde de soufre, et au moins un absorbeur (5), caractérisée en ce que la région d’entrée de la
premiére étape de contact (64) est connectée a la région de sortie d’'une ou de plusieurs étapes de contact (64, 65,
63, 64, 65) et/ou a la région de sortie d’un ou de plusieurs absorbeurs (4, 5) a travers un ou plusieurs conduits de
recirculation (17, 18) et qu’un bruleur a soufre (1) avec une chambre de combustion pour la combustion du soufre
élémentaire a 'aide d’oxygéne de tonnage ou d’air est connecté a la région de sortie d’'une ou de plusieurs étapes
de contact (64, 65, 63, 64, 65) et/ou & la région de sortie d’'un ou de plusieurs absorbeurs (4, 5).

Usine selon la revendication 17, caractérisée en ce qu’au moins un conduit de recirculation (17, 18) a partir de la
région de sortie du premier contact (2) meéne a la région d’entrée de la premiére étape de contact (64).

Usine selon la revendication 17 ou la revendication 18, caractérisée en ce que celle-ci inclut de 3 a 5 étapes de
contact (64, 65, 63, 64, 65), de préférence combinées en un ou deux contacts (2,3).

12
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SZABADALMI IGENYPONTOR

1. Elidras kdnsav, olewm vagy folyékony kéntrioxid elfialifvdsdry, amelynek sordn kéndioxidot
tartabmazd Kindaldsi gazt molekuliris oxigénnel kegaldbb résvben reagdliatunk logalabb epy kontake
bay {2, 3}, smely legalabb egy kentakt fokozatot (§,) twtalmaz, kéntrioxid cldsiiiidsshor, So amelvben
sz el0aiton kémrioxid tartabmut ghet beversgiik sgy abseorberbe {4, 5} ds oft kénsavyi alakithek, az-
zal jellemexve, hogy ar elsd komaky fokozatha (6 egy koutakt péat veestink, smelysek kéndioxid
tastabiveg BO-99,90 1% & oxigdn tartalron 00110 1%, ¢x u kéndioxid onigénhez ruént rfogataranya

aagvobb, mint 821

2. Az 1. igdoypont szerintt elidrds, wezal jellemenve, hogy oz 2188 kontaks fokozatha (6,) beve-

zetedt kontakt pds kéndioxid tartalma 10bb, mint %0 4.

3. Az b ovagy 1. igdaypont szerinti oljérds, azzal jellemenve, bogy sz elsd kontakt fokozathe

{61} beveretett kontakt gazbamn & kéndipgid oxigénher mént térfogatardoya nagyehd, mint 101

4. Az elizd igénypontok barmelyike sexrinti olfdrds, azwsl jollomezve, bogy az el konsaks fo-
kozatha {6} bavezetets kontakt gdz Saspetétele 90-05 ™% kéndioxid, 3-7 18% oxigén éx §f -~ legfuliebb

2

5 1% niivogdn vagy sgyvdh inert ghz.

5. A4 igdnypont seerintt eljdrds, axal jellemesve, hogy & komaks géz elemi kén technikat oxiv

gémnel thetdnd elégetdsdvel van elfidiitva,

6. Az ¢l6ed igdoypontak barmelyike srerinti elidehs, aezal jetlemenve, hogy az elsd kountakt fo-
kozat (6} vanddionrpentoxidot tantalimand katalizdton fogld mapdban

7. A b, igdnypont szerinti eljards, awzal jellemerve, hogy & komaks izt legalitd 450°C | kils-
ndsen eldnyisen legalabb 470°C homersehleten versfitk be sz eladh kontaky fokozatha {8}, amely

vanddiumpentoxidot faralmand Ratalizdront foglal magdban,

8. Az elbad ipdnypontok birmelyike szorint eljirds, azzal jellemerve, bogy a kontakt gazt 1-39

bar, kiilondsen eldnyfisen 312 bar nytandson vezetiik be az elsd kontakt fokazatha (6,1

9. Az elbalt igdnypontok barmelyike szerioti olidrds, sxeal jellemezve, hogy az elsd kontakt fo-

kozatha {6y} bevezetell kontakt ghzndl 3 kéndioxid fartalmat, a SOy térfogal andnyt, a bevezetssi

116200-4688 SL EF 1742 89 B
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nyunist és a bevezeiont hmdrsdiiutet dyy vilasatiuk meg, bogy az olsd kontaks fokowathan (6} clény
htmdrsékior slacsonyabb a katalizdtort krosiid hiudradhletndl, de magasabb a katalindior tremi hi-

mdresk lsténdl,

19, Az olizd ipdnypontuk barmelyike szerintl elidvds, awal jellemerve, hogy sz ekl kontakt
fokozatidl {6} dramiast irdnvian 2-4 tovibdl hontakt fukiozat (5y. 85, 8y, 85} van kaposobva, amelyek

elfnydsen ogy vagy két kontakitd {2, 3) vannak kowmbindlva

11 A 0. igdaypont szevintl oljdras, azzal jellomezve, bogy az eis8 - uioled olSit kontakt foka-
zatot {6y, 6y, 6, 64 clhagyd tormdlegiet oxizdnnet keverjlik, oxotleg euy hlntes abyrorberen {4} dtve-
zetve, a kdvetkend kontakt fokowathoz (B, §u, G, &) mogleleld bevezetdst homérsdkilotre &llituk &

bevezetiik rendre 8 kdvetherd kontakt fkazatba (6, 65, Gy, 52}

12, A 10, vagy 11, igéuypont seerintl elidnds, arxzal jellomezve, hogy az utolsd kontakt fokoza-

tot {83 elhagy$ tormdkgdnt egy sharorberbe (8) veastitk,

13, & 10-11. igénypontok barmelvike szorinti elffrds, azmal jellumerve, hogy & eled kontady
fokozatod (£} elhagyd termékadabil dafvagy @ mdsodik ~ atolsd kontakt fokozatat (6, 6, 64, 65} b
hagyd termékgdzok KOzl gy vagy 18bY termeékgazbol logalabb vgy részivamot levalasstunk, s sxt g
résxdramot elkevegitk o kinduldsi gleeal, nicldt ax helép az ols6 kontaks fokozatha (6¢) Safvagy az-
zal ax dgetd gazmi ameiyct az olomi kén eldgetdsdher haszndltunk a kéndioxidat tartalmazd kllndulé-

st gin elidlitasdbor Ssfvagy kdzvetionil a kén dgatbbe (1) veseijik.

1, A 10-12. igénypontok birmelyike szevinti eliangs, azeal jellemezve, hogy 2 kilztes abseoe-
heet (4} dsfvagy & vépsd sbezorbent {5} clbagyd teemdkghebdl logalibb egy résedramet evilasstunk,

s eat & résedramot elkeverjiik a kiinduldsi gézeal, miidn az balép az elsd kontakt fukozatba (8)

{

Salvagy sezal az Sgetd gazsal, anwlyat az clemi kén eligetdséhnr havendltmk & kéndiosidot tartadna-

26 kiindulist pde cltdliitdsdhoz dofvagy kitzvetlentil a kén dgetdbe (1) veretiiik.

15, Ax 18 igdnypontok bammelyike seorint oljdods, azzal jollemezve, hogy osak egy kontakiot
{2} seereltink &, dramids ivdnyban egy sberorbervel {3}, 8 valamely kontakt fokozatot {8, 6, ;) eb
hagy teemékgirbol lovdlasatenk egy vészdramot az shezorpeids fokozat (33 ol dsivagy utdn, éxext
a részdramot elheveriik a Mioduldsl ghezal, micldl az belép az olsd hontakt fokowatba 85y ésfvagy
azzal az cgoth plzzal, amelyet ax slomi kén elégedséher hasendltunk a kéndioxidot tartalmaed kiln-

duldni ghe eldllitdsihor éafvagy kiwvetiont] a kdn dgetdbe (1} vezegiitk,

t6, A HR13. igénypontok birmelytke szevintl elidrds, aweal jellomeave, hogy az elsd kontaln



fokozatba (6} bevesetett kontakt gz Ossrerdtele 9093 1% kéadioxid, 3-7 96 oxigln, 0,015 %

kintrionid €50 -~ leplelinbb 5 (B nitropdn vagy cgyéh tnert gz,
{7, Berendesdés kédmvay, dlawn vagy folpckony kintrionid eldalittdsdra, kiiltnisen s 1186,
e v o
fgenypontok barmelytke sserintl oliands megraldsitdrire, amealy tartalmar legaldbh egy kontaktot (3,
3}, amaly legalabb egy kontakt fohozatot {6} tartalmar, kéndiovidot tartabmard kiindulasd gl oxi-

génue] trtdad reagditatdsilior kéntrioxid eltallitdsihor, & legalibb gy abszorbert (53 azaal jelie
mezve, hogy ax elsd kontakt fokozat (6:) beveratd szakasza Sssze van kapesohva egy vagy b kons
takt fikonat By, 6o, 630 8y Bs) Riveretd seakospdval eafvagy agy vayy 18bh absearber (4, 53 Klvezed
seakaszival, gy vazy (b vissravezet® veretdken (17, 18) hevesztit], &5 hogy sgy, épetd kamraval ¢
Hatort kén fgetd {1}, amely elend kin tochuikal oxigémel vagy hevepdvel 10ridnd elégntdedre szolpdl
{ssze van Kapeseolva egy vagy tobb kontakt fokozat (8, &, & &y, 64} Rivezetd szakaszaval dsivagy

egy vagy tibb absrorber {4, 5} kiverstd seakasedval.
18, A 17, igénypout szerintt berendezds, azzal jellomerve, bogy lepslibb egy visszavezeth ve-
zeltk (17, 18) vezet gz ofsd kontakt (2) kiveretd szakaszatdl az olsd kontakt fokozat (8,) bovezet

szabaszahor,

194 17, vagy 18, igonypont szevinti berevderds, auzal jellemerve, hogy 3-5 koutakt fokozatot

(5. By, B Gy, O} fartabnay, oldnyisen ogy vagy ket kontaktban (2, 3 kombmahva,
X3 % A & tod 2
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